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ABSTRACT%
The!patent!systems!worldwide!offer!advantageous!opportunities!of!valorisation!for!innovations!in!
the!software!sector.!

Major!developments!are!indeed!increasingly!patented!and!licensed!to!great!effect,!notwithstanding!
the! often2long! timescales! involved! in! obtaining! patents! and! the! hindrances! represented! by! the!
misleading!understanding!of!the!patentability!criteria!of!computer2implemented!inventions.!

In!fact,!patent!applications!for!computer2based!inventions!have!a!steady!growth!rate!and!their!total!
number!is!by!far!the!highest!among!all!patent!categories!presented!to!the!European!Patent!Office!
(EPO)!over!the!past!few!years.!

While! today!all!member! states! adhering! to! the!European!Patent!Convention! (EPC)!have!national!
patent! laws,!which,! in! their!basic!provisions,!specifically! in!respect! to!patentability!requirements,!
are! harmonized! with! the! EPC,! very! much! is! still! debated! over! the! patent! status! of! computer2!
implemented!inventions!and!business!methods.!

Such!inventions!are!in!principle!eligible,!because!what!is!the!object!of!protection!is!the!functionality!
claimed,!even!though!the!EPC!explicitly!excludes!programs!for!computers!per$se!from!patentability.!
With! regard! to!business!methods,! excluded!as! such! from!patentability,! too,! the! situation! is!much!
clearer!and!there! is!almost!undivided!consensus!on!their!status:! inventions!solving!non2technical!
problems!relying!on!subject!matter!void!of!any!technical!character!are!not!eligible!for!a!patent.!

The!Enlarged!Board!of!Appeal!of!the!EPO!in!its!opinion!on!case!G3/08!has!recently!confirmed!the!
current!practice!in!view!of!the!established!case!law!and!the!regularly!updated!guidelines,!which!do!
indeed!offer!a!rather!unambiguous!perspective!on!the!core!issue:!in!order!to!be!eligible!for!a!patent,!
an! invention!must! have! technical! character! and! solve! a! technical! problem.! In! addition,! it! has! to!
possess! an! inventive! technical! contribution! to! the! prior! art.! An! invention! possesses! a! technical!
character! when! it! has! the! potential! to! cause! a! predetermined! technical! effect! going! beyond! the!
normal! physical! interactions! between! the! program! (software)! and! the! computer! (hardware)! on!
which!it!is!run.!

Virtually!at!the!same!time,!the!Supreme!Court!of!the!United!States!of!America!issued!an!opinion!on!
appeal!(Bilski!v.!Kappos)!affirming!that!the!“machine2or2transformation”!test!is!the!proper!test!to!
be!used!to!determine!the!patentability!of!subject!matter;!it!does!not!however!represent!the!sole!test!
of!patent!process!eligibility.!This!opinion!also!dismissed!the!“useful,!concrete!and!tangible!result”!
analysis!used!so!far!and!introduced!by!the!State!Street!Bank!&!Trust!v.!Signature!Financial!Group!
decision,!very!much!cheered!by!the!financial2services!and!software!industries.!

Citing!another!recent!opinion!(Cybersource!v.!Retail!Decisions),!“the!closing!bell!may!be!ringing!for!
business!method!patents,!and!their!patentees!may!find!they!have!become!bag2holders.”!
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In!Japan,!an!invention!is!defined!to!be!“a!highly!advanced!creation!of!technical!ideas,!by!which!a!law!
of!nature!is!utilized.”!The!test!for!determining!whether!the!subject!matter!constitutes!an!invention!
is! the! following:! if! information!processing!of! software! is! realized! in!a! concrete!manner!by!use!of!
hardware! resources,! then! such! a! synergistic! relationship! between! software! and! hardware! is!
equivalent!to!the!utilization!of!a!law!of!nature!and!is!therefore!a!patentable!invention.!

In! the! Republic! of! Korea,! computer! software! is! in! principle! patentable! when! it! is! claimed! as! a!
product!with! specified! functions! or! as! a!method!with! specified! steps! to! the! extent! that! it! claims!
hardware! or! apparatus! limitations! or! recites! a! media! upon! which! the! software! is! recorded.!
Computer!software!is!not!patentable!as!a!program!or!a!data!structure!per$se.!In!regard!of!business!
methods,! they! are! patentable! only! if! they! are! claimed! as! being! implemented! in! hardware;! pure!
business!methods!are!thus!excluded.!

In!the!People’s!Republic!of!China,!computer!programs!as!such!cannot!be!patented,!but!an!invention!
containing!a!computer!program!may!be!eligible!if!the!combination!of!software!and!hardware!as!a!
whole!constitutes!an!improvement!on!the!prior!art,!brings!about!technical!results!and!constitutes!a!
complete!technical!solution.!

Once! the! first! test! is! positively! passed! (be! it! the! European! “as! such”! definition! or! the! American!
“machine2or2transformation”!test)!the!subject!matter!is!deemed!to!be!in!principle!an!invention.!

A!second!condition!to!be!satisfied,!often!wrongly!set!aside!or!even!disregarded,!is!the!feasibility!and!
reproducibility!of!the!alleged!invention.!Is!a!skilled!person!in!the!specific!technical!field!rendered!
able! to!reproduce! it!without!departing! from!the!disclosure!of! the!patent!application!as!originally!
filed! and! in! view!of! the! common! knowledge! in! the! particular! technical! domain?! In! other!words,!
does! the! skilled! person! need! to! use! any! additional! inventive! activity! to! carry! out! the! specific!
implementation,!when!considering!the!teaching!of!the!patent!application?!

The!third!most!stringent!and!most!used!test!has!then!to!be!applied:!is!the!alleged!invention!really!
inventive?!Following!the!line!of!reasoning!set!forth!in!the!EPC,!would!the!skilled!person!effortlessly!
consider! the! subject! matter! at! stake! obvious,! when! considering! all! available! prior! art! and! the!
common!knowledge! normally! to! be! expected! by! the! skilled! person! itself,!without! exercising! any!
inventive!activity?!

The!stress!here!is!on!the!skilled!person’s!statement!of!intention,!the!“would”;!it!is!not!sufficient!that!
the!skilled!person!merely!could,!or!even!should.!

Mastering! all! these! issues! is! the! key! to! comprehend! the! nature! and! significance! of! computer2!
implemented!inventions!and!succeed!in!the!current!highly!competitive!and!dynamic!environment.! !
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TECHNOLOGICAL%FRAMEWORK%

AREAS%OF%TECHNOLOGY%
The!current!edition!of!the!International!Patent!Classification,!named!2011.11,!entered!into!force!on!
1! January! 2011! and! foresees! for! the! code!G06! the! definition! “Computing;! calculating;! counting”:!
virtually!all!patent!applications!pertaining!to!aspects!of!hardware!and!software!are!here!(1).!

Leaving! aside! the! so2called!mechanical! computing! (G06C)!where! all! the! computation! is! effected!
mechanically,! and! hydraulically! and! pneumatically! computing! (G06D),! other! relevant! groups! for!
the! general! field! of! computing! are! G06E! and! G06N.! The! former! deals! with! computers! based! on!
optical! means;! the! latter,! G06N,! mostly! deals! with! computer! systems! based! respectively! on!
biological!model,!e.g.!neural!networks!(G06N3),!on!specific!mathematical!methods,!e.g.!fuzzy!logic!
(G06N7)!and!on!knowledge!basis!(G06N5).!

G06F!and!G06Q!are!the!pivotal!class.! In!particular,!G06F9!groups!together!all!patent!applications!
related!to!the! internal! functioning!of!program!controls,!either!from!the!hardware!perspective,! i.e.!
G06F9/22!and!G06F9/30,!or,!in!the!range!from!G06F9/40!to!G06F9/54,!from!a!viewpoint!closer!to!
the!computer!programs,!i.e.!software!means.!

Also!other!classes,!e.g.!G06F17/30,!deal!with!software,!but!principally!with!software!applications!
on!a!higher!level,!not!primarily!that!of!the!internal!structure!and!functioning!of!software.!

G06F3!is!directed!to!input!arrangements!for!transferring!data!to!be!processed!into!a!form!capable!
of!being!handled!by!the!computer!and!output!arrangements!for!transferring!data!from!processing!
unit!to!output!unit:!this!is!about!the!interaction!between!the!user!and!the!graphical!user!interface.!

G06F19/10! is! about! bioinformatics,! i.e.!methods! and! systems! for! genetic! or! protein2related!data!
processing!in!computational!molecular!biology.!

Finally,!G06F21!addresses!all!security2related!applications.!

In! G06Q! reside! all! patent! applications! dealing! with! administrative,! commercial,! financial,!
managerial,! supervisory! and! forecasting! purposes,! that! is,! those! patent! applications! that! are!
commonly!referred!to!as!business!methods.!

The!definition!of!the!codes!belonging!to!G06F9!and!G06Q!are!in!Tables!1!and!2.!

As!of!the!time!of!writing,!in!the!EPO’s!databases1!there!are!around!300,000!patent!publications!in!
G06F9!and!in!its!hierarchically!subordinate!classes.!This!amount!considers!all!members!of!the!same!
patent! family! as! different! publications.! Of! these,! around! 90,000! are! representative! patent!
publications.!Although!the!definition!of!a!representative!patent!publication!does!not!formally!match!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!The!same!database!is!publicly!available!and!freely!accessible!via!the!EPO’s!patent!search!tool!espacenet,!which!contains!more!that!
70!million!publications!from!1836!to!today.!
2!The!current!version!of!the!Convention!entered!into!force!on!13!December!2007.!The!original!EPC!entered!into!force!thirty!years!
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that! of! representative! document! of! a! family,! it! can! be! safely! assumed! that! 90,000! is! a! good!
approximation!of!the!number!of!patent!families.!The!corresponding!data!for!the!classes!G06F!and!
G06Q!are!in!Table!3.!

A%QUESTION%OF%NUMBERS%
The!past!twenty!years!have!shown!a!dramatic!increase!in!both!the!number!of!inventions!for!which!
protection! has! been! sought! from! patent! offices! around! the! world! (2)! and! the! share! of! such!
applications!directed!to!programs!for!computer.!As!vividly!noted!in!(3):!

Researchers%in%cutting2edge%subjects%can%no%longer%depend%on%pursuing%inquiries%
in%ignorance%of%the%patent%system.%

Indeed,!the!most!recent!complete!data!from!the!EPO!(4)!shows!that!in!the!nine!years!from!2001!to!
2009!the!total!number!of!patent!applications!filed!with!the!EPO!has!increased!from!about!110,000!
to!134,000!with!an!average!yearly!increase!of!2.5%.!When!only!the!period!200122008!is!taken!into!
account,! thus! disregarding! the! drop! in! patent! applications! in! 2009! as! consequence! of! the! global!
economic!crisis,!the!yearly!average!increase!is!4%.!!

In!addition!to!the!official!statistics!published!by!the!EPO!and!other!patent!offices!around!the!world!
for! the! period! preceding! 2001,! a! discussion! of! the! increase! of! filings! of! the! number! of! patent!
applications!related!to!computer!programs!can!be!found!in!(5),!which!examines!the!relevant!data!of!
the!EPO,!the!United!States!Patent!and!Trademark!Office!(USPTO),!and!the!German!Patent!Office.!

Given! the! scope! of! this! paper,! Table! 5! merges! the! values! for! the! two! technological! areas! “IT!
methods! for! management”! and! “Computer! technology”! under! one! single! heading! “Computer2
implemented! inventions”:! patent! applications! filed! in! this! particular! field! are! responsible! for! the!
highest!contribution!of!applications!in!the!whole!EPO,!i.e.!81,000!in!nine!years!or!7%!of!the!total.!
The!share!of!these!applications!has!been!constant!around!this!percentage:!about!6%!originate!from!
applications! in! the! area! of! computer! programs! and! a! bit! less! than! 1%! come! from! the! area! of!
business2related!methods.!

In!2009!at! the!EPO,! the!United!States!of!America!rank!at! the! first!place! for! the!number!of!patent!
applications!(33,000).!With!25,000!applications!Germany!ranks!second,!followed!by!Japan!(20,000)!
and!France!(9,000).!For!applications!related!to!computer2implemented!inventions!(see!Table!6)!the!
USA!hold!the!first!position!with!3,500!applications,!followed!by!Japan!(1,300),!Germany!(800)!and!
France!(700).!

When!only!those!countries!filing!more!than!100!applications!–less!than!1‰!of!the!total!amount!in!
all! areas! of! technology–! are! taken! into! account,! six! countries! file! more! than! 10%! of! all! their!
applications!in!the!area!of!computer2implemented!inventions:!Canada!(17.5%)!and!Taiwan!(14.5)%!
are!followed!by!the!group!consisting!of!Finland!(11.0%),!South!Korea!(10.7%),!Israel!(10.6%),!and!
USA!(10.5)%;!Figure!5!shows!the!overall!performance!worldwide.!
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Figures!6,!7,!8!and!9!indicate!the!relative!size!of!countries’!share!of!patent!application!filed!in!the!
areas! of! computer! technology;! computer! methods! for! management;! telecommunications;! audio,!
video!and!media.!It!is!evident!that!each!of!these!areas!is!characterised!by!a!different!ranking!in!the!
set!of!top!countries:!

• Computer!technology:!USA,!Japan,!Germany,!France;!
• Computer!methods!for!management:!USA,!Germany,!France,!Japan;!
• Telecommunications:!USA,!Japan,!South!Korea,!France;!
• Audio,!video!and!media:!Japan,!USA,!South!Korea,!Germany.!

This!very!well!reflects!the!specialization!of!countries!in!respect!of!some!certain!areas!of!ICT,!e.g.!the!
preeminent!role!of!Japan!in!the!area!of!audio!and!video!technology.!

A!thorough!analysis!(6)!of!the!situation!in!the!subfield!ranging!from!G06F9/40!to!G06F9/54!shows!
the! technological! concentration! of! this! sector.! The! share! of! applicants! filing! only! in! this! subfield!
reached! 28%! in! 2002! and! has! decreased! since! then:! when! applicants! began! to! appreciate! the!
beneficial! influence! of! their! researches,! they! started! to! diversify! and! to! address! other! dedicated!
neighbouring!technological!segments.!Moreover,!small!entities!bearing!important!research!and!IP!
assets!are!often!integrated!in!bigger!industrial!concerns!in!order!to!stimulate!their!position!in!the!
market:!this!leads!to!the!clusterisation!and!specialisation!of!this!industrial!sector.!
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EUROPEAN%PATENT%OFFICE%

EUROPEAN%REQUIREMENTS%
Article! 52! of! the! European! Patent! Convention! (EPC)! sets! forth! the! definition! of! patentable!
inventions!(7):!

(1)%European% patents% shall% be% granted% for% any% inventions,% in% all% fields% of%
technology,% provided% that% they% are% new,% involve% an% inventive% step% and% are%
susceptible%of%industrial%application.%

(2)%The% following% in% particular% shall% not% be% regarded% as% inventions% within% the%
meaning%of%paragraph%1:%

% % (a)%discoveries,%scientific%theories%and%mathematical%methods;%
% % (b)%aesthetic%creations;%
% % (c)%schemes,%rules%and%methods%for%performing%mental%acts,%playing%games%

or%doing%business,%and%programs%for%computers;%
% % (d)%presentations%of%information.%
(3)%Paragraph%2%shall%exclude%the%patentability%of% the%subject2matter%or%activities%

referred%to%therein%only%to%the%extent%to%which%a%European%patent%application%
or%European%patent%relates%to%such%subject2matter%or%activities%as%such.%

It!is!the!outcome!of!the!amendments!following!the!Act!revising!the!European!Patent!Convention!of!
29!November!20002,!on!the!basis!of!which!the!first!paragraph!has!been!redrafted!from!the!previous!
wording:!

% (1)%European%patents%shall%be%granted%for%any%inventions%which%are%susceptible%of%
industrial%application,%which%are%new%and%which%involve%an%inventive%step.%

The! limitation! “in!all! fields!of! technology”!originates!directly! from!the!wording!of!Article!27! first!
paragraph!of!the!TRIPs!Agreement!(8),!for!which:!

Patents%shall%be%available%for%any%inventions,%whether%products%or%processes,%in%all%
fields%of% technology,%provided% that% they%are%new,% involve%an% inventive% step%and%
are%capable%of%industrial%application.%

AS%SUCH%–%ALS%SOLCHE%–%EN%TANT%QUE%TEL%
By!virtue!of!Article!52(3)!EPC,! thus,! the!exclusions! from!patentability!only!apply! to! the!extent! to!
which!a!European!patent!application!or!a!European!patent!relates!to!a!computer!program!as!such.!
Clearly,!this!does!not!mean!that!all!inventions!including!some!software!are!de$jure!not!patentable.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2!The!current!version!of!the!Convention!entered!into!force!on!13!December!2007.!The!original!EPC!entered!into!force!thirty!years!
earlier!on!7!October!1977.!
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The!purpose!behind!the!specific!wording!and!the!exclusions!themselves!is!far!from!being!clear2cut;!
in!fact,!there!have!been!several!attempts!to!arrive!at!a!clearer!interpretation.!As!a!general!rule,!an!
invention! is! not! excluded! as! such! if! it! provides! a! new! and! non2obvious! technical! solution! to! a!
technical!problem,!even!when!the!problem!and!the!solution!reside!only!within!a!computer.!

Computer!programs!are!in!principle!patentable!when!they!provide!a!technical!contribution!to!the!
state! of! the! art,! i.e.! when! they! provide! a! further! technical! effect! that! goes! beyond! the! normal!
physical!interaction!between!the!program!and!the!computer!on!which!it!is!executed!(9).!

The!requirement!of!the!presence!of!a!technical!contribution!is!found!in!(10)!to!be!hard!to!reconcile!
with!computer!programs,!as!software!exists!in!the!domain!of!logical!structures:!

In%this%way,%software%patents%have%to%be%expressed%in%unnatural%ways%that%lead%to%
under2protection%as%well%as%over2protection%of%certain%inventions.%

The! exclusion! is! independent! from! the! state! of! the! art:! for! an! invention! to! be! non2excluded,! it!
suffices! that! technical! character! is! present! in! the! invention! itself!without! any! information! of! the!
state!of!the!art! including!common!general!knowledge!(11).! It! is!therefore!evident!that!possessing!
technical! character! is! an! implicit,! obligatory! requisite! of! an! invention! within! the! meaning! of!
Article!52(1)!EPC.!

MILESTONE%DECIS IONS%
All!parties!negatively!affected!by!a!decision!of!the!EPO!have!the!opportunity!to!challenge!said!ruling!
in!a! judicial!procedure!before!the!Board!of!Appeal!of! the!EPO,!the!decisions!of!which!are!binding!
only!on! the!department!whose!decision!was!appealed!and!only! insofar!as! the! facts!are! the!same.!
This!basically!means!that!a!decision!is!only!binding!for!the!case!for!which!it!was!decided.!

While! there! is! no! provision! in! the! EPC! to! treat! established! case! law! as! jurisprudence,! as! is! in!
common!law!legal!systems,!some!pronouncements!more!than!others!set!the!ground!for!the!EPO’s!
policy!regarding!certain!topics,!among!which!computer2implemented!inventions.!

What! follows! is! a! concise! presentation! of! the! main! decisions! about! computer2implemented!
inventions! in! historical! order.! Without! any! presumption! of! constituting! an! exhaustive! and!
definitive! list,! it! is! intended! to! clearly! delineate! the! legal! developments! in! conjunction!with! the!
technological!progresses.!

T208/84!(Vicom)3is!one!of!the!earliest!decisions!about!a!patent!application!dealing!with!a!sequence!
of!mathematical!steps!–an!algorithm–!being!executed!on!a!computer.!The!Board!found!that!even!if!
the!idea!underlying!an!invention!resides!in!a!mathematical!method,!a!claim!directed!to!a!technical!
process,!in!which!this!method!is!carried!out,!whether!by!means!of!hardware!of!software,!does!not!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3!When!a!decision!is!generally!known!also!with!a!name!(usually!the!applicant’s!denomination!or!the!title!of!the!patent!application),!
this!is!mentioned!between!parentheses!
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seek! protection! for! the! mathematical! method! as! such! and! is! therefore! not! excluded! from!
patentability!under!Articles!52(2)!and!(3)!EPC.!Analogously,!a!claim!directed!to!a!computer!adapted!
to!operate!according!to!a!specific!program!for!controlling!or!carrying!out!a!technical!process!cannot!
be!regarded!as!relating!to!a!computer!program!as!such!(12).!

T26/86!(Koch!&!Sterzel,!Röntgeneinrichtung,!X2ray!device)!ruled!that!the!EPC!does!not!prohibit!the!
patenting!of! inventions! that! consist!of!a! combination!of! features,! some!being! technical!and!some!
other!non2technical!nature!(13).!It!is!worth!noting!that!the!patent!application!to!which!this!decision!
refers!was!filed!in!1978.!

In!T22/85!(Document!abstracting)!the!Board!of!Appeal!judged!that!abstracting!a!document,!storing!
the!abstract,! and! its! retrieval! fall! under! the!explicit! exclusions! from!patentability,! as! they! simply!
and! only! involve! schemes,! rules! and! methods! for! performing! mental! acts! per$ se;! the! mere!
representation! and! execution! of! activities! excluded! as! such! from! patentability! by! means! of! a!
conventional!computer!hardware!does!not!bring!into!play!any!technical!considerations!(14).!

T36/86!brought! into!play! for! the! first! time! the! requirement!of! inventive! step!when!dealing!with!
computer!programs.!Through!the!use!of!technical!means,!i.e.!a!computer,!a!method!for!performing!
mental!act!which!is!performed!wholly!or!partly!without!human!intervention!constitutes!a!technical!
procedure!and!is!not!excluded.!Nonetheless,!the!technical!realization!of!such!a!procedure!is!obvious!
for! the! skilled! person,! once! the! steps! of! the! pure! mental! act! are! defined.! The! claimed! subject2
matter,!which!is!deemed!to!possess!technical!character,!lacks!however!an!inventive!step!(15).!!

T163/85!(BBC)!observed!that!a!signal!characterized!by!technical!features!of!the!system!in!which!it!
occurs,!i.e.!where!it!is!generated!or!received,!is!not!excluded!as!such!(16).!

According!to!T603/89!the!combination!of!technical!and!non2technical!features!defined!in!a!claim!is!
as!a!whole!excluded! from!patentability! if! such!assembly!does!not!use! technical!means! to! solve!a!
technical!problem!(17).! Interestingly,! it!was!also!decided!that!a!presumed!contradiction!between!
the!Guidelines!and!the!probable!decision!of!a!Board!did!not!constitute!a!reason!for!a!referral!to!the!
Enlarged!Board!of!Appeal.!

In! analogous! terms,! T854/90! (Card! reader)! ruled! that! the! proper! interpretation! of! the! word!
“invention”! in!Article!52(1)!EPC! requires! a! claimed! subject2matter! or! activity! to! have! a! technical!
character!and!thus,!in!principle,!to!be!industrially!applicable.!Moreover,!a!claim!which,!when!taken!
as! a!whole,! is! essentially! a! business! operation,! does! not! have! a! technical! character! and! is! not! a!
patentable! claim,! even! though! the! claimed! method! includes! steps! which! include! a! technical!
component.! The! true! nature! of! the! claimed! subject2matter! remains! the! same,! even! though! some!
technical!means!are!used!to!perform!it!(18).!

The!role!of!program!listings!and!whom!the!skilled!person!is!supposed!to!consult! is!the!subject!of!
T164/92:! the!disclosure!of! a!publication! is!determined!by! the!knowledge!and! the!understanding!
that! can!and!may!be!expected!by! the!average! skilled!person! in! the! technical! field! of! the! subject2
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matter!in!question.!Sometimes,!the!average!skilled!person!in!electronics,!particularly!if!he!does!not!
have! an! adequate! knowledge! of! programming! languages! himself,! may! be! expected! to! consult! a!
computer! programmer! if! a! publication! contains! sufficient! indications! that! further! details! of! the!
facts!described!are!to!be!found!in!a!program!listing!attached!thereto.!This!is!particularly!true!when!
said!program!listing!contains!information!in!normal,!human,!language!that!explains!at!least!some!of!
the!individual!program!levels!(commands,!steps)!and!is!clearly!connected!with!the!facts!described!
in!the!publication!(19).!

According! to! T769/92! (General! purpose! management! system,! Sohei)! an! invention! comprising!
functional! features! implemented! by! software! is! not! excluded! from! patentability,! if! technical!
considerations! concerning! particulars! of! the! solution! of! the! problem! the! invention! solves! are!
required!in!order!to!carry!out!that!same!invention:!such!technical!considerations!lend!a!technical!
nature! to! the! invention! in! that! they! imply! a! technical! problem! to! be! solved! by,! not! necessarily!
explicitly!stated,! technical! features.!The!presence! in!a!claim!of!a! feature,!which!as!such!would!be!
excluded,!does!not!automatically!and!inevitably!render!the!subject2matter!of!a!claim!containing!also!
technical!features!excluded!(20).!

A!true!ground2breaking!decision!is!represented!by!T1173/97!(Computer!program!product,!IBM):!a!
computer!program!product! is!not!excluded! from!patentability! if,!when! it! is!run!on!a!computer,! it!
produces!a!further!technical!effect!which!goes!beyond!the!“normal”!physical!interactions!between!
program! (software)! and! computer! (hardware).! It! is! irrelevant! whether! a! computer! program! is!
claimed!by!itself!or!as!a!record!on!a!carrier,!as!long!as!a!further!technical!effect!is!present,!or!even!
when!the!potential!to!cause!a!predetermined!further!technical!effect!is!present!(9).!The!opinion!of!
the! Enlarged! Board! of! Appeal! given! in! G3/08! characterized! this! decision! as! seminal! for! its!
definition!of!“further!technical!effect”!and!for!its!abandonment!of!the!contribution!approach.!

The! technical! nature! of! a! piece! of! information! in! a! technical! system! is! discussed! in! T1177/97!
(Translating! natural! languages,! Systran):! it!may! convey! a! technical! character! to! the! information!
itself! in! that! it! reflects! the!properties!of! the! technical! system.!Such! information,!when!used! in!or!
processed!by!the!technical!system,!may!be!part!of!a!technical!solution!to!a!technical!problem!and!
may!form!the!basis!for!a!technical!contribution!of!the!invention!to!the!prior!art!(21).!

Following!an!analogous!line!of!reasoning,!T1194/97!(Picture!retrieval!system)!extends!the!above2
mentioned! decision! T163/85:! functional! data! recorded! on! a! carrier! does! not! constitute!
presentation!of!information!as!such!and!hence!is!not!excluded!from!patentability.!In!particular,!data!
is! deemed! to! be! functional! when! e.g.! it! comprises! a! data! structure! defined! in! terms! which!
inherently!comprise!the!technical!features!of!the!system,!i.e.!the!combination!of!the!device!adapted!
to!read!the!content!of!the!carrier!and!the!carrier!itself,!where!the!carrier!is!operative!(22).!

T931/95!(Pension!benefits!system,!PBS)!emphasizes!that!having!technical!character!is!an!implicit!
requirement!of!the!EPC!to!be!met!by!a!claimed!subject2matter,!in!order!to!constitute!an!invention!
within!the!meaning!of!Article!52(1)!EPC.!Methods!only!involving!economic!concepts!and!practices!
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of!doing!business!are!not!inventions;!a!feature!of!a!method!concerning!the!use!of!technical!means!
for! a! purely!non2technical! purpose,! or! for! processing!purely!non2technical! information,! does!not!
necessarily! confer! a! technical! character! to! the! method.! Conversely,! any! apparatus! suitable! for!
performing!or!supporting!an!economic!activity,!is!an!invention!and!thus!not!excluded!a$priori.!The!
so2called!contribution!approach!was!ruled!out:!the!EPC!never!mentions!the!differentiation!between!
novel!features!of!an!invention!and!features!of!that!invention,!which!are!known!from!the!prior!art,!
when!examining!whether!the!invention!concerned!may!not!be!excluded!from!patentability!(23).!As!
to!the!definition!of!technical!character,!the!decision!offers!a!striking!statement:!

It%may% very%well% be% that% […]% the%meaning% of% the% term% “technical”% or% “technical%
character”% is% not% particularly% clear.% However,% this% also% applies% to% the% term%
“invention.”%In%the%board's%view%the%fact%that%the%exact%meaning%of%a%term%may%be%
disputed%does%in%itself%not%necessarily%constitute%a%good%reason%for%not%using%that%
term%as%a%criterion,%certainly%not% in% the%absence%of%a%better% term;%case% law%may%
clarify%the%issue.%

The! following! two! decisions! –T641/00! and! T258/03–! constitute,! together! with! the! above2
mentioned! T1173/97,! the! core! set! of! tools! defining! the! current! EPO’s! policy! toward! computer2
implemented!inventions.!!

In!T641/00!(Two!identities,!Comvik)!the!Board!of!Appeal!held!that!when!an!invention!consists!of!a!
combination!of!both!technical!and!non2technical!features!and!having!technical!character!as!a!whole,!
it!is!to!be!examined!in!terms!of!the!requirement!of!inventive!step!by!taking!account!only!of!all!those!
features!causing!said!technical!character,!whereas!those!features!making!no!such!contribution!can!
not! support! the! presence! of! inventive! step.! Thus,! non2technical! aspects! of! an! invention! can! be!
treated!as!constraints!in!the!formulation!of!the!objective!technical!problem!(OTP)!in!the!context!of!
the!problem2solution!approach,!the!methodology!generally!applied!by!the!EPO!for!determining!the!
presence! or! absence! of! an! inventive! step! (24).! Incorporating! non2technical! restrictions! when!
formulating!the!OTP!is!not!a!matter!of!hindsight!analysis4.!

T258/03!(Auction!method,!Hitachi)!elaborates!a!very!simple!test!for!determining!the!nature!of!an!
invention:! the! term! “invention”! in! the! definition! of! patentable! inventions! set! out! in!
Article!52(1)!EPC! is!merely! to! be! construed! as! “subject2matter! having! technical! character”! (11).!
Thus,!the!mere!presence!of!(any)!computer!hardware!in!a!claim!directed!to!e.g.!a!business!method!
is!sufficient! to!provide! technical!character!and!thus!renders! the!whole!claim!not!excluded.! In! the!
decision!the!Board!affirms:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4!Several!decisions!of!the!Board!of!Appeal!hold!that!pointing!at!the!known!solution,!or!even!a!part!thereof,!when!formulating!the!OTP!
goes!against!the!requirement!of!objectivity!and!thus!the!derived!problem!is!not!a!valid!one!when!assessing!the!presence!or!absence!
of!inventive!step.!This!ex$post$facto!analysis!is!forbidden.!This!principle!is!entirely!embedded!in!the!Guidelines!for!Examination!in!the!
EPO!and!constitutes!a!pillar!of! the!examination!procedure.!This!decision!unambiguously!declares! that!only!non2technical! features!
can!be!included!in!the!OTP.!
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What%matters%having%regard%to%the%concept%of%“invention”%within%the%meaning%of%
Article%52(1)%EPC%is%the%presence%of%technical%character,%which%may%be%implied%by%
the%physical%features%of%an%entity%or%the%nature%of%an%activity,%or%may%be%conferred%
to% a% non2technical% activity% by% the% use% of% technical% means.% Hence% […]% activities%
falling% within% the% notion% of% a% non2invention% as% such% would% typically% represent%
purely%abstract%concepts%devoid%of%any%technical%implications.%

The!implementation!by!technical!means!of!purely!non2technical!activity!is!the!subject!of!T1225/10!
(Nintendo)!(25),!for!which:!

Implementation% of% the% previously% mentioned% game% rules% –inherently% non2
technical%subject2matter%[…]–%is%in%the%form%of%a%storage%medium%storing%a%game%
program%[…],%and%by%corresponding%means%of% the%game%apparatus%[…].% In%either%
case% the% implementation% involves% technical% means% so% that,% following% the%
approach% of% T931/95% and% T258/03,% the% claimed% storage% medium% and% game%
apparatus%are%technical.%

THE%REFERRAL%
Under!Article!112(1)(b)!EPC,!the!president!of!the!EPO!can!refer!a!point!of!law!to!an!Enlarged!Board!
of! Appeal5!when! two! Boards! of! Appeal! have! given! different! decisions! on! that! question.! On!
22!October!2008! the! then! president! of! the! EPO,! Alison! Brimelow,! referred! a! point! of! law! to! the!
Enlarged!Board!of!Appeal6.!The!subjects!of!the!referral!(26)!were:!

Questions% of% fundamental% importance,% as% they% related% to% the% definition% of% the%
limits%of%patentability%in%the%field%of%computing.%

It!is!interesting!to!note!that!the!previous!president!of!the!EPO,!Alain!Pompidou,!prompted!among!
others!by!a!judgment!of!the!Court!of!Appeal!of!England!and!Wales!in!the!joint!case!Aerotel!v.!Telco!
and!Macrossan,!did!not!pursue!the!matter!further.!He!noted!(27)! that!“at!the!moment!there!is!an!
insufficient!legal!basis!for!a!referral!under!Article!112(1)(b),”!and!that:!

The%appropriate%moment% for% a% referral%would%be%where% the%approach% taken%by%
one%Board%of%Appeal%would% lead%to%the%grant%of%a%patent%whereas%the%approach%
taken%by%another%Board%would%not.%

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5!The!Enlarged!Board!of!Appeal!and!the!Boards!of!Appeal!are!all!courts!of!second!instance.!The!Enlarged!Board!of!Appeal’s!aim!is!to!
ensure!uniform!application!of!the!law!and!to!clarify!or! interpret! important!points!of! law!in!relation!to!the!EPC!when!the!case!law!
becomes!inconsistent!or!when!an!important!point!of!law!arises.!The!Enlarged!Board!of!Appeal!takes!a!“decision”!when!the!referral!
originates!directly!from!a!Board!of!Appeal;!it!issues!an!“opinion”!when!the!president!of!the!EPO!makes!the!referral.!
6!The!previous!president!of!the!EPO,!Alain!Pompidou,!prompted!by!a!judgment!of!the!Court!of!Appeal!of!England!and!Wales!in!the!
joint!case!Aerotel!v.!Telco!and!Macrossan,!did!not!pursue!the!matter!further.!He!noted!that!“at!the!moment!there!is!an!insufficient!
legal!basis! for!a! referral!under!Article!112(1)(b),”!and! that! “the!appropriate!moment! for!a! referral!would!be!where! the!approach!
taken!by!one!Board!of!Appeal!would!lead!to!the!grant!of!a!patent!whereas!the!approach!taken!by!another!Board!would!not”!(27).!



12!

The! referral! posed! four!questions! to! look! at! four!different! aspects! of! patentability! in! the! field!of!
computer!programs!and!computer2implemented!inventions.!

Question%1%
Can%a%computer%program%only%be%excluded%as%a%computer%program%as%such%if%it%is%
explicitly%claimed%as%a%computer%program?%

This!issue!addresses!the!ruling!of!two!decisions,!T1173/97!and!T424/03:!whereas!the!first!decision!
does!not!make!any!distinction!between!a!claim!directed!to!a!computer2implemented!method!and!a!
claim! directed! to! a! computer! program,! the! second,! on! the! contrary,! draws! a! demarcating! line!
between!the!two!types!of!claims.!

Question%2(a)%
Can% a% claim% in% the% area% of% computer% programs% avoid% exclusion% under% Article%
52(2)(c)%and%(3)%EPC%merely%by%explicitly%mentioning%the%use%of%a%computer%or%a%
computer2readable%data%storage%medium?%
Question%2(b)%
If%question%2(a)%is%answered%in%the%negative,%is%a%further%technical%effect%necessary%
to%avoid%exclusion,%said%effect%going%beyond%those%effects%inherent%in%the%use%of%a%
computer%or%data% storage%medium% to% respectively% execute%or% store%a% computer%
program?%

Once!again!decision!T1173/97!is!referred!to,!because!it!stated!not!only!that!computer!programs!are!
methods,! but! also! that! in! order! to! posses! technical! character! they! must! demonstrate! a! further!
technical! effect,! which! goes! beyond! the! normal! physical! interactions! between! software! and!
hardware.! T258/03,! on! the! contrary,! affirmed! that! a! method! acquires! a! technical! character! by!
simply! involving! any! technical! means.! In! view! of! this,! a! claim! directed! to! a! computer2readable!
medium!storing!a!computer!program!method!renders!the!whole!claim!technical,!and!therefore!not!
excluded!under!Article!52(2)!and!(3)!EPC.!

Question%3(a)%
Must% a% claimed% feature% cause% a% technical% effect% on% a%physical% entity% in% the% real%
world%in%order%to%contribute%to%the%technical%character%of%the%claim?%
Question%3(b)%
If%question%3(a)%is%answered%in%the%positive,%is%it%sufficient%that%the%physical%entity%
be%an%unspecified%computer?%
Question%3(c)%
If% question% 3(a)% is% answered% in% the% negative,% can% features% contribute% to% the%
technical% character%of% the%claim% if% the%only%effects% to%which% they%contribute%are%
independent%of%any%particular%hardware%that%may%be%used?%
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Here! two!sets!of! two!decisions!each!are!considered! to!be!contradicting!each!other:!T163/85!and!
T190/94!form!the!first!group,!while!T125/01!and!T424/03!form!the!second!group.!The!latter,!more!
recent,! group! of! decisions! specifies! that! technical! character! is! present! even! when! the! technical!
effect! is! essentially! confined! to! the! computer! programs! themselves.! The! former! group,! on! the!
contrary,!affirmed! that! in!order! to!characterize!an!effect!as! technical,! it!has! to! involve!a!physical!
entity!in!the!real!world!one!way!or!another.!

Question%4(a)%
Does% the% activity% of% programming% a% computer% necessarily% involve% technical%
considerations?%
Question%4(b)%
If% question% 4(a)% is% answered% in% the% positive,% do% all% features% resulting% from%
programming%thus%contribute%to%the%technical%character%of%a%claim?%
Question%4(c)%
If% question% 4(a)% is% answered% in% the% negative,% can% features% resulting% from%
programming% contribute% to% the% technical% character% of% a% claim% only% when% they%
contribute%to%a%further%technical%effect%when%the%program%is%executed?%%

Again,! two! sets! of! decision! are!deemed! to!be! contradicting:! according! to!T833/91,!T204/93!and!
T769/92!writing!computer!programs!explicitly!falls!within!the!exclusions!of!Article!52(2)(c)!EPC,!
while!according!to!T1177/97!and!T172/03!this!is!not!the!case.!

As!part! of! the!proceedings!before! the!Enlarged!Board!of!Appeal,! the!most! important! companies,!
scholars!and!institutions!dealing!with!the!complex!intricacies!between!intellectual!property!rights!
and!computer!programs!submitted!formal!statements!presenting!their!views!and!opinions!to!assist!
the!Board!in!deciding!the!addressed!by!four!questions!of!the!referral.!

After! long!months! of! discussion,! the! Enlarged! Board! of! Appeal! issued! its! opinion! (28):! the! four!
questions!are!found!to!be!of!undoubtedly!fundamental! importance,!but!the!cited!decisions!do!not!
legally!contradict!each!other!as!they!merely!follow!the!normal!character!of!the!legal!developments:!

The%president%has%no%right%of%referral%simply% in%order%to% intervene,%on%whatever%
grounds,% in% mere% legal% development% if% on% an% interpretation% of% the% notion% of%
different% decisions% in% the% sense% of% conflicting% decisions% there% is% no% need% for%
correction%to%establish%legal%certainty.%

The!referral!was!as!consequence!dismissed,!the!four!questions!remained!unanswered!and,!the!most!
important!fact,!the!Board!did!not!take!any!position.!

No!news!is!good!news.!
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A! thorough! critical! analysis! –very! much! understandable! and! shared–! of! this! rather! unexpected!
outcome! is! given! in! (29),! where! it! is! stressed! that! the! rather! strict! and! literal! interpretation! of!
Article!112(b)!EPC! fails! to! consider! among! others! the! Travaux! préparatoires! (30)! and! is! thus! in!
contradiction!with!Articles!31!and!34!of!the!Vienna!Convention!on!the!Law!of!Treaties.!The!same!
paper!calls!for!a!legislative!revision:!

By% failing% to% give% sufficient% weight% to% the% place% and% role% of% the% Boards% in% the%
European%patent%system,%the%Enlarged%Board%of%Appeal%rendered%a%decision%that%is%
higher%on%democratic%language%than%democratic%content.%Given%this%[…]%the%only%
hope% is% for% the% European% or% national% Legislatures% to% recognize% that% “judiciary2
driven% legal% development”% within% the% EPO% has% indeed% met% its% limits,% with% the%
result%–as%the%Enlarged%Board%of%Appeal% itself%suggested–%that%“it% is%time%for%the%
legislator%to%take%over.”%

Unfortunately!the!experience!so!far!is!far!from!promising!and!surely!disheartening:!

• The!Draft!Agreement! on! the! establishment! of! a! European!patent! litigation! system! (EPLA)!
never!came!into!existence.!

• The! Proposal! for! a! Directive! of! the! European! Parliament! and! of! the! Council! on! the!
patentability!of!computer2implemented!inventions!was!rejected.!

• The! Community! Patent! is! in! a! political! and! legal! grey! area! after! the! European! Court! of!
Justice’s! opinion,!which! affirmed! that! an! integral! part! of! the! foreseen! patent! system! –the!
creation!of!a!European!and!Community!Patent!Court–!would!be!incompatible!with!European!
Union!law.!

• Italy!and!Spain! lodged!an!appeal! to! the!European!Court!of! Justice!against!attempts!by! the!
other!EU!member!states!to!introduce!an!enhanced!co2operation!procedure7!for!creating!the!
Community!Patent.!

FORM%OF%ALLOWABLE%CLAIMS%
Even!tough!according!to!Rule!43(2)!EPC!the!number!of!independent!claims!is!limited!to!one!in!each!
category8,!according!to!the!decision!of!the!Board!of!Appeal!T424/03!a!claim!directed!to!a!computer!
program! represents! a! claim! category! sui$generis! and! as! such! it! is! not! to! be! contemplated! in! the!
counting!of!independent!claims!in!each!category!(31).!

The!current!policy!of! the!EPO!considers!these! formulations!of!claims!as!prima$facie!allowable! for!
computer2implemented!inventions:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7!This!extraordinary!procedure!allows!a!group!of!countries!to!adopt!new!common!rules!among!themselves,!in!areas!where!a!EU2wide!
agreement!cannot!be!reached.!
8!These! exceptions! apply:! the! subject2matter! of! the! application! involves! a! plurality! of! interrelated! products,! different! uses! of! a!
product!or!apparatus,!alternative!solutions!to!a!particular!problem.!
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• A%method%of%operating%a%data%processing%system%comprising%steps%A,#B,#C.%
• A% data% processing% apparatus9%comprising%means% for% carrying% out% step%A,% means% for%

carrying%out%step%B,%means%for%carrying%out%step%C.%
• A%data%processing%apparatus%comprising%means%for%carrying%out%the%method%of%claim%n.%
• A%computer%program%adapted%to%perform%the%method%of%claim%n.%
• A%computer%program%product%adapted%to%perform%the%method%of%claim%n.%
• A% computer% program% comprising% software% code% adapted% to% perform% the%method%of%

claim%n.%
• A% computer% program% comprising% software% code% adapted% to% perform% the%method%of%

claim%n%when%executed%on%a%data%processing%apparatus.%
• A% computer% program% carried% on% a% electrical% carrier% signal% adapted% to% perform% the%

method%of%claim%n.%
• A%computer%program%product%carried%on%a%electrical%carrier%signal%adapted%to%perform%

the%method%of%claim%n.%
• A% computer2readable%medium% comprising% a% computer% program%adapted% to% perform%

the%method%of%claim%n.%%
• A% computer2readable%medium% comprising% a% computer% program% product% adapted% to%

perform%the%method%of%claim%n.%%

Based! on! decision! T410/96! the! claims! in! the! so2called! form! “means! plus! function”! are! to! be!
interpreted! as! requiring! means! adapted! to! carry! out! the! given! function,! as! opposed! to! means!
merely! suitable! for! carrying! it! out.! Although! deceptively!minimal! and! seemingly! formalistic,! the!
difference!is!crucial:!whereas!the!mere!suitability!does!not!limit!the!features!of!the!corresponding!
means,! and! thus! the! scope! of! the! patent! if! granted,! their! explicit! adaptation! renders! said!means!
implicitly!limited!to!the!functionalities!which!are!provided.!

The!same!decision!also!states!that!both!the!so2called!long!formulation!and!short!formulation!of!an!
independent!claim!are!evenly!valid:!the!former!explicitly!enumerates!all!steps!or!means!for!which!
protection! is!sought,! the! latter!references!a!method!or!entity!already!defined! in!a!previous!claim!
(32).!!

An!example!of!a!claim!worded!in!the!long!formulation!is:!

• A%data%processing%system%comprising%means%for%carrying%out%step%A,%means%for%
carrying%out%step%B,%means%for%carrying%out%step%C.%

Its!corresponding!short!formulation!is!therefore:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9!In!this!context!both!formulations!“apparatus”!and!“system”!are!considered!perfectly!equivalent!and!interchangeable.!
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• A% data% processing% system% comprising%means% for% carrying% out% the%method% of%
claim%n.%

The! second,! short! version! is! the! preferred! formulation10!as! it! improves! the! readability! and!
understandability!of! the!subject2matter!of! the!whole!set!of! claims;!as!a! side!effect,! it! reduces! the!
costs!of!translations!if!and!when!the!patent!is!granted.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
10!This!is!the!author’s!view.!The!board!of!Appeal!deemed!both!formulations!to!be!perfectly!equivalent.!
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AROUND%THE%WORLD%

TYPES%OF%PROTECTION%
A!common,!formal!approach!comparable!to!that!followed!by!the!thirty2seven!countries!adhering!to!
the!EPC! is! far! from!being!obtained! in!other! areas! in! the!world,! notwithstanding! the! existence!of!
other!regional!entities!granting!IP!rights!and!the!cooperation!agreements!between!many!of!these!
institutions!and!countries.!

In!view!of!the!Paris!Convention!for!the!Protection!of!Industrial!Property!and!the!TRIPs!Agreement!
certain! general,! yet! precise,! concepts! such! as! the! definition! of! novelty! and! that! of! inventive! are!
someway!well!understood!and!shared.!Regarding!the!protection!of!computer!programs,!however,!
not! only! it! is! not! unambiguously! clear! what! the! prevailing! practice! is,! but! also! what! form! of!
protection!they!should!be!eligible!for.!!

Indeed,! an! exemplary! study!published! in! 1998! among! software! developers! and! attorneys! at! law!
shows!that!developers!would!definitely!prefer!protecting!software!by!means!of!copyright!(86%!of!
the! sample),! while! only! 10%!would! choose! patents! and! 4%!would! prefer! trade! secrets.! Among!
attorneys,! the!percentage!of!preference! for!copyright!drops! to!57%,! that! for!patents! increases! to!
36%! and! that! for! trade! secrets! remains! low! at! 7%.!When! asked! for! the! duration! of! a! patent! on!
software,! software! developers! opted! for! an! average! duration! of! 13.7! years,! interestingly! slightly!
higher!that!that!chosen!by!attorneys!at!law!not!practicing!intellectual!property!matters,!13.3!years,!
while! the! patent! attorneys’! average! was! 16.1! years.! Asked! about! the! duration! of! copyright!
protection,!both!averages!for!attorneys!and!for!software!developers!remarkably!came!very!close!to!
around!46!years!(33).!

Notwithstanding! the! exhaustive! literature! on! this! topic! suggesting! new,! different! standards! of!
protection,!it!appears!that!(34):!

Patents% provide% the% most% appropriate% form% of% protection% considering% the%
substantial%financial%investment%expended%to%produce%products%and%the%ease%with%
which%they%can%be%copied.%

FRANCE%
Already! in! 1968! France! banned! computer! programs! from! patentability,! as! they! were! not!
considered!industrial!inventions.!Article!7!of!the!Law!number!6821!of!2!January!1968!as!a!matter!of!
fact!deemed!computer!programs!to!be!excluded!(35):!

Ne%constituent%pas,%en%particulier,%des%inventions%industrielles:%
1°%Les% principes,% découvertes% et% conceptions% théoriques% ou% purement%

scientifiques;%
2°% Les%créations%de%caractère%exclusivement%ornemental;%
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3°%Les% méthodes% financières% ou% comptables,% les% règles% de% jeux% et% tous% autres%
systèmes% de% caractère% abstrait,% et% notamment% les% programmes% ou% séries%
d´instructions%pour%le%déroulement%des%opérations%d´une%machine%calculatrice.%

Interestingly,!the!characterization!per$se!is!nowhere!to!be!found!in!this!Law.!All!computer!programs!
are!therefore!not!patentable,!regardless!of!whether!they!are!“as!such”!or!not.!

In! view! of! the! fact! that! the! case! law! and! pronouncements! of! the! EPO! Boards! of! Appeal! are! not!
binding! on! the!member! states! adhering! to! the!EPC,! national! courts!may! take! a! different! view!of!
patentability!than!that!adopted!under!the!EPC.!As!a!matter!of!fact,!any!European!patent!issued!by!
the! EPO! may! be! revoked! in! a! patent! infringement! lawsuit! or! revocation! proceedings! before! a!
national!court.!!

Although!from!a!relatively!different!perspective,!the!pronouncements!of!the!various!French!courts!
that!happened!to!deal!with!patent!cases!about!computer2implemented!inventions!closely!reflected!
the!developments!at!the!EPO,!and!vice$versa.!Already!in!1975!the!highest!court!instance,!the!Cour!de!
Cassation,!dealing!with!the!Mobil!Oil!case,!ruled!that!a!computer!program!lacks!technical!character!
and! is! therefore! excluded! from! patentability! (36).! Six! years! later,! in! the! Schlumberger! case,! the!
Appellate!Court!of!Paris!affirmed!that!the!mere!presence!of!a!computer!program!in!a!claim!does!not!
automatically! render! its! subject2matter! excluded! (37).! In! 2007,! finally,! the! Tribunal! de! Grande!
Instance!of!Paris,!in!the!Infomil!case,!decided!that!a!claim!has!technical!nature!–and!is!thus!prima$
facie!allowable–!if!it!comprises!at!least!a!physical!entity,!for!example!a!computer!(38).!!

The!most!recent!legal!basis!about!the!patent!protection!of!computer2implemented!inventions!is!the!
Industrial!Property!Code!(39)!that!substantially!rephrases!the!provisions!of!the!EPC,!in!particular!
in!the!specification!of!“tous$les$domaines$technologiques”!in!the!first!sentence!and!in!the!limitation!
“en$tant$que$tel”!in!the!third!sentence!of!Article!10:!

1.% Sont% brevetables,% dans% tous% les% domaines% technologiques,% les% inventions%
nouvelles% impliquant% une% activité% inventive% et% susceptibles% d'application%
industrielle.%

2.% Ne%sont%pas%considérées%comme%des%inventions%au%sens%du%premier%alinéa%du%
présent%article%notamment%:%

% % a)% Les% découvertes% ainsi% que% les% théories% scientifiques% et% les% méthodes%
mathématiques%;%

% % b)% Les%créations%esthétiques%;%
% % c)% Les% plans,% principes% et% méthodes% dans% l'exercice% d'activités%

intellectuelles,% en% matière% de% jeu% ou% dans% le% domaine% des% activités%
économiques,%ainsi%que%les%programmes%d'ordinateurs%;%

% % d)% Les%présentations%d'informations.%
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3.% Les%dispositions%du%2%du%présent%article%n'excluent%la%brevetabilité%des%éléments%
énumérés%auxdites%dispositions%que%dans%la%mesure%où%la%demande%de%brevet%
ou%le%brevet%ne%concerne%que%l'un%de%ces%éléments%considéré%en%tant%que%tel.%

Although! legal! precedents! France,! as! in! all! civil! law! countries,! do! not! possess! the! same! binding!
character! that! they! assume! in! the! common! law! traditions,! the! evolution! of! courts’! decisions! in!
France!appears!to!show!a!converging!continuum,!which!delimit!the!playground!and!sets!the!overall!
framework! of! the! treatment! of! computer2implemented! inventions.! This! is! also! corroborated! and!
confirmed!by!the!significant!progression!of!France’s!body!of!law.!!

%GERMANY%
Several! decisions! in! the! last! decade,! the! most! relevant! four! discussed! in! the! following,! have!
addressed! the! issue! of! computer2implemented! inventions:! their! line! of! reasoning! has! gone! in! a!
different!direction!than!that!followed!by!the!EPO!and!the!courts!in!France.!

The!Bundesgerichtshof!(BGH),!the!highest!court!in!the!system!of!ordinary!jurisdiction!in!Germany!
and! the! court! of! last! resort! in! all!matters! of! criminal! and! private! law,! ruled! in! late! 1999! in! the!
decision!X!ZB!11/98!(Logikverifikation)!that!a!method!which,!when! implemented!by!a!computer,!
comprises! a! step! effecting! the! immediate! use! of! controllable! forces! of! nature! has! technical!
character!and!is!in!consequence!not!excluded!from!patentability!(40).!

For!the!first!time!the!issue!of!computer!programs!per$se!was!mentioned,!but!immediately!set!aside!
and!not!debated!further.!!

In! decision! X! ZB! 15/98! (Sprachanalyseeinrichtung)! the! BGH! held! that! a! computer! that! is!
programmatically! set! in!a! certain!way!acquires! technical! character,!notwithstanding! the! intrinsic!
nature!of!the!data!actually!processed!by!the!computer2implemented!method!(41):!

Einer% Vorrichtung% (Datenverarbeitungsanlage),% die% in% bestimmter% Weise%
programmtechnisch% eingerichtet% ist,% kommt% technischer% Charakter% zu.% Das% gilt%
auch% dann,% wenn% auf% der% Anlage% eine% Bearbeitung% von% Texten% vorgenommen%
wird.%%

Furthermore,! the! court! found! that! in! order! to! determine! the! technical! nature! of! a! computer!
executing! a! program,! it! is! immaterial! whether! the! program’s! aim! is! achieved! by! means! of! a!
technical! effect! not! already!disclosed!or! implicitly! known! from! the!prior! art.! This! basically! rules!
out,!without!explicitly!mentioning!it,!the!German!equivalent!of!the!EPO’s!contribution!approach:!

Für%die%Beurteilung%des%technischen%Charakters%einer%solchen%Vorrichtung%kommt%
es%nicht%darauf%an,%ob%mit%ihr%ein%(weiterer)%technischer%Effekt%erzielt%wird,%ob%die%
Technik% durch% sie% bereichert% wird% oder% ob% sie% einen% Beitrag% zum% Stand% der%
Technik%leistet.%%
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In! October! 2004! the! BGH! ruled! in! its! decision! X! ZB! 34/03! (Rentabilitätsermittlung)! that! a!
computer2based!process!handling! in!a!purposed!manner!a!combination!of!operational!(technical)!
and! financial! (non2technical)!data!automatically!recorded!and!transmitted!between!computers,! is!
not!eligible!for!patent!protection!(42).!!

Along! these! lines! goes! the! BGH’s! decision! X! ZB! 9/06! (Informationsübermittlungsverfahren)! of!
2007,!according!to!which!the!assessment!of!whether!a!claim’s!subject2matter!is!patentable!or!not!
requires!the!interpretation!of!the!patent!claims!from!the!perspective!of!the!suitable!skilled!person,!
in!view!of!each!feature!of!the!claim!taken!individually!as!well!as!in!view!of!the!claim!in!its!entirety,!
as!to!whether!it!possesses!technical!considerations!(43).!

As!is!the!case!of!France!and!other!European!countries,!the!most!recent!legal!basis!about!the!patent!
protection!of!computer2implemented!inventions!substantially!restates!the!provisions!of!the!EPC,!in!
particular! by! stating! “auf$ allen$ Gebieten$ der$ Technik”! and! using! the! restriction! “als$ solche”! in!
Article!1!of!the!German!Patent!Law:!

(1)%% %Patente% werden% für% Erfindungen% auf% allen% Gebieten% der% Technik% erteilt,%
sofern% sie% neu% sind,% auf% einer% erfinderischen% Tätigkeit% beruhen% und%
gewerblich%anwendbar%sind.%%

%(3)% Als% Erfindungen% im% Sinne% des% Absatzes% 1% werden% insbesondere% nicht%
angesehen:%%

% % Entdeckungen% sowie% wissenschaftliche% Theorien% und% mathematische%
Methoden;%%

% % % ästhetische%Formschöpfungen;%%
Pläne,%Regeln%und%Verfahren%für%gedankliche%Tätigkeiten,%für%Spiele%oder%
für% geschäftliche% Tätigkeiten% sowie% Programme% für%
Datenverarbeitungsanlagen;%%

% % % die%Wiedergabe%von%Informationen.%%
(4)%% Absatz% 3% steht% der% Patentfähigkeit% nur% insoweit% entgegen,% als% für% die%

genannten%Gegenstände%oder%Tätigkeiten%als%solche%Schutz%begehrt%wird.%

UNITED%KINGDOM%
The! increasing! pressure! to! find! a! precise! legal! definition! of! the! kind! of! subject2matter! excluded!
from!patentability!has!produced!a!series!of!judgments!from!the!courts!which!very!well!represents!
the!intrinsic!difficulty!of!arriving!at!such!a!definition!and!at!the!same!time!the!legal!challenge!posed!
by!the!partially!overlapping!jurisdictions!of!the!EPO!and!national!courts.!

The! current! policy! adopted! by! the! United! Kingdom! Intellectual! Property! Office! appears! to!
differentiate! itself! from! that! followed! by! the! EPO! in! the! kind! of! assessment! used! to! consider! a!
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claimed!subject2matter!excluded:!it!very!much!resembles!the!contribution!approach!which!is!now!
considered!obsolete!and!incorrect!by!the!EPO.!

The!England!and!Wales!Court!of!Appeal’s!joint!judgment!in!the!case!Aerotel!v.!Telco!and!Macrossan!
affirmed! that! even! if! it! was! considered! that! decisions! of! the! EPO! Boards! of! Appeal! had! great!
importance! despite! their! non2binding! nature,! as! some! of! them!were! contradicting! each! other,! it!
could!not!unambiguously!refer!to!them!and!had!to!resort!to!three!previous!decisions!taken!by!the!
same!Court:!the!cases!of!Merrill!Lynch!of!1989!focussed!on!business!methods!as!such,!Gale!of!1991!
was! about! computer! programs! and! mathematical! method! per$ se,! and! Fujitsu! of! 1997! defined!
computer!programs!as!such11!(44)!(45).!!

The!decision!also!confirmed!the!use!of!a!four2pronged!approach!to!test!for!excluded!subject2matter:!!

(i)% % Properly%construe%the%claim;%
(ii)%% Identify%the%actual%or%alleged%contribution;%
(iii)% Ask%whether%it%falls%solely%within%the%excluded%subject%matter;%
(iv)% Check%whether%the%contribution%is%actually%technical%in%nature.%

This! judgment!generated!uproar! in! the! interested!circles! in! the!various!patent!offices!around!the!
world:!it!in!fact!criticised!the!practice!followed!by!the!EPO!to!assess!non2technical!subject!matter!as!
not! intellectually! honest.! The! EPO! Boards! of! Appeal! quickly! responded! by! declaring! that! the!
technical!effect!and!contribution!approach!applied!by!the!UK!court!is!irreconcilable!with!the!EPC.!

The! judgments!given!by!courts! in! the!United!Kingdom! in! the!wake!of! this!breakthrough!decision!
corroborated!the!view!of!Aerotel!v.!Telco!and!Macrossan,!but!softly!lightened!the!differences!with!
the!EPO!(46):!although! the! judgement! in!another!case!about!a!business!method!as!such!stressed!
that!the!reasoning!used!was!different!from!the!type!that!would!have!been!applied!by!the!EPO,!the!
judge!was!of!the!opinion!that!the!EPO!would!have!come!to!the!same!conclusion!using!its!own!way!
of!reasoning.!

ISRAEL%
Despite!the!large!share!of!R&D!expenditures!on!information!and!communication!technologies!(47),!
very!few!pronouncements!of!courts!are!reported!about!computer2implemented!inventions.!

In!1984!an!Israeli!regional!court!heard!a!case!(United!Technologies!v.!The!Commissioner!of!Patents,!
Trademarks!and!Designs,!UTC)!about!a!system!in!the!field!of!avionics!comprising!physical!devices!
that! periodically!measure! real2time! data,! and! a! program2based! control! unit! to!which! the! data! is!
transferred!and!elaborated!by!a!program,!which!eventually!coordinates!the!signals!and!transmits!
them! to! fuel! valves! based! on! the! data,! thus! effecting! changes! in! the! rate! of! fuel! intake! to! the!
aircraft’s!engine!during!flight.!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11!The!Fujitsu!decision!also!stated!that!it!would!be!disastrous!if!there!were!any!substantial!divergence!between!the!interpretations!
given!by!the!courts!in!United!Kingdom!and!the!EPO!about!the!exclusions!from!patentability!defined!in!Article!52!EPC.!
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Although!the!strictly!physical!entities!of!the!system!were!regarded!to!be!disclosed!by!the!prior!art,!
the! actual! innovation!was! found! to! be!within! the! computer! program.!A! peculiar! interaction!was!
deemed!to!exist!between!the!program!and!the!physical!components:!only!the!actual!interplay!of!the!
two!entities!so!deliberately!adapted!achieved!the!technical!aim!of!reducing!fuel!consumption.!

The! court! ruled! that! there! is! a! tangible! technological! process! and! therefore! this! particular!
combination!of!hardware!and!software!is!not!excluded!from!patentability.!

Recently12,!The!Israel!Patent!Office!has!made!an!an!announcement!concerning!the!patentability!of!
software,! for! which! an! invention! is! to! be! examined! in! its! entirety! without! separating! between!
software! and! hardware! components,! without! focussing! on! the! software,! but! rather! on! the!
contribution!of!the!invention!to!the!state!of!the!art.!However,!if!a!claimed!process!only!comprises!
steps!carried!out!by!the!computer,!then!it!is!not!considered!patentable!subject2matter!(48).!

UNITED%STATES%OF%AMERICA%
In!the!last!decade!of!the!twentieth!century!the!United!States!Court!of!Appeals!for!the!Federal!Circuit!
(CAFC)!issued!several!decisions!on!matters!related!to!computer!programs’!patentability.!

In!just!less!than!one!month,!from!29!July!to!26!August!1994!three!decisions!opened!the!door!to!a!
rich! expansion! of! the! patentability! of! software.! A! system! comprising! means! for! mathematically!
processing! waveform! data! to! be! displayed! on! an! oscilloscope! was! found! to! produce! a! useful,!
concrete,!and!tangible!result!in!the!Alappat!decision.!Twelve!days!later,!the!Warmerdam!judgment!
affirmed!that!a!computer!containing!in!its!memory!a!data!structure!purposefully!created!to!be!used!
in!a!collision!avoidance!system!was!patentable,!whereas!the!generation!of!said!data!structure!was!a!
mere! algorithm! and! as! such! excluded! from! patent! eligibility.! In! the! Lowry! decision! the! CAFC!
confirmed!that!a!data!structure!was!indeed!patentable.!

The! next! fifteen! years! have! seen! several! analogous! pronouncements,! virtually! all! of! which!
confirmed!the!practice!at!that!time!and!revisited!the!previous!judgments!to!fine!tune!their!findings.!

Finally,!the!Supreme!Court!of!the!United!States!on!28!June!2010!issued!the!long!awaited!and!much!
anticipated!decision!in!the!case!Bilski!v.!Kappos!(49).!Given!that!the!expectations!were!high!in!view!
of! the! possibility! that! the! Court! decided! to! set! forth! a! new! or! reworked! test! for! assessing! the!
patentability! of! inventions,! the! actual! decision! was! found! to! leave! mixed! feelings.! First! of! all!
because!the!decision!was!taken!with!a!5!to!4!majority,!secondly!because!it!did!not!bring!about!an!
explicit! test,! but! rather! indicated! that! the! so2called! “machine! or! transformation! test”! does! not!
constitute!the!sole!test!for!determining!the!patent!eligibility!of!subject2matter.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
12!These!guidelines!are!valid!for!all!patent!applications!being!examined!or!being!filed!after!1!February!2011.!
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The!most!updated!version!of!Title!35,!part!II,!chapter!10,!§!10113!of!the!United!States!Code!reflects!
the!laws!passed!by!the!US!Congress!as!1!February!2010!and!sets!forth!the!basic!requirements!for!
patentability:!

Whoever% invents% or% discovers% any% new% and% useful% process,% machine,%
manufacture,% or% composition% of% matter,% or% any% new% and% useful% improvement%
thereof,% may% obtain% a% patent% therefor,% subject% to% the% conditions% and%
requirements%of%this%title.%

Prior!to!the!proceedings!related!to!the!Bilski!case,!the!commonly!used!test!to!determine!whether!a!
claimed!invention!was!patentable!in!view!of!35!U.S.C.!§!101!was!the!so2called!“useful,!concrete!and!
tangible! result”! (50).! This! originates! from! the! decision! State! Street! Bank! &! Trust! v.! Signature!
Financial!Group!of!1998:!a!claimed!invention!as!a!whole!must!be!useful!and!accomplish!a!practical!
application!(51).!This!requirement’s!aim!is!to!limit!patent!protection!only!to!inventions!possessing!
a!certain!level!of!“real!world”!value,!as!opposed!to!subject2matter!that!merely!represents!an!idea,!a!
concept,! or! is! simply! a! starting! point! for! future! investigation! or! research! as! the! long2standing!
decision!Brenner!v.!Manson!already!recommended!in!1966!(52).!!

During! the! Bilski! proceedings,! the! CAFC! found! that! another! test! already! existed! in! order! to!
determine! whether! a! process! claim! is! in! fact! “tailored! narrowly! enough! to! encompass! only! a!
particular!application!of!a!fundamental!principle!rather!than!to!pre2empt!the!principle!itself.”!This!
“definitive!test”!indeed!sets!forth!that!a!claimed!process!is!eligible!for!a!patent!under!35!U.S.C.!§101!
if!it!is!tied!to!a!particular!machine!or!apparatus,!or!it!transforms!a!particular!article!into!a!different!
state!or!thing.!

In!the!case!at!hand,!the!CAFC’s!decision!of!30!October!2008!stated:!

The%applicants'%process%as%claimed%does%not% transform%any%article% to%a%different%
state% or% thing.% Purported% transformations% or%manipulations% simply% of% public% or%
private%legal%obligations%or%relationships,%business%risks,%or%other%such%abstractions%
cannot%meet% the% test% because% they% are% not% physical% objects% or% substances,% and%
they%are%not%representative%of%physical%objects%or%substances.%Applicants'%process%
at%most%incorporates%only%such%ineligible%transformations.%

At! this! point! it! appears! that! the! criteria! for! patent! eligibility! are! ���clearly! set! out! and! the! newly!
introduced! test! allows! for! very! little! leeway! for! interpretation.! It! is! so! true! that! in! the! decision!
CyberSource!v.!Retail!Decisions!(53)!dated!27!March!2009,! few!months!after! the!CAFC’s!decision!
for!Bilski,!the!presiding!judge!noted!in!the!judgment!that:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13!This!will!be!referred!to!as!35!U.S.C.!§!101.!
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One%is% led%to%ponder%whether%the%end%has%arrived%for%business%method%patents,%
whose%numbers%swelled%following%the%decision%in%State%Street.%Without%expressly%
overruling% State% Street,% the% Bilski% majority% struck% down% its% underpinnings.% […]%
Whether%the%court%was%willing%to%decide%that%the%entire%field%of%business%patents%is%
undeserving% of% incentives% for% invention.% Although% the%majority% declined% say% so%
explicitly,% Bilski’s% holding% suggests% a% perilous% future% for% most% business% method%
patents.% […]% The% closing% bell%may% be% ringing% for% business%method% patents,% and%
their%patentees%may%find%they%have%become%bag%holders.%

As! consequence! of! the! applicant’s! appeal! at! the! Supreme! Court,! the! final! decision! substantially!
softened! the! findings!of! the!decision!of! the!CAFC.!The!Supreme!Court! indeed!held! that!while! the!
“machine!or!transformation!test”!is!a!useful!tool,!it!is!not!the!sole!test!for!patentability.!In!addition,!
subject2matter! directed! to! producing! “useful,! concrete! or! tangible! results”! does! not! necessarily!
imply!patentable!subject2matter!under!35!U.S.C.!§101.!

It! is! interesting!to!note,!as!Figure!13!shows,!that!the!main!phases!of!the!proceedings!of!the!Bilski!
case!are!unmistakeably!reflected! in! the!amount!of!web!queries!submitted! to!Google! for! the! term!
“Bilski”!relative!to!the!total!number!of!searches!done!over!time14.!

With! just! one! decision,! though! a! heavyweight! one,! a!whole! new!perspective! an!patent! eligibility!
was! introduced! and! the! two! tests! used! so! far! have! been! dismissed! as! useful,! but! not! essential.!
Contrary!to!many!expectations,!the!Supreme!Court!avoided!introducing!a!new!test,!or!even!pointing!
at! a! framework! for! building! a! new! one.! Indeed,! the! Supreme! Court! expressly! acknowledged! the!
troubled!nature!of!patent!law!with!respect!to!innovation!in!the!Information!Age:!

It% is% important% to% emphasize% that% the% Court% today% is% not% commenting% on% the%
patentability%of%any%particular%invention,%let%alone%holding%that%any%of%the%above2
mentioned%technologies% from%the% Information%Age%should%or%should%not% receive%
patent%protection.%This%Age%puts%the%possibility%of%innovation%in%the%hands%of%more%
people% and% raises% new% difficulties% for% the% patent% law.% With% ever% more% people%
trying% to% innovate% and% thus% seeking%patent%protections% for% their% inventions,% the%
patent% law% faces% a% great% challenge% in% striking% the% balance% between% protecting%
inventors% and% not% granting% monopolies% over% procedures% that% others% would%
discover% by% independent,% creative% application% of% general% principles.% Nothing% in%
this%opinion%should%be%read%to%take%a%position%on%where%that%balance%ought%to%be%
struck.%

Once!again,!no!news!is!good!news.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
14!This!data,!the!so2called!Search!Volume!Index,!is!obtained!using!Google!Trends!(http://trends.google.com).!
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While,!as!noted!above!in!the!section!dedicated!to!the!referral!to!the!EPO!Enlarged!Board!of!Appeal,!
a!somehow!positive!outlook!is!predicted,!or!at!least!envisioned,!in!the!statement!“it!is!time!for!the!
legislator!to!take!over”!(29),!a!definitely!unenthusiastic!reflection!recapitulates!the!state!of!affairs!
in!the!United!States!(54):!

The%U.S.%software%industry%has%invested%heavily%in%the%patent%system%over%the%last%
twenty2five%years,%and%that%investment%serves%as%inertia%against%patent%reform%in%
Congress.% Moreover,% some% powerful% people% believe% that% patents% have% been%
beneficial% to% the% software% industry.% Consequently,% the% Supreme% Court% and%
Congress%are%unlikely%to%do%away%with%software%patents%completely.%

This! citation,! though! preceding! the! Bilski! v.! Kappos! decision! by! three! years,! expresses! a!
fundamental!truth:!whether!in!the!positive!or!in!the!negative,! legislative!bodies!need!to!enter!the!
playground!if!they!desire!to!craft!an!all2encompassing,!unambiguous,!stable!legal!environment.!!

CANADA%
While! the!patent! legislation! and!practice!differs! from! that! of! the!neighbouring!USA! in! respect! of!
some! excluded! and! prohibited! subject2matter,! there! appears! to! be! no! major! difference! in! the!
assessment!of!patent!applications!regarding!computer2implemented!inventions.!

BRAZIL%
Business!methods!and!computer!programs!per$se$are!not!considered!patentable!inventions!under!
Article!10!of! the!Intellectual!Property!Law!of!1997,!which!results! from!Brazil’s!accession!to!WTO!
and! the! consequential! observance! of! the! TRIPs! Agreement.! The! interpretation! of! this! Article! is!
roughly!equivalent!of!that!of!Article!52!EPC!in!that!it!refers!to!the!concept!of!technical!effect,!thus!
denying!patentability!to!elements!possessing!only!non2technical!character.!An!invention!should!not!
only!not!be!excluded!from!protection!by!the!mere!fact!of!being! implemented!by!a!program!being!
executed!on!a!computer,!but! its! functional!aspect!can!also!gain!patent!status!when!they!meet!the!
same! basic! patentability! requirements! applicable! to! inventions! in! all! other! fields! and! make! a!
proven! technical! contribution! to! the! state! of! art! in! a! technical! field! going! beyond! the! inherent!
technical! interactions! between! software! and! hardware! (55),! thus! echoing! the! “technical! effect”!
practice!followed!by!the!EPO.!

JAPAN%
According!to!Article!2(1)!of!the!Patent!Act,!to!be!qualified!as!patentable!an!invention!shall!be:!

The% highly% advanced% creation% of% technical% ideas% by% which% a% law% of% nature% is%
utilized.%
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No!explicit!provisions!for!inventions!excluded!from!patentability!exist!in!the!text!of!the!Patent!Law!
itself.!The!only!requirements!setting!the!playground!are!Articles!29(1)!and!32:!the!former!foresees!
the!requirement!of!industrial!applicability;!the!latter!proscribes!inventions!that!contravene!public!
order,!morality!or!public!health.!

However,!the!guidelines!for!examination!interpreting!the!Patent!Law!Act!indicate!among!the!list!of!
inventions!not!eligible!for!patentability!those!in!which!a!law!of!nature!is!not!utilized,!for!example!
economic!and!business!laws,!arbitrary!arrangements,!mathematical!or!mental!activities.!The!whole!
claim!approach!is!adopted:!even!when!a!part!of!the!subject2matter!defined!in!a!claim!involves!the!
use!of!a! law!of!nature,!but!when! it! is! judged!that! the!same!claim!considered!as!a!whole!does!not!
utilize! a! law!of!nature,! then! the! claimed! invention! is! regarded!as!not!utilizing!a! law!of!nature.!A!
similar!reasoning!is!applied!for!the!dual!case:!even!when!a!part!of!the!subject2matter!defined!in!a!
claim!does!not! use! a! law!of! nature,!when! it! is! judged! that! the! claim!as! a!whole!utilizes! a! law!of!
nature,! the! claimed! invention! is! deemed! as! utilizing! a! law! of! nature,! and! is! in! consequence! in!
principle!patentable!(56)!(57).!

When!hardware!is!used!to!allow!software!to!process!information,!then!said!software!is!deemed!to!
satisfy! this! requirement,! because! software! and! hardware! resources! cooperatively!work! so! as! to!
include!arithmetic!operation!or!manipulation!of!information!depending!on!the!said!purpose.!

Given!that!the!nature!of!an!invention!is!to!be!judged!in!view!of!the!actual!formulation!of!the!claims,!
it! is! not! sufficient! that! the! description! or! the! accompanying! drawings! describe! the! interwork! of!
hardware!and!software:!the!interplay!has!to!be!explicitly!claimed!in!the!claims.!!

The!only!decision!addressing!the!issue!of!the!patentability!of!software2related!inventions,!although!
in!an!indirect!manner,!is!Matsushita!v.!Justsystem,!which!was!also!the!first!case!to!be!heard!by!the!
newly! created! Intellectual!Property!High!Court,! a! special! branch!of!Tokyo!High!Court,! in!200515.!
Setting! aside! the! final! verdict,! based! on! matters! of! inventive! step,! this! decision! indirectly!
corroborated!the! fact! that!claims!directed!to!computer!programs!are!non!only!valid,!but!can!also!
form!the!basis!for!an!infringement!action!against!another!party!(58).!!

In!view!of!the!broad!interpretation!of!the!meaning!of!the!interplay!between!hardware!and!software!
of! the! Japanese! system! in! comparison!with! its!European! counterpart,! it! can!be! affirmed! that! the!
former!allows!for!practically!a!wider!range!of!software2related!patents.!!

SOUTH%KOREA%
The!Patent!Act! of! South!Korea! does! not! explicitly!mention! computer! programs! or! software.! The!
Korea! Industrial! Property! Office! however! published! guidelines! for! examining! computer2related!
inventions,!which! deem! computer! software! to! be!prima$ facie! patentable!when! it! is! claimed! as! a!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
15!The!Court!deals!with!appeals!from!district!courts!in!Japan!on!patent!actions!and!suits!against!appeal!and!trial!decisions!made!by!
the!Japan!Patent!Office.!There!are!four!divisions!in!the!Tokyo!District!Court!and!two!divisions!in!the!Osaka!District!Court!specialized!
in!cases!dealing!with!intellectual!property!issues.!
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product! with! specified! functions! or! as! a! method! with! specified! steps,! only! to! the! extent! that! it!
claims!hardware!or!apparatus! limitations!or! is!directed! to!a!medium!upon!which! the!software! is!
recorded.!Thus,!computer!software!per$se!is!not!patentable.!

Analogously,! pure! business! methods! are! not! patentable,! but! when! they! are! implemented! using!
specific!hardware,!then!they!are!in!principle!eligible!for!a!patent.!

This!approach!substantially!reflects!that!followed!in!Japan!and!described!above.!

CHINA%
Article!22!of!the!Patent!Law!of!the!People's!Republic!of!China!defines!the!basic!requirements!for!an!
invention!to!be!patentable:!

Any% invention% […]% for%which%patent% right%may%be%granted%must%possess%novelty,%
inventiveness%and%practical%applicability.%
Practical%applicability%means%that%the%invention%[…]%can%be%made%or%used%and%can%
produce%effective%results.%

Article!25!explicitly!bans!from!patentability:!

(1)%% Scientific%discoveries;%
(2)%% Rules%and%methods%for%mental%activities;%
(3)%% Methods%for%the%diagnosis%or%for%the%treatment%of%diseases;%
(4)%% Animal%and%plant%varieties;%
(5)%% Substances%obtained%by%means%of%nuclear%transformation.%

Computer! programs! are! hence! not! explicitly! mentioned! in! the! list! of! exclusions.! In! order! to!
comprise!a!technical!solution!and!be!therefore!in!principle!patentable,!an!invention!must!represent!
a! complete! solution! to! a! technical! problem! by! a! means! of! technical! measures! that! produce! a!
technical!effect.!

It!follows!that!if!a!claimed!invention!involves!a!computer,!or!its!use,!it!may!meet!the!requirement!of!
patentability! provided! however! that! the! nature! of! the! problem! to! be! solved! is! technical,! and!
technical!are!as!well!the!effects!deriving!by!the!claimed!solution.!

In!practical!terms!this!amounts!to!asserting!that!whereas!claims!related!to!mere!methods!may!be!
equated! to!pure!mental!activities,! as! such!not!prima$facie! eligible! for!a!patent,! claims!directed! to!
means!purposely!adapted!to!provide!specific!functions!appear!to!be!more!suitable!for!providing!a!
technical! effect.!Claims!directed! to!a! computer!program!encoded!on!a! computer2readable! carrier!
are!not!deemed!to!provide!a!technical!solution!and!are!therefore!not!allowable.!!

At! the!moment! China! is! considered! to! have! one! of! the! narrowest! legislations! in! the!world!with!
regard!to!the!availability!of!patent!protection!for!software2based!inventions!and!business!methods:!
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the!most!suitable!type!of!protection,!with!all!its!drawbacks,!of!computer!programs!is!by!means!of!
copyright.!

This! notwithstanding,! it! appears! that! the! Chinese! authorities! are! pleased! with! the! enormous!
increase! in! the! number! of! software2based! patents:! according! to! a! statement! of! the! National!
Copyright!Administration,!the!number!of!software!patent!applications!increased!significantly!from!
about!500!in!2000!to!more!than!80,000!in!2010!(59).!

The!Regulations!on!Computer!Software!Protection!(60)!entered!into!force!on!1!January!2002!and!
focus! on! the! protection! of! the! rights! and! interests! of! copyright! owners! of! computer! software.!
Article!23!lists!the!following!acts!of!infringements!as!bearing!civil!liability:!

(1)%% To%publish%or%register%a%piece%of%software%without%the%authorization%of%the%
software%copyright%owner;%

(2)%% To%publish%or%register%a%piece%of%software%developed%by%another%person%as%
ones%own;%

(3)%% To% publish% or% register% a% piece% of% joint% software% as% developed% solely% by%
oneself,%without%the%authorization%of%the%other%co2developer(s);%

(4)%% To%have%one's%name%mentioned%in%connection%with,%or%alter%the%name%on,%a%
piece%of%software%developed%by%another%person;%

(5)%% To% alter% or% translate% a% piece% of% software%without% the% authorization%of% the%
software%copyright%owner;%or%

(6)%% To%commit%other%acts%of%infringing%upon%software%copyright.%%

Article! 24! defines! the! following! acts,! “where! the! circumstances! are! serious”! as! bearing! criminal!
liability:!

(1)%% To%reproduce,%wholly%or%in%part,%a%piece%of%software%of%the%copyright%owner;%
(2)%% To% distribute,% rent% or% communicate% to% the% public% through% information%

network%a%piece%of%software%of%the%copyright%owner;%
(3)%% To%knowingly% circumvent%or% sabotage% technological%measures%used%by% the%

copyright%owner%for%protecting%the%software%copyright;%
(4)%% To% knowingly% remove% or% alter% any% electronic% rights% management%

information%attached%to%a%copy%of%a%piece%of%software;%or%
(5)%% To%transfer,%or%authorize%another%person%to%exploit,%the%software%copyright%

of%the%owner.%%

RUSSIA%
Article!4(2)!of!the!Patent!Law!of!the!Russian!Federation!prescribes!what!kind!of!subject2matter!is!
not!eligible!for!patent!protection!when!a!patent!application!is!directed!to!said!objects!as!such:!
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2 Discoveries%and%also%scientific%theories%and%mathematical%methods;%
2 Conceptions% concerning% the% appearance% of% products% aimed% only% at% meeting%

aesthetic%requirements;%
2 Rules%and%methods%of%games,%of%intellectual%or%commercial%activity;%
2 Programs%for%electronic%computing%machines;%
2 Conceptions%consisting%in%presentation%of%information%only.%

The!Russian!Patent!Office’s!current!practice16!appears!to!reflect!very!closely!that!of!the!EPO!for!the!
interpretation! of! the! limitation! “as! such”! in! view! of! the! presence! of! technical! considerations! to!
render!a!claimed!subject2matter!eligible!for!patent!protection17.!!

INDIA%
The! amendment! to! the! Patents! Act! of! 1970! do! not! address! the! issue! of! computer2implemented!
inventions,!nor!mention!computer!programs!or!business!methods! in! the! list!of! excluded!subject2
matter!in!Article!3!“Inventions!not!patentable”!of!said!piece!of!legislation18.!

AUSTRALIA%
On! 16! February! 2011! the! Advisory! Council! on! Intellectual! Property! issued! a! report! on! the!
patentability! of! subject2matter! providing! a! series! of! recommendations! for! the! Australian!
Government! to! enact! a! revision! of! the! Patent! Law.! This! report!was! drafted! in! view!of! the!many!
submissions,! proposals! and! comments! filed! by! interested! parties,! academics,! practitioners! and!
industry!representatives19!among!which!some!were,!as!expected,!contradicting!each!other.!

On! the! one! side! computer! programs!were! suggested! to! be! protected! only! by! copyright! and! not!
eligible!for!patents,!with!the!positive!outcome!that:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
16!During! the! Soviet! time,! patent! applications! directed! to! computer! programs! were! not! examined:! there! was! indeed! a! formal!
objection!to!the!protection!of!computer!programs!by!means!of!patents!(85).!
17!The!Law!on!copyright!and!the!Law!on!legal!protection!of!computer!programs!and!databases!also!confer!protection!to!computer!
programs,!although!from!different!perspectives!(84).!
18!The! long! list! of! exclusions! consists! of:! an! invention! which! is! frivolous! or! which! claims! anything! obvious! contrary! to! well!
established!natural! laws;!an!invention,! the!primary!or! intended!use!of!which!would!be!contrary!to! law!or!morality!or! injurious!to!
public!health;!the!mere!discovery!of!a!scientific!principle!or!the!formulation!of!an!abstract!theory;!the!mere!discovery!of!any!new!
property!of!new!use!for!a!known!substance!or!of!the!mere!use!of!a!known!process,!machine!or!apparatus!unless!such!known!process!
results! in! a! new!product! or! employs! at! least! one! new! reactant;! a! substance! obtained! by! a!mere! admixture! resulting! only! in! the!
aggregation!of! the!properties!of! the!components! thereof!or!a!process! for!producing!such!substance;! the!mere!arrangement!or!re2
arrangement!or!duplication!of!known!devices!each!functioning!independently!of!one!another!in!a!known!way;!a!method!or!process!
of!testing!applicable!during!the!process!of!manufacture!for!rendering!the!machine,!apparatus!or!other!equipment!more!efficient!or!
for! the! improvement! or! restoration!of! the! existing!machine,! apparatus! or! other! equipment! or! for! the! improvement! or! control! of!
manufacture;! a! method! of! agriculture! or! horticulture;! any! process! for! the! medicinal,! surgical,! curative,! prophylactic! or! other!
treatment!of!human!beings!or!any!process!for!a!similar!treatment!of!animals!or!plants!to!render!them!free!of!disease!or!to!increase!
their!economic!value!or!that!of!their!products.!
19!Contrary!to!all!expectations,!only!one!company!filed!submission.!
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If%Australia%exempted%these%fields%from%patentability,%it%could%anticipate%attracting%
substantial%new%research%funding% in%these%areas,%as%the% impediment%and%cost%of%
inadvertent%trespass%would%be%removed.%%

On!the!other!side,!removing!computer!programs!from!patentable!subject2matter:!

Would% discourage% Australian% innovators% from% obtaining% patent% protection% for%
computer% software% in% other% countries% –notably% in% the% United% States–% and% that%
they%would%then%miss%out%on%the%lucrative%and%enormous%United%States%market.%

Among!the!key!recommendations!of!the!report,!codifying!the!established!principles!of!patentability!
plays!an!important!role:!a!patentable!invention!must!be!an!artificially!created!object!in!the!field!of!
economic!endeavor!(61).!This!resulted!in!amendments,!which!are!now!incorporated!in!the!Patent!
Law,!and!which!do!not!however!explicitly!address!the!issue!of!computer2implemented!inventions.!

NEW%ZEALAND%
The!Government!of!New!Zealand!has!announced!that!a!revision!of!the!Patent!Law!of!1953!and!the!
Patent! Regulations! of! 1954! will! soon! take! place! and! will! allow! combinations! of! software! and!
hardware,! as! well! as! embedded! software,! to! be! eligible! for! patent! protection.! New! guidelines!
produced!by!the!Intellectual!Property!Office!of!New!Zealand!will!most!likely!exclude!software!per$se!
from!patentability.!

TRADE%AGREEMENT%BETWEEN%SOUTH%KOREA%AND%THE%EUROPEAN%UNION%
Although!chapter!10!titled!“Intellectual!Property”!of!the!trade!agreement!between!South!Korea!and!
the!European!Union20!does!not!explicitly!mention!protecting!computer2implemented!inventions!by!
means! of! patents,! opponents! of! software2patents! read! into! this! agreement! a! grave! risk! for!
innovation!in!the!field!of!computer!programs,!specifically!with!regards!to!Articles!10.65!and!10.67.!
The! former! establishes! than! when! an! online! service! provider! obtains! knowledge! of! an! alleged!
patent! infringement,! it! has! to! act! expeditiously! to! remove,! or! at! least! to! disable,! access! to! the!
infringing!material.! The! latter! article! empower!proprietors!of!patents!on! computer2implemented!
inventions! to! formally! request! customs! authorities! to! seize! software! products! and! physical!
products! containing! software! at! the! border,! if! they! have! sufficient! grounds! for! suspecting! that!
goods!infringe!an!intellectual!property!right!(62).!!

TRANS2PACIFIC %STRATEGIC%ECONOMIC%PARTNERSHIP%
Interestingly,!as!discussed!in!(63),!it!appears!that!a!coalition!of!US!business!urges!the!Office!of!the!
United! States!Trade!Representative!on! the! intellectual! property!negotiations! in! the!Trans2Pacific!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
20!This! treaty! entered! into! force! on!1! July! 2011! and! is! the! first! trade!deal! between! the!European!Union! and! an!Asian! country;! it!
supposedly!will!eliminate!98.7%!of!duties!in!trade!value!by!mid!2016.!
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Strategic!Economic!Partnership21!to!reproduce!the!provisions!related!to!intellectual!property!rights!
as! implemented! in! the! free! trade! agreement! between!USA! and! South!Korea22,! in! particular!with!
regard!to!patents!on!computer2implemented!inventions.!

Indeed,!while!the!agreement!between!USA!and!South!Korea!simply!requires!the!parties!to!endorse!
the! TRIPs! Agreement’s! regulations,! some! of! its! signatories,! in$ primis! India! and! China,! interpret!
them!to!mean!that!they!are!not!required!to!offer!protection!for!computer2implemented!inventions!
by! means! of! patents.! The! above2mentioned! business! coalition! thus! demands! the! United! States!
Trade! Representative! to! reinforce! the! language! of! the! Trans2Pacific! Partnership! agreement! to!
explicitly!provide!patent!protection!for!computer2implemented!inventions.!

ANTI2COUNTERFEITING%TRADE%AGREEMENT%%
The! final! text! of! this! multilateral! agreement! establishing! international! standards! on! the!
enforcement!of! intellectual!property! rights,!hence! comprising!patents!and! specifically!patents!on!
computer2implemented!inventions,!includes!in!Article!9.1!obligations!to!the!adhering!States:!

Each% Party% shall% provide% that,% in% civil% judicial% proceedings% concerning% the%
enforcement% of% intellectual% property% rights,% its% judicial% authorities% have% the%
authority% to% order% the% infringer%who,% knowingly% or%with% reasonable% grounds% to%
know,%engaged%in%infringing%activity%to%pay%the%right%holder%damages%adequate%to%
compensate% for% the% injury% the% right% holder% has% suffered% as% a% result% of% the%
infringement.%

Of!particular!importance!is!the!specification!“who,!knowingly!or!with!reasonable!grounds!to!know,!
engaged! in! infringing!activity,”!which!was! introduced! in! the!draft! text!by! the!delegations!of!New!
Zealand! and! of! the! European!Union! and! is! directed! to! limit! the! application! only! to! “intentional”!
infringers!(64).!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
21!It! is! a! multilateral! free! trade! agreement! aiming! at! further! liberalising! the! economies! of! the! Asia2Pacific! region.! The! original!
agreement! (83)! was! signed! in! 2005! between! Brunei,! Chile,! New! Zealand! and! Singapore! and! entered! into! force! one! year! later.!
Australia,!Malaysia,!Peru,!the!United!States,!and!Vietnam!are!now!negotiating!to!join!the!group!with!a!target!date!for!the!settlement!
of!negotiations!by!the!summit!of!the!Asia2Pacific!Economic!Cooperation!(APEC)!planned!for!November!2011.!
22!The!renegotiated!version!of!this!treaty!was!signed!in!December!2010!and!has!not!yet!been!ratified!by!the!National!Assembly!of!
South!Korea!or! the!United!States!Congress.! If! ratified,! this! treaty!will! supposedly!eliminate!95%!of! each!nation's! tariffs!on!goods!
within!five!years!and!create!new!protections!for!multinational!financial!services!and!other!firms!(82).!
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SUBSTANTIVE%CRITERIA%

BASIC%REQUIREMENTS%
Various!legislations!around!the!world!clearly!differ!in!the!application,!interpretation,!and!in!some!
cases!even!the!definition,!of!computer!programs!and!business!methods!as!categories!of!inventions!
excluded! from! patentability.! Even!within! the! same! country,! conflicting! approaches! do! not! at! all!
represent!exceptional!divergences.!

Once!a!claimed!subject2matter! is!deemed!to!possess! technical!character,!or!satisfy!corresponding!
tests,!this!does!not!imply!that!it!is!straightaway!patentable.!It!must,!as!a!matter!of!fact,!satisfy!other!
criteria!set!forth!in!the!various!patent!laws. 

The!clear!definition!in!the!TRIPs!Agreement!on!one!side,!and!on!the!other!side!the!sometimes!long!
traditions!and!knowledge!cumulated!by!some!patent!offices!processing!patent!applications!in!fields!
of! technology! comprising! more! conventional,! tangible! subject2matter,! have! produced! to! a! large!
extent!a!mutual!and!harmonized!understanding!and!application!of!four!substantive!requirements:!
in!order!to!obtain!patent!protection!the!claimed!subject2matter!must:!

• Be!reproducible;!
• Be!fit!to!be!used!in!industry;!
• Not!already!exist;!
• Not!be!trivial.!

NOVELTY%
The!EPC!defines!in!Article!54!the!requirement!of!novelty:!

(1)%An%invention%shall%be%considered%to%be%new%if%it%does%not%form%part%of%the%state%
of%the%art.%%

(2)%The%state%of%the%art%shall%be%held%to%comprise%everything%made%available%to%the%
public%by%means%of%a%written%or%oral%description,%by%use,%or% in%any%other%way,%
before%the%date%of%filing%of%the%European%patent%application.%

When! interpreting! the! expression! “form! part! of! the! state! of! the! art,”! it! is! common! practice! to!
consider!all! features23!defined!in!a!claim!–both!those!having!technical!character!and!those!having!
non2technical!character–!and!compare!them!with!the!state!or!the!art.!With!this!in!mind,!a!claimed!
subject2matter!is!deemed!to!be!new!when!the!whole!combination24!of!a!non2technical!feature,!e.g.!
of! purely! business! nature,! and! the! other! features! defined! in! a! claim! is! not! present! in! a! self2
contained!embodiment!in!the!state!of!the!art.!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
23!This!generally!adopted!interpretation!of!the!requirement!of!novelty!is!normally!referred!to!as!photographic!novelty.!
24!It! is! to!be!noted! that! the! set! of! features!not!only! includes! the! features! actually! and!explicitly!defined! in! the! claim,!but! also! the!
implicit!links!among!them.!
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The!notion!of!technical!novelty!has!been!addressed!only!once!so!far!by!the!EPO!Board!of!Appeal,!in!
decision! T928/03! (Konami):! the! implementation! of! features! –not! just! the! features! themselves–!
consisting!of!visual!marks!appropriately!designed!to!help!a!user!play!a!video!game!was!reckoned!to!
confer!technical!novelty!(65).!

According! to! the! author’s! view,! this! interpretation! should! be! revised! to! exclude! non2technical!
features! from! the! assessment! of! novelty.! Thus,! a! claimed! subject2matter! is! not! novel! when! all!
technical!features!defined!therein!are!found!in!combination!in!the!state!of!the!art.!

As! to! the!other! legislations!around! the!world,! setting!aside!minor! formalistic!differences!and! the!
availability! of! a! grace! period,! it! can! be! safely! assumed! that! the! requirement! of! novelty! is!
substantially! identical! to! that! under! the!EPC.! It! is! to! be!noted!however,! that! unlike!many!patent!
systems,! in! the!United!States! it! is! the! first!person!to! invent!(with!numerous!qualifications,!which!
are!not!addressed!here)!that!has!the!right!to!a!patent,!rather!than!the!first!filer!at!a!patent!office.!

SUFFICIENCY%OF%DISCLOSURE%
Article!83!EPC!defines!the!requirement!of!sufficient!disclosure:!

The% European% patent% application% shall% disclose% the% invention% in% a% manner%
sufficiently%clear%and%complete%for% it%to%be%carried%out%by%a%person%skilled% in%the%
art.%%

First!of!all,!the!whole!patent!application!as!originally!filed!constitutes!the!correct!basis!for!deriving!
the! instruction! to! the!skilled!person! to!carry!out! the!alleged! invention.!Thus,!not!only! the!claims!
have!to!be!considered,!but!also!the!description!and,!on!the!same!level!of!importance,!all!drawings,!if!
present.!

Additionally,!any!embodiment!of!the!invention,!thus!the!subject2matter!of!any!claim,!independent!
or!dependent,!should!be!capable!of!being!realised!on!the!basis!of!the!disclosure.!

The!skilled!person!can!avail!itself!of!common!general!knowledge!–textbooks!and!general!technical!
literature–!to!supplement!the!information!contained!in!the!application,!and!also!can!recognize!and!
rectify!errors!in!the!description!on!the!basis!of!such!knowledge.!Common!general!knowledge!does!
not!however! include!knowledge!obtained!by!means!of! the!patentability!search!performed!during!
the!search!phase!of!the!European!patent!procedure.!Source!code!does!not!constitute!any!basis!for!
deriving!knowledge!in!view!of!a!sufficient!disclosure.!!

Only! in! exceptional! cases,! when! an! invention! regards! a! field! of! research! so! innovative! that! the!
relevant! technical! knowledge! is! not! yet! available! from! textbooks,! then! also! patent! specifications!
and!scientific!publications!might!be!considered!to!form!part!of!the!common!general!knowledge.!
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A!claimed!subject2matter!is!sufficiently!disclosed,!thus!meets!the!requirements!of!Article!83!EPC,!if!
the! skilled!person! is!able! to! reproduce! it,! in!at! least!one!way,!without! resorting! to!any! inventive!
activity!over!and!above!the!ordinary!skills!of!a!practitioner!in!the!technical!field!of!the!invention.!

It!is!immaterial,!when!an!invention!is!insufficiently!disclosed,!whether!it!was!objectively!impossible!
to!provide!the!missing!information!on!the!relevant!date!of!the!patent!application.!

A% classical% example% of% insufficient% disclosure% is% that% of% a% claim% directed% to% a%
method% to% translate% source% code% from% any% computer% language% to% another%
computer% language.% Whereas% for% certain% combinations% of% source% and% target%
language%this%might%be%accomplished%by%the%skilled%person%without%undue%burden,%
it%is%certainly%evident%that%there%are%combinations%covered%by%the%claim%for%which%
there%is%no%obvious%way%to%achieve%the%desired%effect.%

Specifically!when!dealing!with!claimed!features!directed!to!non2technical!entities,!e.g.!mental!acts,!
embodied!in!a!computer!program,!some!steps!necessary!for!achieving!the!desired!result!might!be!
missing!from!the!whole!application,!thus!creating!a!gap!impeding!the!skilled!person!from!carrying!
out!the!alleged!invention!without!undue!burden!(66).!

The!provisions!in!the!US!Patent!Law!in!terms!of!undue!burden!and!knowledge!of!the!skilled!person!
are!dictated!in!35!U.S.C.!§112(1)!and!add!further!conditions!to!those!of!the!EPC:!

The%specification%shall%contain%a%written%description%of%the% invention,%and%of%the%
manner%and%process%of%making%and%using%it,%in%such%full,%clear,%concise,%and%exact%
terms%as%to%enable%any%person%skilled%in%the%art%to%which%it%pertains,%or%with%which%
it% is%most%nearly% connected,% to%make%and%use% the% same,% and% shall% set% forth% the%
best%mode%contemplated%by%the%inventor%of%carrying%out%his%invention.%

The!last!passage!specifies!the!“best!mode!requirement”:!the!disclosure!as!a!whole!must!contain!the!
best!mode!of! reproducing!and!carrying!out! the!alleged! invention!according! to!what! the! inventor!
knows,! or! could! have! known,! at! the! time! the! application!was! filed.! This! requirement! applies! to!
every! aspect! of! the! invention,! not! only! those! recognized! by! the! inventor! as! constituting! the!
principle!of!the!innovation.!

The! best!mode! requirement! is! formally! not! associated! by! the! so2called! duty! of! candor! –duty! to!
disclose!information!material!to!patentability–!on!the!basis!of!which!(67):!

A%patent%by%its%very%nature%is%affected%with%a%public%interest.%The%public%interest%is%
best%served,%and%the%most%effective%patent%examination%occurs%when,%at%the%time%
an% application% is% being% examined,% the% Office% is% aware% of% and% evaluates% the%
teachings%of%all%information%material%to%patentability.%
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Interestingly,! in! the! United! States! many! big! software! development! companies! and! large! open!
source!projects!are!reported!(10)!to!establish!internal!communication!“Chinese!walls”!isolating!as!
much!as!reasonably!possible!patent!attorneys!from!software!developers:!in!case!of!a!legal!dispute!
attorneys! forced! to! obey! to! the! duty! of! candor! would! not! inadvertently! disclose! information!
critically!prejudicial!to!the!validity!of!a!patent.!

Nonetheless,!both!the!duty!of!candor!and!the!best!mode!requirement!are!certainly!valuable!tools!
for! clearly!delimiting! the!scope!and!extent!of!protection!sought!by!a! claimed!subject2matter!and,!
according!to!the!author’s!view,!should!rapidly!find!their!way!in!the!European!procedure.!

INVENTIVE%STEP%
An!invention!is,!using!common!day!language,!a!matter!of!adding!something!original!to!the!stock!of!
the!useful!knowledge!so!far!accumulated.!

Probably! the! most! used! Article! of! the! EPC,! Article!56! introduces! two! essential! concepts! for!
determining!the!presence!of!inventive!activity!in!a!claimed!subject2matter:!the!person!skilled!in!the!
art!and!the!concept!of!obviousness:!

An%invention%shall%be%considered%as%involving%an%inventive%step%if,%having%regard%to%
the%state%of%the%art,%it%is%not%obvious%to%a%person%skilled%in%the%art.%%

The! skilled! person25 !is! an! artificially! constructed! virtual! character! possessing! an! enormous!
knowledge!–the!state!of!the!art–!but!having!very!scarce!ability!of!processing!elements!belonging!to!
the! state! of! the! art! in! a! logical! and! consequential!manner.!Would! this! not! be! the! case,! i.e.! if! the!
skilled!person!would!be!rendered!able!to!“think”!and!not!just!retain!information,!then!virtually!all!
subject2matter!would!be!considered!straightforward!combination!of!entities!and!concepts!already!
known.!

Although! it! is! impossible! to! provide! a! formal! definition! of! the! concept! of! obviousness,! the!
implementing! regulations,! the! guidelines! for! examination,! and! several! decisions!of! the!Boards!of!
Appeal! have!delineated! a! framework! common! to! all! technical! areas! to! assess! the!presence!of! an!
inventive!step:!the!so2called!problem2and2solution!approach.!

Without!examining!in!details!the!reasons!behind!this!framework!and!its!actual!application,!the!core!
concept! with! regard! to! computer2implemented! inventions! is! the! formulation! of! the! objective2
technical!problem!(OTP).!

As!previously!discussed,!the!decision!T641/00!differentiates!between!features!contributing!to!the!
technical! character! of! the!whole! claim,! and! those! failing! to! provide! such! contribution.!While! the!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
25!The!expressions!“skilled!person”!and!“person!skilled!in!the!art”!are!used!interchangeably.!
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former!features,!of!technical!or!non2technical!nature,!shall!not!be!involved,!or!even!hinted!at,!when!
formulating!the!OTP26,!the!latter!can!form!part!of!it,!even!explicitly!and!verbatim.!

This! approach! is! corroborated,! among!many! other! decisions,! by!T1543/06! (Game!machine):! the!
mere!technical!realization!of!excluded!subject2matter!can!not!form!the!basis!for!an!inventive!step.!If!
any,!inventive!step!can!be!based!only!on!the!particular!manner!of!implementation!(68).!

The!skilled!person! is! that! in! the!relevant! field!of! technology,! thus! in! those!areas!characterized!as!
being! technological,! in! contrast! to! those! being! solely! e.g.! financial! or!managerial.! In! this! respect!
T154/04!(Estimating!sales!activity)!(69)!affirms:!

For% the%purpose%of% the%problem2and2solution%approach,% the%problem%must%be%a%
technical%problem,%which%the%skilled%person%in%the%particular%technical%field%might%
be%asked%to%solve%at%the%relevant%date.%

According!to!the!US!patent!law!the!“person!skilled!in!the!art”!is!a!“person!having!ordinary!skill!in!
the!art”! and! the! requirement! itself! is! referred! to!as! “non2obviousness.”!The!actual! assessment!of!
inventive!subject2matter!is!nevertheless!extensively!equivalent!to!that!regulated!by!the!EPC.!

In!Japan,!similarly,!a!claimed!subject2matter!is!not!inventive!when!a!“person!with!ordinary!skill!in!
the!art”!in!the!technical!field!of!the!invention,!could!easily!have!built!it!on!the!basis!the!state!of!the!
art,!before!the!relevant!date!of!the!application.!

In! general! terms,! a! parallelism! with! copyright! law! can! be! made:! it! might! be! assumed! that! the!
requirement! of! non2obviousness! in! patent! law! is! analogous! to! the! evidentiary! purpose! for! the!
requisite! that! a! derivative! work! of! an! already2copyrighted! work! needs! to! possess! significant!
originality!in!order!to!be!itself!eligible!for!copyright.!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
26!If!they!were!admitted!in!the!formulation!of!the!OTP,!then!all!claimed!subject2matter!would!qualify!as!not!being!inventive.!
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IT’S%ALL%ABOUT%THE%MONEY%%

WHAT%THE%SCHOLARS%SAY%
Computer2implemented! inventions! are! often!perceived! as! favouring!big! companies! against! small!
and!medium!enterprises!in!that!they!reduce!market!entry!and!competition!(70).!Numerous!studies!
have!been!produced!aiming!at!corroborating!or!rejecting! this!hypothesis!discussing! the!pros!and!
cons!of!the!availability!of!patent!protection!to!computer!programs!and!their!relevance.!!

A! recent! analysis! on! patents! granted! by! the! EPO! classified! as! “software! patents”! by! the! author!
differentiates!between!companies!focussed!principally!on!hardware!and!those!mainly!dealing!with!
software.!Perhaps!not!surprisingly,!for!software!companies!the!size!and!the!percentage!of!spending!
in!research!and!development!positively!correlates!to!the!propensity!to!protect!software!by!means!
of!patents;!for!hardware!companies!the!percentage!of!R&D!spending!is!irrelevant!(71).!!

A!study!of!2007!about!a!bit! less!than!900!software!start2up!companies!found!that!among!the!one!
fourth! of! these! companies! holding! at! least! one! patent,! each! company’s! performance! in! terms! of!
round!of!financing,!total!investment,!exit!status,!reaching!a!late!stage!of!financing!and!longevity!is!
more!correlated!to!the!subject2matter!covered!by!at!least!one!patent!owned,!than!to!the!actual!size!
of!the!company’s!portfolio!(72).!

An!analysis!on! the!value!creation!and!destruction!of! companies!patenting! software! inventions! in!
the!United! States! reaches! a! similar! conclusion:! highly! cited!patents! are! distinctly! correlated! in! a!
positive!manner! to!market! value! overall,!while! the! presence! in! a! company’s! portfolio! of! patents!
with! few,! if! any,! citations,! does! not! seem! to! either! positively! or! negatively! influence! the!market!
value.!More!strikingly,!the!market!value!of!companies,!which!do!not!own!any!patent!on!computer2
implemented!inventions,!is!ceteris$paribus!lower!that!that!of!companies!holding!patents!(73).!

A!company’s!decision!to!enter!the!patent!playground!appears!therefore!to!be!of!vital!importance.!

510,204%DOLLARS%AND%8%CENTS%
The! announcement! of! the! intention! of! Google! to! acquire! Motorola! Mobility! for! 12.5! billion! US$!
reached!prime!time!news!in!the!last!couple!of!weeks!and!the!general!public’s!attention!to!patents,!
even! to! the! mere! existence! thereof,! has! stretched! to! new! levels! (see! Figure! 14)! never! reached!
before.!The!transaction,!which!still!needs!to!obtain!some!customary!regulatory!approvals!and!that!
of!Motorola!Mobility’s!stockholders,!is!expected!to!close!by!early!2012!at!the!latest!(74).!

According! to! the! commentaries! and! data! reported! by! major! news! and! financial! organizations,!
Google’s! acquisition! is! principally! directed! to! the! heavy! patent! portfolio! owned! by! Motorola!
Mobility,!which!supposedly!amounts!to!a!total!of!24,500!titles!(17,000!granted!patents!and!7,500!
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patent! applications! at! various! stages)! in! virtually! all! countries! of! the!world.! Needless! to! say,! an!
important!share!of!the!portfolio27!focuses,!even!indirectly,!on!computer2implemented!inventions!

Under! the! assumption,! undeniably! formally! incorrect,! but! seemingly! very! close! to! reality,! that!
Google!only!wanted!to!acquire!the!portfolio!(and!get!as!free!extra!all!other!activities),!and!further!
considering!that!a!one2by2one!financial!evaluation!of!each!single!patent!and!application!is,!generally!
speaking,!out!of!question,!by!dividing!12.5!billion!US$!for!the!number!of!patents!and!applications!
the!result!is!a!bit!more!than!half!a!million!US!dollars,!precisely!510,204.08!US$.!

This!is!certainly!a!very!general!and!surely!humble!estimation!of!a!patent’s!value28,!but!appears!to!
be!in!some!way!validated!by!another!recent!deal!involving!a!significant!patent!portfolio.!

In!November!2010,!indeed,!Novell!announced!the!sale!of!its!whole!portfolio!containing!882!patents!
to!a!consortium!of!technology!companies!organized!by!Microsoft,!for!450!million!US$!in!cash!(75).!
In!short,!following!the!same!calculation!above,!each!patent!of!the!portfolio!was!evaluated!precisely!
510,204.08!US$:!this!is!surely!not!a!coincidence.!!

In! July! 2010,! just! six! weeks! before! the! announcement! of! Google’s! acquisition,! another! patent!
portfolio,!held!by!Nortel,!was!bought29!by!a!consortium!formed!by!Apple,!EMC,!Ericsson,!Microsoft,!
Research! In! Motion,! and! Sony.! The! portfolio,! allegedly! containing! about! 6,000! patents! and!
applications!spanning!various!technologies,!inter$alia!fourth!generation!wireless,!data!networking,!
optical,! voice,! internet,! service! provider,! semiconductors,! was! sold! for! 4.5! billion!US$,! giving! an!
average!patent!value!of!750,000!US$,!50%!higher!than!that!of!the!other!two!deals.!

Interdigital’s!portfolio!of!8,800!(ten!times!bigger!than!Novell’s)!is!now!offered!on!auction!and!the!
main!players,!Apple,!Nokia,!Qualcomm,!and!Google!are!already!making!offers.!At!510,000!US$!per!
patent!the!portfolio’s!value!would!be!about!4.5!billion!US$.!

At!the!same!time!is!appears!that!Kodak!is!exploring!the!potential!sale!of!1,100!patents,!about!10%!
of!its!whole!patent!portfolio.!Interestingly,!this!set!includes!a!patent!at!the!core!of!Kodak's!litigation!
with! Apple! and! Research! in! Motion! that! relates! to! digital2image! previewing,! and! a! number! of!
patents! Kodak! itself! is! currently! litigating!with! Shutterfly.! Many! financial! analysts! consider! that!
Kodak's!patents!are!worth!more!than!the!entirety!of!the!company!(76).!

HP!has!announced!that!it!is!considering!selling!its!Personal!Systems!Group,!which!includes!several!
patents!originally!filed!by!Palm!about!technologies!used!in!smartphones!and!tablets.!HP!acquired!
Palm!for!1.2!billion!US$! in!April!2010:!when!announcing!the!deal,!HP’s!chief!executive!office!was!
very!clear:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
27!Among!the!17,000!granted!patents,!only!18!patents!(1‰!of!the!entire!portfolio)!are!believed!to!represent!landmark!patents!about!
key! technologies! used! nowadays:! location! services,! antenna! designs,! e2mail! transmission,! touch2screen! motions,! software2
application!manages,!3G!protocols!(86).!
28!This!paper’s!aim!is!obviously!not!to!discuss!valuation!of!intangible!assets.!
29!Google!offered!to!pay!900!million!US$!for!the!whole!portfolio,!but!eventually!failed!to!acquire!it.!
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We%did%not%buy%Palm%to%be%in%the%smartphone%business,%we%bought%it%for%the%IP.%

The!reasons!behind! this! sudden! interest! in!patent!portfolios!–patent! litigation!cases!have!always!
been!a!very!rare!occurrence!worldwide–!appear!to!be!many!and!of!several!kinds.!

Most! financial!commentators!agree!that!Google’s!relatively! low!interest! in! the!past! for!protecting!
technologies! by! means! of! patents! was! somehow! perceived! as! a! potential! weakness! in! the!
company’s! desire! to! play! an! important! role! in! the! telecommunications! business.! Moreover,! it! is!
believed! that!Google!will!use! this!newly!acquired!patent!portfolio!as!a!powerful! leverage!against!
legal!pressure!from!rivals!Apple!and!Microsoft.!

While! certainly! large!patent! acquisitions! involve!big! amount! of!money,! licensing! agreements! are!
not! less! valuable.! The! first,! much! debated,! case! involved! (see! inter$ alia$ (70)$ (77))! Research! in!
Motion!paying!some!years!ago!612.5!million!US$!to!NTP.!This!year!Nokia!is!expected!to!receive!an!
estimate!of!650!million!US$!from!Apple!as!part!of!a!patent!settlement!agreement!(78).!

As!of!the!time!of!writing30,!virtually!all!big!companies!in!the!ICT!field!are!involved!in,!or!have!gone!
through,!patent!lawsuits!as!summarized!in!Table!7.!

It!is!common!understanding,!in!fact,!that!numbers!in!companies’!rivalries!play!an!important!role.!It!
is!not!by!chance,!then,!the!presence!of!this!statement!in!the!coalition!of!US!business’!document!(see!
chapter!“Trans2Pacific!Strategic!Economic!Partnership”!above):!

While%companies%currently%amass%these%software%patents,%they%do%so% largely%for%
defensive%reasons.%Under%this%strategy,%if%a%first%company%holding%many%software%
patents%is%challenged%by%another%for%infringement,%it%can%look%to%try%to%find%a%case%
when% that% challenging% company% is% also% infringing% a% patent% held% by% the% first%
company.%

The! preliminary! injunction! granted! by! the! Court! of! The! Hague! in! The! Netherlands! (79)! that!
prohibits!the!marketing!of!some!types!of!smartphone!produced!by!Samsung,!because!they!infringe!
a! European! patent! granted! to! Apple,! is! perhaps! just! the! opening!move! of! the! patent! conflict! to!
come,!which!will!put!a!colossal!burden,!although!indirectly,!on!the!functioning!and!the!raison$d’être!
of!the!patent!systems!all!over!the!world!as!we!now!know!them.!

When! considered! in! the! overall! context,! Google’s! general! counsel! recent! statement! is! an!
unequivocal!call!for!action!(80):!!

The% tech% industry% has% a% significant% problem.% Software% patents% are% kind% of%
gumming%up%the%works%of%innovation.%

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
30!29!August!2011.!
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With!the!benefit!of!twenty!years!of!retrospection,!Bill!Gates’!celebrated!quotation!about!the!lack!of!
a!patent!culture!within!Microsoft!appears!nowadays!even!more!realistic:!

If%people%had%understood%how%patents%would%be%granted%when%most%of% today's%
ideas% were% invented,% and% had% taken% out% patents,% the% industry% would% be% at% a%
complete% standstill% today.% The% solution% to% this% is% patent% exchanges% with% large%
companies,%and%patenting%as%much%as%we%can.%

PATENT%DETERRENCE%
The! situation! in! which! few! big! companies! strategically! own! enormous! patent! portfolios! can! be!
related,!with!a!bit!of! imagination,! to!the!military!strategy!during!the!Cold!War!with!regard!to!the!
use!of!nuclear!weapons.!As!postulated! in! (81),! in!order! for!diplomacy! to! succeed,! there!must!be!
some!common! interest,! if!only! the!avoidance!of!mutual!damage:! the!capacity!of!one!state! to!hurt!
another!state! is!used!as!motivating! factor! for!other!states! to!avoid!conflict!and! influence!another!
state’s!behaviour!in!the!same!direction.!!

Going!back! to! the!patent! scenario,!patent!deterrence!can!be!defined!as! the!use!of! threats!by!one!
party!–Google!buys!Motorola!Mobility–!to!seriously!convince!another!party!–Apple–!to!refrain!from!
some! course! of! action! –to! start! suing! companies! producing! Google2based! technologies–! which!
would!most! likely!escalate! in!a!war!–a! long,!endless!chain!of! intermixed!patent! lawsuits!between!
these!two!companies.!

The!warning! functions! as! deterrent! only! if! it! persuades! its! target! not! to! carry! out! the! intended!
action!in!view!of!the!costs!and!losses!that!the!target!would!incur!in.!Whether!this!interpretation!of!
the!current!facts!is!truthful,!or!it!is!merely!wishful!thinking,!will!be!seen!in!the!few!coming!years.!

Perfectly!fitting!this!scenario!is!also!the!so2called!defensive!patenting!attitude!that!many!companies!
declare!to!pursue,!especially!in!the!areas!related!to!computer2implemented!inventions:!patents!are!
sought!because!the!applicant!needs!to!prevent!others!from!obtaining!themselves!a!right31!that!may!
be!used!to!block!him!from!using!his!innovation!without!incurring!in!a!license!fee,!not!because!the!
applicant!believes!that!obtaining!a!patent!is!a!more!effective!approach!to!recollect!its!fixed!costs!of!
innovation!than!lead!time!over!competitors!and!keeping!it!secret.!

For% example,% companies% X% and% Y% are% known% competitors% in% the% same%
technological% area% T.% X% files% patent% applications% about% its% own% technology% TX,%

covering%a%subset%of%T,%in%order%not%only%to%preclude%B%to%copy%and%use%TX,%but%also%

to%prevent%B%to%obtain%patents%for%TX,%which%A%might%eventually%infringe.%

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31!To! block! patenting! a! specific! subject2matter,! it! is! simply! sufficient! to! disclose! it! before! someone! else! files! a! patent! application!
(defensive!publication).!
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Patent! suppression! –seeking! patents! for! the! sole! purpose! of! hindering! a! competitor! to! obtain! a!
potential! advantage–! is! also! a! technique,! which! is! more! and! more! often! identified! in! some!
applicant’s!behaviours.!

Following%the%previous%example,%X% files%patent%applications%about% innovations% in%
the%areas%surrounding%and%neighboring%Y’s%field%of%developments%TY,%even%if%X% is%

not%directly% interested,%nor% intends% to% innovate,% in% TY,% so% that% Y% can%not%obtain%

patents%in%TY%fundamental%to%its%competitive%advantage.%

!
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CONCLUSIONS%

BUILDING%A%TECHNICAL%EPC%
In!consideration!of!the!explanation!of!the!definitions!and!requirements!of!Articles!52,!54,!56!and!83!
EPC! set! forth! above,! minimal! amendments! would! be! required! to! denote! the! prerequisite! of!
technical! considerations!of! claimed!subject2matter,! thus!unequivocally!embedding! in! the!EPC! the!
notions!of!technical!character.!

A! first,! simple,! scenario! foresees! explicitly! removing! programs! for! computer! from! the! list! of!
exclusions! of! Article! 52! EPC.! By! doing! this,! legally! speaking!many! of! the! arguments! against! the!
patentability! of! computer! software! would! simply! be! rendered! void.! Moreover,! leaving! schemes,!
rules,!and!methods!for!doing!business!among!the!explicit!exclusions!would!reinforce!the!fact!that!
whereas!technical!subject!matter!is!in!principle!eligible!for!patent,!business!methods!are!not.!

The!not!so!subtle!difference!between!these!two!contentious!types!of!subject2matter!would!after!all!
be!definitely!cast!in!stones.!

Another,! more! complex,! scenario! requires! amending! the! formulation! of! these! Articles.! What!
follows,!without!any!presumption!of!being!a!legally!sound!and!politically!acceptable!formulation,!is!
an!attempt32!to!rephrase!them33.!

Article%52%–%Patentable%inventions%%
(1)%European% patents% shall% be% granted% for% any% inventions,% in% all% fields% of%

technology,% provided% that% they% are% new,% involve% an% inventive% step% and% are%
susceptible%of%industrial%application.%%

(2)%The% following% in% particular% shall% not% be% regarded% as% inventions% within% the%
meaning%of%paragraph%1:%

% % (a)%discoveries,%scientific%theories%and%mathematical%methods;%%
% % (b)%aesthetic%creations;%%
% % (c)%schemes,%rules%and%methods%for%performing%mental%acts,%playing%games%

or%doing%business,%and%programs%for%computers;%%
% % (d)%presentations%of%information.%%
(3)%Paragraph%2%shall%exclude%the%patentability%of% the%subject2matter%or%activities%
referred%to%therein%only%to%the%extent%to%which%a%European%patent%application%or%
European%patent%relates%to%such%subject2matter%or%activities%without(providing(a(
technical(solution(to(a(technical(problem.%
%

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
32!According!to!Article!172!EPC!the!Convention!itself!may!be!revised!only!by!a!Conference!of!the!Contracting!States.!
33!Paragraphs!2,!3,!4!and!5!of!Article!54!are!left!unchanged!from!the!current!formulation!and!not!included!here.!Conversely,!even!if!
paragraphs!1!and!2!of!Article!52!are!unchanged,!too,!they!are!reported!for!the!sake!of!readability.!
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Article%54%–%Novelty%
(1)%An% invention% shall% be% considered% to% be% new% if( its( technical( features( do( not(

form%part%of%the%state%of%the%art.%%
%
Article%56%–%Inventive%step%
An%invention%shall%be%considered%as%involving%an%inventive%step%if,%having%regard%to%
the%state%of%the%art,%it%is%not%obvious%to%a%person%skilled%in%the%art.%Features(of(the(
invention( characterizing( subjectQmatter( listed( in( paragraphs( (a),( (b),( (c),( (d)( of(

Article( 52(2)( and( not( possessing( technical( character( shall( not( be( deemed( to(

involve(an( inventive(step.( If%the%state%of%the%art%also%includes%documents%within%
the%meaning%of%Article%54,%paragraph%3,%these%documents%shall%not%be%considered%
in%deciding%whether%there%has%been%an%inventive%step.%
%
Article%83%–%Disclosure%of%the%invention%
The%European%patent%application%shall%disclose:%
(a)(the% invention% in%a%manner%sufficiently%clear%and%complete% for% it% to%be%carried%

out%by%a%person%skilled%in%the%art;%
(b)(the(best(mode(of(carrying(out(the(invention(having(regard(to(the(state(of(the

( art(known(to(the(applicant.(

32323%
While!indubitably!other!aspects!and!issues!might!have!significant!roles,!what!follows!–three!strictly!
legal! factors,! three!of!procedural! interest,!and!three!of!political!nature–! is!a!brief!enumeration!of!
elements!that!need!be!taken!into!account!when!developing!policies!involving!intellectual!property!
rights,!or!addressing!patent2related!issues!about!computer2related!inventions.!

Article! 56! EPC! –inventive! step–! represents! the! key! provision! for! assessing! the! patentability! of!
computer2implemented!inventions.!Article!52!EPC!needs!mainly!be!brought!into!play!as!to!evaluate!
the! requisite!defined! in!Article!56!EPC.!Only! in!very! rare!circumstances,!which!by!virtue!of! their!
exceptionality!most!likely!represent!extreme,!clear2cut!cases,!Article!52!should!be!invoked!alone.!

The! requirement! of! novelty! must! address! only! features! contributing! to! technical! character;! all!
other! features! failing! to! lend!such!technical!character!must!be!disregarded!and!cannot!constitute!
any!basis!to!differentiate!an!alleged!invention!from!the!state!of!the!art.!

Independent!claims!defining!the!same!subject2matter!and!directed!to!different!categories!need!be!
drafted!in!the!short2form!formulation.!

While! these! first! three! factors!mention!provisions!of! the!EPC,! their! corresponding! application! to!
other!jurisdictions!is!evident.!The!following!three!aspects!are!largely!of!procedural!nature.!
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Given!that!patents!are!known!to!provide!at!the!same!time!protection!against!potential!litigation!and!
a!powerful!weapon!to!use!sensibly!and! in!a!selective!manner,! it! is!envisaged!to!comprehensively!
reformulate!the!amount!of!the!fees!due!to!the!patent!offices!and!their!schedules!to!better!reflect!the!
applicants’! conducts,! strongly! discouraging! abusive! patterns! and! at! the! same! time! boosting!
constructive,! conclusive!and! commendable!behaviours.!Patent!offices! should! complement! this!by!
reducing!the!time!to!reach!a!decision!and!allow!less!unwieldy,!more!efficient!procedures.!Such!an!
example!in!the!European!procedure,!which!already!now!requires!that!applicants!reply!to!a!negative!
Search!Opinion!by!providing!arguments!and,!when!circumstances!so!require,!amendments,!would!
then! allow! the! examining!division! to! directly! summon! the! applicant’s! representative! to! a! formal!
interview,! to! be! held! also! by!means! of! e.g.! video! conference,! during! which! essentially! only! two!
options! are! possible:! either! the! representative! and! the! examining! division! together! draft! and!
converge!to!an!allowable!set!of!claims,!or!the!representative’s!claims!are!refused.!

These!proposed!adjustments!to!the!European!procedure!would!consequently!necessitate!allowing!
more! time! for! third! parties! to! oppose,! unquestionably! taking! into! consideration! the! patent!
proprietor’s! legitimate! expectation! of! a! legally2valid! patent,! and! less! time! for! the! applicant! to!
appeal! together!with! less! opportunities! for!him! to! avail! himself! of! subject2matter! at! the! stage!of!
appeal!not!previously!treated!in!the!examination!or!opposition!phases.!

Real2world!patent!transactions!are!usually!operated!on!several!patents!at!once,!even!hundreds!or!
thousands.! The! conferred! collective! value! in! terms! of! technical! protection,! redundancies! and!
dispersion!need!be!assessed!by!institutions!super$partes,!most!likely!those!patent!offices!that!will!be!
equipped!with!new!expertise!and!tools!to!address!this!important!issue.!!

Three!themes!need!be!thoroughly!studied!and!addressed.!

Firstly,! there! is! an! evident! disconnection! between! patents! and! innovation:! patents,! in! particular!
those!related!to!computer2implemented!inventions,!do!not!offer!any!longer!a!direct!representation!
of!innovation,!but!are!more!often!than!not!applied!for,!handled,!and!used!as!pieces!in!a!bigger,!all2
encompassing!puzzle.!As!metal!coins!once!represented!the!actual!gold!reserves!of!a!country,!so!did!
patent!represent!actual!innovation!and,!basically,!constituted!a!source!of!return!to!preceding!R&D!
expenditures.! With! the! current! “de2innovatization”! of! patents,! similar! to! the! demonetization! of!
gold,!it!is!of!paramount!importance!to!understand!and!react!to!the!changing!environment.!!

Secondly,!before!reaching!a!stage!of!relative!balance!of!the!intellectual!property!powers,!the!patent!
and!IP!systems!as!we!know!them!will!most!likely!be!intensely!stressed!and!tested.!!

Thirdly,! a! collective,! strong! political! willingness! to! change! the! status$ quo! is! the! irreplaceable!
prerequisite! to! achieve! the! above2mentioned! goals,! before! the! judicial! power! and! the! financial!
circles!discreetly!and!inexorably!institute,!in!the!patent!regulations!around!the!world,!new,!isolated,!
and!inadequately!interpretable!conditions!and!obligations.!

!
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TABLES%AND%FIGURES%

TABLE!1!–!INTERNATIONAL!PATENT!CLASSIFICATION!FOR!THE!SUBCLASS!G06F9!
IPC$code$ Definition$

G06F9/00! !Arrangements!for!programme!control,!e.g.!control!unit!

G06F9/02! •!! !Using!wired!connections,!e.g.!plugboard!!

G06F9/04! •!! !Using!record!carriers!containing!only!programme!instructions!

G06F9/06! •!! !Using!stored!programme,!i.e.!internal!store!of!processing!equipment!to!receive!and!retain!programme!!

G06F9/22! •!! •!! !Micro2control!or!micro2programme!arrangements!

G06F9/24! •!! •!! •!! !Loading!of!the!micro2programme!

G06F9/26! •!! •!! •!! !Address!formation!of!the!next!micro2instruction!

G06F9/28! •!! •!! •!! !Enhancement!of!operational!speed,!e.g.!using!several!micro2control!devices!in!parallel!

G06F9/30! •!! •!! !Arrangements!for!executing!machine2!instructions,!e.g.!instruction!decode!

G06F9/302! •!! •!! •!! !Controlling!the!executing!of!arithmetic!operations!

G06F9/305! •!! •!! •!! !Controlling!the!executing!of!logical!operations!!

G06F9/308! •!! •!! •!! !Controlling!single!bit!operations!!

G06F9/312! •!! •!! •!! !Controlling!loading,!storing!or!clearing!operations!

G06F9/315! •!! •!! •!! !Controlling!moving,!shifting!or!rotation!operations!

G06F9/318! •!! •!! •!! !with!operation!extension!or!modification!

G06F9/32! •!! •!! •!! !Address!formation!of!the!next!instruction,!e.g.!incrementing!the!instruction!counter,!jump!

G06F9/34! •!! •!! •!! !Addressing!or!accessing!the!instruction!operand!or!the!result!

G06F9/345! •!! •!! •!! •!! !Of!multiple!operands!or!results!

G06F9/35! •!! •!! •!! •!! !Indirect!addressing!

G06F9/355! •!! •!! •!! •!! !Indexed!addressing!

G06F9/38! •!! •!! •!! !Concurrent!instruction!execution,!e.g.!pipeline,!look!ahead!

G06F9/40! •!! •!! !Arrangements!for!executing!subprogrammes,!i.e.!combinations!of!several!instructions!

G06F9/42! •!! •!! •!! !Formation!of!subprogramme2jump!address!or!of!return!address!

G06F9/44! •!! •!! !Arrangements!for!executing!specific!programmes!

G06F9/445! •!! •!! •!! !Programme!loading!or!initiating!

G06F9/45! •!! •!! •!! !Compilation!or!interpretation!of!high!level!programme!languages!

G06F9/455! •!! •!! •!! !Emulation;!Software!simulation!

G06F9/46! •!! •!! !Multiprogramming!arrangements!

G06F9/48! •!! •!! •!! !Programme!initiating;!Programme!switching,!e.g.!by!interrupt!

G06F9/50! •!! •!! •!! !Allocation!of!resources,!e.g.!of!the!central!processing!unit!!

G06F9/52! •!! •!! •!! !Programme!synchronisation;!Mutual!exclusion,!e.g.!by!means!of!semaphores!

G06F9/54! •!! •!! •!! !Interprogramme!communication!

!

! !
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!

TABLE!2!–!INTERNATIONAL!PATENT!CLASSIFICATION!FOR!THE!CLASS!G06Q!
IPC$code$ Definition$

G06Q10/00!! !Administration,!e.g.!office!automation!or!reservations;!Management,!e.g.!resource!or!project!management!

G06Q20/00!! !Payment!schemes,!architectures!or!protocols!

G06Q30/00! Commerce,!e.g.!marketing,!shopping,!billing,!auctions!or!e2commerce!

G06Q40/00! Finance,!e.g.!banking,!investment!or!tax!processing;!Insurance,!e.g.!risk!analysis!or!pensions!

G06Q50/00! Systems!or!methods!specially!adapted!for!a!specific!business!sector,!e.g.!health!care,!utilities,!tourism!or!legal!
services!

G06Q90/00! Systems!or!methods!specially!adapted!for!administrative,!commercial,!financial,!managerial,!supervisory!or!
forecasting!purposes,!not!involving!significant!data!processing!

!

!

TABLE!3!–!NUMBER!OF!PUBLICATIONS!IN!G06F,!G06Q!AND!G06F9!
IPC$code$ Total$publications$ Representative$publications$

G06F! 2,312,986! 641,924!

G06F9! 285,291! 88,283!

G06Q! 398,156! 101,844!

!
!

TABLE!4!–!COMPARED!EVOLUTION!OF!FRENCH!AND!EPO!LANDMARK!DECISIONS!
General$statement$ France$ EPO$

A!computer!program!is!always!
excluded!

1975!–!Mobil!Oil! 1988!–!Document!abstracting!

1992!–!Card!reader!

Not!all!computer!programs!are!
excluded!

1981!–!Schlumberger! 1994!–!Sohei!

The!presence!of!a!computer!renders!a!
claim!technical!

2007!–!Infomil!

!

2004!–!Hitachi!
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TABLE!5!–!DIRECT!EUROPEAN!PATENT!APPLICATIONS!AND!PCT!APPLICATIONS!FILED!AT!THE!
EPO!PER!TECHNOLOGICAL!AREA!AND!YEAR!OF!FILING!

Area of technology 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total ‘09 v ‘01 

Computer-implemented 
inventions  

7204 7674 8400 8974 9541 9848 9828 10356 9203 81028 28% 

Medical technology 5329 5387 6243 7179 7846 8525 9430 9716 9893 69548 86% 

Electrical machinery, 
apparatus, energy 

6630 5791 6201 6342 6590 7064 7271 8121 7782 61792 17% 

Telecommunications 6906 6019 6326 6927 6895 6918 7425 7253 5615 60284 -19% 

Organic fine chemistry 4728 4838 5344 5523 6107 7204 7490 7480 7046 55760 49% 

Transport 5093 4871 5471 5801 6178 6368 6485 6823 6018 53108 18% 

Pharmaceuticals 4689 4714 5591 6092 6028 6110 6311 6149 5546 51230 18% 

Measurement 4550 4199 4918 5335 5517 5895 6273 6912 6026 49625 32% 

Biotechnology 5264 5661 5390 5171 5303 5219 5446 5583 5214 48251 -1% 

Digital communication 3126 3257 3921 4388 4856 5367 5815 6362 7151 44243 129% 

Audio-visual technology 4069 3725 4443 5003 5537 5399 4826 4503 3623 41128 -11% 

Engines, pumps, turbines 3209 3188 3502 3732 3718 3874 4323 4451 4293 34290 34% 

Optics 3965 3613 3854 3647 3594 3793 3858 3734 3311 33369 -16% 

Handling 3440 3086 3464 3721 3718 3921 4048 3975 3653 33026 6% 

Mechanical elements 3210 3084 3389 3542 3617 3646 3888 4256 3583 32215 12% 

Other special machines 3295 3252 3315 3523 3510 3740 3743 3836 3766 31980 14% 

Civil engineering 3162 3086 3165 3382 3625 3569 3880 3960 3929 31758 24% 

Basic materials chemistry  3097 2998 3004 3213 3270 3590 3856 4216 3959 31203 28% 

Chemical engineering 2672 2568 2842 3002 2997 3193 3414 3447 3252 27387 22% 

Macromolecular 
chemistry, polymers 

2647 2709 2818 2742 2938 3215 3352 3535 3241 27197 22% 

Machine tools 2819 2566 2795 2977 2982 3247 3278 3327 3100 27091 10% 

Textile and paper 
machines 

2889 2887 3075 3016 3226 3182 3075 2914 2415 26679 -16% 

Semiconductors 2533 2091 2591 2686 2862 3146 3194 3598 2958 25659 17% 

Furniture, games 2077 1986 2000 2272 2366 2596 2780 2884 2630 21591 27% 

Other consumer goods 1736 1735 1923 2255 2334 2425 2684 2657 2609 20358 50% 

Materials, metallurgy 2079 1881 2067 2099 2135 2223 2328 2483 2413 19708 16% 

Control 1927 1935 2064 2267 2157 2279 2284 2425 2134 19472 11% 

Surface technology, 
coating 

1790 1608 1800 1919 2065 2097 2203 2344 1996 17822 12% 

Thermal processes and 
apparatus 

1189 1187 1302 1508 1740 1762 1933 2179 2160 14960 82% 

Environmental technology 1327 1250 1364 1352 1365 1514 1623 1762 1776 13333 34% 

Basic communication 
processes 

1552 1359 1491 1406 1389 1398 1243 1249 1031 12118 -34% 

Analysis of biological 
materials 

877 1080 1363 1433 1229 1378 1367 1408 1325 11460 51% 

Food chemistry 922 945 1033 1136 1203 1331 1479 1441 1432 10922 55% 

Micro-structural and 
nano-technology 

56 71 117 114 189 152 138 203 173 1213 209% 
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TABLE! 6! –! ORIGIN! OF! DIRECT! EUROPEAN! PATENT! APPLICATIONS! AND! PCT! APPLICATIONS!
FILED!AT!THE!EPO!IN!2009!FOR!COMPUTER2IMPLEMENTED!INVENTIONS  !

Country Computer 
technology 

IT methods for 
management 

Computer-implemented 
inventions  Ratio 

United States 2952 503 3455 37.5% 5.9 
Japan 1200 77 1277 13.9% 15.6 
Germany 659 132 791 8.6% 5.0 
France 579 85 664 7.2% 6.8 
Netherlands 430 24 454 4.9% 17.9 
South Korea 419 30 449 4.9% 14.0 
Canada 295 61 356 3.9% 4.8 
United Kingdom 244 56 300 3.3% 4.4 
Switzerland 164 48 212 2.3% 3.4 
Sweden 184 22 206 2.2% 8.4 
Finland 140 19 159 1.7% 7.4 
Chinese Taipei 139 9 148 1.6% 15.4 
Other countries 98 24 122 1.3% 4.1 
Israel 105 10 115 1.2% 10.5 
P.R. China 92 13 105 1.1% 7.1 
Italy 61 14 75 0.8% 4.4 
Australia 50 14 64 0.7% 3.6 
Belgium 41 3 44 0.5% 13.7 
Ireland 32 8 40 0.4% 4.0 
Spain 25 12 37 0.4% 2.1 
Austria 24 7 31 0.3% 3.4 
Denmark 29 1 30 0.3% 29.0 
Norway 10 4 14 0.2% 2.5 
Turkey 7 2 9 0.1% 3.5 
Luxembourg 8 0 8 0.1%  
Greece 5 1 6 0.1% 5.0 
Poland 3 2 5 0.1% 1.5 
Cyprus 2 3 5 0.1% 0.7 
Slovenia 1 2 3 0.0% 0.5 
Hungary 3 0 3 0.0%  
Czech Republic 2 1 3 0.0% 2.0 
Romania 2 0 2 0.0%  
Portugal 0 2 2 0.0% 0.0 
Estonia 2 0 2 0.0%  
Bulgaria 1 1 2 0.0% 1.0 
Malta 1 0 1 0.0%  
Lithuania 1 0 1 0.0%  
Liechtenstein 1 0 1 0.0%  
Latvia 1 0 1 0.0%  
Iceland 1 0 1 0.0%  
Slovakia 0 0 0 0.0%  
Serbia 0 0 0 0.0%  
San Marino 0 0 0 0.0%  
Monaco 0 0 0 0.0%  
Fyro Macedonia 0 0 0 0.0%  
Croatia 0 0 0 0.0%  
Albania 0 0 0 0.0%  
Total 8013 1190 9203   

!

!
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TABLE!7!–!WHO!SUES!WHOM!
Company$ is$suing$ is$sued$by$ has$settled$with$ licenses$technology$to$

Microsoft$

Barnes!&!Noble!

Foxconn!

Inventec!

Motorola!

Motorola! !
Amazon!

HTC!

Motorola$
Apple!

Microsoft!

Apple!

Microsoft!
! !

Foxconn$ ! Microsoft! ! !

Inventec$ ! Microsoft! ! !

Barnes$&$Noble$ ! Microsoft! ! !

Apple$

HTC!

Motorola!

Samsung!

HTC!

Kodak!

Motorola!

Samsung!

Nokia!

Qualcomm!
!

HTC$ Apple! Apple! ! !

Samsung$ Apple! Apple! Kodak! !

Nokia$ Qualcomm! ! Apple! !

Qualcomm$ ! Nokia! Nokia! !

Kodak$
Apple!

Research!in!Motion!
Research!in!Motion!

LG!

Samsung!
!

Research$in$Motion$ Apple! ! ! !

LG$ ! Sony! Kodak! !

Sony$ LG! ! ! !

Ericsson$ ZTE! ! ! !

Huawei$ ZTE! ! ! !

ZTE$ !
Ericsson!

Huawei!
! !

Oracle$ Google! ! ! !

Google$ ! Oracle! ! !
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FIGURE!1!–!PERCENTAGE!OF!PATENT!APPLICATIONS!FILED!WITH!THE!EPO! IN!THE!AREAS!OF!
COMPUTER!PROGRAMS!AND!BUSINESS!METHODS!

!
FIGURE! 2! –! PATENT! APPLICATIONS! FILED! WITH! THE! EPO! IN! THE! AREA! OF! COMPUTER2
IMPLEMENTED!INVENTIONS!

!
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FIGURE!3!–!TOTAL!NUMBER!OF!APPLICATIONS!AT!THE!EPO!IN!2009!

!

FIGURE!4!–!PATENT!APPLICATIONS!FOR!COMPUTER2IMPLEMENTED!INVENTIONS!AT!THE!EPO!
IN!2009!

!

! !
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FIGURE! 5! –! PERCENTAGE! OF! PATENT! APPLICATIONS! FOR! COMPUTER2IMPLEMENTED!
INVENTIONS! FILED! AT! THE! EPO! IN! 2009! FOR! COUNTRIES! FILING! AT! LEAST! 100!
APPLICATIONS!

!

FIGURE!6!–!PATENT!APPLICATIONS!FILED!IN!2009!AT!THE!EPO!IN!THE!FIELD!OF!COMPUTER!
TECHNOLOGY!

!

! !
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FIGURE!7!–!PATENT!APPLICATIONS!FILED! IN!2009!AT!THE!EPO!IN!THE!AREA!OF!COMPUTER!
METHODS!FOR!MANAGEMENT!

!

FIGURE! 8! –! PATENT! APPLICATIONS! FILED! IN! 2009! AT! THE! EPO! IN! THE! FIELD! OF!
TELECOMMUNICATIONS!

!
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FIGURE! 9! –! PATENT! APPLICATIONS! FILED! IN! 2009! AT! THE! EPO! IN! THE! AREA! OF! AUDIO,!
VIDEO!AND!MEDIA!

!

FIGURE!10!–!TOP!COUNTRIES!FILING!COMPUTER2IMPLEMENTED!INVENTIONS!AT!THE!EPO!IN!
2009!

!

!
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FIGURE! 11! –!WEEKLY! SEARCH! VOLUME! INDEX! FOR! THE! EXPRESSION! “SOFTWARE! PATENT”!
FROM!FEBRUARY!2007!TO!JULY!2011!

!
FIGURE!12!–!LANDMARK!DECISIONS!OF!THE!EPO!BOARD!OF!APPEAL!

!
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FIGURE!13!–!WEEKLY!SEARCH!VOLUME!INDEX!FOR!THE!TERM!“BILSKI”!BETWEEN!NOVEMBER!
2008!AND!JULY!2011!

!

FIGURE!14!–!DAILY!SEARCH!VOLUME!INDEX!FOR!THE!EXPRESSION!“MOTOROLA!MOBILITY”!IN!
AUGUST!2011!

!
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This presentation first gives a basic explanation on the legal invention 
concept. Then it explains  the problems of the interpretation and application of 
this concept, and finally it discuss solution suggestions.

For the audience of  “European Policy for Intellectual Property” conference, 
undue legal details are avoided, and the focus is on policy.
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The (European) legal “invention” concept refers to “something” that can be 
patented if it is also novel, involves an inventive step, is susceptible of 
industrial application and if it is not excluded for policy reasons. In other 
words, being an “invention” is a necessary but no sufficient condition for 
patentability. Note that an invention is not necessarily new: there is only 
novelty at the time of application.

For terminology consistency, the object of a patent application could be 
called an application. Whether the application relates to a genuine invention is 
to be decided by the patent office as the first step of the (substantive) 
examination process.  

For completeness it should be noted that the European Patent Convention 
(EPC) distinguishes non-patentable non-inventions and non-patentable 
inventions (listed in art. 53 EPC). Further discussion of this distinction is 
beyond the scope of this short presentation

American lawyers in the audience should take note that the European 
“invention” concept does not correspond to the American “invention” concept 
(35 USC § 100(a)) but the “patentable subject-matter” concept (35 USC § 
101). Unlike in Europe, no patent application is ever rejected in the U.S. for 
the reason that it is no invention – but this is just a matter of terminology.
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Every patent application must be tested for being an invention. This is not 
the place for a lengthy discussion about the legal rules for that assessment. 
Statutory provisions (art. 52 EPC, 35 USC § 101) are interpreted in various 
ways by courts.

Following an age-old German tradition, the EPO has always maintained that 
the technical content of the application is the sole criterion to decide whether 
it represents an invention.

In contrast, UK courts believe that it is virtually impossible to phrase 
comprehensive abstract rules to recognise inventions, following an age-old 
Australian decision (NRDC, 1959). A UK court called the technology criterion a 
“restatement of the problem in more imprecise terminology” (CFPH, 2005). 

U.S courts foster a wide patentability, and reject a technology criterion. 
Still, they consistently assume three judicially-created exceptions: “abstract 
ideas”, “natural phenomena”and “laws of nature”.

The practical relevance of the “invention” test is primarily to restrict 
software patentability (the EPO makes a distinction between technical and 
non-technical software), and to prevent patents on business methods (unless 
they are technical - technical business methods do exist!)
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The law about the assessment of the technical content of patent 
applications is amazingly complex. One of the hardest problems is the 
assessment of allegedly partially technical inventions, e.g. software 
(presumed non-technical by itself) in a (technical) machine. if only technical 
subject-matter is considered an invention, it seems logical to require the 
technical aspects to be novel. But that violates the principal rule that patent 
applications should be assessed as a whole.

A construct adopted by the Boards of Appeal of the EPO has been identified 
as “not intellectually honest” by a UK court (Aerotel, 2006). Even German 
made the observation that the EPO Boards of Appeal violate the EPC with their 
“contribution approach 2.0”, adopted in 1998 (T1173/97) and refined in later 
decisions.

Several attempts have been made at clarification and harmonisation. The 
European Commission proposed a Directive on “Computer-Implemented 
Inventions” in 2002, but it was rejected in 2005 by an overwhelming majority 
of the European Parliament, because software patent proponents preferred 
continued uncertainty over restrictions.

In 2010, both the EPO Enlarged Board of Appeal and the U.S. Supreme 
Court made decisions that disappointed everyone who hoped for clarification. 
The EBoA was reluctant to answer specific questions, perhaps rightfully 
because they were overly specific. In Bilski v. Kappos, the U.S. Supreme 
Court rejected a business method, but refused to endorse or propose a 
specific rule, like the “Machine or Transformation test” devised by a lower 
court in 2008.
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Meanwhile there are problems too at the policy level. The proposal for a 
European Directive for Computer-Implemented Inventions caused 
unprecedented political opposition, sometimes attributed to “the open 
software movement”, but actually supported by major players in the software 
industry, including “closed source” developers, while at the same time 
proponents argued that software patents are just a logical next step in the 
development of patent law, and ought to be called patents on “computer-
implemented inventions”.

In Europe, business methods generally are considered non-patentable, in 
contrast to the US. Stories about preposterous American business method 
patents (like the “one click patent”) give the impression that Europeans  
should be happy that European patent law generally does not allow patents 
for business methods. But even if many patented business methods are 
“trivial”, is there a reason not to grant patents for a non-trivial business 
method that required a major investment? Doesn't this investment deserve 
protection and reward just as much as investment in traditional, technical 
invention research & development?

Unlike other fields of law, patent law fosters a kind of Begriffsjurisprudenz: 
a word play, that – ideally – should bring at least consistent, predictable 
decisions. Unfortunately, the actual consistency is disappointing.

Considerations referring to the economic purpose of patents are virtually 
absent. While in other fields of law, a purpose-oriented teleological 
interpretation is common by all means, patent law is a notable exception.
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How could the present situation be improved?

The simplest alternative that comes to mind is to make yet another attempt 
to refine the present rules. Still one may wonder whether the inability to 
devise proper rules during at least four decades shows that basic premises of 
the present approach are deficient, so that more radical change becomes 
unavoidable.

A related approach is a “philosophical” investigation whether some classical 
theories need to be revisited (most of which predate the EPC considerably). 
For instance, recently dr. Justine Pila from Oxford proposed to revitalise a 
“physical result” requirement. The German legal technology concept relates to 
“forces of nature”: is that a rule to revisit? And the age-old “mental steps 
doctrine” prohibits Anweisungen an den menschlichen Geist  (mental 
directions), but to some extent every patent description involves “mental 
steps”.

While a philosophical approach relies on principles, an economic approach 
takes purposes into account. It seems just logical to design patent law, a field 
of economic law for economic effectiveness. Obviously this is easier said than 
done. And there is a basic confusion about the economic purpose of patents, 
as we will see in on the next slide.
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Economic theory – as far as I know as an amateur economist – invariably 
assumes that patents are meant to allow the appropriation of knowledge, with 
the purpose to recoup research and development investment cost by means of 
monopoly rents and/or internalisation (i.e. by letting others who benefit pay 
the inventor).

But then it seems just logical to grant patents for business methods too, 
because a truly non-obvious may also require a massive investment. 
Reputedly many business methods are “trivial”, but not all them. And if they 
are, they should not pass the non-obviousness test (Art. 56 EPC).

Basic patent law principles give the clue to the answer. On the one hand, 
no patents are granted for the results of basic research, however costly. On 
the other hand, patent offices do grant patents for coincidental and “flash of 
genius” inventions that require virtually no investment at all. This is not a 
mistake. In the US Patent Act the rule is codified that “Patentability shall not 
be negatived by the manner in which the invention was made.” (35 U.S.C. § 
103(a)), and elsewhere it is not a criterion either.

Another indication that the investment is immaterial is that no patents are 
granted for independent rediscoveries. Often several firms are doing research 
in the same field, and then it is almost coincidence who wins the patent race. 
And the rule is that “winner takes all”: second-comers are left with empty 
hands (and pockets).

If appropriation for cost recovery is not the reason for patents, what else 
is?
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The clue to the answer is to consider the tension between patents and 
freedom of competition.

The typical argument of a patentee is: “I need protection else my business 
cant survive, because I can not compete with competitors who do not incur 
the R&D host I had to invest”. But remember that patents are granted for 
“zero investment inventions” too.

On the other hand, our free market society fosters competition. 
Competition to some extent depends on imitation, preferably with innovative 
improvements. And innovation has losers: obsolete products are replaced, and 
this “creative destruction” (in the schumpeterian, not the marxist sense) 
should not be prohibited by “protection” of any kind (by patents, or by anti-
competitive practices).

Above all, this paradox shows that patents must be considered an 
exception to the free market, to be applied only if and when needed to 
remedy market failure.      
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Patents are often associated with monopolies. Obviously this is a 
simplification: monopolies apply to markets while patents apply to products, 
and a patented product still may have a (perhaps non-perfect) substitute that 
limits the market power of the patentee.

In any case, patents usually limit competition. So patents basically are 
contrary to competition policy, that generally strives after “perfect” 
competition, because that is believed to foster consumer interests by 
providing incentives to producers to produce the best quality for the lowest 
price. For producers though, “perfect” competition is undesirable. Economic 
theory learns that this type of competition eventually drives profits to zero.

In the other extreme – a monopoly market – firms benefit and consumers 
suffer.

Between the two extremes, “monopolistic competition” provides a balance. 
In a monopolistic competition market, producers differentiate themselves from 
other producers. It gives them some market power, but less than a true 
monopolist. Clients will accept a higher price because of extra features of a 
product (or producer), but within limits: if the price is perceived as too high, 
clients will resort to “substitutes”, even if they are “non-perfect”.

In sum, for a sound competition, some level of exclusivity is desirable, that 
prevents cut-throat competition, but still provides alternatives to consumers.
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Exclusivity can be achieved in various ways. Methods to foster market 
exclusivity include: branding by a valued trademark, by extra service (or a 
dreadful service that supports a bottom price image), a mix with other 
products, or simply the location of the establishment  (see e.g. Scherer & 
Ross, 1990). For example, people may prefer a next door bakery even if it is 
more expensive than a cheaper bakery farther away – if the price difference 
isn't too high.

Knowledge and skills may also contribute to exclusivity. However, if only 
techniques are involved that any “person skilled in the art” can apply, there is 
no exclusivity at this level either. Then there may be a need for artificial 
exclusivity in order to provide the exclusivity needed for sound (rather than 
excessive) competition, by secrecy, or by patents as a last resort. 

This perception acknowledges that patent “protection” should be 
considered an exception in a free market society, as we just noted.

For R&D cost recovery, if and when needed, firms need a sound competitive 
position, usually provided by some kind of exclusivity, but often no patents are 
needed to achieve exclusivity. 
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We just identified a difference between techniques any “person skilled in 
the art” can carry out, and other knowledge, that may allow application too, 
but only by inventor-type people, like the theories, facts and ideas shown at 
the top of the scheme on the slide.

The essence of an inventor is that he operates in inherent uncertainty. A 
“person skilled in the art” may be an expert too, but the difference is that 
such a person by definition has the ability to complete the job. A 
pharmacologist who is unable to develop a better cure against a certain 
disease in a certain time-frame can not be blamed, but a contractor who is 
unable to build a house is just insufficiently “skilled in the art”. 

The “food chain” of knowledge starts from the pure scientist, who does not 
care about applications, but provides input to inventors, who develop 
applications any “person skilled in the art” can carry out. While the roles of 
scientist, inventor and “person skilled in the art” may be combined, still the 
distinction between “upstream” knowledge and true inventions applies.

A proper understanding of the fundamental uncertainty of the inventor, 
versus the certainty of the “person skilled in the art” is essential to 
understand the positioning of business methods on the next slide.



 September 2011

RBB 13

In the distinction between patentable inventions and non-patentable ideas, 
business methods must be qualified as the latter, because the application of a 
business method requires business creativity beyond mere craftsmanship – 
and simply luck. Hence, a businessman is a kind of inventor rather than a 
“person skilled in the art”.

Business methods are a fine example to demonstrate that firms normally 
“protect” themselves against competition by creative exclusivity rather than 
(patent) law. Businesses usually survive competition by differentiation  rather 
than protection.

“Business method” is a vague concept. There are computer-implemented 
business methods (often automated traditional procedures), there are even 
truly technical business methods. Other business methods are sometimes 
considered “abstract”. The USPTO found that it is difficult to identify business 
methods unambiguously (see comment in the State Street decision).

As soon as business methods are identified as techniques not any “person 
skilled in the art” can carry out with a certain result, it becomes clear why 
they are not patent-eligible. And there is no reason not to consider the 
occasional business method suited for an average  “person skilled in the art”, 
a Durchschnittsfachmann  and invention, and potentially patentable subject-
matter if the novelty and non-obviousness tests are passed too. An additional 
benefit of this approach that it obviates the problematic need for an explicit 
qualification of applications as a business method.

For completeness, it should be noted that the commercial success of 
conventional inventions depends on luck too. But that is not a “property” of 
the related knowledge, because it essentially depends on outside 
circumstances. 



 September 2011

RBB 14

 

A further reason not to grant patents for “upstream” knowledge is that this 
type of knowledge by definition is not elaborated into specific applications, so 
that less achievement would lead to a wider scope, which is not just 
disproportional but also unclear.
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The aspect of the dichotomy between ideas and theories on the one hand, 
and true inventions on the other hand elaborated on the previous slide is 
acknowledged already by 19th century decisions from the U.S. Supreme Court, 
inspired by a British landmark decision, Neilson v. Harford in 1842.

In the famous O'Reilly v. Morse case, the Court rejected Morses eighth 
(and last) claim on future applications of his well-known code. Many years 
later, the Supreme Court noted that a patent is not a “hunting licence”. These 
statements confirm the objections on patenting “upstream” knowledge 
discussed before.

In sum, inventions should provide a complete solution, eine fertige 
Erfindung in German. Actually that is confirmed by the statutory provisions 
that require patent applications to “disclose the invention in a manner 
sufficiently clear and complete for it to be carried out by a person skilled in 
the art.” (Art. 83 EPC, similar to 35 USC § 112). Some writers have 
acknowledged this “link”, notably Americans.
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To conclude, the role of patents is better understood if objectives like 
“protection” and “reward” are seen in a proper perspective. If protection and 
reward would be the purpose, there is little reason not to adopt an unlimited 
patent law. These words imply the false suggestion of desirability: who would 
be opposed against “protection”? Why not use an umbrella if it rains?

Patents involve a “property rule”, a right to be exercised against anybody 
(“erga omnes”) allowing more or less full control over certain knowledge. It 
should be noted that this is an exception to usual practice: knowledge workers 
normally are paid by the hour, or receive a monthly salary. Reward by a kind 
of property of the knowledge produced is unusual. For instance, attorneys are 
paid by the hour. Patents on legal “tricks”, especially in the field of tax law are 
emerging in the US, but meet strong objections. Usually, if an attorney 
develops a specific defence, others may benefit without a compensation 
obligation.

Lawyers should stop thinking about partially technical subject-matter. 
Colloquially, “technical” relates to applications, and is the opposite of 
“theoretical”. The dichotomy between theories and true inventions elaborated 
in this presentation corresponds to the colloquial meaning of technical 
knowledge. It is a mistake to identify technical things or technical disciplines.

Patents apparently are confused with copyright. But patents do not 
primarily serve the purpose or compensating or rewarding a person, but they 
create exclusivity if and when needed. The U.S. constitution clearly notes that 
patents are meant to serve the social purpose of furthering the development 
of technology, and the U.S. Supreme Court has confirmed in several cases 
that compensation for the inventor is only a means to an end.      
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Abstract: This paper examines the impact of essential patents on standardization. In 
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components. The effect on versions reflects an increase in the firms’ investment in 
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Introduction 

The number of patents declared essential to technological standards has sharply increased over the last 

years (Simcoe, 2005). Essential patents are patents that are necessarily infringed by any implementation 

of the standard. Owners of essential patents have the right to impede the adoption of a standard. The rise 

in the number of these essential patents may thus have a direct impact on standardization and its main 

objectives, for instance to encourage the wide adoption of a technology and to create a common, 

generalized technological interface. 

While there have been several recent contributions shedding light on the driving factors of the increasing 

number of essential patents (Simcoe, 2005; Bekkers et al. 2011), there have been less advances on 

understanding the consequences of this evolution for standardization. Several contributions raise the 

concern that the high number of patents could lead to patent thickets (Shapiro, 2001) and hamper 

standardization processes. Nevertheless, it is important to also see the potential benefits of essential 

patents in addressing inefficiencies in the collective investment into a standard. Allowing standard setting 

firms to include their proprietary technology into technological standards may indeed be an important 

incentive for firms to increase their investment in standardization. As a result, essential patents may 

actually accelerate the pace of standardization. It is the aim of this article to have a more comprehensive 

understanding of these mechanisms. 

We examine empirically the effect of patents on standard replacement. In our analysis, standard dynamics 

face a tension between responding to an advancing state of the art, subject to innovation, and ensuring the 

main function of standardization, which is to fix a stable technological basis for implementation and new 

applications. Standard replacement induces costs for standardizing firms (standardization costs) and for 

users of the standard (adoption costs, and loss of network effects for users of the old standard), but is 

likely to improve the technology incorporated in the standard. In many cases, standardizing firms can 

choose between replacement and upgrade of the standard. While a standard upgrade only adds 

technological components to an existing standard, standard replacement replaces existing specifications. 

Only replacement allows fully integrating the advances in the state of the art, while standard upgrades are 

less costly for standard users. Based upon these insights, we investigate the rates of upgrade and 

replacement of standards including essential patents, as compared to other standards. 

We rely upon a comprehensive database of ICT1 standards released from 1992 to 2010 obtained from the 

international standards database PERINORM2. The database is limited to formal, international standards 

                                                      
1 According to the ICS (international classification of standards) standards classified as 33 (telecommunications, audio and video 
engineering) and 35 (information technology, office machines) represent all standards of ICT (information and 
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issued according to a comparable set of rules3. This dataset includes over 6.000 different standards and 

nearly 20.000 standard versions. These observations are richly informed in technical characteristics. We 

match the standards in our sample to a comprehensive database of patents declared essential. We 

furthermore match ICS classes of standards to IPC4 classes based upon the declared essential patents5 and 

inform for each standard class the speed of technological progress, as measured by the number of patent 

files in the field. 

The aim is to estimate the effect of declarations of essential patents on the replacement of standards. This 

aim is complicated by the fact that essential patents are not randomly distributed over the 6.000 formal 

ICT standards, but are concentrated on important standards in specific technological fields. This paper 

presents two empirical strategies to deal with this potential source of bias. First, we construct an 

appropriate control sample in order to neutralize the effects of standard size, standard scope and 

technological field. Second, we estimate the hazard rate of standard replacement over time with tools of 

time-to-event analysis in a long-form data panel. The panel form of the data allows estimating the effect 

of a patent declaration on an existing standard, controlling year by year for relevant technological events. 

Regression results show that essential patents reduce the likelihood of standard replacement. This effect 

takes place in the first years after the standard is issued. On the other hand, declarations of essential 

patents increase the likelihood of version replacement. We argue that these version upgrades do not entail 

replacement of standard components and thus do not create costs for adaptors or a loss for IPR owners. 

Our findings support the argument that more frequent standard upgrade reflects an increase in the firms’ 

investment in standardization, while the reduced rate of standard replacement in early years reflects a 

stabilizing effect of patents on standardization. 

The remainder of this article is organized as follows. In the second section, we sketch a simple analytical 

framework of standard dynamics, and discuss the literature on essential patents. In the third and fourth 

section, we present our empirical methodology and sampling methods. In the fifth part, we present the 

results of a descriptive analysis of the database; and the sixth part includes the results from econometric 

analysis. The seventh part highlights paths for further research and concludes. 

                                                                                                                                                                           
telecommunication) technologies. As to Baron and Pohlmann (2011) 98 % of all essential patents can be found in ICT standards 
(ICS classes 33 and 35). 
2 PERINORM is a bibliographic database of formal standards and is updated by DIN, AFNOR and BSI. 
3We used standards issued by all SSOs (Standard Setting Organizations) that are compliant with a general set of rules and 
publish their standards in the international standards database PERINORM. SSOs: ISO, IEC, JTC1, ISO, IEC, CEN/CENELEC, 
ITU-T, ITU-R, and IEEE.  
4 International Patent Classification. 
5 Companies declare their essential IPR to public available databases of the relevant SSO. We captured over 8.000 patent 
declarations and matched them to the relevant standards of our sample. 
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Analytical framework 

Standard replacement 

ICT technologies are subject to continuous innovation. Day by day new inventions are patented by many 

different actors. However, in most fields of ICT, network effects are strong, and technologies can only be 

successfully deployed when a large number of users share a common, stable technological basis. This 

technological basis is usually open to some improvements and extensions, and smaller technological 

contributions building upon the existing technological architecture are continuously brought to the 

market. However, substantial progress of the technological basis itself does usually not come gradually, 

but in a discrete number of “jumps”, or “generations”.6 Standardization plays a crucial role in this process 

of deployment of ICT technologies. Standards set a common technological architecture, ensure 

compatibility and organize the common use of a wired or wireless network. The different generations of 

technology correspond to different standards, or generations of standards. The issuance and adoption of a 

new standard thus determine the common adoption of thousands of technological inventions7. This 

process can take place more or less often, and the technological progress incorporated in a standard with 

respect to its predecessor can be more or less important.  

The rate of standard replacement is subject to an important economic tradeoff: on the one hand, standard 

replacement is necessary in order to improve the technology at use and to integrate new functionalities. 

The more often a standard is replaced, the less the users have to wait for the improvements made possible 

by recent technological progress. In some cases, standardization can lock in a specific technology for an 

inefficiently long time (Farrell and Saloner, 1985). Once markets widely adopt the standard; switching 

costs and the risks of lock-in increase (Arthur, 1989). In some cases, standard replacement might thus be 

too slow and consumers would gain from a higher rate of replacement. 

On the other hand, each standard replacement generates substantial costs for standardizing firms and for 

users of the technology. Adopters of the new standard version thus need to incur adoption costs (e.g. 

investment in new devices or in vintage-specific human capital) in order to benefit from the new 

technology, and manufacturers and service providers need to invest in new production chains and new 

services. These adoption costs can outweigh the benefits of the new technology. Therefore, some users 

will prefer to continue using the old technological generation. However, if a substantial number of users 

switch to the new standard, users of the old standard will suffer from smaller network size and loss of 

                                                      
6 E.g. coding generations MPEG1 to MPEG7 and beyond, or generations of mobile technologies from 1G to 4G. 
7 For recent case studies of the interplay between standardization and innovation, see Bekkers and Martinelli (2010) and Fontana 
et al. (2009). 
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positive network externalities if the new generation is not fully backward compatible. The optimal rate of 

standard replacement thus strikes a balance between the costs of standardization and standard adoption on 

the one hand, and the opportunity cost of using an outdated technology on the other hand. The rate can 

deviate from the social optimum in both directions, yielding either excessive inertia (insufficient rate of 

standard replacement) or excessive momentum (excessive rate of standard replacement). Efficient 

standard dynamics thus strike the balance between the discrete costs of standard renewal and the 

opportunity cost of using outdated technology (Figure 1). 

The issue of inertia and momentum in standard replacement has been addressed mainly in the theoretical 

economic literature (see for instance Farrell and Saloner, 1986). The role of IPR in generating excessive 

inertia has hereby been controversially discussed. On the one hand, Liebowitz and Margolis (1990) argue 

that some kind of ownership over a standard should rule out inefficient adoption patterns: “An owner 

with the prospect of appropriating substantial benefits from a new standard would have an incentive to 

share some of the costs of switching to a new standard”8. On the other hand, Clements (2005) finds that 

the incentives of an owner of a proprietary standard to have its standard adopted deviate from what would 

be socially optimal.  

 

Figure 1: Simple illustration of standard replacement with inertia or momentum 

In contrast to the common theoretical models which rely upon monopolistic technology supply in 

uncoordinated user markets, standard replacement in modern ICT industries mainly takes place in 

cooperative fora and Standard Development Organizations (SDO). These coordinative mechanisms are 

subject to a more recent literature on standard dynamics. In this analysis, standards face a tension 

                                                      
8 Liebowitz and Margolis (1990), p. 5. 
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between responding to an advancing state of the art, subject to innovation, and ensuring the main function 

of standardization, which is to fix a stable technological basis for creating compatible products and 

investing in applications and implementation (Egyedi 2005, Blind and Egyedi, 2008). A first empirical 

analysis that focuses on national standards bodies (Blind 2007) measures factors influencing the lifetime 

of standard versions in ICT industries. This paper has revealed that standard survival time decreases with 

the speed of innovation, as measured by patent files in ICT in the relevant country. Furthermore, the 

analysis firstly deals with cross-references between standards and standard size and its effects on standard 

survival. 

We wish to take further the existing empirical literature and gain some understanding of the economic 

issues affecting the decision making process inside standard setting organizations. It is increasingly 

acknowledged that economic institutions have an important impact upon the outcome of standardization. 

Probably among the most important factors affecting standardization ranges the patent system. There is 

an increasing number of essential patents in standards, and the interplay between patents and standards is 

hotly debated. We wish to inform this debate by analyzing the role of essential patents in the process of 

standard replacement. 

The role of essential patents 

Essential patents can have an impact on these standard dynamics for various reasons. First, we argue that 

standardization entails a costly private investment in a public good and is therefore subject to free riding 

by standard takers. Kindleberger (1983) alleges that standards are public goods since every firm is free to 

implement the standards whether or not it contributed to standardization. Due to this externality, standard 

makers invest too little in standardization and consequently renew standards less frequently than what 

would be socially optimal. Strong IPR on standardized technology can help overcoming this inertia, as 

patent holders have a stronger private interest in renewing the standard version if they can recoup the 

standardization cost through licensing fees. Essential patents might furthermore signal commercial stakes 

in standards or that a standard is commercially relevant to a company. IPR can hereby help overcoming 

underinvestment in standards and socially inefficient inertia (Liebowitz and Margolis, 1990). The 

incentive to regularly upgrade a standard is particularly strong for owners of essential patents when the 

technological evolution in the sector generates pressure for standard renewal. In order to avoid standard 

replacement and the loss of exclusionary power over the standard, owners of essential patents can 

regularly invest in improving the standard through upgrades, which add technological components 

without replacing the existing ones. 
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Second, essential patents on formal standards can generate conflicts between standard makers regarding 

the shares of proprietary technology covered by the standard. In an interview on the effects of essential 

patents on standards the participating expert, a longtime practitioner in ICT standard bodies, stated: 

“There are cases where companies give inputs (IPR protected) which do not deliver useful technology for 

the standard. These companies would only agree to a certain standard, if they are allowed to integrate 

their technology.” He further emphasizes that “…this makes the standardization process more complex 

and time consuming and sometimes even introduces errors on products.”9 Results from the survey of the 

“EU Study on The Interplay of IPR and Standards” show similar concerns on the inclusion of patents into 

standards (figure 2). 

 (1 = very negative, 5 = very positive) 

 
Figure 2: Stakeholders views on the effect of IPR inclusion in standards. (N=108)  

(source: Blind et al., 2011) 

The survey result reflects a clear picture under FRAND conditions, where participants see consensus 

reaching and the speed of standardization processes to be the most negatively affected fields when 

essential IPRs are introduced to a standard. These findings support a string of literature that argues that a 

company’s preference for its own technological solution in standardization increases with the commercial 

stakes. Therefore essential patents can lead to a time-consuming « war of attrition » in building consensus 

                                                      
9 The interview with Dr. Ivstan Sebestyen held in April 13th 2010 was conducted in the context of a fact finding.“EU study on 
the Interplay of IPR and Standards”. Ivstan Sebestyen has been involved in the worldwide multimedia standardization work for 
over 20 years including telecommunication standardization experience in CCITT, ITU-T, ISO/IEC, ETSI and DIN and ITU-T 
and still picture coding (JPEG, JBIG). 
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on a new standard (Farrell and Simcoe, 2009; Simcoe 2011). If standardizing firms need to build 

consensus for a standard replacing an existing one, they will furthermore face a conflict of interests 

between sponsors of the existing standard and owners of patents on technological components to be 

included. “Winners” of a standard replacement need to compensate the “losers”, who have otherwise a 

strong power to impede or at least delay standard renewal. Such a bail-out might be particularly difficult 

when the turnover in essential technology is high and when the contacts between standard makers are 

loose.  

From the academic literature and practitioner statements, we thus draw the following hypotheses: first, 

essential patents allow some degree of internalization of standardization costs and therefore provide 

incentives for a more regular investment in standard replacement. Second, where standard replacement 

entails replacement of important technological components, property rights on technology incorporated in 

the standard are expected to delay standard replacement. The goal of our analysis is to empirically test 

these hypotheses and to deepen our understanding of the role of essential IPR in the dynamics of 

standardization. 

 

Empirical methodology 

We analyze the rate of standard replacement using a comprehensive database of international ICT 

standards drawn from PERINORM. We chose to include in our sample all ICT standards (ICS classes 33, 

35, and 37) issued by the main international SDOs (CEN, CENELEC, ITU-R, ITU-T, IEEE, ISO, IEC, 

JTC1). We did not include ETSI or informal standard setting consortia, in order to concentrate upon 

standards issued according to comparable rules. We restrict the analysis to standards issued from 1990 to 

2006, and we observe these standards until 2010. Standard versions that are still valid in 2010 are 

therefore right-censored. Draft standards, amendments and errata documents are excluded from the 

quantitative analysis. Overall, our sample comprises 6.296 standards, 18.476 standard versions and 

50.883 version-year observations (47.931 observations for finalized standards). 

For every standard version, the database gives precise dates of release and drawback. We can thus easily 

obtain the survival time, and the survival rate period by period, of standard versions. PERINORM also 

informs whether a standard version is replaced by a new version of the same standard, whether the 

standard is replaced by a new standard, or whether the standard is withdrawn without a direct successor. 

We consider that if a standard version is replaced by a more recent version of the same standard, the 
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standard as such is kept in place, whereas if a standard version has no direct successor or if the successor 

is a different standard, the standard is withdrawn as a whole. We can thus differentiate between a version 

replacement (or standard upgrade) and standard replacement. We investigate the effects of our 

explanatory variables on the hazard rates of the different events using duration analysis. In the following 

analysis, we will separately investigate the survival rate of standard versions beginning with version 

release, and the survival rate of standards, beginning with the release of the first standard version.  

The standards in our sample are matched to a database of essential patents in order to obtain the 

explanatory variable. Declarations of essential patents have been drawn from the websites of the SDOs. 

First, we identify the almost 700 formal standards for which there has been at least one declaration of 

essential patents. Overall, there are more than 8.000 patent declarations for the standards included in our 

sample. We can infer from our declaration data the number of patents claimed to be essential for the 

different standards in our sample. The patent declaration database generally informs the date of 

declaration, so that we can match each essential patent to its relevant standard at any time from the year 

of declaration. Patent declarations for which the date could not be informed have not been taken into 

account. 

As explained in our analytical framework, we expect that standard renewals are determined by an 

evolving state of the art on one hand, and substantial discrete standardization and adoption costs on the 

other hand. We approximate the evolution of the state of the art using information drawn from essential 

patents. Building upon Baron and Pohlmann (2011), we use the technological classification of declared 

essential patents to match patent and standard classes in the field of ICT. We can thus identify how many 

patents are filed in fields that are potentially relevant for the standards in the different ICS (International 

Classification of Standards) classes. Thus we can inform for each standard class on a relatively 

disaggregate level the speed at which the state of the art evolves. Blind (2007) has shown that the 

replacement rate of national ICT standards increases with the number of ICT patent files in the respective 

country. In our data, we can identify innovation rates that are more closely related to specific standards. If 

the number of patent files in a standard related field increases by 100% with respect to the trend in ICT, 

the probability of replacement of the standards in the respective standard class increases by 50%.10 

We furthermore wish to control for standard characteristics and events affecting the standard that are 

likely to have an impact on the probability of standard replacement. From PERINORM, we can draw a 

broad range of variables regarding standard characteristics. This information comprises characteristics 

that are constant over time and therefore are independent of the survival time of a standard or standard 
                                                      
10 The link between our measure of standard related patenting trends and standard replacement is significant at 99%, see details 
in the appendix. 
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version. These constant characteristics include the issuing SSO, the technology as indicated through the 

ICS classification, the breadth of the technological scope, approximated through the number of ICS 

classifications, the number of pages, standard modifications, and references to prior standards. We inform 

also accreditations of the standard that have taken place before standard release (backward 

accreditations), when the standard has not been first issued by one of the SSOs we observe (for example 

if a national standard is accredited on international level).  

Other standard characteristics relate to events occurring after standard release, and are therefore not 

independent of the survival time of a standard or standard version. Just as for patent declarations, 

standard modifications, references from other standards (forward references) and accreditations by other 

SSOs (forward accreditations) are matched to the panel over time and as they occur. These variables are 

likely to capture up to some extent downstream investment building upon the standard and the 

technological architecture in which it is embedded. Forward references and accreditations are thus likely 

to increase the cost of standard renewal, as changes in the central standard can require changes in the 

refereeing standard, and the accreditations need to be renewed. 

We propose two different strategies to control for observable standard characteristics. In a first step, we 

will present descriptive statistics on the survival rate of standards over time, comparing standards 

including essential patents with standards that are a priori comparable, but do not include essential 

patents. This control sample is built up using Propensity Score Matching (PSM). We calculate the ex ante 

propensity of standards to include essential patents, based upon fixed standard characteristics. Each 

standard including essential patents is then matched to a standard without essential patents, but with a 

very similar propensity score.  

We can thus construct a sample of standards that have, based upon observable characteristics, the same 

propensity to include essential patents than those that actually include such patents. If standards including 

patents behave differently than the standards in this control sample, this difference is not due to 

observable factors such as the characteristics of a technological field or SDO policies. We can on the 

other hand not rule out that there is an unobservable common factor affecting the likelihood of a standard 

to include essential patents and the survival of this standard and its versions. This is particularly true for 

the various aspects relating to the commercial relevance of a standard for technology holders. Our 

findings can therefore not indicate the effect of allowing for patents as a particular appropriation 

mechanism. Similar to Simcoe (2011), they rather highlight the effects on standards when there are 

greater commercial interests of technology holders at stake.  
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However, sampling is not effective to control for time-variant factors of standardization dynamics. 

Therefore we will propose in a second step a multivariate panel analysis, where standard characteristics 

are included as control variables. Standard replacement is explained through a Cox model. In this 

methodology, the likelihood of an event is estimated period by period, and explanatory variables are 

allowed to vary over time. Time-variant characteristics are matched to the data over time as they occur.  

The Cox model is a semi-parametric model: there is no restriction on the baseline hazard of the explained 

event (standard or version replacement), except that the baseline hazard is common to all observations. 

Fixed standard characteristics are time-invariant in the model, and are therefore modeled to have a 

constant effect over time. This assumption could be problematic for important factors affecting the life 

cycle of standards. The SDO of issuance is important, as the different bodies may differ as to their 

standardization procedures. Furthermore, the life cycle of standards is likely to depend upon the 

technological field. We do not want to impose that the effect of the issuing SSO is constant over time. 

Therefore, all our results are based upon stratified analysis, estimating the baseline hazard rate 

individually for each SDO. In stratified analysis, we allow the baseline hazard rate to be different among 

the strata (groups of observations), and we only impose that the effect of the explanatory variables is 

common to all observations. Stratifying according to SDO or ICS class therefore adequately controls for 

time-variant effects of these factors. 

 

Sampling 

It is the objective of our analysis to compare standards including essential patents with the other 

standards. However, essential patents are not randomly distributed over the standards in ICT. For 

instance, essential patents play a much greater role in some technological fields than in others. 

Furthermore, it can be argued that institutional factors relating to the issuing SSO can encourage or 

inhibit declarations of essential patents. But also the year of issuance, the size, the technological scope, 

the international dimension and the novelty of the technological content of the standard are all likely to 

play a role in explaining which standards include proprietary technology. Many of these factors are also 

likely to have an impact on the duration until standard upgrade and replacement.  

We therefore have to construct an appropriate control group in order to be able to present meaningful 

descriptive statistics. We carry through a propensity score matching based upon a broad range of 

observable fixed standard characteristics. We apply a very strict matching restricted to the next neighbors 
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in propensity score. Observations of standards without essential patents are allowed to be matched to 

more than one standard including essential patents. This specification reduces sample size, but increases 

accuracy. We furthermore impose a maximum propensity score difference of 0.03, thus also eliminating 

some observations of standards including essential patents (off support). These are standards presenting 

so many characteristics related to essential patents, that it is impossible to find a close enough sibling 

standard that does not include essential patents. Once again, we thereby sacrifice sample size for greater 

accuracy. Figure 1 sketches the distribution of propensity scores in the samples of standards with and 

without essential patents and indicates the observations eliminated because of the absence of a 

sufficiently close neighbor. 

 

0 .2 .4 .6 .8
Propensity Score

Untreated Treated: On support
Treated: Off support

 

Figure 3: Propensity scores for standards with (above) and without (below) essential patents 

 

Table 1 provides descriptive statistics on the main standard characteristics in the samples of standards 

including and not including essential patents; both before and after propensity score matching.  We can 

see that there are significant differences between the samples of standards with and without patents, most 

importantly with respect to the technological field (ICS class) and the issuing SDO. For instance IEEE 

standards are much more likely to include essential patents, while IEC standards are much less likely to 

include essential patents than the average in the sample. After propensity score matching, there are no 

remaining significant differences between characteristics of the standards in the two samples. 
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  Mean  t-test 

Variable Sample Treated Control % bias 

% reduct. 

bias t p> |t| 

Unmatched 14470 13903 28,2 4,45 0,000 Date of first 

release Matched 14472 14791 -15,9 

 

43,7 -2,00  0,046 

Unmatched 106,27 54,742 41,0 8,19 0,000 Number of 

Pages Matched 99,419 116,6 -13,7 

 

66,7 -1,28 0,200 

Unmatched 7,4306 6,7001 7,5 1,14 0,254 Backward 

references Matched 7,333 8,5376 -12,3 

 

-64,9 -1,31 0,191 

Unmatched 32,394 30,26 3,7 0,53 0,596 Citation 

backlag Matched 31,863 39,556 -13,3 

 

-260,4 -1,42 0,157 

Unmatched 2,0961 2,1571 -2,3 -0,36 0,719 Number of  

ICS classes Matched 2,1004 2,1434 -1,6 

 

29,5 -0,19 0,853 

Unmatched 0,13523 0,1341 0,3 0,05 0,962 Prior 

accreditations Matched 0,1362 0,1147 5,2 

 

-1802,1 0,60 0,548 

Unmatched 0,5089 0,4354 14,7 2,39 0,017 ITU-T 

Matched 0,51254 0,47312 7,9 

 

46,4 0,93 0,353 

Unmatched 0,23132 0,27453 -9,9 -1,57 0,117 JTC1 

Matched 0,23297 0,26165 -6,6 

 

33,6 -0,78 0,433 

Unmatched 0,03203 0,13583 -38,1 -5,02 0,000 IEC 

Matched 0,03226 0,02509 2,6 

 

93,1 0,51 0,613 

Unmatched 0,14235 0,06273 26,4 5,09 0,000 IEEE 

Matched 0,1362 0,14695 -3,6 

 

86,5 -0,36 0,716 

Unmatched 0,08541 0,09151 -2,1 -0,34 0,732 ISO 

Matched 0,08602 0,09319 -2,5 

 

-17,5 -0,30 0,767 

ICS dummies 20 class dummies, reported in the appendix 

Table 1: Sample statistics, matched and unmatched samples 

The average standard version is active for 3.5 years. The average standard lasts just a bit longer, 3.72 

years. It has to be noticed that this information is right-censored. This information has been retrieved in 

November 2010; standards still active at that time are not considered for calculating the average survival 

time. While 11.047 standard versions have been withdrawn, only 8.336 of these versions belong to 

standards that have been replaced. As the period of observation is relatively short, average survival times 

are not informative, especially with respect to the survival of the whole standard. Even for a first 
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descriptive analysis of standard replacement, it is therefore preferable to rely upon the tools of duration 

analysis. We will thus present stylized facts on the dynamics of standard and version replacements in our 

samples. We further present statistics on version replacement, i.e. the replacement of a version by another 

document, either a new version of the same standard, or a different standard. 

 

Descriptive Analysis 

Figure 2 presents the survival estimates of standard versions by SDOs. Survival estimates are the 

likelihood that an observation will “survive” for a specific time. At each time, only observations that have 

been observed are taken into account. The following statistics are therefore not subject to truncation 

problems. These survival estimates furthermore only take into account finalized standards, and exclude 

drafts, errata and modifications. Version survival rates differ strongly between the different SSOs. For 

example, less than half of the JTC1 standard versions are active for more than 3 years, while this is true 

for well above 90% of ITU-T standard versions. These differences need to be explicitly addressed in the 

following econometric analysis.  
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Figure 4: Kaplan-Meier survival estimates of standard versions by SDO 

The following figure 5 shows the evolution of the survival rate of version replacement over time, 

comparing standards including patents with appropriate. Figure 5 shows that the survival rate of standard 
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versions is higher for standards including patents than comparable matches at any time, but that the 

hazard rate evolves similarly over time for both groups of standards.  
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Figure 5: Kaplan-Meier survival estimates of standard versions, comparing standards including 

patents with appropriate matches 

As discussed in the methodological section, we have aggregated standard versions to standard 

observations. We can also run survival analysis on these standard observations, considering that standard 

survival is the time until a standard is replaced by a different standard. We argued that it is very important 

to distinguish between a standard upgrade, whereby a version is replaced by an ulterior version of the 

same standard, and a standard replacement, whereby a standard version is replaced by a different 

standard.  

Figure 6 shows the time estimated for a standard to last until standard replacement. The curve is 

extremely flat in the tail. Therefore, the risk of standard replacement is highest during the first years after 

the release of a standard version. Only standards issued by ISO and IEEE face a sustained risk of 

replacement up to 15 years after release. Comparing standards including essential patents with 

appropriate matches (but also with all ICT standards in our sample) reveals that standards including 

patents have a higher survival rate. This difference arises in the first years of the lifetime of a standard, 

and does not cancel out over time. This difference is particularly striking when comparing standards 

including patents with the overall sample. Indeed, an important number of standards (around 25%) is 

withdrawn during the first three years after release. This pattern is not verified for standards including 
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patents, and it is less strong for matched standards. Nevertheless, the hazard rate of standard replacement 

does not seem to be significantly different between the different samples after this initial period.  
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Figure 6: Kaplan-Meier survival estimates of standards, comparing standards including patents 

with appropriate matches 

In the following Table 2, we corroborate the graphical analysis using statistical tools. For instance, we 

check whether differences between the different samples of standards are statistically significant and 

robust to different specifications. For instance, we wish to make sure that standards including patents do 

not behave differently only because they are mainly issued by specific SDOs, or because they are 

concentrated in specific technological sectors. Therefore we test for the statistical significance of the 

differences between the samples also in a stratified analysis, whereby we compare only standards issued 

by the same SDO or classified into the same ICS class. 

 Standard survival Version survival 

 Comparison with 

sample 

Comparison with 

PSM matches 

Comparison with 

sample 

Comparison with 

PSM matches 

 Events 

observed 

Events 

expected 

Events 

observed 

Events 

expected 

Events 

observed 

Events 

expected 

Events 

observed 

Events 

expected 

Patented Log-rank test for equality of survivor function 

0 1901 1850,33 77 60.30 3544 3536,59 184 160,44 

1 78 128,67 50 66,70 294 301,41 115 138,56 

Chi2/Pr>chi2 22,19 0,0000 8,84 0,0029 0,21 0,6433 8,09 0,0045 
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Patented Wilcoxon (Breslow) test for equality of survivor functions 

0 1901 1850,33 77 60,30 3544 3536,59 184 160,44 

1 78 128,67 50 66,70 294 301,41 115 138,56 

Chi2/Pr>chi2 37,46 0,0000 11,65 0,0006 8,17 0,0043 10,58 0,0011 

Patented Log-rank test, stratified by SDO 

0 1901 1858,17 77 63,35 3544 3577,15 184 168,41 

1 78 120,83 50 63,65 294 260,85 115 130,59 

Chi2/Pr>chi2 18,25 0,0000 6,31 0,0120 5,32 0,0211 4,05 0,0443 

Patented Log-rank test, stratified by ICS class 

0 1901 1844,33 77 67,67 3544 3538,18 184 173,77 

1 78 1347,67 50 59,33 294 299,82 115 125,23 

Chi2/Pr>chi2 36,53 0,0000 5,26 0,0219 0,19 0,6611 2,85 0,0915 

Table 2: Tests of statistical significance of differences between samples 

The statistical tests confirm the graphical analysis. Comparing standards including essential patents with 

appropriate matches, we notice strongly significant differences in both version and standard survival. 

Both standards and standard versions including patents are replaced less frequently than matched 

standards. In a comparison with the overall sample, standards including patents also have a higher 

survival rate. Standard versions have, depending upon the test specification, a higher, a lower or a 

statistically non-significantly different survival rate.  

Even though the comparison with appropriate control standards reveals statistically significant 

differences, it is too early to conclude on a causal effect of patent declarations. The main concern is a 

potential endogeneity problem. Many essential patents are declared with considerable delay after grant of 

the patent and release of the standard (see Baron and Pohlmann, 2011).  It is therefore possible that some 

standards are therefore found not to include essential patents, because the standards were replaced before 

the patents were declared. This problem is especially worrisome regarding standard versions, as many 

essential patents are essential for several versions of the same standard, and are therefore indiscriminately 

declared to the whole standard regardless of the version. 

Nevertheless, this descriptive analysis already provides some insights into the interplay between essential 

patents and the survival rate and replacement probabilities of standards and standard versions. Until now, 

we tested the hypothesis that standards including essential patents generally face different hazard rates of 

upgrade or replacement than other standards. In the following multivariate analysis, we will adopt a 

slightly different approach. We estimate how a patent declaration impacts the hazard rate of upgrade or 
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replacement over time. We have organized the data into a panel dataset, and information is tracked over 

time. Most importantly, patents are allowed to have an impact on standard dynamics only after they have 

been declared. The results are therefore no longer subject to doubts about the direction of causality. 

Furthermore, we can now not only distinguish between standards including essential patents and the other 

standards, but also test for the effect of the number of patents declared, and for the number of declaring 

firms. 

 

Multivariate Panel Analysis 

It is the aim of this section to evidence an effect of essential patent declarations on the survival of 

standard versions. We will therefore rely upon semi-parametric survival analysis, using a Cox model. In 

this methodology, the likelihood of drawback is estimated year by year, conditional upon the fact that the 

version has not already been withdrawn. The model infers from the data a baseline hazard rate of 

renewal. This baseline hazard rate is multiplied by the explanatory variables and controls, and the 

coefficients are estimated in order to match the observed renewal rate. As described in our 

methodological section, our data are in panel form, meaning that the explained variables, and for instance 

patent declarations, are fed into the model over time. 

We carry through two types of controls. First, we introduce control variables for technological 

characteristics of the standard, and for instance for the variables mentioned in the methodological part. 

We therefore construct a large panel of references among standards and accreditations of standards by 

different SSOs, and feed in the count of references and accreditations over time. Time-invariant standard 

version characteristics, number of pages, backward references and prior accreditations are also taken into 

account.  

Second, we wish to make sure that we really adequately control for two crucial factors: standard renewal 

dynamics are likely to vary from one SSO to the other, and among technological fields. Introducing 

dummy variables is not likely to adequately control for these differences: control variables in a Cox 

model are only allowed to have a linear effect on the survival rate. This means that a control variable can 

control the idiosyncratic effect of a technological field or SSO when the likelihood of standard renewal is 

higher or lower by a given coefficient at any time. Our descriptive analysis has revealed that renewal 

rates at some SDOs (for instance ISO and JTC1) are very high in the first years, and low in the following 

years. In order to control for this kind of time-varying effects, we propose stratified survival analysis. In 
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stratified survival analysis, the baseline hazard rate is allowed to vary between the strata, but the effect of 

the explanatory variables is the same in all strata. We stratify jointly by SDO and ICS class, and 

introduce linear controls for all the other factors. 

 The effect of patents can be estimated in various ways. In a first model, we estimate the effect of the first 

patent declaration, meaning that we give a dummy to every standard observation including at least one 

essential patent. This variable captures differences that generally arise between standards including 

essential patents and those that don’t. Second, we introduce a second dummy variable, indicating that at 

least a second firm has declared essential patents on the standard. We introduce this variable in order to 

capture possible effects resulting from conflicts of interest between different IPR holders. The second 

model furthermore includes a count variable of patent declarations, simply capturing the linear effect of 

the number of essential patents. Finally, we also test a third model, in which we allow the effect of 

including essential patents to vary over the lifetime of a standard. We wish to confirm the descriptive 

finding that essential patents seem to make a difference primarily in the first years after standard release. 

All the three models are tested against the data to explain two different events: version replacement and 

standard replacement. In the first case, the unit of observation is the standard version, observed from 

version release until version drawback. In the second case, the unit of observation is the standard, 

observed from the release of the first version until the drawback of the last standard version. The results 

of the six estimations are presented in Table 3. 

Model 1: Duration analysis of version replacement, stratified by ICS and SDO 

Model 2: Duration analysis of version replacement, stratified by ICS and SDO 

Model 3: Duration analysis of version replacement, stratified by ICS and SDO 

Model 4: Duration analysis of standard replacement, stratified by ICS and SDO 

Model 5: Duration analysis of standard replacement, stratified by ICS and SDO 

Model 6: Duration analysis of standard replacement, stratified by ICS and SDO 

 

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Patented 

 

0.924 

(-0.52) 

0.859 

(-0.85) 

1.008 

(0.03) 

0.701** 

(-2.12) 

0.597** 

(-2.52) 

0.464** 

(-2.75) 

Second firm 

 

 1.120 

(0.40) 

  1.506 

(1.23) 

 

Patent declarations  1.005** 

(2.55) 

  1.003 

(1.07) 
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Patented_age 

 

  0.983 

(-0.32) 

  1.000** 

(1.98) 

Patent Intensity 

 

0.808 

(-1.05) 

0.805 

(-1.06) 

0.806 

(-1.06) 

1.434* 

(1.75) 

1.428* 

(1.73) 

1.441* 

(1.78) 

Backward 

references 

0.996 

(-0.91) 

0.996 

(-0.92) 

0.996 

(-0.90) 

0.988** 

(-2.42) 

0.987** 

(-2.49) 

0.988** 

(-2.42) 

Number of pages 

 

1.000 

(1.20) 

1.000 

(0.97) 

1.000 

(1.20) 

1.001*** 

(3.29) 

1.001*** 

(3.14) 

1.001*** 

(3.27) 

Number of 

modifications  

1.038 

(0.73) 

1.007 

(0.13) 

1.039 

(0.74) 

0.959 

(-0.47) 

0.923 

(-0.88) 

0.950 

(-0.58) 

Number of 

version releases 

n./a. n./a. n./a. 0.878** 

(-2.51) 

0.878** 

(-2.49) 

0.867*** 

(-2.71) 

Forward references 1.000 

(0.25) 

1.001 

(0.34) 

1.000 

(0.24) 

0.987 

(-1.44) 

0.987 

(-1.49) 

0.986 

(-1.52) 

Ulterior 

accreditations 

0.921*** 

(-4.99) 

0.922*** 

(-4.98) 

0.922*** 

(-4.99) 

0.742*** 

(-14.19) 

0.742*** 

(-14.19) 

0.743*** 

(-14.10) 

Year 

 

1.053*** 

(2.85) 

1.053*** 

(2.78) 

1.054*** 

(2.85) 

1.014 

(1.53) 

1.013 

(1.48) 

1.014 

(1.58) 

Standard age 

 

0.999 

(-1.18) 

0.999 

(-1.33) 

0.999 

(-1.18) 

0.998*** 

(-5.13) 

0.998*** 

(-5.14) 

0.998*** 

(-5.05) 

Standard age 

squared 

1*** 

(3.07) 

  1*** 

(3.23) 

1*** 

(3.08) 

1 

(1.90) 

1 

(1.94) 

1 

(1.78) 

Version age .251 1.826 .242 n./a. n./a. n./a. 

Position controls YES YES YES n./a. n./a. n./a. 

Observations 15386 15386 15386 34594 34594 34594 

No. of Subjects 2166 2166 2166 3662 3662 3662 

No. of Failures 1054 1054 1054 1106 1106 1106 

Log Likelihood -2942.488 -2945.867 -2945.816 -3578.483 -3576.726 -3576.618 

LR chi2 306.45 299.69 299.79 463.52 467.04 467.25 

* 10% significance, ** 5% significance, *** 1% significance 

Table 3: Results of the multivariate panel analysis 

On the one hand, the econometric results seem to confirm one of our descriptive findings. Essential 

patents indeed seem to reduce the likelihood of standard replacement. We have exposed two different 
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theoretical arguments that could explain this finding. In contrast to standard upgrades, standard 

replacements involve changes that can exclude technological components from a standard. Based upon 

this argument, we can argue that essential patents on a standard raise the standardizing firms’ resistance 

to radical changes to the standard, at least before the investment into the incorporated technology has 

been amortized. This argument is in line with the low rate of standard replacement during the fifteen 

years following release of a standard version including essential patents, and it seems to corroborate 

suspicions that essential patents increase inertia of technological standards.  

Nevertheless, this increased inertia is potentially beneficial for standard users, as it reduces the cost of 

implementation. If this argument is true, essential patents could provide a signal to standard users that a 

standard is less likely to be replaced rapidly, and therefore provide important incentives to invest in sunk 

costs derived from implementation. It is important to notice that the difference between standards 

including essential patents and the other standards mainly arises in the first years after standard release, 

and does not increase over time. In coherence with the descriptive findings, we find that this effect 

decreases over the lifetime of the standard (as indicated through the positive coefficient on the interaction 

term of the patented dummy and the standard age variable). Furthermore, there is no significant effect of 

patent declarations on standard survival if these first years are excluded from the analysis11. Essential 

patents do not seem to lock-in standards for a very long time after release. 

On the other hand, we do not corroborate our descriptive finding that standard versions including 

essential patents have a higher survival rate. Taking into account the timing of patent declaration, there is 

no significant difference between standard versions including essential patents and those that don’t. This 

finding is coherent with our concerns that the previous descriptive finding is vulnerable to endogeneity 

biases. The longer a standard version is in place, the higher is the likelihood that it will at some point 

receive declarations of essential patents. Our econometric findings are not subject to this concern, as 

patents are only allowed to have an effect after they have been declared. Proceeding this way, we find the 

number of patent declarations to increase the hazard rate of version replacement. While having one patent 

instead of no essential patent does not make a difference for version replacement, having many patents 

seems to accelerate the rhythm of version replacement. We can interpret this result in light of our 

theoretical analysis. Regular standard upgrades are costly for standardizing firms. Firms are more 

inclined to accelerate the rhythm of standard upgrade and therefore to reduce the life-time of single 

standard versions, when the standard involves important commercial stakes. A higher number of essential 

patents could indicate important commercial stakes, providing sufficient incentives for firms to invest in 

                                                      
11 Results available from the authors upon request 
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standardization, or they could indicate fierce technological rivalry among firms pushing the standard in 

order to promote their technologies. 

The analysis of the control variables reveals that our model is able to capture key aspects of our analytical 

framework. Intensive patenting in the field is positively associated with the likelihood of standard 

replacement. This indicates that standard replacement indeed responds to progress in the field of the art. 

There is no significant association of patent intensity to version replacement; once again revealing the 

importance of distinguishing between both types of events. Downstream investment building upon a 

standard delays the replacement of a standard version. The accreditation of a standard version by a 

different SSO significantly delays both version and standard replacement. References from ulterior 

standards only delay standard replacement, and this result is not statistically significant. Variables 

capturing the size and scope of the standard (such as the number of ICS classes and the number of pages), 

are significantly and positively associated with a higher likelihood of version replacement.  

 

Conclusion 

We have presented an empirical analysis of the effects of essential patents on the duration of standard and 

standard version activity until replacement. Essential patents reduce the likelihood of standard 

replacement. A standard including essential patents is therefore less likely to be replaced by a different 

standard. This effect is consistent with several hypotheses on the effect of patents on standard dynamics. 

For instance, we have argued that owners of essential patents oppose to changes in the standard that 

exclude their IPR from the standard. 

Nevertheless, we did not find evidence that essential patents induce excessive inertia in standardization. 

While standard versions including essential patents also have a higher survival rate than comparable 

standards, econometric analysis suggests that this difference is not due to a causal effect. Indeed, essential 

patents seem to have a positive effect on the rate of standard upgrades. We have argued that these 

standard upgrades do not entail replacement of standard components, explaining why essential patents 

could induce standardizing firms to substitute standard upgrades for standard replacements. Our second 

finding indicates that essential patents not only induce standardizing firms to substitute version for 

standard replacements, but also to overall increase the number of replacements. The latter part of the 

finding can be explained by the cost of standardization: standard changes are costly for standardizing 

firms, who are unable to internalize all the benefits of the improved standard. Essential patents generate 
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licensing revenue that is dependent upon the value of the standard. They therefore provide incentives for 

at least some standardizing firms to regularly invest into the standard. Furthermore, regular standard 

upgrades can be a means of avoiding standard replacement. Indeed, by adding technological components 

to a standard, owners of essential patents can reduce the competitive pressure from new, alternative 

technologies. 

The descriptive analysis seems not to support concerns of excessive inertia, as the effect of essential 

patents on standard replacement takes place over the first years after the release of the standard version. 

Rather than locking in outdated standards, essential patents therefore appear to stabilize standards in an 

early period, and may even reduce socially inefficient excessive momentum. 

In the light of our results, essential patents do not seem to lock in standards for an inefficiently long time, 

and their effects are potentially beneficial for standard users. Essential patents stabilize standards in the 

first years after standard release, encourage standard upgrades rather than replacements and accelerate the 

rhythm of incremental changes. These are attractive features, as they reduce uncertainty for standard 

implementers regarding future technological changes, without preventing the standards from keeping up 

with an advancing state of the art. 
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How Patent Types effect Patent Value 

Keywords: Patent value, patent types, cumulative innovations, appropriation, imitability, competition, 

technological innovation. 

By Karin Beukel, Finn Valentin and Rasmus Lund Jensen
1
 

Abstract 

This paper examines differences in value across different patent types. Two hypotheses are 

investigated: Patent types protecting results of cumulative knowledge formation are more valuable than 

other patents and increasing risk of imitation detracts comparatively more from patents appearing early 

in a process of knowledge accumulation. Applying a unique text-mining method based on semantic 

structures in patent text and IPC codes we identify 7 distinct patent types. With zero inflated negative 

binomial regressions we test and confirm our hypotheses using a dataset consisting of 1322 patents 

from 110 Scandinavian biotech firms.  

1. Introduction  

Patents are an important means of appropriating from technological innovations (Arrow, 1962; Levin, 

1988) and may in this regard be contrasted to secrecy, lead time and contracts (Arundel & Kabla, 1998; 

Hall & Ziedonis, 1999). However, patents are not a uniform measure and there are steep differences in 

value across patents (Bruno Cassiman & Zuniga, 2007; Harhoff, Narin, Scherer, & Vopel, 1999; 

Lanjouw & Schankerman, 1999; Reitzig, 2004). In the patent literature, different patent strategy 

                                                            
1
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approaches, such as fencing, thickets, flooding and surrounding explain how individual patents play a 

role, both alone and in combination with other patents in a patent portfolio (Granstrand, 1999). 

However, in this sizeable literature on patent strategy, there is still no large scale empirical research 

focusing on patent types: Hereunder, how the individual patent types are valued based on their 

cumulativeness and to which degree the patent types are affected by being present in an imitable 

environment. It is our aim to fill this gap in the literature. 

Advising these questions, we contribute to the debate on patent strategy, paying particular attention to 

the role of different patent types, cumulative innovations and imitable environments. We propose and 

implement a novel method for identifying different patent types within biotech, and explore each of the 

patent types’ effect on patent value.  

We offer four contributions to the literature: First, a clarification of the role of different patent types 

during R&D. Second, we present a novel method for identifying patent types; enabling a detailed yet 

quantifiable approach to analyze patent types. Third, we show that our predictions from the hypothesis 

on cumulative innovation are consistent with observed behavior in biotech firms. The fourth 

contribution is that we extend our analysis to strategic management, identifying how the different 

patent types are affected by being in an imitable environment, dependent on how early they are in a 

process of knowledge accumulation.  

The remainder of this paper is as follows; in §2, we present the theoretical approach, §3 presents data 

and methods, in §4 we present empirical findings and in §5 we summarize the results and conclude the 

paper. 
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2. Patent types and appropriating from technological innovation  

Appropriating returns from an innovation is a central focus in a patent strategy (Granstrand, 1999). ‘If’ 

to patent, ‘why’ patent and ‘what’ to patent are main strategic choices triggered when new innovations 

occur in R&D. ’If’ is a debate of whether to patent or not, or to protect the innovation by other means 

than that of patents rights for example trade-secrets (Arundel & Kabla, 1998; Hall & Ziedonis, 1999). 

Firms’ strategic behavior as response to the ‘if’ is most often closely related to which industry they are 

part of.  In industries with cumulative innovations, not to patent is a less likely scenario (Levin, 

Klevorick, Nelson, Winter, Gilbert, & Griliches, 1987).   

’Why’ patent has also been given attention, the main discussion in this respect has been identifying the 

individual patent’s role in a bulk of patents, meaning that each patent applied is seen as part of for 

example a flooding-, a thicket-, a fencing- and/or a network patent strategy. (Cohen, Nelson, & Walsh, 

2000; Granstrand, 1999). The ‘what’ to patent, has been examined by exploring the characteristics of 

patent claims and how this effects the patent application process (Harhoff & Wagner, 2009), and in 

case studies were the innovation protected behind a certain patent type has been explored. In this 

stream of literature we identify 6 patent types, as relevant for biopharmaceutical inventions:  

1). Patents protecting the method of identifying new products (In biotech it would be platforms of 

industrialized high-throughput screening (Nightingale, 2000) which are protected by Platform patents).  

2). Patents that protects the core structure of a product (In biotech it would be Composition of Matter / 

Compound patents (Norman, 2007)).  
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3). Patents protecting the specific application of the core structure of the product (In biotech that would 

be Formulation patents (Norman, 2007)).  

4). Patents protecting the methods of utility (In biotech that would be Utility patents (Norman, 2007)). 

5). Patents protecting the method of manufacturing (Process patents (Norman, 2007)).  

6). Patents protecting the method of delivery (Instrument patents (Gupta & Bansal, 2002; Kaushal & 

Garg, 2003)).  

The different patent races take a certain form and focus, contingent on the phase in R&D the innovation 

process has reached and whether the patent is cumulative to prior patents. 
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Figure 1 shows the development of a patent portfolio protecting a single drug candidate by different 

patent types during R&D, taking into account the cumulativeness of the innovations.  In overall terms 

the patent types will appear the following way during R&D: Initially a patent protection methods of 

identifying products (Platform patents), Nightingale (2000) explains how development of new 

technologies enabled Pharma and especially biotech to conduct large scale experimentation. For 

example, Amgen, developed methods to span the boundary between automation/information systems 

development and biology and chemistry research (Hamilton, Armstrong, Gerren, Janssen, Peterson, & 

Stanton, 1996) which enabled them to identify targets at a much greater speed. 

Then basic product patents (Compound patents), a patent protecting the core structure of a product (A 

compound patent), can be, but not necessarily a patent with direct cumulative link to the platform 

patent.  Core product patents can also be a result of other contributing factors. 

Later the specific application of the invention (Formulation patents),  formulation patent is the most 

direct cumulative patent in a patent portfolio, it is by definition, strongly cumulative on compound 

patents (Norman, 2007).  

Most often finally process patents (Granstrand, 1999; Norman, 2007). Both instrument and utility 

patents are most often invented after compound patents. These patent types are not as dependent on 

prior innovations, Utility, Instrument and Process patents can to some degree be cumulative to either 

compound or formulation, but not necessarily. These types of patents are not protecting the core of a 

product, but rather protecting surrounding innovations. 
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2.1 Patent types, value and cumulative innovations 

In the literature examining determinants of the value of patents two streams may be identified, based on 

the source of their respective indicators two streams may be identified: a. Indicators from the patenting 

process, such as family size (Lanjouw & Schankerman, 1999), number of oppositions (Harhoff, 

Scherer, & Vopel, 2003) renewal decisions (Schankerman & Pakes, 1985) and patent scope indicated 

by number of 4digit IPC codes (Lerner, 1994) Or b. Indicators on the basis or the context of patents 

affecting their value e.g. in terms of cumulative positions relative to previous technology (Caballero & 

Jaffe, 1993; Fabrizio, 2009).      

Related to the latter, theoretical patent literature in economics, has identified a set of issues on the 

cumulativeness of patents (Green & Scotchmer, 1995; Scotchmer, 2004) i.e. examine settings in which 

initial patens appear as building blocks or foundations for subsequent inventions. While principally 

focused on the distribution of profits among such inter-related investors, this stream of literature also 

clarifies how relationships between inventions give rise to interdependencies in the value obtained by 

single patents.    

These interdependencies not only have a simple forward direction, as when an invention representing 

an usage of an underlying general purpose technology (GTP) (Helpman, 1998) derives essential parts 

of its value from the latter. But also backward enhancement of the initial patent appears, as when 

second inventions become vehicles through which the otherwise latent value of generic technologies 

are realised.  
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An empirical literature is unfolding on the patterns by which GTPs become related to downstream 

applications (Feldman & Yoon, 2011; Rosenberg, 1998; Thoma, 2009). But very little work has 

attempted to demonstrate actual effects on patent value of such interdependencies, based on 

quantitative evidence. That is the main objective of the present paper.  

Relevant further insights into these interdependencies may be derived from the theoretical perspective 

of the Resource Based View (RBV), which assigns a critical role to cumulative patterns of the 

knowledge formation of firms (Montealegre, 2002). Resources of critical importance for their 

sustainable competitiveness are accumulated rather than acquired, hence relying principally on 

characteristics of that accumulation, such as time compression diseconomies, asset mass efficiencies, 

and interconnectedness (Dierickx & Cool, 1989).  

Based on the functional interdependencies identified in Scotchmer’s arguments, and on the cumulative 

characteristics highlighted by RBV theory we conjecture: 

HYP 1: Patent types protecting results of cumulative knowledge formation are more valuable than 

other patents. 

2.2 Patent types and value in imitable environments 

At the same time, from RBV we also may infer that a set of cumulative patents are differentially 

affected by competition. Early stages of the accumulation of assets transform them by comparatively 

shorter steps from the state in which they were acquired from factor markets. By the arguments of RBV 

that also should make the results of such early asset transformations more vulnerable to imitation.  

Therefore patents protecting such results, compared to results obtained at later stages of asset 

accumulation, are more susceptible to downward shifts in their value in contexts of increasing 
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competition. That would particularly be the case when this competition is related to increasing density 

of inventions offered within a closely related technology space, since that especially would challenge 

the non-imitability of the invention. We therefore hypothesize:  

HYP 2: Increasing risk of imitation detracts comparatively more from patents appearing early in a 

process of knowledge accumulation.  

 

3. Data & Methods 

3.1 Sample and Methods 

For three related reasons we have selected the Scandinavian drug discovery firms as our sample: the 

patents applied for by this subset of biotech firms are related to drug discovery enabling us to identify 

types of inventions and their corresponding patents. Secondly drug discovery firms are heavily 

dependent on patents as appropriation method (Levin et al., 1987) rendering strategic choices on 

patenting is a focal issues in R&D in these firms. Thirdly the types of innovation and the related patent 

types are identified in literature, enabling a solid starting point for our methodology. The final dataset 

consists of 1322 patents applied by 110 drug discovery firms originating from Scandinavia, firms 

established between 1987 and 2003. The data is compiled from three different sources: 1) EPO/OECD 

patent data (Webb, Dernis, Harhoff, & Hoisl, 2005) 2) the SCANBIT-database, a proprietary database 

at Copenhagen Business School and 3) ISI Web of Knowledge. 

This paper uses a proprietary text-mining method to identify 7 patent types in Derwant patent abstracts, 

using semantic structures, keywords and IPC codes. The text-mining method was developed through 3 

phases: 1) Generating a text-mining algorithm, 2) Testing and adjusting the text-mining method and 3) 
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Validating the results from the text-mining algorithm with industry players. Each of the steps is 

described further below. 

 3.2 Generating a text-mining algorithm 

Initially a literature review of patent types in the Biotech industry was conducted. As the Biotech 

industry was developed out of the pharmaceutical industry (see (Hopkins, Martin, Nightingale, Kraft, 

& Mahdi, 2007) for a review), the patent types utilized are closely related in the two industries. 

Norman (2007) identifies 4 patent types in the drug development industry: a. Compound patents (also 

named composition of matter patents), b. Formulation patents, c. Utility patents and d. Process patents 

(Norman, 2007). Additionally, two other patent types has been mentioned relating to biotech drug 

discovery; 1. Platform patents – Protecting “Platforms industrialised high-throughput screening (HTS) 

platforms. These platforms together with most notably combinatorial chemistry and new informatics 

systems enabled, the generation and rapid screening of very large chemical libraries against the larger 

number of new targets”p.571 (Hopkins et al., 2007) and 2. Instrument patents – Instruments refers to 

different ways of delivering drugs, one example being Osmotically. These systems form a major 

segment of drug delivery products - a different innovation type (Verma, 2000), protected by different 

types of patents; namely Instrument/drug delivery patents (Gupta & Bansal, 2002; Kaushal & Garg, 

2003).   

After the 6 patent types were identified we interviewed industry stakeholders, to ensure that our 

identifications of patent types were in accordance with industry approach. Hereafter the actual text-

mining method was developed, initially we randomly selected 85 biotech patents and categorised them 

“manually” into the 6 types. Through recurrent iterations we identified differentiating semantic 
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structures (keywords and sentence pieces) and IPC codes. OECD’s methodology (OECD, 2005) on 

how to identify biotechnology patents, the results from the biotechnology comparative study on patent 

rights done by EPO, USPTO and JPO (EPO, USPTO, & JPO), patent search literature focused on 

Bioscience (Yoo, Ramanathan, & Barcelon-Yang, 2005) as well as Dirnberger (2011) case on human 

recombinant insulin patent landscape was also used when conducting the patent type categorization.  

In total 608 semantic structures was identified as belonging to a patent type: Platform (142), Compound 

(129), Process (98), Formulation (87), Instrument (77) and Utility (75) (A specified list of semantic 

structures belonging to each patent type is available from the authors). Furthermore, a total of 255 IPC 

(International Patent Classification) codes were identified as belonging to a patent type: Compound 

(98), Formulation (10), Instrument (29), Platform (28), Process (87) and Utility (3) (A list of IPC codes 

belonging to each category is available from the authors). Each patent was then examined in regards to 

whether it matched any of the 608 semantic structures and 255 IPC codes and given weighed scores if 

matching occurred (Full description of weighing of scores available from authors).  

 3.4 Testing automatic text-mining method 

The above identified text-mining method of patent type categorization was then put into an algorithm 

to enable the patent type categorization to be handled by a script automatically. To test whether the 

machine method categorization (the algorithm) of patent types equaled a manual categorization two 

tests were performed. First, a test of 1079 patents from 107 biotech firms was conducted: A read 

through and manual categorization into patent types of the 1079 patents was done and thereafter 

compared to the results obtained from the automatic machine coding. Results show that 91% was 

identically classified. Second, a test of a large biopharmaceutical company, Novo Nordisk, was 
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performed, 5% of their patent portfolio was randomly selected and manually classified and 92% of 

these patents were assigned same categorization as the automatic categorization. 

3.5 Validating text-mining method with industry players 

To ensure that the results from the automatic text mining method also equaled what the industry players 

would identify as certain patent types, 3 external tests, two small biotech firms and one large 

pharmaceutical firm, was conducted. Results showed the following: Biotech firm A: With a total patent 

portfolio of 11 patents, the firm’s IP counsel categorization equaled the automatic categorization in 9 

out of 11 patents. In biotech firm B: With a total patent portfolio of 13 patents, when categorized by the 

firm’s IP counsel 9 out of 13 patents are categorized as automatic categorization.  

Large pharmaceutical, 1/6 of their patent portfolio (50patents) was randomly chosen for the test, 35 

patents out of 50 was categorized as the automatic categorization (detailed method of validation 

process and results available from authors). Results show a satisfactory output from the machine patent 

type categorization.   

3.6 Variables 

Dependent variable: Forward citation is used as the dependent variable to measure the value of the 

individual patent (Harhoff et al., 1999; Lanjouw & Schankerman, 1999).  

Independent variables: Dummy variable coded 1 for each of the 7 patent types:  

1) Compound Patents Category: It includes new compounds, molecule, proteins, peptides, enzymes, 

receptors, derivatives, analogues, variants; new finished products, cosmetic compositions, skin-treating 

preparations; mixtures and preparations giving known components a novel usage.   
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2) Utility Patents Category: It includes the usage of the compounds and the technologies developed; 

treatments and methods to alleviate symptoms to/for various diseases; the use of an entity to prepare or 

manufacture another useful product.  

3) Process Patents Category: The process patents include the unique method of producing a certain 

compound; improving, evaluating, purifying or quantifying a certain compound.  

4) Formulation Patents Category: This category includes patents describing new dosage forms, 

pharmaceutical preparations; immunogenic components, diluents, aqueous solution or other forms; 

carrier, synthetic membrane vesicles; vehicles for controlled delivery of active substances, sublingual 

compositions or for parietal administration.  

5) Instrument Patent Category: Includes devices for drug delivery, injections, cartridges, inhaler; 

apparatus for monitoring different health or related parameters; includes prostheses, orthopedic, 

nursing or contraceptive devices; other hardware patents.  

6) Platform Patents Category: It includes methods for analyzing, selection of compounds and entities 

(eg. Nuclear receptors, Phages); methods of identifying molecules (chemical compounds, peptides, 

ligands, modulators, prodrugs) generation of new libraries (eg. Phage display library) or other assays 

(eg. sandwich assay); construction and utilization of new plasmids, constructs, expression vectors or 

cassettes, retroviral or recombinant vector involved in a specialized task; specialized techniques for 

generating transgenic, congenic organisms, or creating new mutants or cells. Techniques for generating 

recombinant protein or virus; other technologies include site-directed mutagenesis, hybridoma, phage-

display library.  
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7) Mixed type. As some patents are mixed equally between several identified categories a mixed 

category is included.  

Imitability: Three basic demands should be fulfilled before a patent can be granted: 1) novelty 2) non-

obvious and 3)Industrial applicable (Greenhalgh & Rogers, 2009). A patent right granted gives the 

right to the patent owner to prevent others from selling, using, making or distributing the patented 

invention without obtaining permission from the patent right holder. However, this does not mean that 

the patent right holder have the right to use the invention protected by the patent, as the patented 

invention might fall into the scope of a previous patented invention (Greenhalgh & Rogers, 2009). The 

competitive environment a patent belongs to in an industry with cumulative innovations, can therefore 

be characterized as a patent landscape with granted patent rights sometimes overlapping each other’s 

inventions and therefore patent rights. For example, a second patent in a cumulative innovation process 

will have the scope of the patent narrowed, in such a way that it is ‘sharpened’ to protect only the 

invention novel, non-obvious and industrial applicable in comparison to prior patent(s) applied in that 

technological landscape. In patent literature,  a single patent’s relationship to previous inventions and 

how unique(if few citations) or imitable(if many citations) a patent is, has been identified as a function 

of number of backward citations as these citations each can refer to a subject matter that might restrict 

the scope of the patent (Harhoff et al., 2003). Imitation is therefore a function of how crowded the 

technological landscape is, and the uniqueness of the invention. The dummy variable used in this 

research for imitability, is generated by using number of X citations in patent, IMI_DUM=1 if above 3 

quartile, and IMI_DUM=0 if below 3 quartile. X citations are “Particularly relevant documents when 

taken alone (a claimed invention cannot be considered novel or cannot be considered to involve an 
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inventive step)” p. 8 (Webb et al., 2005) therefore a citation that challenges the non-imitability of the 

invention.  

Controls: SCIENCE_CON is the connection to science, counted by number of non patent related 

backward citations. FIRMSIZE is the number of employees in the firm, the given year a patent is 

applied. 

 

4. Results and Discussion  

4.1 Descriptive results 

Table 1 provides descriptive data for all variables. 

--place Table 1 about here-- 

Several interesting features of our sample emerge from reading of this table. First, with respect to our 

dependent variable, forward citations on patents, resemble findings in prior studies using forward 

citations as dependent variable measure. Forward citations in patents are highly positive skewed, with a 

high number of zero observations (e.g. Schneider (2008)).  

From our sample we can also see that certain patent types are frequently occurring while others 

infrequent. Compounds stands out by accounting for 48% of the total sample, the other patent types are 

also unevenly distributed; Platform accounts for 22%, Utility 14%, Formulation 10%, Process 3%, 

Instrument 2% and Mix 1%. There are several explanations for this uneven distribution, the patent 

types taken out early in the R&D process; Platform and thereafter Compound are most frequent as 

these innovation types are the one first occurring in R&D projects. Technological change is highly 
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uncertain (Rosenberg, 1996) and consequently R&D projects may be closed before the innovation 

process address the main issues of Formulation, Instrument, Utility and / or Process patents. 

Additionally, Compound patents may also be more attractive, since they protect a core technology and 

are, especially if Formulation patents is not possible to obtain, the main protection for a drug candidate. 

According to Norman (2007) “patents claiming products and product derivatives provide the greatest 

scope for enhancing patent protection. Follow on applications, or applications claiming enantiomers, 

salts, solvates, crystalline forms or prodrugs, are all valuable in effecting patent protection strategies 

for key products”. The reason for Platform patents being outnumbered by Compound patents is also 

straight forward; a single Platform is capable of generating many targets which are then to be 

developed into inventions protected by Compound patents, resulting in one enabling technology 

leading to many potential Compound patents. 

Table 2 presents correlation matrix variables. Few correlations are significant; none approaches a 

common 0.70 criterion for multicollinearity.  

--place Table 2 about here-- 

4.2 Are patent types protecting results of cumulative knowledge formation more valuable? 

Our first estimations are presented in Table 3. A significant z-test indicates that the zero-inflated model 

is a better choice of model. We cluster for firm behind the patent, and include robust function to adjust 

for heterogeneity in the model. We use STATA’s exposure option, to account for the year of patent 

application.   

--place Table 3 about here-- 
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We estimate the effect of the type of patent on the number of forward citations received by a focal 

patent using a zero-inflate negative binomial regression. We take the Utility type as a benchmark to 

compare the effect of the 6 other patent types. Through the use of interactions, we estimate the effect of 

patent types in low and high imitable environments. Table 3 reports the results of the model. Columns 

1 and 2 report the estimates relative to the “count-part” of the zinb model - i.e. they express how 

patent-type affects the achievement of an additional citations - while Columns 3 and 4 express the 

likelihood of a patent to receive zero citations. The coefficients reported in Columns 2 and 4 refer to 

the interaction terms: they express the difference of the effect of each patent type in high vs. low 

imitable environment.  

--place Table 4 & 5 about here-- 

Table 4 and Table 5 presents results from WALD tests and calculation of the coefficients of the 

relationships tested significant
2
.  

To analyze the results, we go back to the theoretical discussion on different patent types’ forward and 

backward interdependencies in cumulativeness as summarized in Figure 1, which emphasize the 

interdependencies between Formulation and Compound patents (Granstrand, 1999; Norman, 2007), but 

also Platforms and Compounds (Nightingale, 2000; Norman, 2007). Calculating the relative value rank 

of the 6 patent types central to our analyzes
3
 we find that Formulation, Compound and Platform are 

significantly more valuable than that of Utility and Process patents (see Column 1 in Table 3 and Wald 

tests & calculations of coefficients presented in Table 4). The coefficients indicate that Formulation is 

                                                            
2
 Formula for calculating coefficients, when relationship between patent types are tested significant in Wald test 

βpat_type_x + βpat_type_x_imi – (βpat_type_y + βpat_type_y_imi)  

3
 We choose not to analyze the results of patent type Mix, as this category is assigned to patents when belonging equally 

several patent types. Thereby not indicating one type of patent but several. 
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most valuable, Platform patents second most valuable and Compound patents ranking third, even 

though they are not significantly different from each other.  

Process patents are often a patent type protecting a method of manufacturing a large scale production of 

a compound. Compound patents do sometimes entail a single process for the 

preparation/manufacturing of the compound, but this process is most often not applicable to large scale 

production (Norman, 2007). R&D addressing large scale manufacturing methods (leading to process 

patents) are therefore detached from the rest of the knowledge accumulation in a drug discovery 

process and is also shown to be lowest valued. Our hypothesis 1 that patent types protecting cumulative 

innovations, with both backward and forward interdependencies, are most valuable is confirmed.  

4.3 Does increasing risk of imitation early in a process of knowledge accumulation detract 

comparatively more from the value of patents? 

Results in column 2 (Table 3) shows how the different patent types are affected by an increased risk of 

imitation. To identify the relative values of each of the patent types, the model was also done with F 

and P as a benchmark. These tests together with Wald tests (showing the significant different in 

between patent types) show the relative value of the different patent types (see results in Table 5). From 

RBV we would expect that cumulative patents are differentially affected by competition, since early 

stages of the accumulation of assets transform them by comparatively shorter steps from the state in 

which they were acquired from factor markets. Therefore results would show that such early asset 

transformations would be more vulnerable to imitation, especially in a closely related technology 

space. Estimates demonstrate that the earliest patent type, Platform patents, are comparatively more 

negatively impacted by imitation (-0.828**), than that of any other patent type (see table 3). Compound 
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patents are also negatively impacted (-0.296*) in benchmark to Utility patents (see table 3). The strong 

negative effect from high imitation on Platform patents has the result that they become significantly 

less valuable than that of Formulation and Compound patents (See table 5). Platform patents, which are 

early asset transformations (see also Figure 1), turnout to be more vulnerable to imitation than other 

patent types. As a result Formulation and Compound patents are significantly more valuable than 

Platform, Mix and Process in an environment of higher level of imitability. Hence, hypothesis 2 is 

confirmed. 

The relative rankings of patent types in settings of low-imitability vs. high-imitability are presented in 

Figure 2 below. The two columns to the left shows the ranking in low-imitability, where Formulation, 

Platform and Compound patents are most valuable (results for hypothesis 1), and the significance 

between the levels. The two columns to the right show the relative value ranking of patent types in 

highly imitable environment, and their significance level in between. The arrows in the middle indicate 

shifts in the ranking of the individual patent types as an effect of imitability.   
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5. Conclusion 

The purpose of the present study is to perform the first empirical study of patent types, cumulative 

innovations and the effect of imitability on value, focusing on the protection of each individual type of 

invention. Data refer to 1322 patents from 110 Scandinavian biotech firms. With a unique text-mining 

method we are able to identify 7 distinct patent types, each representing a degree of cumulativeness. 

Platform, Compound and Formulation patents form a cumulative configuration, and thereby serve as 

tests for backward and forward interdependencies in R&D. Instruments and Utility patents can be 

cumulative (but often are not), whereas Process patents, protecting large scale manufacturing processes 

most often are detached from the cumulative knowledge process in R&D.  

Previous studies based on large scale quantitative patent data have not been able to address the 

cumulative dimensions of inventions. Our approach offers the possibility to assess the effects of 

cumulativeness and backward and forward interdependencies on patent value. We find that patents 

appearing in cumulative configurations are more valuable than those that do not. 

Secondly, we examine effects on value of cumulativeness, subject to different levels of imitability. 

Cumulative patents are differentially affected by imitability since early stages of the accumulation of 

assets transform them by comparatively shorter steps from the state in which they were acquired from 

factor markets. Our results confirms this causal relationship, as the patent type protecting the early 

stages of knowledge accumulation, Platform patents, are comparatively more negatively impacted by 

increasing imitability than are other patent types.   



20 
 

Tables and Figures 

 



21 
 

 

 

 

  



22 
 

 

 

 



23 
 

 

 

 

 

 

  



24 
 

References 

Arrow, K. 1962. Economic Welfare and the allocation of resources for invention, The rate and 

direction of inventive activity and social factors: Princeton Universtiy Press. 

Arundel, A. & Kabla, I. 1998. What percentage of innovations are patented? empirical estimates for 

European firms. Research Policy, 27(2): 127-141. 

Bruno Cassiman, R. V. & Zuniga, P. 2007. In Search of Performance Effects of (in)direct Industry 

Science Links. 

Caballero, R. J. & Jaffe, A. 1993. How High are the Giants' Shoulders: An Empirical Assessment of 

Knowledge Spillovers and Creative Destruction in a Model of Economic Growth. NBER Working 

Papers. 

Cohen, W. M., Nelson, R., & Walsh, J. P. 2000. Protecting their intellectual assets: Appropriability 

conditions and why US manufacturing firms patent (or not). . National Bureau of Economic Research. 

Dierickx, I. & Cool, K. 1989. ASSET STOCK ACCUMULATION AND SUSTAINABILITY OF 

COMPETITIVE ADVANTAGE. Management Science, 35(12): 1504-1511. 

Dirnberger, D. 2011. A guide to efficient keyword, sequence and classification search strategies for 

biopharmaceutical drug-centric patent landscape searches - A human recombinant insulin patent 

landscape case study. World Patent Information, 33(2): 128-143. 

EPO, USPTO, & JPO. Trilateral Project 24.1 Biotechnology Comparative Study on Biotehnology 

Patent Practices Comparative Study. 

Fabrizio, K. R. 2009. Absorptive capacity and the search for innovation. Research Policy, 38(2): 255-

267. 

Feldman, M. P. & Yoon, J. W. 2011. An empirical test for general purpose technology: an examination 

of the Cohen-Boyer rDNA technology, . Industrial and Corporate Change. 

Granstrand, O. 1999. The Economics and Management of Intellectual Property towards Intellectual 

Capitalism: Edward Elgar: Cheltenham, UK. 

Green, J. R. & Scotchmer, S. 1995. ON THE DIVISION OF PROFIT IN SEQUENTIAL 

INNOVATION. Rand Journal of Economics, 26(1): 20-33. 

Greenhalgh, C. & Rogers, M. 2009. Innovation, Intellectual Property, and Economic Growth: Princeton 

University Press. 



25 
 

Gupta, P. & Bansal, A. K. 2002. Patent Opportunities in Matrix-Based Oral Controlled Release Drug 

Delivery Systems, Part I. Pharmaceutical Technology Europe, 14(9): 49. 

Hall, B. H. & Ziedonis, R. H. 1999. The patent paradox revisited: an empirical study of patenting in the 

US semiconductor industry, 1979-1995. Paper presented at the Conference on Patent Systems and 

Innovation, Santa Barbara, California. 

Hamilton, S., Armstrong, J., Gerren, R., Janssen, A., Peterson, J., & Stanton, R. 1996. An overview of 

automated biotechnology screening. Laboratory Robotics and Automation, 8: 287-294. 

Harhoff, D., Narin, F., Scherer, F. M., & Vopel, K. 1999. Citation frequency and the value of patented 

inventions. Review of Economics and Statistics, 81(3): 511-515. 

Harhoff, D., Scherer, F. M., & Vopel, K. 2003. Citations, family size, opposition and the value of 

patent rights. Research Policy, 32(8): 1343-1363. 

Harhoff, D. & Wagner, S. 2009. The Duration of Patent Examination at the European Patent Office. 

Management Science, 55(12): 1969-1984. 

Helpman, E. 1998. General purpose technologies and economic growth. 

Hopkins, M. M., Martin, P. A., Nightingale, P., Kraft, A., & Mahdi, S. 2007. The myth of the biotech 

revolution: An assessment of technological, clinical and organisational change. Research Policy, 36(4): 

566-589. 

Kaushal, A. M. & Garg, S. 2003. An Update on Osmotic Drug Delivery Patents. Pharmaceutical 

Technology, 27(8): 38. 

Lanjouw, J. O. & Schankerman, M. 1999. THE QUALITY OF IDEAS: MEASURING INNOVATION 

WITH MULTIPLE INDICATORS. NBER Working Paper 7345. 

Lerner, J. 1994. THE IMPORTANCE OF PATENT SCOPE - AN EMPIRICAL-ANALYSIS. Rand 

Journal of Economics, 25(2): 319-333. 

Levin, R. C., Klevorick, A. K., Nelson, R. R., Winter, S. G., Gilbert, R., & Griliches, Z. 1987. 

Appropriating the Returns from Industrial Research and Development. Brookings Papers on Economic 

Activity, 1987(3): 783-831. 

Levin, R. C. 1988. Appropriability, R&D spending, and technological performance. The American 

Economic Review, 78(2): 424-428. 

Montealegre, R. 2002. A process model of capability development: Lessons from the electronic 

commerce strategy at Bolsa de Valores de Guayaquil. Organization Science, 13(5): 514-531. 



26 
 

Nightingale, P. 2000. Economies of scale in experimentation: knowledge and technology in 

pharmaceutical R&D. Journal of Industrial and Corporate Change, 9: 315–359. 

Norman, P. 2007. Patent Protection Strategies - Maximising Product Revenues. 

OECD. 2005. A FRAMEWORK FOR BIOTECHNOLOGY STATISTICS. 

Reitzig, M. 2004. What Do Patent Indicators Really Measure? A Structural Test of ‘Novelty’ and 

‘Inventive Step’ as Determinants of Patent Profitability. INDUSTRIAL DYNAMICS, INNOVATION 

AND DEVELOPMENT, DRUID Summer Conference 2004. 

Rosenberg, N. 1996. Uncertainty and technological change. : The Mosaic of Economic Growth. 

Stanford University Press, Stanford, CA. . 

Rosenberg, N. 1998. Chemical engineering as a General Purpose Technology. In H. Elhanan (Ed.), 

General purpose technologies and economic growth The MIT Press, Cambridge, Mass. 

Schankerman, M. & Pakes, A. 1985. THE RATE OF OBSOLESCENCE AND THE DISTRIBUTION 

OF PATENT VALUES - SOME EVIDENCE FROM EUROPEAN PATENT RENEWALS. Revue 

Economique, 36(5): 917-941. 

Schneider, C. a. L., K.U. . 2008. Mixed R&D incentives: the effect of R&D subsidies on patented 

inventions. Electronic copy available at: http://ssrn.com/abstract=1311784. 

Scotchmer, S. 2004. Innovation and Incentives. Cambridge, Massachusetts: The MIT Press. 

Thoma, G. 2009. Striving for a large market: evidence from a general purpose technology in action. 

Industrial and Corporate Change, 18(1): 107-138. 

Verma, R. M., B; Garg, S 2000. Osmotically controlled oral drug delivery. DRUG DEVELOPMENT 

AND INDUSTRIAL PHARMACY, 26(7): 695-708. 

Webb, C., Dernis, H., Harhoff, D., & Hoisl, K. 2005. ANALYSING EUROPEAN AND 

INTERNATIONAL PATENT CITATIONS: A SET OF EPO PATENT DATABASE BUILDING 

BLOCKS STI WORKING PAPER 2005/9  

Yoo, H., Ramanathan, C., & Barcelon-Yang, C. 2005. Intellectual property management of 

biosequence information from a patent searching perspective. World Patent Information, 27(3): 203-

211. 

 

 



 

Standard essential patents to boost 
financial returns 

 
Knut Blind1, Peter Neuhaeusler2, Tim Pohlmann3 

 

ABSTRACT 

Companies’ financial performance is strongly connected to their innovative capacity which is 

often based on the development and implementation of advanced or even leading edge 

technology. Especially in ICT (information and communication technology) markets where 

technology often overlaps it is crucial to own IPRs (intellectual property rights) to maintain 

market positions. We measure several indicators of patent value such as forward citation and 

family size. We especially focus on information on the technology position of a patent, 

measured by the patent’s essentiality to a technology standard. Based on these indicators, we 

then predict their influence on a company’s return on assets. We are able to prove that 

companies which declare standard essential patents to formal and informal SSOs (standard 

setting organizations) significantly increase their return on assets. This effect lasts for two 

years, while coefficients are stronger for patents declared to informal SSOs. We further 

evidence an inverted U shape distribution and our statistical calculation confirms that there is 

a threshold for the positive incremental effect of the declaration of essential patents on 

financial performance. 
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Introduction 

A company’s innovative capacity is crucial to maintain competitive advantages in knowledge 

resources, technology advances, price competitions and market positions. In recent years 

scholars have increased their examination about the role of intellectual property rights (IPR) 

on companies’ market position and financial performance (Hall et al., 2005; Blind et al., 

2006; Reitzig and Puranam, 2009). While most of the research examines different factors of 

patent value, little analysis was conducted that sheds light on the positioning of patents in 

competitive markets. In fields where technologies and products are complementary, 

innovation is often overlapping (Graevenitz et al., 2011). Patent protection might thus lead to 

a so called “patent thicket” where the commercialization of a technology requires license fees 

from multiple patentees (Shapiro, 2000; Graevenitz et al., 2011). Especially in the context of 

standard setting, essential patents can hold-up the use of a technology, even if the patent only 

protects a minor component (Farrell et al., 2007). Essential patents are those that would be 

necessarily infringed when a company adopts or implements a standard. Policy makers, legal 

experts and academics have raised concerns that essential patent holding companies are able 

to abuse the indispensable character of their patents to control the market. However, most 

SSOs oblige essential patent holders previous to a standard adoption to sign agreements to 

license their patents under fair, reasonable and non-discriminatory (F/RAND) or even royalty 

free (RF) terms. Despite these commitments there is an ongoing discussion about the 

definition of reasonable licenses (Layne-Farrar, 2007).  

The goal of standard setting is to commonly agree on the specifications of a 

technology to be standardized. This is often crucial to enable interoperability and to unlock 

innovation in complex technologies based on various components provided by different 

suppliers. However, the process of standard setting can be very costly for participating 

companies, since standard development seizes employee workforce and creates travel costs 

for regular meetings and presentations around the world.4 Companies’ benefits from standard 

setting are versatile, such as facilitation of technology and products, strengthening of user 

confidence and user acceptance and consequently the emergence of new and the growth of 

already existing markets (Blind, 2004). In the field of ICT stakeholders view positive impacts 

from standard setting such as increasing product variety and developing global outsourcing 

opportunities (Blind et al., 2010). Due to the public good character of a standard, these 

benefits accrue to all companies that are active in the respective market. Some companies 
                                                           
4 As to Chiao et al. (2007) IBM spent more than 500$ million on standard setting expenses, which represents 
8,5% of their R&D budget in 2005. 



2 
 

highly invest in standard setting processes while others do not. Including essential patents in a 

standard is a practice to recoup a company’s investments in standards setting.  

Yet, there is only little research that examines the impact of standard setting 

investment on a company’s financial performance. Waguespack and Fleming (2009) show 

that participation in standards consortia increases the likelihood of a buy-out of start-ups, 

without analyzing performance measurements. Aggarwal et al. (2011) provide empirical 

evidence of companies’ participation in standard setting and the influence on returns on stock 

markets. Our paper extent analysis of participation in standard setting and further examines 

the impact of investments in standardized technologies on a company’s financial 

performance.  

  While applying valid measurements of patent value such as the average number of 

forward citations and the average patent family size of a company's patent portfolio (Narin 

and Noma, 1987; Trajtenberg, 1990), we further add information of a patents’ inclusion in a 

standard. We therefore compile over 65.000 patent declarations from formal SSOs (standard 

setting organizations)5 and informal SSOs6. All organizations provide public databases about 

patent number, declaration date and company of declaration. We create a data panel built 

upon company level data and gather information on the total amount of sales, R&D 

expenditure, number of employees and return on assets per year and per company between 

2000 and 2007. We use the DTI-Scoreboard7 dataset including various indicators for 500 

companies and their performance from 1990 to 2007 and match these companies to 

memberships in the above listed formal and informal standard bodies. We thus assure that 

every company is active in standard setting and is thus able to include their patents into a 

standard. This data constrain leaves 965 observations for 1578 firms. To obtain data on patent 

characteristics such as forward citations and patent families we use the "EPO Worldwide 

Patent Statistical Database" (PATSTAT). The financial data of the companies was added from 

the Standard & Poor’s COMPUSTAT Global and COMPUSTAT North America databases. 

To assess the impact of essential patents on a company’s financial performance we 

conduct a fixed effects panel regression and use return on assets as our explained variable. We 

                                                           
5 ISO, IEC, JTC1-a joint committee of ISO and IEC, CEN/CENELEC, ITU-T, ITU-R, ETSI, and IEEE. 
6 IETF, TIA, OASIS, OMA, the Broadband Forum and the MSF Forum. 
7 The DTI-Scoreboard is provided annually by the British Department for Innovation, Universities & Skills (DIUS) 
and the Department for Business, Enterprise & Regulatory Reform (BERR). For the year 2008, it lists the Top 
1400 international companies according to their R&D expenditures by industry (the number of companies is 
smaller in preceding years). In addition to the R&D expenditures, further company-specific values, like sales 
and the number of employees, are shown. http://www.innovation.gov.uk/rd_scoreboard/ 
8 We match these companies to the database of 65.000 patent declarations. Out of the 157 companies, 85 own 
essential patents and in sum declare 41.711 patents to the listed standardization organizations.  
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employ the time variant patent characteristics and company information as explanatory 

variables. Our results give evidence that declaring essential patents to both formal and 

informal SSOs have a significant positive effect on financial returns. We also include the 

square of the explanatory variables of essential patents in our regression and find a significant 

negative effect, which confirms the inverse U-shaped dependency. When comparing the 

coefficients of our explanatory variables, we further find the impact of essential patents 

declared in informal standard bodies to be stronger compared to patents in formal standard 

bodies. To also assess the lasting effect of essential patents on financial returns, we further 

test models with time lags. The significant level remains robust up until a time lag of two 

years. Essential patents start to have no significance when lagged by three years or more. 

The remainder of this paper is structured as follows. In our theoretical section we 

discuss the measurement of financial performance and patent value indicators. We then 

describe our database and our methodological approach. Afterwards we calculate different 

models to test our research question. Finally, we conclude and give implications.   

  

Theoretical Background 

The influence of a company’s technology assets on its financial performance is a wide studied 

field. Analysis of Griliches (1981) and Narin and Noma (1987) were among the first to 

measure different indicators of patents to influence a company’s sales, profits or market value. 

In the following we will discuss the measurement of financial performance as well as several 

indicators of patent value and patent positioning. 

  

The Return on Assets 

To assess the value of a company, a large number of indicators have been used hitherto. 

Within this analysis we intend to focus on the return on assets (ROA) as a measure of the 

financial performance of companies. 

ROA is a measure of contemporaneous profitability, or in other words, present day 

profits. It is formally defined as earnings before interest and taxes π divided by the total assets

A of a company. Assuming that a company will live indefinitely and there is no uncertainty, 

the following relationship is expected to hold for any company i : 

0 0 0/i i iROA Aπ=      

This measure is closely related to another widely used measure for the financial 

success of a company, namely Tobin's q. Although both are often used as largely equivalent 
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metrics in the literature, an important difference exists. Tobin's q takes into account all future 

profit flows and therefore includes future expectations about earnings, while the ROA is 

concentrated exclusively on present day profits. As future profit margins are difficult to 

predict and often reflect herd instinct, speculative bubbles, or other general expectations of the 

market, we exclusively focus on ROA for our analysis. 

 

Patents and Patent Value Indicators 

Patent applications and patent grants probably are the most important indicators for the 

technological output of innovation processes within companies, countries and innovation 

systems in general. Especially in high-tech areas, the number of patents can be assumed to 

exert a positive influence on the financial performance of a company (Hall et al. 2007). Large 

patent portfolios, however, not only reflect increased efforts in R&D activities and thus a 

greater innovative output. A large patent output can also be considered as a positive signal to 

the market. Furthermore, large patent portfolios are strategically useful, for example, to block 

other market participants' innovative endeavors or to displace smaller competitors in relevant 

markets (Blind et al. 2006). Finally, the chances for license or commercial agreements with 

other companies can be increased and especially in the case of small companies, patents are 

able to ease the access to the capital market and increase a company's reputation. 

Since patents, however, differ from one another both in economic and technological 

value, simple patent counts could lead to a distorted picture of the technological base of a 

company. Therefore, some additional indicators have been proposed to correct for the quality 

or value of patents. At the level of company's patent portfolios, especially patent forward 

citations and family size have proven to be the most promising features to indicate a patent's 

value (Narin and Noma, 1987; Trajtenberg, 1990).  

Patent forward citations probably are the most common and widely used indicator to 

determine the value of a patent (Alcacer et al. 2009; Hall and Ziedonis 2001). The number of 

forward citations (citations a patent receives) is assumed to measure the degree to which a 

patent contributes to further developing advanced technology. Therefore, forward citations 

can be regarded as an indicator of the technological significance of a patent (Albert et al. 

1991; Blind et al. 2009). 

Another important patent characteristic that has been proven to be a useful value 

indicator at the enterprise level is family size. It is determined by the number of countries or 

patent offices, at which a patent has been applied (Putnam 1996). For each of these countries, 

however, application and maintenance fees have to be paid to the respective offices. 
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Therefore, an application for a patent in a foreign country means that the applicant tries to 

secure that market to sell his invention and is prepared to bear additional costs. In this sense, it 

is assumed that a patentee only files a patent abroad if he expects a corresponding return on 

the sale of the protected technology. Put simply, a large patent family means a greater market 

coverage which is associated with preliminary costs. 

 

Essential Patents 

Essential patents are these that a company would necessarily infringe when adopting or 

implementing a technology standard. Especially in the field of ICT standards may incorporate 

high technology components which are protected by a large number of patents (e.g. GSM, 

UMTS, W-LAN, MPEG). While standards have to ensure interoperability and should be open 

to all interested stakeholders, granted patents provide its holders a temporally limited 

monopoly right on the technology. In the field of standard setting, companies have to declare 

IPRs that might affect the standardized technology and agree to license their rights under fair, 

reasonable and non-discriminatory conditions. These F/RAND agreements are still far from 

conclusive and there is an ongoing discussion about what a reasonable license for an essential 

patent should be (Layne-Farrar et. al, 2007). It is still a common believe that essential patent 

owning companies are able to exploit their positions of technology ownership when standards 

are commercialized. Indispensible for technology selection in standard setting is the mutual 

agreement of all participants. The decision to include a patent in a standard is thus a 

consensus decision and a validation of a patents technological merit. However, Dokko and 

Rosenkopf (2010) can prove that companies owning patents have a stronger influence on the 

decisions in standardization processes. Recent literature findings further show that patents 

increase in their value when they are included in a standard (Rysman and Simcoe, 2008; 

Layne-Farrar and Padilla, 2011). Bekkers et al. (2001) furthermore give evidence that a 

company’s position in a particular market strongly depends on the number of essential 

patents.  

 Literature sources show that owning patents in ICT markets (Hall. et al., 2007) and 

participating in standard setting (Aggarwal, 2011) may increase financial performance. The 

declaration of a patent to be standard essential requires technical but also cooperative 

performance of a company. When positioning a patent to be essential to a standard, patent 

owning companies might be in the position to control whole markets that are established upon 

the standardized technology. While considering patent value indicators such as citations and 
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family size, we believe that companies which declare their patents to be essential tend to have 

a higher return on assets. We thus derive our basic hypothesis: 

 
Hypothesis 1: 
Essential patents have a positive incremental effect on a company’s financial 

performance in terms of return on assets. 

 

Berger et al. (2011) analyze essential patents and show adjustment strategies such as 

long pendency periods and higher number of amendments in the patent filing process. This 

proves that companies try to direct their patent claims to be essential to a standardized 

technology. These strategies demonstrate that patents are only marginally essential to the 

standard in question. There is further evidence in the literature that essential patents differ in 

their technological contribution to the standardized technology (Bekkers et al., 2011). An 

empirical study by Goodman and Myers (2005) evidences over-declaring of essential patents 

in the field of 3G technologies. Patents of companies that declare a too high number of patents 

to be standard essential might thus be of less importance. Over declaration also increases 

patenting cost, especially with long pendency periods. Patent cost increase linear, while we 

expect a threshold for the positive impact of patent declaration on a company’s financial 

returns. We thus propose the following hypothesis: 

 

Hypothesis 2: 
Over declaring of essential patents has a negative incremental effect on a 

company’s financial performance in terms of return on assets. 

 

Patents may be essential to formal or informal standards. Lerner and Tirole (2006) are the first 

to introduce the option of SSOs selection as a concession parameter in relation to technology 

ownership. An owner of a strong technology will select an SSO aiming to capture much of 

users’ welfare via collecting licensing revenues. In case of a weak technology or the existence 

of strong alternatives, the technology owner has to make concessions to users, e.g. by signing 

a royalty free agreement for his patents included in a standard. Chiao et al. (2007) provide 

empirical evidence for the hypotheses derived from the model on the decision parameters of 

SSO selection. Companies may thus choose to introduce their technologies to standards in 

formal or informal SSOs in view of the most beneficial financial returns. 
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 The standard setting arena is divided into formal and informal SSOs that work on 

complementary technologies (Blind & Gauch, 2008). Estimations claim that over 60% of all 

standards in the ICT sector are developed in informal SSOs (Tapia, 2010). Formal and 

informal SSOs pursue different standardization processes but also differ in their IPR rules. 

While technology selection in formal standardization is a result of consensus agreement, 

informal SSOs only demand majority voting. Formal standardization is open to all interested 

stakeholder, while informal SSO membership is more exclusive. Due to these differences 

formal standardization is often seen to be more bureaucratic and thus slower in decision 

making processes, while informal SSOs often face shorter standardization processes (Cargill, 

2002). In formal SSOs licensing fees for essential patents are capped by F/RAND 

commitments. Informal SSOs also allow less restrictive licensing agreements. When 

considering the finding of Lerner and Tirole (2006), we believe that companies with strong 

technologies would rather choose informal SSOs where the likelihood of claiming higher 

royalties and pushing a technology via majority voting is adventurous: 

 

Hypothesis 3: 
The incremental impact of declaring essential patents in informal standards has a 

stronger effect on companies’ financial performance compared to patent 

declarations on formal standards. 

 

Patents in the field of ICT may have a strong effect on a company’s financial performance 

(Hall et al., 2007). However, ICT markets are usually subject to short product lifecycles and 

the survival of technologies is often at pace. We thus believe essential patents to have a 

limited lasting effect on a company’s financial performance: 

 

Hypothesis 4: 
Essential patents have a limited lasting effect on companies’ financial 

performance. 

 

Data Sources and Variables 

For the empirical analysis, a panel dataset consisting of 479 companies from 1990 to 2007 

based on the DTI-Scoreboard was constructed, including, inter alia, data on R&D 

expenditures, sales and turnover of the respective companies. The base year for the 

construction of the dataset is 2001, in which a total of 500 companies were listed in the DTI-
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Scoreboard. Data on previous and following years were in a second step added to that record. 

If one of the 500 companies had not been listed in the DTI-Scoreboard in the years before or 

after 2001, the respective observations were treated as missing. Fortunately, each year's 

scoreboard provides information on the R&D expenditures for the previous four years, so at 

least some information could be added to fill the gaps. Since some observations are still 

missing in some time periods, the panel is unbalanced. We further assure that every company 

is active in standard setting and is thus able to include their patents into a standard. This data 

constrain leaves 965 observations for 157 companies. 
In the case of mergers and acquisitions between the companies listed in the DTI-

Scoreboard, all data for the respective companies were added. With this method, the 

companies were treated as if they had already been merged at the beginning of the observation 

period.  This approach was chosen to preserve comparability over time, as the separation of 

the individual company information is no longer possible after a merger (compare Frietsch, 

2006). Mergers and acquisitions with companies that were not listed in the DTI-Scoreboard, 

however, had to remain uncontrolled. As the DTI scoreboard already contains the most 

important R&D players, not listed enterprises should be smaller, and therefore distortions 

should be limited. 

The relevant information on patenting behavior and the financial performance of 

companies were added to this database. Relevant patent data were extracted from the "EPO 

Worldwide Patent Statistical Database" (PATSTAT), which provides information about 

published patents collected from 81 patent authorities worldwide. The annual sum of patent 

applications filed by each company in a given year at the European Patent Office (EPO) was 

calculated. The same was done for the patent value indicators, i.e. for patent forward citations, 

family size, patent oppositions etc. PCT citations were included if the EPO search report 

makes reference to the PCT document. All patent data reported are dated by their priorities, 

i.e. the year of world-wide first filing.  

The companies were identified via keyword searches. The keywords not only included 

company names in different spelling variations but also the names of the companies’ 

subsidiaries, that are held by the parent company with a direct share of at least 25%. This is to 

preserve the comparability of patent data with the financial data from the companies’ balance 

sheets. Information on the names of the relevant subsidiaries by company was added from the 

LexisNexis (lexisnexis.com) and Creditreform Amadeus (creditreform.com) databases. 

We further add information on a patents’ inclusion in a standard. We therefore extract 

over 65.000 patent declarations from formal SSOs such as ISO, IEC, JTC1-a joint committee 
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of ISO and IEC, CEN/CENELEC, ITU-T, ITU-R, ETSI, IEEE. In addition, we add patent 

declarations from informal SSOs such as IETF, TIA, OASIS, OMA, the Broadband Forum 

and the MSF Forum. All of the listed SSOs provide public databases about patent number, 

declaration date and company of declaration.9 In sum, we extract 65,000 patent declarations. 

Out of the 157 companies of our sample, 85 own essential patents and declare 41.711 

essential patents to the listed SSOs. Formal and informal SSOs differ in their IPR policies and 

standardization processes. The listed formal SSOs have consistent IPR agreements and 

standardization rules, while bylaws of informal SSOs may differ. However our differentiation 

of formal and informal SSOs is also grounded on different outcomes. Formal standards have a 

formal legitimacy whereas specifications from informal SSOs might be comparable in terms 

of importance or market acceptance, but still lag the formal accreditation. Lerner and Tirole 

(2006) find incentive for companies to choose between different forums that benefit the merits 

of a company’s technology. We believe it is thus favorable to measure the impact of essential 

patent separately for both kinds of organizations. We further add information of a company’s 

participation in a patent pool. This is due to different licensing agreements when companies 

are pool members (Layne-Farrar and Lerner, 2010). 

The financial data of the companies – like total assets or earnings before interest and 

tax that are needed to calculate the company's ROA were added from Standard & Poor’s 

COMPUSTAT Global and COMPUSTAT North America databases. All monetary measures 

were converted to British pounds (GBP) based on a yearly averaged exchange rate which was 

taken from COMPUSTAT Global Currency database. 

 

Descriptive Statistics 

To better assess the variables of our data set we conduct descriptive statistics. The panel 

incorporates information on 150 companies and their characteristics in terms of EBIT, sales, 

employees and R&D investment as well as technological assets such as patents and different 

value indicators. We further matched our panel with over 65,000 patent declarations from 

formal SSOs and informal SSOs. Table 1 illustrates the summary statistics of our sample 

variables.  

A patent declaration is a statement of a company to own patents that are essential to a 

standard. This statement is not mandatory and in some cases made after a standard had 

already been released. Formal patent declarations should not be mistaken for patent 

                                                           
9 E.g. www.iso.org/patents, http://ipr.etsi.org/, https://datatracker.ietf.org/ipr/search/  
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disclosures. The latter are obligatory and in most cases not public and a more vague statement 

ex ante to standardization activities. IP policies of formal SSOs require an IPR statement 

(patent disclosure) connected to all technical contributions if the existence of patents is 

possible. These statements are rather broad and there is a chance that the technology will not 

be selected or only partly accepted. Therefore, not all of the stated patents are essential. Patent 

declarations in comparison are usually stated ex ante standard release and should thus include 

only essential patents. However, in most cases the issue of essentiality is not tested from 

objective authorities (only in the case of a patent pool). We assume that in most cases 

companies disclose patents at a very early stage of standardization and declare when the 

agreed technology becomes more distinct. We further assume that the market potential of the 

standardized technology might be foreseeable to a certain degree. A patent declaration can 

thus also be interpreted as a commercial interest in the standard. Almost half of the 

declarations in our database do not indicate the patent number. We matched the declarations 

with patent numbers to their patent families and solely identified 7318 essential patents. One 

patent can be declared as being essential to several standards. The number of patent 

declarations is therefore by far higher than the number of essential patents. We proceed the 

same way for patent declarations from informal SSOs. However, disclosure policies might 

differ between informal organizations. 

 A patent pool is a consortium of IPR owners, where companies pool their 

patents to agree on a single license. A patent pool is a phenomenon that mostly appears in 

accompaniment of a standardized technology. Patents in patent pools have to pass a test of 

essentiality for the standardized technology. Since license agreements as well as patent 

declaration behavior changes when companies enter a patent pool, we matched membership 

data of 54 patent pools to the companies of our sample. Companies may be member of more 

than one pool depending on the standardized technology.  

The number of applications (in thousands) is a count of a company’s issued patents per 

year. The number of patents is an outcome of a company's R&D activity. Patent stock of a 

company is the sum of the company's issued patents in the last five years, depreciated by 15% 

each year. This accounts for the fact that knowledge is cumulative. Therefore, it can be 

assumed that patent stock could exert some additional influence on company market value. 

The average number of forward citations is the number of forward citations in a four 

year time window divided by the number of applications with forward citations (also in a 4 

year time window). The time window assures that all patents have the same amount of time to 

be cited.  
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The average family size is the average number of distinct patent offices a company's 

patents were filed at. 

 

Variable Mean Std. Dev. Min Max # Obs. # 
Companies 

ROA 0.08 0.08 -0.52 0.46 2438 146 
# SDO 
declarations 

15.23 282.96 0.00 11413.00 2700 150 

# pool licensor 
seats 

0.66 2.09 0.00 18.00 1200 150 

# consortia 
declarations 

0.34 2.89 0.00 65.00 2700 150 

# patent stock 0.15 0.29 0.00 3.08 2397 147 
R&D (in 
m)/Sales (in m) 

0.07 0.06 0.00 0.85 1878 150 

Sales (in 
m)/Employees 

0.17 0.10 0.00 0.97 1491 139 

# employees 68.30 83.93 0.00 484.00 1939 143 
Avg # FW-
Citations 

3.77 3.11 1.00 72.00 2203 146 

Avg Family 
Size 

5.47 2.18 2.00 26.61 2392 147 

 

Table1: Summary statistics of sample variables 

 

In addition to the independent variables, some control variables are included in the 

model. First of all, the number of employees (in thousands) is included to take differences in 

company size into account. To account for the company’s productivity in general, the share of 

sales (in million GBP) by employee is calculated. To control for increased monetary input 

into the innovation process, the share of R&D expenditures (in million GBP) divided by sales 

(in million GBP) is used, which can be regarded as a proxy of how well a company converts 

results of R&D processes into revenues. 

To better assess the influence of patent declarations on a company’s financial 

performance we plotted the dispersion of our explained variable return on assets and our two 

explanatory variables patent declaration in formal and informal SSOs.  

Figure 1 illustrates that the distribution for both explanatory variables displays an 

inverted U shape. Companies that have a small number of essential patents and companies 

that have a high number of declarations seem to have a lower return on assets, although this 

effect is more pronounced in the case of formal patent declarations. However, we notice that 

especially in the case of patent declaration in formal standard bodies a small number of 



 

observations shape the inverted shape U distribution. Interpretation of these results is thus far 

from conclusive. 

 
Figure1: Distribution of companies

 

We also run a pair wise correlation

variables of the whole sample. For this purpose we use the cumulative values of patent 

declaration and pool licensor seats. Company’s characteristics and patent value variables are 

average numbers. As we already expected from the results in Figure 1, there is no linear 

correlation between return on assets and formal and informal patent declarations. A 

company’s patent stock as well as the average number of employees is positively connected to 

the return on assets. These results could be the result of a size effect: companies that have 

stronger human and technology capital have a higher ROA. R&D investment 

has a weak negative effect. Both patent value indicators seem to work well as they positively 

correlate with a company’s financial performance.

Due to the inverted U shape distribution of our explained variable and several effects 

that correlate with ROA we need to conduct a multivariate analysis to find more conclusive 

results.  
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d pool licensor seats. Company’s characteristics and patent value variables are 

average numbers. As we already expected from the results in Figure 1, there is no linear 

correlation between return on assets and formal and informal patent declarations. A 

pany’s patent stock as well as the average number of employees is positively connected to 

the return on assets. These results could be the result of a size effect: companies that have 

stronger human and technology capital have a higher ROA. R&D investment in comparison 

has a weak negative effect. Both patent value indicators seem to work well as they positively 

Due to the inverted U shape distribution of our explained variable and several effects 

ate with ROA we need to conduct a multivariate analysis to find more conclusive 
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 1 2 3 4 5 6 7 8 
1 ROA 
 

1 
               

2 formal 
patent dec. 

0.13 
 

1 
             

3 pool 
licensor 
seats 

0.14 
 
 

0.014 
 
 

1 
 
           

4 informal 
patent dec. 

0.16 
 

0.204*** 
 

0.04 
 

1 
         

5 patent 
stock 

0.04*** 
 

0.09*** 
 

0.38*** 
 

0.10*** 
 

1 
       

6 av. R&D 
(in m) 

-0.05** 
 

0.06*** 
 

-0.07** 
 

0.16*** 
 

0.06*** 
 

1 
     

7 av. # 
employees 

0.16*** 
 

0.00 
 

0.23*** 
 

0.01 
 

0.50*** 
 

-0.23** 
 

1 
   

8 av.  # 
FW-
Citations 

0.11*** 
 
 

-0.02 
 
 

-0.11** 
 
 

-0.04** 
 
 

-0.06** 
 
 

0.05** 
 
 

-0.09** 
 
 

1 
 
 

9 Avg 
Family 
Size 

0.20*** 
 
 

0.00 
 
 

-0.06** 
 
 

-0.02 
 
 

-0.04** 
 
 

0.01 
 
 

-0.10** 
 
 

0.28** 
 
 

Note: Variables formal and informal declarations and pool licensor seats are cumulative values. R&D 
expenditure and # employees are average numbers. Significance Level: ***p<0.01, **p<0.05, *p<0.1 

 

Table 2:  Pair wise correlation matrix of sample variables 

 

Empirical Analysis 

In order to estimate the effects patents’ standard essentiality on company performance as 

measured by ROA, we use fixed effects panel regression with cluster robust standard errors 

by company. Since the data used for the analysis is in the form of a company-level panel, the 

econometric specifications have to take account of the typical peculiarities of this data 

structure. 

If models are subject to unobserved heterogeneity, which is correlated with the 

explanatory variables, simple Pooled OLS estimators are asymptotically biased. To account 

for this problem linear panel-data models are used in order to eliminate time constant 

unobserved heterogeneity. To decide between fixed or random-effects, a Hausman-Test was 

employed. It shows that the random-effects assumption that explanatory variables are 

uncorrelated with company-specific effects is violated, which would lead to systematically 

biased standard errors. Therefore, only a fixed-effects (FE) estimator leads to unbiased 

estimates, although we have to keep in mind that the fixed-effects estimator cannot control for 

time-invariant covariates. 
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In particular, the linear panel-data model is as follows: 

 it it i ity x c uβ= + +            1, ..., 1, ...i n t T= =  

Where ity is the explained variable of unit i  in period t , itx is a vector of explanatory 

variables, β  is a coefficient vector, ic is a company-specific effect and itu idiosyncratic errors. 

We calculate three models in our multivariate analysis by including and excluding 

different control variables. Proceeding this way we try to capture the influence of companies’ 

varying investments (R&D expenditure), assets (patent applications, employees) or 

performance (sales). We thus want to isolate the effect of our main explanatory variable of 

patent positioning (standard essential) and patent value (forward cites, family size).  

 

Multivariate Results 

In Table 3 the empirical results are presented. In M2 and M3 our statistical tests show that 

R&D productivity (R&D expenditures/sales) has a significant negative influence on ROA. 

This negative effect can be explained by the characteristic of our variable. R&D investments 

are costs which might pay off several year later. For example, a company invests in new 

innovative processes or technologies. Yet, it is unsure whether or not these investments are 

successful and contribute to a company’s performance. R&D investments are above all costs 

which consequently have a negative effect on the ROA. In comparison, our variable of labor 

productivity shows significant positive results. Sales per employees is a good measure to 

account for a company’s labor efficiency. When including the number of patent applications 

we have no significant effects. These results once more evidence that it is not sufficient to 

solely account for a company’s technological performance by solely measuring the number of 

patent filings. We thus also included patent value indicators in our third model. However, in 

our estimation the patent family size has no effect on ROA and the number of forward cites is 

even negatively correlated to our explained variable. Our main explanatory variables are 

patent declarations. There has been evidence in the literature that forward cites are positively 

connected to patents which are essential to a standard (Rysman and Simcoe 2008; Layne-

Farrar and Padilla, 2011). We thus believe that the patent value effects are capture by our 

main explanatory variable, patent declaration. There is also no effect of the number of pool 

licensor seats that a company of our sample holds. However, in order to become a pool 

member companies have to declare their essential patents. Once a firm is a pool member the 

declaration behavior is thus default. The pool variable is used to control this effect.  



15 
 

DV=ROA M1 M2 M3 

 Coef.  S/E Coef.  S/E Coef.  S/E 

# formal 
patent 
declarations1 

0.016 *** 0.005 0.025 *** 0.008 0.028 *** 0.009 

# formal 
patent 
declarations 
sq2 

-0.002 *** 0.000 -0.002 *** 0.001 -0.002 *** 0.001 

# pool 
licensor seats1 

-0.051  2.111 0.420  2.099 0.164  2.321 

# informal 
patent 
declarations1 

1.803 * 1.076 2.822 ** 1.185 2.570 ** 1.176 

# informal 
patent 
declarations 
sq1 

-0.036 * 0.019 -0.052 ** 0.022 -0.047 ** 0.023 

# patent 
applications 

   0.004  0.013 0.004  0.016 

R&D (in 
m)/Sales (in 
m) 

   -0.676 *** 0.114 -0.728 *** 0.124 

Sales (in 
m)/Employees 

   0.158 ** 0.070 0.142 ** 0.068 

# employees1    0.021  0.173 0.054  0.200 
Avg # FW-
Citations 

      -0.005 * 0.002 

Avg Family 
Size 

      0.003  0.003 

Constant 0.083 *** 0.005 0.073 *** 0.025 0.102 *** 0.032 

Time-
Dummies 

YES   YES   YES   

Number of 
companies 

143   135   134   

Observations 1136   929   817   
R² within 0.1354   0.2916   0.3281   
F 6.06 ***  9.73 ***  9.02 ***  
Note: 1 Coefficient multiplied by 1,000 to make effects visible. 2 Coefficient multiplied by 
1,000,000 to make effects visible. The difference in the number of observations can be 
explained by the fact that we use an unbalanced panel, in which data for some observations in 
the respective years could be missing.  Significance Level: ***p<0.01, **p<0.05, *p<0.1 
 

Table 3: Results of the fixed-effects panel regression models 

 

All of our three models confirm the positive effect of our explanatory variables patent 

declarations in formal and informal SSOs. We are able to confirm our first hypothesis H1: 

Companies’ patents which are essential to a formal or informal standard significantly increase 

the ROA. We also included the square number of declarations to account for the inverted U 

shape dispersion as to Figure 1. Our empirical findings further confirm our second hypothesis 
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H2: The squared number of patent declarations has a significant negative effect on ROA. 

Results prove our assumption that owning a too high number of standard essential patents has 

a negative effect on ROA. 

Companies may be able to choose to participate in different SOOs depending on the 

strength of their technology and assumptions of technology returns (Lerner and Tirole, 2006). 

We believe that the ability to influence technology selection is superior in informal SSOs. 

Furthermore ex ante commitments to license essential IPR are less restrictive in informal 

SSOs. We thus concluded that a company with strong technology assets rather declares its 

patents to informal SSOs. Our results prove the stronger positive effect of declaring patents to 

informal SSOs. We thus confirm H3: The incremental impact of declaring essential patents in 

informal standards has a stronger effect on companies’ financial performance compared to 

patent declarations on formal standards.  

 In our theoretical section we argued that owning essential patents may enable a 

company to control markets. Thus, we expect the consequence of patent declarations to also 

have a lasting effect. We calculate M3 again but lag the number of patent declarations by one, 

two and three years (Table 4). Our results still measure the positive effect of patent 

declarations and the negative correlation for the square variable. Findings are robust up until a 

time lag of two years. The effect is gone for lags from three years or longer. We expected that 

the incremental influence of patent declaration has a lasting effect. We further hypnotized that 

this effect is limited due to short product lifecycles in the ICT sector. Our results thus also 

confirm our fourth hypothesis H4: Essential patents have a limited lasting effect on 

companies’ financial performance.  

 Table 4 further gives evidence on the development of the coefficients of our explained 

variable. Coefficients remain to be stronger in the case of informal patent declaration. 

However, in the dynamic comparison we can observe that coefficients constantly decrease in 

the case of formal SSOs and increase in the case of informal SSOs up until a lag of one year. 

We believe these dynamic differences are connected to different standardization processes. 

Informal SSOs might be able to standardize technology in earlier stages (Cargill, 2011). 

Patents might thus still increase in their value while the technology is yet emerging. Our 

results prove this effect for the case of financial returns.   
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DV=ROA M3 lagged 1 year M3 lagged 2 years M3 lagged 3 years 

 Coef.  S/E Coef.  S/E Coef.  S/E 

L.# formal 
patent 
declarations1 

0.013 * 0.007 0.009 *** 0.003 -0.003  0.006 

L.# formal 
patent 
declarations 
sq2 

-0.001 * 0.001 -0.001 * 0.000 0.001  0.000 

L.# pool 
licensor seats1 

-1.909  2.143 -2.614  1.686 -1.530  2.082 

L.# informal 
patent 
declarations1 

6.140 * 3.137 1.796 * 1.019 2.018  1.282 

L.# informal 
patent 
declarations 
sq1 

-0.126 *** 0.042 -0.066 *** 0.017 -0.058 *** 0.020 

# patent 
applications 

0.002  0.015 0.010  0.012 0.008  0.012 

R&D (in 
m)/Sales (in 
m) 

-0.656 *** 0.130 -0.942 *** 0.163 -0.586 *** 0.116 

Sales (in 
m)/Employees 

0.115  0.096 0.215 ** 0.105 0.250 ** 0.118 

# employees1 -0.112  0.265 0.092  0.240 0.119  0.262 
Avg # FW-
Citations 

-0.001  0.003 0.003  0.002 0.004  0.004 

Avg Family 
Size 

0.001  0.003 -0.001  0.002 0.000  0.003 

Constant 0.068  0.039 0.078 * 0.039 0.068  0.047 

Time-
Dummies 

YES   YES   YES   

Number of 
companies 

129   126   121   

Observations 691   572   455   
R² within 0.324   0.464   0.347   
F 21.9 ***  215.49 ***  195.22 ***  

Notes: 1 Coefficient multiplied by 1,000 to make effects visible. 2 Coefficient multiplied by 1,000,000 to make 
effects visible.  The difference in the number of observations can be explained by the fact that we use an 
unbalanced panel, in which data for some observations in the respective years could be missing. L. 
means that the variable is lagged. Significance Level: ***p<0.01, **p<0.05, *p<0.1 
 

Table 4: Results of the fixed-effects panel regression models with lagged explanatory 

variables 

 

Conclusion  

The financial performance of companies operating in technology markets is always connected 

to companies’ technological capabilities or technological resources. Situations of divided 
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technological leadership require companies to maintain market positions by protecting 

technological assets with IPRs. Most companies own big patent portfolios to protect their 

innovations or to block competitors in the market. The number of patent applications and 

patent grants is a common indicator to measure technological output of a company. Large 

patent portfolios, however, not only reflect increased efforts in R&D activities and thus a 

greater innovative output. Patents may differ from one another both in economic and 

technological value. Simple patent counts could lead to a distorted picture of the technological 

base of a company. Our paper seeks to assess not only technological patent value indicators, 

but also the strategic positioning of a patent. Therefore we measure the influence of standard 

essential patents on a company’s ROA. Essential patents are these that one would necessarily 

infringe when the standard is implemented or adopted. Companies that own essential patents 

have a certain market control since they could possibly block whole technologies. Our paper 

assesses these patent characteristics and measures their influences on a company’s financial 

performance. 

We built up a comprehensive dataset of company characteristics such as human capital 

(employees), financial performance (sales), technological investment (R&D expenditure) and 

technological assets (patent portfolio). We further connect these data to more precise 

measures of technological capabilities such as measuring the value of the patents (forward 

citations, family size) and the positioning of the patent (standard essentiality). We explain the 

financial performance of a company (return on assets) in a dynamic model. Our results show 

positive results for the declaration of essential patents in formal and informal SSOs. These 

incremental effects on a company’s return on assets last up until two years. The effect of 

patent declarations in informal standards is significantly stronger. However, our results are 

negative when we include the square number of our explanatory variables. These finding 

indicate an inverted U shape correlation of essential patents and a company’s financial 

performance. We prove that companies which declare a too high number of essential patents 

deteriorate in their financial performance. 

Our findings evidence the incremental effect of patent declaration on a company’s 

ROA. Especially interesting is the lasting effect of our models. Results from other empirical 

studies have shown that the patent declaration timing is not always connected to the first 

release of a standard. Actually, a large number of patent declarations are declared ex post 

standard release (Blind et al., 2011; Layne-Farrar, 2011). This is due to the dynamic 

evolvement of technology standards, where technological development also takes place after 

the first emergence of a standard. Standards can be extended by further versions or are 
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updated by amendments, which might incorporate new technologies and thus new patents. 

Even though companies might have filed the patents in question several years before, we 

believe the timing of declaration has a signaling effect. When companies declare that they 

have essential patents included in a standard, they signal technological competence and 

market power.  

Our results prove that a company’s current and also new future financial performance 

is connected to these signaling effects. In comparison, when company’s claim to have a too 

high number of essential patents, markets might value these circumstances as lock-in 

situations. When a technology is subject to a high number of patents and when one company 

has a too high share of essential patents on a technology, market acceptance of the standard 

decreases. As a consequence these companies seem to even aggravate in their financial 

performance. 

When comparing the coefficients of our models we have higher values for the patent 

declaration for informal standards. The lasting effect increases for informal standards up until 

one year lag, while the positive effect constantly decreases for declarations on formal 

standards. Informal standardization is often subject to quicker processes, while they lack a 

formal accreditation. The technical evolvement and market acceptance might thus take longer 

as for formal standards. In some cases informal standards are even accredited to formal 

standards. Our findings of the lasting effects of patent declaration might thus be subject to 

these processional differences. 
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1. Introduction 

An effective system for the protection and enforcement of intellectual property rights is a 

fundamental element for the growth of economies. However, the correct functioning of patent systems 

has been seriously challenged in recent years.  The emergence of new technological and scientific fields 

has questioned the extent of patentable subjects, the increasing complexity of new technologies has 

contributed to make more difficult and time consuming the assessment of both inventive step and 

actual scope of patents, and the increased innovation activity of companies operating in emerging 

countries that have started to file a growing number of patent applications is having a non trivial impact 

on the backlogs of the main patent offices worldwide.  

The potential negative impact of a deteriorating quality of granted patents is witnessed by several 

reports that, since the late nineties, have called for patent policy reforms (Scellato et al., 2011; Hall, 

2007). In particular, the scholarly community has launched serious warnings about the risks connected 

both to the reduction in the quality of issued patents and to the diffusion of strategic patenting. 

Evidence in this direction comes from the United States with the contributions by Jaffe and Lerner 

(2004) and more recently by Bessen and Meurer (2008).  

The European patent system is not exempt from the risks and profound negative implications of 

low quality patents (van Pottelsberghe, 2009)1. The impact and pervasiveness of such a phenomenon 

are significantly affected by the increasing globalisation of intellectual property rights. The most recent 
                                                             
1 Guellec and Van Pottelsberghe (2007) provide examples of very low quality patents at the EPO. The study by Van 
Pottelsberghe and Van Zeebrooeck (2008) shows statistical evidence suggesting a substantial downward trend in the 
potential value of patents granted by the EPO. 
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data reported by the World Intellectual Property Organisation (WIPO, 2010) show that in 2008 the 

total number of non-resident patent applications and granted patents increased by 2.6% and by 3.2% 

respectively. 2 This evidence raises additional concerns about the issue of patent quality in the light of 

an international harmonisation of patent prosecution procedures. Some recent studies have made a first 

attempt to investigate the extent and impact of the lack of coherence in granting decisions across the 

main international patent offices (Palangkaraya et al., 2010). 

In this study, we address the concept of patent quality according to the perspective of legal 

compliance with the fundamental statutory requirements for patentability. In particular, we exploit the 

information on patent opposition cases at the European Patent Office (EPO) during the years 2000-

2008. The dataset includes about 450,000 granted patents and 24,000 patent opposition cases.  

A patent opposition is a peculiar procedure of the European Patent Office that allows third parties 

to question the actual validity of a granted patent during the first nine months after the grant date. After 

the opposition is filed, a previously granted patent can be revoked, re-issued in an amended form, or 

upheld in its original form. Previous studies and our analyses reveal that in recent years about 5% of 

granted patents are opposed and more than 30% of the cases end up with a revocation by the EPO 

opposition division, suggesting the non trivial impact of the phenomenon under scrutiny3.  

In principle, analysing the incidence of opposed patents and their related outcomes along the years 

should provide useful insights on the trends in the quality of granted patents. However, the 

interpretation of opposition trends is not straightforward. The observed opposition patterns can be 

determined by multiple factors, which go beyond the quality of the substantive examination carried out 

by EPO patent examiners, including strategic behaviours of patentees and issues related to the 

international harmonisation of patent granting procedures. 

Within this general setting, in our empirical analysis we pursue the following objectives. First, we 

provide evidence on the incidence of granted patents that are challenged through an opposition and on 

opposition outcomes along the considered years. Second, we analyse the characteristics of opposed 

patents using a number of patent specific measures that are expected to capture their economic value. 

In doing this we complement previous studies that have analysed opposed patents by focussing on 

                                                             
2 The non-resident share of total patent applications was 44% in 2008, which is considerably higher than in the 1990s 
(WIPO, 2010). Non-resident applications at the USPTO and the SIPO increased by 4.6% and 3.4%, respectively. As with 
resident grants, there was a drop in non-resident grants at the KIPO and a significant rise at the SIPO. While non-resident 
grants account for 45.4% of global patents granted. 
3 Harhoff et al. (2007) document that a total of 7.2% of all granted patents was opposed between 1980 and 2005, and 
roughly one third of these cases were then continued by an appeal. Existing studies have shown that, on average, about 30 
percent of opposed patents are eventually amended or revoked after an opposition, hence suggesting a sufficiently large 
room for improvement of the examination process (Harhoff and Reitzig, 2004; Calderini and Scellato, 2004). In our dataset, 
from 2000 to 2008, the average yearly number of revocation outcomes is 688. If we focus only on those years when the 
pending outcome ratio is below 35% of the cases, namely from 2000 to 2005, the average yearly number of revocations 
raises to more than 800. 
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specific technological sectors. Third, we explore whether, after accounting for all possible determinants 

of patent oppositions related to the patents’ expected economic value, the geographical “origin” of the 

patents affects the likelihood of observing an opposition, as well as the outcome of the opposition 

proceeding. In particular, we include in the estimation the priority country and the applicants’ 

nationalities4.  

In principle, after accounting for patent-specific factors (e.g. number of claims, number of citations 

to previous patents, specific technological niches, etc.) we should not observe any effect of the 

variables related to geographical origin on patent opposition and patent revocation likelihood. The fact 

that patents originally applied at the US, Japanese, Korean or Chinese Patent Offices are more/less 

likely to be challenged and finally revoked after being granted in Europe would be a signal of the 

presence of additional determinants. Such additional factors can be possibly linked to: i) lack of 

harmonisation across international patent offices; ii) problems related to the national treatment 

principle5; iii) strategic interactions among European firms and non European firms. In the paper we 

try to disentangle these effects by including in the analyses also the characteristics of the opponents 

(namely those firms that have decided to file a suit for challenging the validity of granted patents). 

The main findings of the paper can be summarised along the following points. On average, around 

5.2% of all EPO granted patents between 2000-2008 were opposed. The data highlight that opposition 

rates slightly decrease in more recent years. However, opposition rates turn to be fairly stable at the 

sectoral level and the decrease in aggregated figures is partly due to a sharper increase in the number of 

patents granted in sectors structurally characterised by lower opposition rates. Concerning the 

outcomes of the opposition procedures, we obtain that on average in 38.8% of the cases the opposed 

patents are then revoked.6 Aggregated statistics do not suggest the presence of  a decreasing trend in 

patent quality, at least to the extent that quality can be proxied by the incidence of patent revocation 

cases. 

 The econometric estimates on opposition determinants confirm the positive correlation 

between patent value and the likelihood of opposition found in previous studies (Harhoff et al., 2003; 

Harhoff and Reitzig, 2004). The most interesting results concern the geographical dimension of the 

                                                             
4 In this paper we focus on U.S., Japan, Korea and Europe. By Europe we mean all the countries that in certain year are 
members of the European Patent Convention (more information on the EPC are available on the EPO official website and 
in particular here: http://www.epo.org/law-practice/legal-texts/epc.html ) 
5 National treatment principles state that local and foreign patent applicants must be accorded equal treatment under each 
national patent system. In the absence of an enforced national treatment rule, patent examination procedures, as well as re-
examination, might be used as de facto industrial protection policies by refusing or revoking foreign patent applications. See 
Webster et al. (2011) for a discussion. 
6 That percentage is computed for the sample of opposition cases for which we have an outcome. The percentage is lower, 
25.8%, if we include the pending cases with no outcome at the time we collected the data. 
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phenomenon. The data clearly highlight that the incidence of oppositions is higher in case of patents 

with a European priority. In particular, we find that after controlling for different patent-specific 

variables, patents with a first priority in the US are slightly less likely to be challenged through an 

opposition, but show a significantly higher likelihood of being revoked. Such an effect holds when 

considering US companies rather than just US first priority patents. Interestingly, the differential in the 

likelihood of opposition seems to be driven by specific sectors (e.g. electrical machinery and 

equipment), while it cannot be found in some other areas (e.g. pharmaceuticals). It also emerges that, 

among the opposed set of patents, those with a Japanese first priority are more likely to end with an 

amendment. Results are robust to the introduction of a wide range of controls at the patent level. 

Furthermore, we obtain a preliminary evidence that European patentees tend to use the opposition 

procedure with a relatively higher frequency than non European ones.   

The paper is organised as follows. In section 2 we provide a review of the different stream of 

literature that have used patent litigation or patent opposition data in order to study patent quality in 

legal terms, patent economic value and firm-level strategic interactions based on patent portfolios. In 

section 3 we describe the opposition procedure at the EPO and discuss some recent papers in favour 

of its introduction also in the US. Section 4 describes the construction of the dataset. Sections 5 and 6 

show the results. In section 7 we discuss a number of relevant caveats for the interpretation of the 

results and draw some policy implications. 

 

2. Studies on patent litigation and patent opposition 

Extant studies on patent litigation and opposition can be grouped into three main strands of 

literature. The first one examines the correlation between measures of patent value/quality and the 

opposition/litigation event. These studies generally find that particularly valuable patents are more 

likely to being opposed or litigated, that patents in fields with technical and market uncertainty or 

patents with immediate market impact are attacked more frequently and that large incumbents are more 

likely to attack smaller firms (Harhoff et al., 2003; Harhoff and Reitzig, 2004; Calderini and Scellato, 

2004; Lerner, 2010). Lerner (2010) examines the litigation of all financial patents awarded between 1976 

and 2003. He finds that litigated patents appear to be more important than other financial patents: they 

have more claims and disproportionately cite and are cited by other patents. Harhoff et al. (2003) show 

that patents which survived opposition are on average 10 times more valuable than comparable patents 

that were not attacked. In a subsequent paper on patent oppositions in the area of biotechnology and 

pharmaceuticals, Harhoff and Reitzig (2004) apply citation and classification analysis on a large sample 

of over 13,000 European patents granted between 1979 and 1996, of which 8.6 percent resulted having 

been subject to opposition. The authors find that high quality patents are more likely to being opposed 
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and that the probability of opposition is positively correlated to the number of designated states, a 

proxy for the economic relevance of the patent. These results are confirmed by Hall et al. (2009), who 

analyze how the main characteristics of financial patents impact the probability of receiving an 

opposition. The analysis shows that patent level characteristics including family size, forward citations 

and XY-type backward citations have a significant predictive power. Hence, more valuable financial 

patents are more likely to being opposed than relatively low-value ones. 

The second strand of literature examines the strategic implications underlying the decision to 

file an opposition or a litigation. Typically firms challenge more damaging patents. The theoretical 

models recently developed by Farrell and Shapiro (2008) and Henkel and Reitzig (2007) suggest that the 

strategic exploitation of weak patents, frequently by small entities and freestanding entrepreneurs, can 

have socially detrimental effects, ranging from distortions in the incentives to innovate to spending on 

unproductive litigation. Earlier literature has pointed out that larger and more established firms are 

more likely to initiate litigation since they have better information about the activities of their 

competitors, more resources for defending their intellectual property, more litigation experience and 

consequently, lower litigation costs as a result of learning curve effects (Cooter and Rubinfeld 1989; 

Lerner, 1995; Lerner, 2010). Calderini and Scellato (2004) provide evidence on patent oppositions at 

the EPO in the telecommunications sector. Their analysis suggests that larger firms are acting 

collusively. In fact, major patentees in the telecommunication industry appear as opponents in 48% of 

whole population of examined legal cases, but only 14% of the oppositions jointly involves two of 

them. This evidence points to a collusive behaviour of large firms, which tend to settle patent disputes 

among each other, while attacking smaller companies. Harhoff and Hall (2002) also find that in the 

Cosmetics sector opposition takes place repeatedly amongst larger players.  

A third strand of literature examines the quality of patent offices services in the light of the 

current debate on decreasing patent quality. It is a widespread concern that patent offices are not able 

to correctly assess patent validity at various stages of a patent life, especially in emerging technological 

areas, such as software, biotech or nanotechnology. Therefore, frontier technologies or emerging 

technological areas are more subject to opposition. Harhoff and Hall (2002) document that the 

probability that a patent will be subject to opposition is proportional to the degree of informational 

uncertainty concerning the technology covered by the patent. They show that the opposition rate for 

patent grants in the field of Cosmetics is twice the average rate of other fields. Graham et al. (2002) 

focus on inter-institutional consistency by comparing the behaviour of European and US patent offices 

in their opposition and re-examination procedures respectively, on a selection of patents with identical 

priorities. It emerges that European and US rule differently in similar cases. Burke and Reitzig (2007) 

study the concordance of the EPO’s granting and opposition decisions for biotech patents granted in 
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the 1980s to investigate which level of assessment quality patent offices can provide. They show, based 

on bibliographic indicators, that the EPO’s decision making on a patent’s technological quality during 

granting and opposition phases is not consistent and that EPO seems to assess patent-quality related 

information differently in the grant and opposition stages. 

 

3. The institutional characteristics of patent opposition at the EPO 

The opposition procedure and the appeal process are regulated by the European Patent 

Convention (EPC) in Parts V and VI, respectively. An opposition notice has to be filed within nine 

months of the grant of the patent by the EPO (art. 99, EPC). The patent may be opposed by third 

parties (for example the applicant’s competitors) if they believe that it should not have been granted. 

The main reason for opposing a patent is that it does not meet conventional patentability criteria: 

novelty, inventive step and industrial applicability. Other admissible reasons for an opposition are that 

disclosure of the invention is not sufficiently clear and complete to enable other people skilled in the art 

to perform the invention and that the scope of the patent as granted extends beyond that of the 

original application (art. 100, EPC). The opponent will have to substantiate the opposition by 

presenting evidence that the above prerequisites for patentability are not fulfilled.  

The notice of opposition is examined by the Opposition Division at EPO. The Opposition 

Division consists of three experienced examiners, one of whom may have been involved in the 

examination phase. Once the opposition has been filed, settlement options between the opponent and 

the patent holder are restricted (rule 60, Implementing Regulations to the Convention on the Grant of 

European patents). This feature differentiates the EPO’s centralised opposition procedure from 

ordinary litigation before civil courts. In fact, if opposed parties and opponents decide to settle their 

case after the opposition has been filed, and the opponent, for example, withdraws its attack, the EPO 

may still continue to decide on the case.  

The conclusion of the opposition proceedings can lead to the following outcomes: the 

opposition is rejected and consequently the patent is upheld without amendments, the patent is 

revoked, or the patent is amended (art. 101, EPC). In this last case, a new modified version of the 

granted patent is published by the EPO. In most of the cases, an amendment results in a reduction of 

the “breadth” of the patent: the patent is narrowed by modifying the claims that delimit the area in 

which exclusive rights are sought.  

According to Harhoff et al. (2007), to sort out an opposition case takes on average 1.9 years. 

The opposition procedure takes approximately 2.2 years if the patent is revoked and approximately 4 

years if the patent is amended. Undoubtedly, the longer the process to sort out an opposition case, the 

worse the effects on patent holders and competing firms. Whereas patent holders will have to delay the 
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exploitation not only of the granted patent, but possibly of other patents if the extent of legal 

protection against imitators is unclear, competitors will also be refrained from investing further in the 

invention under assessment. 

Any decision made by the Opposition Division can be subsequently appealed (art 106, EPC). 

Therefore, both patent holders and opponents may file an appeal against the outcome of the 

opposition procedures. The appeal has to be filed within two months from the decision of the 

Opposition Division and it has to be sustained within an additional two months. The median duration 

for appeal cases is two years. The Boards of Appeal is the body in charge of the final decision on the 

validity of the contested EPO patent. In case the Board of Appeal supports the decision taken by the 

Opposition Division, opponents can lastly try to attack the succeeding national patents in each 

designated state in which the patent is valid. However, aside from the high costs implied, the 

probability of winning a validity suit in a country after having lost at the European level is very low 

because the arguments brought forth in previous trials are usually exploited by national judges.  

Of course, after being granted, a European patent can be attacked by third parties through legal 

means allowed for by the respective national legislations in which the patent is valid. In this case, if a 

patent is invalidated in one country, this outcome will not affect the other jurisdictions in which the 

patent is in place. The opponent will have to sue the patent holder in all the states in which patent 

protection is sought. To attack the patent in all of the designated states is, however, very expensive, and 

differences in the national patent jurisdictions may make patent validity suits complicated and 

uncertain. Costs for litigation in any one of the national courts have been estimated to be between 

50,000 and 500,000 Euros, depending on the complexity of the case (Harhoff and Reitzig, 2004). On 

the other hand, the central opposition procedure implies lower costs and the decision on the 

opposition has force in all designated EPC countries. The costs of opposition and appeal are borne in 

general by each of the parties involved. Harhoff et al. (2007) report, based on interviews with patent 

attorneys, that the cost per instance and per party for an opposition is in the range of 15,000-25,000 

Euros. Approximately the same amount is due for an appeal against the outcome of the opposition 

proceedings. 

 

4. Dataset  

4.1 Data sources and matching procedure 

The dataset used in this paper was built by matching different data sources. Data on patent 

characteristics and patent oppositions were drawn from Thomson Innovation, a database provided by 
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Thomson Reuters.7 We selected all the EPO granted patents with “B1” as kind code and published 

from year 2000 to 20088. Data on each patent’s legal status and opposition were extrapolated from the 

INPADOC records of the EPO. Additional data on patent applicants at the EPO and opponents were 

extracted from the dataset “Micro Data on Patents and Trademarks”, developed by Thoma et al. 

(2010)9, which also provides an harmonisation of the EPO applicant names.  

Patent level data coming from different sources were linked to EPO granted patents via their 

publication number. In order to classify the opponents’ nationalities we matched their names with 

those identified by Thoma et al. (2010). This process made it possible to assess the nationality of the  

opponents in 70% of opposition cases. Such a procedure did not allow us to match those opponents 

which have never applied for a patent at the EPO in the years analysed by Thoma et al. (2010). 

To single out differences in patent opposition trends across different industrial sectors, we 

examined the share of opposed patents across different technology fields and industrial sectors within 

the considered time window. To identify industrial sectors, we mapped sample patents according to 

their main IPC code (International Patent Classification). During the EPO examination process, 

patents are assigned up to nine-digit IPC codes. Patents can belong to different technological fields, and 

thus they can be assigned several IPC codes. We used the IPC-Technology Concordance Table, 

released by the WIPO10, which classifies IPC codes into 39 technology areas that can be further 

aggregated into seven macro areas (Electrical Engineering, Energy Technology, Instruments, 

Chemistry, Mechanical Engineering, and Other Fields). According to this classification, each patent is 

associated with a field of technology and a macro-sector. 

We cleaned the dataset in the following way: we dropped those patents reporting a publication 

lag from the first priority filing longer than 15 years (771 patents dropped out), those reporting non-

coherent first priority, application, publication and opposition date (32 patents) and those reporting an 

opposition date after 300 days from the publication date of EPO B1 patents (88 patents) (9 months is 

the legal time limit to file an opposition after the grant date). We occasionally made controls on 

bibliographic data by querying EPO Espacenet database to check data integrity. The final dataset 

consists of 458,036 EPO granted patents and 23,967 opposition cases. 

 

4.2 Available data at patent level 

                                                             
7 Thomson Innovation provides a worldwide patent coverage and a broad collection of scientific literature, as well as 
information on patent oppositions. 
8 Data were downloaded in May 2011. 
9 For more information please refer to the project website: http://www.researchoninnovation.org/epodata/  
10 November 2010 edition, available at: http://www.wipo.int/ipstats/en/statistics/patents/pdf/wipo_ipc_technology.pdf  
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For each patent we collected information on: priority (date and country of the first application to 

patent office), application date at the EPO, publication date, number of inventors, assignee (names and 

number), IPC classes, patent citations (number of citations received and number of citations made to 

previous patents and non patent documents), number of claims, oppositions (name of the opponent, 

opposition filing date), and INPADOC legal status (to infer information on the outcome of 

oppositions), nationality of the applicant, complete patent family members. In our analysis patent 

families are defined according to the principle that all the documents directly or indirectly linked via a 

priority document belong to one patent family11. 

An opposition may result in different outcomes: it may be rejected or the opposed patent may be 

revoked or amended (narrowed). In other cases, the opposition proceeding is closed either because the 

patent-holder let the patent lapse by not paying the renewal fees or by a withdrawal of the opposition 

by the opponent. The final outcome can be inferred from INPADOC Legal Status codes. INPADOC, 

which stands for International Patent Documentation Centre, is a database maintained by the 

European Patent Office that contains legal status information on patents issued by the EPO. For all 

granted patents in the period 2000-2008, we retrieved the INPADOC legal status, from the INPADOC 

Patent Gazette, updated to March 2011. There are some INPADOC codes that can enable us to 

retrieve information on the outcome of opposition proceedings: 

x EP27A (amended). The patent is maintained as amended, given the amendments made by 

the proprietor during the opposition proceedings. 

x EP27W (revocation). In the case that the Opposition Division is of the opinion that the 

grounds for opposition mentioned in Art. 100 EPC do prejudice the maintenance of the 

patent, it revokes the European patent, taking effect in all contracting states. 

x EP27O (opposition rejected). In the case that the Opposition Division is of the opinion 

that the grounds for opposition mentioned in Art. 100 EPC do not prejudice the 

maintenance of the patent unamended, it rejects the opposition. The European patent 

remains in force in its original form from the date of grant. 

x EP27C (termination of the opposition procedure). In case of surrender or lapse in all 

contracting states of a European patent for which opposition proceedings are pending, 

within two months of the notification date, the opponent may file a request for the 

                                                             
11 More information can be found on the EPO official website: http://www.epo.org/searching/essentials/patent-
families/inpadoc.html  
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continuation of the proceedings. If no such a request is made, the opposition proceedings 

are automatically terminated. 

In the dataset, there are also oppositions for which we do not have evidence of any of the three 

outcomes discussed above. This residual category includes cases in which the opposition is still 

pending.  

 

5. Evidence on patent opposition trends   

In Table 1 we show the frequency of oppositions for all patents granted between 2000 and 

2008. The number of oppositions reaches a peak in 2006. However, the opposition rate follows a 

slightly decreasing trend since 2004. Different explanations can be given to the decreasing trend in the 

percentage of newly patented innovations subject to opposition (see Harhoff, 2006). A first 

straightforward explanation is that the examination process at the EPO has improved, leading to a 

reduction in the number of granted patents whose actual validity is challenged by third parties. In this 

sense, the decreasing trend might be considered a signal of relative inter-temporal improvements in the 

quality of granted patents. However, the observed trend might also be influenced by additional factors. 

First, the rate of opposition might have decreased because a greater number of marginal patents, which 

are not damaging for competitors and have a lower economic value, have been granted. Second, it 

might be the case that an increasing “free riding” phenomenon among potential plaintiffs has 

contributed to the decrease in opposition rates. If a “doubtful” patent has a negative impact on 

multiple companies, this can lead individual firms to refrain from opposing, waiting for other firms to 

attack first without bearing the costs of opposition, while reaping the social benefits. Third, companies 

might have increasing incentives to settle patent disputes outside of patent offices, hence avoiding the 

opposition procedure. 

[Insert Table 1 here] 

To single out differences in patent opposition trends across different industrial sectors, we 

examined the share of opposed patents across different technology fields and industrial sectors within 

the time period considered.  The data reported in Tables 2 and 3 show the presence of a substantial 

heterogeneity across sectors in opposition rates. We observe above average opposition rates in basic 

material chemistry (10.15%), food chemistry (14.07%), materials metallurgy (8.91%). Sectors related to 

the ICT domain are characterised by lower opposition frequencies: digital communications (1.52%), 

computer technology (1.89%) and telecommunications (1.78%). These latter technological domains 

have been affected by heavy strategic patenting practises, pursued by companies filing redundant 
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patents or patents with limited technological impact (for a discussion of strategic patenting practises see 

Harhoff, 2006 and Henkel and Reitzig, 2007). The limited value of this typology of patents in turn 

generates lower incentives for third parties to initiate an opposition. An alternative explanation for such 

inter-industry diversity relates to the use of cross-licensing, which is far more widespread in the ICT 

area than in other sectors. More generally, the evidence from patent opposition statistics in the ICT 

field might reflect the more frequent strategic use of patent as bargaining chips in in this technological 

domain. 

  

[Insert Table 2 here] 

[Insert Table 3 here] 

If we aggregate technology fields into macro-sectors, the highest opposition frequency is 

registered for the macro-sector Chemistry (7.7%). Mechanical engineering ranks second (5.56%). The 

lowest incidence of oppositions filed is recorded in the Electrical Engineering sector (2.17%). It is 

interesting to note that while intra-sectoral opposition rates are rather constant in the considered years, 

we observe a significant growth in the number of granted patents in the electrical engineering area, 

which is characterised by low opposition rates. This, in turn, has a “positive” impact on aggregated 

opposition rates (without being related to any change in the quality of the examination). 

In order to analyse whether patents with a European priority are more or less likely to be 

opposed than those with a non-European priority, in Table 4 we provide statistics on opposition rates 

by priority country in the years from 2000 to 2008.  

[Insert Table 4 here] 

Among the top-ten priorities which account for 94% of all the analysed granted patents, the 

Netherlands shows the highest opposition rate (9.73%). However, this value can be affected by the 

small number of overall granted patents with a Netherland priority. More interesting and statistically 

sound is the fact that patents with a first priority in US (5.01%) and particularly Japan (2.7%) tend to 

have a lower opposition likelihood than German first priority patents (6.82%) and EPO first priority 

patents (5.74%). Clearly these cross-country differences in opposition rates may be partly  due to the 

presence of different sectoral composition patterns of the patents.  

The following Table reports the number and percentage incidence of the outcome of the 

oppositions for the sub-sample of opposed patents across the years. We do not consider the last three 

years of the sample (2006-2008) because of the very high incidence of pending cases at the moment of 
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the analysis (>35%). It turns out that on average 28% of opposed patents have been amended, whereas 

38% have been revoked. In about 32% of the cases, oppositions have been rejected or terminated12.  

 

[Insert Table 5 here] 

 

In Table 6 we disaggregate data by first priority country. In this case the summary statistics 

seem to highlight a higher likelihood of revocation for US first priority patents compared to most of 

the European countries (with the exception of UK). Patents with Japanese first priority, once 

challenged through an opposition, show the highest likelihood of being amended. 

 

[Insert Table 6 here] 

  

6. Econometric analysis 

The econometric analysis consists of two parts. Firstly, we analyse the determinants of 

opposition for the sample of EPO patents granted between 2000 and 2008, through a multivariate 

probit specification. In particular, we examine to what extent the likelihood of observing an opposition 

is affected by patent characteristics that proxy patent value. After accounting for such patent-specific 

variables, we investigate whether the opposition  likelihood is affected by the “origin” of the patents.  

 Secondly, we run a set of probit models with sample selection to investigate the impact of the 

same variables on the probability that a specific opposition outcome occurs. Specifically, we evaluate 

the impact on the probability that the opposition ends up respectively with a revocation of the 

challenged patents. Also in this case we test for the presence of significant country biases.  Finally, we 

also provide preliminary results on the relative incidence of opposition cases involving opposed and 

opponent parties from different countries.  

In Tables 7 and 8 we  report the description of the patent-level variables used in the empirical 

analysis and their summary statistics. We have classified patent-level variables according to the 

taxonomy developed in van Zeebroeck and van Pottelsberghe (2011). Such categories are useful to 

assess a refined description of patent characteristics in terms of value, quality and complexity. Table 9 

shows the correlations matrix among the variables. 

 

                                                             
12 Percentage incidences are computed conditional on a patent showing any of the above described outcomes. This 
representation discounts the presence of the residual category consisting of pending cases. The data suggest a relative 
stability along time of the different typologies of outcome. Data for more recent years might be affected by the fact that 
those cases ending with a specific outcome (e.g. amendment) imply on average a higher (o lower) duration of the 
proceedings. Even if such a caveat is taken into consideration, the data do not seem to suggest a significant increase in the 
incidence of cases of revocation of patents previously granted by the EPO. 
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[Insert Tables 7,8,9 here] 

 

6.1 Determinants of opposition likelihood 

Table 10 reports the results for a set of probit specifications. The dependent variable 

(OPPOSITION) equals one for a granted patent that has undergone an opposition and 0 otherwise. In 

the baseline specification (model 1) we include different measures of patent value, while in model 2 we 

add variables related to the patent assignee. In models 3- 5 we test the effect of first priority country. 

All specifications include year dummies and 35 sector dummies.  

Results highlights that both backward and forward citations are strongly associated with the 

probability to face an opposition, confirming that more valuable patents are more likely to be opposed. 

The number of claims, which captures to some extent the degree of complexity of a patent, is also 

positively and significantly correlated with the likelihood of oppositions. On the contrary, patents with 

multiple assignees show a marginally lower opposition likelihood.   

After controlling for sectoral characteristics and patent-value indicators, it emerges that those 

patents with an EPC first priority have a higher likelihood of opposition. The EPC first priority 

variable has been computed accounting for the variations along the years of the countries included in 

the European Patent Convention. The computation of marginal effects indicates that having an EPC 

first priority, all else being equal, increases by 54% the probability of opposition. A Japanese first 

priority reduces such probability by 64% and a US one reduces it by 14%.  

[Insert Table 10 here] 

In order to further investigate this phenomenon we run an additional set of probit models in 

which we use both the nationality of applicants and first priority country data (Table 11). The previous 

results are confirmed when using the nationality (EPC, US and JP) of applicants (see models 1,3 and 5 

in Table 11) with slightly lower estimated coefficients. Interestingly, the first priority effects appear to 

hold also when focussing the analysis on the subset of patents with a first priority in country X filed by 

applicants with a non-X nationality. It has to be remarked that the nationality of applicants has been 

taken from the dataset by Thoma et al. (2011). We are aware that such a classification can be 

problematic in case of multinational enterprises with geographically dispersed R&D centres. Still, we 

argue that the overall evidence is in favour of the presence of geographical factors potentially related to 

the institutional setting of the first priority country. 

[Insert Table 11 here] 

With the aim of further exploring the potential sources of the observed effect of first priority 

on the likelihood of opposition we have carried out an additional set of models restricted to selected 

technological areas. In particular we focussed the analysis on the following technological domains: 
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electrical machinery and apparatus, pharmaceuticals and telecommunications. Results show some 

interesting patterns. The negative effect of the US first priority variable holds in the case of the 

electrical machinery sector and (with reduced significance) for telecommunications, while it is not 

present for the sub-sample of pharmaceutical patents. The positive impact of EPC first priority is 

confirmed across the three technological fields. 

 [Insert Table 12 here] 

 

7.2 Determinants of opposition outcomes 

In this section we show the results concerning the determinants of a specific outcome of the 

opposition proceedings: revocation. We run an Heckman sample selection model, because we observe 

that a patent is revoked only for the sub-sample of patents that have been opposed. Unobservable 

factors that affect both the opposition likelihood and the probability of observing a specific outcome 

might be correlated, generating a bias in estimated coefficients of a standard probit model extended 

only to the opposed patents. In our Heckman selection model the selection equation includes all the 

independent variables used in the previous probit models13.  

In order to limit the potential bias deriving from the presence of still pending opposition cases, 

we restricted the analysis to the years 2000-2005 and we excluded all the pending patents in the second 

equation of the sample selection model. In Table 13 we report the results. The value of rho suggests the 

appropriateness of the sample selection model. Backward citations to both patent and non-patent 

documents show a negative effect on the probability of revocation. On the contrary, those patents that 

have a broader technological scope (as captured by the total number of assigned IPC codes) tend to 

have a higher revocation likelihood. A positive and significant effect is also identified for the number of 

designated states. In all model specifications we find a positive correlation between the duration of the 

examination at the EPO (measured as the time lag between the application date and the grant date) and 

the probability that once challenged through an opposition the patent is eventually revoked. 

 

[Insert Table 13 here] 

 Interestingly, results indicate that even after accounting for sector and patent specific 

characteristics, patents with a US priority tend to have a higher probability of revocation. Such evidence 

is robust to the use of applicants’ nationality instead of first priority country models. On the contrary 

                                                             
13 Models are based on the heckprob routine of STATA 11.0 which implements an Heckman sample selection model. For the 
sake of brevity, results of selection equations are not shown. The suitability of the model is tested through the rho 
parameter. A statistically significant value of rho implies the presence of correlation of residuals of the two equations and 
suggests the appropriateness of the sample selection model.    
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we could not find a significant effect for EPC first priority, while patents with a Japanese first priority 

or filed by a Japanese applicant tend to show a lower probability of revocation. 

 

7.3 Analysis of the origin of opposed and opponents parties 

The econometric analysis has highlighted the presence of a significant pattern related to the 

international origins of patents. In order to complement that analysis, we examined the incidence of 

opposition cases involving opposed and opponent parties from different patent systems. In Table 14 

we show the percentage incidence of opponent’s nationality by applicant’s nationality for the sub-

sample of opposed patents in the years 2000-2007. The analysis is disaggregated by industrial sectors in 

the subsequent Tables (Tables 15 to 17). It emerges that nearly 88% of European applicants at EPO 

have been subject to opposition procedures filed by European opponents. Also, applicants from US 

and Japan have been opposed mainly by Europeans, in the 80% of the cases. Results indicate that non 

European companies, in particular Japanese ones, make a more limited use of the opposition procedure 

than European ones. Percentage incidences of oppositions filed by Europeans are even higher when 

the Electrical machinery and apparatus field is considered: applicants from either Europe, Japan and US 

are opposed by Europeans in more than 90% of the cases. Instead, US applicants seem to be opposed 

less frequently by Europeans (about 70%) and more by US applicants (about 30%) when the 

Pharmaceutical sector is considered. The Telecommunications field reveals an interesting pattern 

concerning Japanese applicants: only 40% of them is opposed by Europeans. 

 

[Insert Tables 14,15,16,17 here] 

 

 

 

7. Discussion of results and work ahead 

In this paper we have analyzed the factors affecting the probability that an opposition is filed 

and that a patent is revoked after an opposition proceeding, using a dataset on patent opposition cases 

at the European Patent Office (EPO) during the years 2000-2008. We consider both the factors that 

are expected to capture the economic value of granted patents and the geographical “origin” of the 

patents themselves, namely the priority country and the applicants’ nationalities. The inclusion of the 

variables concerning the geographical origin of granted patents should point, after controlling for 
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patent-specific factors, to the presence of additional determinants related to the strategic behaviour of 

companies and to the international harmonisation of patent granting procedures. 

The econometric estimates on opposition determinants confirm the positive correlation between 

patent value and the likelihood of opposition found in previous studies (Harhoff et al., 2003; Harhoff 

and Reitzig, 2004). Patents with a European priority show a higher opposition likelihood, while patents 

with a first priority in the US are slightly less likely to be challenged, but comparably more likely to be 

revoked. The probability to face an opposition is significantly dependent upon the industrial sector 

considered. Finally, we obtain a preliminary evidence that European patentees tend to use the 

opposition procedure with a relatively higher frequency than non European ones. The overall evidence 

suggests that we cannot exclude that differentials in opposition and revocation rates might be due to 

problems of harmonisation of international patent prosecution procedures.  In particular, we claim that 

the higher incidence of revocation for opposed patents with a US priority might be due to the presence 

of a first to invent regime in the US systems, with third parties more likely to claim the invalidity of 

EPO granted patents on the grounds of previous disclosure of the innovative contents. An additional 

explanation might be related to a less frequent use of extrajudicial settlements in disputes involving a 

US and a European subject.  
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Tables 

 

Table 1-Opposition Trends. 

PUBLICATION 
YEAR 

Number of 
granted patents 

Number of 
opposed patents 

Percentage of opposition cases 
on EPO granted patents 

2000 27,498 1,531 5,6% 
2001 34,657 1,913 5,5% 
2002 47,322 2,456 5,2% 
2003 59,919 3,080 5,1% 
2004 58,641 3,226 5,5% 
2005 53,171 2,877 5,4% 
2006 62,653 3,254 5,2% 
2007 54,563 2,795 5,1% 
2008 59,612 2,835 4,8% 
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Table 2-Summary statistics on opposition trends by technology field. Years 2000-2008. 

Technology field Number of 
granted 
patents 

Percent Number of 
opposed patents 

% incidence 
of 
oppositions 
on the total 
number of 
oppositions 

% incidence 
of 
oppositions 
on the total 
number of 
granted 
patents 

Analysis of biological materials 3,567 0.78% 188 0.78% 5.27% 
Audio-visual technology 11,392 2.49% 272 1.13% 2.39% 
Basic communication processes 5,435 1.19% 37 0.15% 0.68% 
Basic materials chemistry 11,188 2.44% 1,136 4.74% 10.15% 
Biotechnology 11,005 2.40% 704 2.94% 6.40% 
Chemical engineering 15,567 3.40% 1,067 4.45% 6.85% 
Civil engineering 14,310 3.12% 742 3.10% 5.19% 
Computer technology 20,839 4.55% 393 1.64% 1.89% 
Control 6,070 1.33% 379 1.58% 6.24% 
Digital communication 10,901 2.38% 166 0.69% 1.52% 
Electrical machinery apparatus energy 20,625 4.50% 728 3.04% 3.53% 
Engines pumps turbines 16,900 3.69% 618 2.58% 3.66% 
Environmental technology 6,413 1.40% 329 1.37% 5.13% 
Food chemistry 5,663 1.24% 797 3.33% 14.07% 
Fuel cells technology 707 0.15% 26 0.11% 3.68% 
Furniture games 9,784 2.14% 451 1.88% 4.61% 
Geothermal energy 10 0.00% 2 0.01% 20.00% 
Handling 17,572 3.84% 1,028 4.29% 5.85% 
IT methods for management 617 0.13% 43 0.18% 6.97% 
Machine tools 16,636 3.63% 1,060 4.42% 6.37% 
Macromolecular chemistry polymers 11,707 2.56% 1,002 4.18% 8.56% 
Materials metallurgy 9,691 2.12% 863 3.60% 8.91% 
Measurement 19,301 4.21% 637 2.66% 3.30% 
Mechanical elements 16,476 3.60% 693 2.89% 4.21% 
Medical technology 26,208 5.72% 1,506 6.28% 5.75% 
Micro-structural and nano-technology 391 0.09% 3 0.01% 0.77% 
Optics 15,672 3.42% 292 1.22% 1.86% 
Organic fine chemistry 20,540 4.48% 1,322 5.52% 6.44% 
Other consumer goods 9,487 2.07% 619 2.58% 6.52% 
Other special machines 19,481 4.25% 1,453 6.06% 7.46% 
Other fields 89 0.02% 14 0.06% 15.73% 
Pharmaceuticals 17,570 3.84% 1,227 5.12% 6.98% 
Semiconductors 5,702 1.24% 66 0.28% 1.16% 
Solar energy 481 0.11% 13 0.05% 2.70% 
Surface technology coating 7,855 1.71% 692 2.89% 8.81% 
Telecommunications 17,441 3.81% 310 1.29% 1.78% 
Textile and paper machines 17,485 3.82% 1,128 4.71% 6.45% 
Thermal processes and apparatus 5,271 1.15% 279 1.16% 5.29% 
Transport 31,752 6.93% 1,615 6.74% 5.09% 
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Wind energy technology 235 0.05% 67 0.28% 28.51% 

 

Table 3-Summary statistics on opposition trends by macro sector. Years 2000-2008. 

Sector Number 
of 
granted 
patents 

Percent Number 
of 
opposed 
patents  

% incidence 
of 
oppositions 
on the total 
number of 
oppositions 

% incidence 
of 
oppositions 
on the total 
number of 
granted 
patents 

Chemistry 11,7590 25.67% 9,142 38.14% 7.77% 
Electrical engineering 92,952 20.29% 2,015 8.41% 2.17% 
Energy technology 1,433 0.31% 108 0.45% 7.54% 
Instruments 70,818 15.46% 3,002 12.53% 4.24% 
Mechanical engineering 141,573 30.91% 7,874 32.85% 5.56% 
Other fields 33,581 7.33% 1,812 7.56% 5.40% 
Other_Sect (not assigned) 89 0.02% 14 0.06% 15.73% 
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Table 4-Summary statistics on oppositions by first priority country. Top 20 countries by number of granted patents. Years 2000-2008 

Rank First priority 
country code 

Number of 
granted patents 

Percent Cum. Number of 
opposed patents  

% incidence of oppositions on the 
total number of oppositions 

Cum. % incidence of oppositions on the total 
number of granted patents 

1 US 11,7206 25.59% 25.59% 5,868 24.48% 24.48% 5.01% 
2 DE 10,1071 22.07% 47.65% 6,898 28.78% 53.26% 6.82% 
3 JP 80,831 17.65% 65.30% 2,182 9.10% 62.37% 2.70% 
4 EP 43,110 9.41% 74.71% 2,473 10.32% 72.69% 5.74% 
5 FR 31,820 6.95% 81.66% 1,557 6.50% 79.18% 4.89% 
6 GB 24,110 5.26% 86.93% 1,448 6.04% 85.23% 6.01% 
7 IT 13,020 2.84% 89.77% 688 2.87% 88.10% 5.28% 
8 SE 8,766 1.91% 91.68% 560 2.34% 90.43% 6.39% 
9 CH 4,760 1.04% 92.72% 287 1.20% 91.63% 6.03% 

10 NL 4,472 0.98% 93.70% 435 1.81% 93.45% 9.73% 
11 FI 4,440 0.97% 94.67% 261 1.09% 94.53% 5.88% 
12 KR 4,303 0.94% 95.61% 77 0.32% 94.86% 1.79% 
13 AT 3,612 0.79% 96.39% 270 1.13% 95.98% 7.48% 
14 DK 2,788 0.61% 97.00% 315 1.31% 97.30% 11.30% 
15 AU 2,116 0.46% 97.47% 83 0.35% 97.64% 3.92% 
16 ES 1,974 0.43% 97.90% 90 0.38% 98.02% 4.56% 
17 CA 1,206 0.26% 98.16% 54 0.23% 98.24% 4.48% 
18 NO 1,203 0.26% 98.42% 57 0.24% 98.48% 4.74% 
19 IL 1,092 0.24% 98.66% 49 0.20% 98.69% 4.49% 
20 BE 1,048 0.23% 98.89% 85 0.35% 99.04% 8.11% 
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Table 5-Summary statistics on opposition outcomes.  

 Incidence of outcomes including pending cases Incidence of outcomes for non pending cases 
Grant year Revoked Amended Rejected Terminated Pending Revoked Amended Rejected Terminated 

2000 33.3% 33.9% 23.0% 7.3% 2.8% 34.3% 34.9% 23.7% 7.5% 
2001 35.3% 29.8% 21.0% 8.8% 5.4% 37.3% 31.5% 22.2% 9.3% 
2002 35.4% 31.0% 18.9% 7.6% 7.3% 38.2% 33.4% 20.4% 8.2% 
2003 34.6% 26.5% 17.3% 7.9% 13.8% 40.2% 30.8% 20.1% 9.2% 
2004 30.3% 23.4% 15.5% 8.3% 22.6% 39.2% 30.2% 20.0% 10.8% 
2005 25.9% 18.4% 13.5% 8.5% 34.2% 39.3% 27.9% 20.4% 12.9% 
2006 20.7% 15.3% 11.0% 7.9% 45.3%     
2007 15.0% 8.4% 7.8% 5.7% 63.2%     
2008 9.0% 2.8% 3.4% 3.2% 81.6%     
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Table 6-Incidence of opposition outcomes by first priority country, including pending cases. Years 2000-2005.  

Rank First priority country code % of revoked % of amended % of terminated % of rejected % of pending cases 
1 US 35.62% 25.83% 6.63% 13.99% 17.93% 
2 DE 29.21% 26.35% 10.57% 19.54% 14.33% 
3 JP 28.29% 30.51% 5.48% 18.59% 17.13% 
4 EP 31.80% 25.20% 7.49% 18.09% 17.42% 
5 FR 31.07% 25.66% 6.78% 18.29% 18.19% 
6 GB 38.60% 25.63% 6.43% 13.52% 15.81% 
7 IT 33.80% 22.22% 7.64% 21.06% 15.28% 
8 SE 34.04% 22.69% 6.33% 21.11% 15.83% 
9 CH 33.03% 29.41% 13.12% 18.55% 5.88% 

10 NL 32.17% 23.25% 9.87% 18.79% 15.92% 
11 FI 31.82% 21.02% 12.50% 15.91% 18.75% 
12 KR 31.03% 37.93% 6.90% 13.79% 10.34% 
13 AT 27.32% 24.04% 8.74% 24.59% 15.30% 
14 DK 30.57% 23.32% 10.36% 15.03% 20.73% 
15 AU 29.63% 29.63% 9.26% 11.11% 20.37% 
16 ES 21.15% 28.85% 5.77% 28.85% 15.38% 
17 CA 35.14% 24.32% 8.11% 18.92% 13.51% 
18 NO 17.65% 23.53% 5.88% 32.35% 20.59% 
19 IL 30.00% 30.00% 3.33% 13.33% 23.33% 
20 BE 31.58% 28.07% 10.53% 10.53% 19.30% 
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Table 7-Description and taxonomy of the variables used in the empirical analysis 

Group Subgroup Variable Name Description 

Patent 
characteristics 

Technological 
importance 

Number of Forward citations Forw.Cites Number of citing patents (logarithm of 1+number of forward citations) 

Geographical scope 
(Families) 

Triadic dummy Triadic Dummy equal to 1 if there are at least 1 US and 1 Japanese member in the same patent family, according 
to INPADOC methodology 

 Number of EPC designated states EPC designated states Number of EPC designated states (logarithm) 

Legal disputes Opposition incidences Opposition dummy Dummy variable that is equal to 1 if the patent was opposed and 0 otherwise 

 Opposition outcomes (revocation, 
amendment, termination, rejection of the 
opposition or pending when no outcome has 
been recorded at the time we collected data) 

- Revoked 
- Amended 
- Pending 

Set of dummy variables equal to 1 correspondingly to the outcome of the opposition procedure 
(revocation, amendment, termination, rejection of the opposition or pending when no outcome has 
been recorded at the time we collected data) 

 Number of opponents No. Opponents Number of opponents (logarithm) 

Complexity Number of backward patent citations Backw.Pat.Cites Number of references to the patent literature (logarithm of 1+number of backward citations) 

 Number of backward non-patent citations Backw.Lit.Cites Number of references to the non-patent literature (logarithm of 1+number of backward citations) 

 Number of IPC subclasses IPC scope Number of IPC subclasses, 4 digit level (logarithm) 

 Number of inventors No. Inventors Number of inventors (logarithm) 

Patent ownership Ownership structure Number of assignees No. Assignees Number of assignees (logarithm) 

 Applicants' nationalities - Appl.Nat.EP 
- Appl.Nat.US 
- Appl.Nat.Jp 

Dummy variables equal to 1 if there is, among the applicants, at least one applicant whose nationality is 
respectively European (that is belonging to the EPC), US or Japanese. Such variables are based on the 
database provided by Thoma et al. (2010) 

Applicant profile Portfolio size Portfolio Portfolio size (from the database provided by Thoma et al., 2010) (logarithm) 

Filing strategy Drafting style Number of claims Claims Number of claims (logarithm) 

Patenting route PCT dummy PCT Dummy variable that is equal to 1 if the patent application was designated as a PCT application and 0 
otherwise 

Other  Grant lag (difference between publication and 
application date) 

Grant lag It refers to the lag (in days) that occurs between the date of the application and the granting date 
(logarithm). 

 First Priority country - F.Prior.EP 
- F.Prior.US 
- F.Prior.JP 

Dummy variables for first priority country: they are equal to 1 if the patent has respectively a European 
(EPO or any other EPC member country), US or Japanese priority and 0 otherwise 

 Foreigners which first file in one of the 3 
examined POs of origin, e.g.: non-US 
applicants with US first priority 

- Non EP Nat.-first pr. EP 
- Non US Nat.-first pr.US 
- Non JP Nat.-first pr. JP 

Dummy variables equal to 1 if there is at least one applicant whose nationality (from the database 
provided by Thoma et al., 2010) is not European thus the first priority country is European (Europe 
intended as aggregation of EPC member states); similarly for the US and Japanese priorities and 
applicants' nationalities 



 
 

27 

 

Table 8-Descriptive statistics of the variables used in the analysis 

Variable Mean Std.Dev. Min Max 
Opposition dummy 0.052 0.223 0 1 
Revoked 0.258 0.438 0 1 
Amended 0.198 0.399 0 1 
Pending 0.335 0.472 0 1 
Revoked up to 2005 0.321 0.467 0 1 
Amended up to 2005 0.261 0.439 0 1 
Pending up to 2005 0.163 0.370 0 1 
Forw.Cites 0.169 0.652 0 6.686 
Backw.Pat.Cites 1.598 0.541 0 5.037 
Backw.Lit.Cites 0.780 0.675 0 5.226 
Claims 2.327 0.679 0 5.509 
IPC scope 0.572 0.551 0 3.091 
EPC designated states 2.168 0.872 0 3.584 
No. Inventors 0.727 0.628 0 3.638 
No. Assignees 0.043 0.181 0 2.890 
Portfolio 3.720 2.603 0 10.057 
F.Prior.EP 0.535 0.499 0 1 
F.Prior.US 0.256 0.436 0 1 
F.Prior.JP 0.176 0.381 0 1 
Appl.Nat.EP 0.534 0.499 0 1 
Appl.Nat.US 0.245 0.430 0 1 
Appl.Nat.JP 0.184 0.388 0 1 
Non EP Nat.-first pr. EP 0.033 0.178 0 1 
Non US Nat.-first pr. US 0.036 0.187 0 1 
Non JP Nat.-first pr. JP 0.002 0.046 0 1 
Grant Lag 7.442 0.405 5.493 8.606 
Triadic 0.591 0.492 0 1 
No. Opponents 0.147 0.344 0 3.091 
PCT 0.480 0.500 0 1 
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Table 9-Correlation matrix for the variables used in the empirical analysis 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 Forw.Cites 1                                           

2 Backw.Pat.Cites 0.024 1                                         

3 Backw.Lit.Cites -0.007 -0.143 1                                       

4 Claims 0.038 0.007 0.075 1                                     

5 IPC scope 0.019 -0.024 0.173 0.110 1                                   

6 EPC designated states 0.014 0.003 0.045 0.171 0.075 1                                 

7 No. Inventors 0.011 -0.016 0.131 0.088 0.136 -0.027 1                               

8 No. Assignees 0.003 -0.009 0.054 0.001 0.030 0.024 0.122 1                             

9 Portfolio -0.018 -0.059 0.000 -0.064 0.035 -0.291 0.189 0.037 1                           

10 F.Prior.EP 0.038 -0.011 -0.144 -0.030 -0.114 0.260 -0.157 0.000 -0.086 1                         

11 F.Prior.US -0.008 -0.030 0.091 0.185 0.112 0.011 0.075 -0.031 -0.016 -0.629 1                       

12 F.Prior.JP -0.035 0.051 0.065 -0.174 0.013 -0.368 0.124 0.025 0.182 -0.497 -0.272 1                     

13 Appl.Nat.EP 0.039 -0.016 -0.134 -0.022 -0.093 0.284 -0.149 0.042 -0.084 0.856 -0.515 -0.489 1                   

14 Appl.Nat.US -0.006 -0.021 0.073 0.156 0.095 -0.008 0.069 -0.024 0.004 -0.491 0.816 -0.253 -0.592 1                 

15 Appl.Nat.JP -0.037 0.047 0.070 -0.163 0.009 -0.373 0.130 0.037 0.181 -0.481 -0.255 0.957 -0.504 -0.265 1               

16 Non EP Nat.-first pr. EP 0.001 0.002 0.007 0.000 -0.017 -0.018 -0.013 -0.024 0.011 0.171 -0.108 -0.085 -0.208 0.186 -0.019 1             

17 Non US Nat.-first pr. US 0.000 -0.024 0.030 0.075 0.027 0.028 0.006 0.008 -0.004 -0.209 0.332 -0.090 0.014 -0.117 -0.051 -0.036 1           

18 Non JP Nat.-first pr. JP 0.003 -0.009 0.010 -0.023 0.008 -0.012 0.000 -0.009 0.020 -0.050 -0.027 0.100 -0.022 0.041 -0.023 -0.009 -0.009 1         

19 Grant Lag -0.027 -0.007 0.190 -0.002 0.124 -0.172 0.088 0.017 0.068 -0.252 0.188 0.105 -0.253 0.185 0.114 0.019 0.028 0.009 1       

20 triadic -0.008 -0.050 0.170 0.032 0.254 -0.121 0.190 0.009 0.221 -0.370 0.141 0.323 -0.339 0.117 0.315 -0.058 0.030 0.027 0.183 1     

21 No. Opponents 0.107 -0.001 0.074 0.058 0.071 0.090 0.046 0.022 -0.003 -0.002 0.027 -0.042 0.000 0.029 -0.049 0.012 0.022 0.001 0.050 0.053 1   

22 PCT -0.003 -0.136 0.380 0.189 0.128 0.276 0.059 0.039 -0.123 0.044 0.152 -0.257 0.075 0.126 -0.261 0.008 0.062 0.005 0.051 0.074 0.044 1 
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Table 10- Probit model. Dependent variable equal one for the patents subject to an opposition. Baseline models (1,2) and models analysing the effects of 
first priority country (3,4,5). 

 (1) (2) (3) (4) (5) 
VARIABLES Model Model Model Model Model 

      
Forw.Cites 0.161*** 0.165*** 0.161*** 0.164*** 0.163*** 

 (0.004) (0.004) (0.004) (0.004) (0.004) 
Backw.Pat.Cites 0.307*** 0.326*** 0.336*** 0.326*** 0.337*** 

 (0.007) (0.007) (0.007) (0.007) (0.007) 
Backw.Lit.Cites 0.088*** 0.101*** 0.117*** 0.102*** 0.113*** 

 (0.005) (0.006) (0.006) (0.006) (0.006) 
Claims 0.080*** 0.081*** 0.088*** 0.088*** 0.064*** 

 (0.005) (0.005) (0.005) (0.005) (0.005) 
IPC scope 0.018*** 0.020*** 0.035*** 0.024*** 0.023*** 

 (0.006) (0.006) (0.007) (0.006) (0.006) 
EPC designated states 0.129*** 0.135*** 0.100*** 0.133*** 0.098*** 

 (0.004) (0.005) (0.005) (0.005) (0.005) 
No. Inventors 0.036*** 0.032*** 0.049*** 0.034*** 0.046*** 

 (0.005) (0.006) (0.006) (0.006) (0.006) 
No. Assignees  -0.100*** -0.106*** -0.106*** -0.093*** 

  (0.019) (0.019) (0.019) (0.019) 
Portfolio  0.008*** 0.007*** 0.008*** 0.009*** 

  (0.001) (0.001) (0.001) (0.001) 
Year (dummies) YES YES YES YES YES 
Field (dummies) YES YES YES YES YES 

      
F.Prior.EP   0.204***   

   (0.007)   
F.Prior.US    -0.070***  

    (0.008)  
F.Prior.JP     -0.273*** 

     (0.012) 
Constant -1.871*** -1.886*** -2.018*** -1.897*** -1.764*** 

 (0.091) (0.097) (0.097) (0.097) (0.097) 
      

Observations 457,537 412,639 412,639 412,639 412,639 
Chi2 10466.291 9822.738 10329.636 9864.309 10022.669 

LogLik -87936.087 -79946.800 -79572.455 -79909.380 -79650.936 
PseudoR2 0.064 0.065 0.070 0.066 0.069 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.10 
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Table 11-Probit model. Dependent variable equal one for the patents subject to an opposition. Models for testing the effects of nationality of applicants. 
EPC: models 1,2. US: models 3,4,. Japan: models 4,5. 

 (1) (2) (3) (4) (5) (6) 
VARIABLES Model Model Model Model Model Model 

       
Forw.Cites 0.161*** 0.165*** 0.165*** 0.165*** 0.163*** 0.165*** 

 (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) 
Backw.Pat.Cites 0.337*** 0.326*** 0.326*** 0.326*** 0.337*** 0.326*** 

 (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) 
Backw.Lit.Cites 0.117*** 0.101*** 0.102*** 0.101*** 0.113*** 0.101*** 

 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 
Claims 0.087*** 0.081*** 0.085*** 0.081*** 0.064*** 0.080*** 

 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
IPC scope 0.033*** 0.020*** 0.022*** 0.020*** 0.022*** 0.020*** 

 (0.007) (0.006) (0.006) (0.006) (0.006) (0.006) 
EPC designated states 0.099*** 0.135*** 0.134*** 0.135*** 0.098*** 0.135*** 

 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
No. Inventors 0.048*** 0.032*** 0.033*** 0.032*** 0.046*** 0.032*** 

 (0.006) (0.006) (0.006) (0.006) (0.006) (0.006) 
No. Assignees -0.131*** -0.099*** -0.104*** -0.099*** -0.087*** -0.100*** 

 (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) 
Portfolio 0.007*** 0.008*** 0.008*** 0.008*** 0.009*** 0.008*** 

 (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) 
Year (dummies) YES YES YES YES YES YES 
Field (dummies) YES YES YES YES YES YES 

       
Appl.Nat.EP 0.200***      

 (0.008)      
Non EP Nat.-first pr. EP  0.041**     

  (0.017)     
Appl.Nat.US   -0.048***    

   (0.008)    
Non US Nat.-first pr. US    -0.036**   

    (0.017)   
Appl.Nat.JP     -0.263***  

     (0.011)  
Non JP Nat.-first pr. JP      -0.171** 

      (0.078) 
Constant -2.003*** -1.888*** -1.891*** -1.887*** -1.763*** -1.885*** 

 (0.097) (0.097) (0.097) (0.097) (0.097) (0.097) 
       

Observations 412,639 412,639 412,639 412,639 412,639 412,639 
Chi2 10308.798 9823.646 9840.249 9830.522 10013.226 9827.845 



 
 

31 

LogLik -79589.062 -79944.218 -79929.513 -79944.668 -79662.202 -79944.305 
PseudoR2 0.070 0.066 0.066 0.065 0.069 0.066 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.10 
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Table 12-Probit model. Dependent variable equal one for the patents subject to an opposition. Model testing the effects of first priority country for 
selected technological fields. Electrical machinery: models 1,4,7. Pharmaceuticals: models 2,5,8. Telecommunications: models 3,6,9. 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
VARIABLES Model Model Model Model Model Model Model Model Model 

          
Forw.Cites 0.164*** 0.205*** 0.154*** 0.170*** 0.204*** 0.155*** 0.168*** 0.210*** 0.156*** 

 (0.020) (0.019) (0.027) (0.020) (0.019) (0.027) (0.020) (0.019) (0.027) 
Backw.Pat.Cites 0.220*** 0.308*** 0.481*** 0.205*** 0.304*** 0.458*** 0.214*** 0.314*** 0.476*** 

 (0.045) (0.028) (0.054) (0.044) (0.028) (0.052) (0.044) (0.028) (0.054) 
Backw.Lit.Cites 0.026 0.226*** 0.040 -0.001 0.216*** 0.031 0.009 0.225*** 0.035 

 (0.029) (0.024) (0.044) (0.028) (0.023) (0.043) (0.029) (0.024) (0.044) 
Claims 0.022 0.172*** 0.049 0.032 0.165*** 0.048 0.003 0.140*** 0.025 

 (0.029) (0.025) (0.038) (0.029) (0.025) (0.038) (0.029) (0.025) (0.038) 
IPC scope 0.092** -0.129*** 0.104** 0.086** -0.134*** 0.089* 0.076** -0.155*** 0.076 

 (0.038) (0.036) (0.047) (0.038) (0.036) (0.047) (0.037) (0.036) (0.047) 
EPC designated states 0.120*** 0.065* 0.044 0.173*** 0.087** 0.077*** 0.138*** 0.048 0.055* 

 (0.024) (0.038) (0.032) (0.023) (0.038) (0.030) (0.024) (0.038) (0.032) 
No. Inventors 0.094*** -0.127*** 0.091** 0.069** -0.131*** 0.076* 0.081*** -0.109*** 0.082* 

 (0.030) (0.025) (0.043) (0.030) (0.025) (0.043) (0.030) (0.025) (0.043) 
No. Assignees -0.257* 0.037 -0.098 -0.278** 0.033 -0.063 -0.239* 0.023 -0.048 

 (0.132) (0.069) (0.204) (0.129) (0.068) (0.205) (0.130) (0.068) (0.202) 
Portfolio -0.012 0.020** -0.061*** -0.010 0.022*** -0.062*** -0.009 0.023*** -0.057*** 

 (0.007) (0.008) (0.009) (0.007) (0.008) (0.010) (0.007) (0.008) (0.010) 
Year (dummies) YES YES YES YES YES YES YES YES YES 

          
F.Prior.EP 0.277*** 0.153*** 0.205***       

 (0.042) (0.032) (0.053)       
F.Prior.US    -0.179*** -0.031 -0.104*    

    (0.051) (0.033) (0.056)    
F.Prior.JP       -0.210*** -0.433*** -0.169** 

       (0.054) (0.075) (0.075) 
Constant -2.731*** -2.779*** -3.434*** -2.615*** -2.715*** -3.313*** -2.487*** -2.557*** -3.262*** 

 (0.148) (0.172) (0.236) (0.144) (0.172) (0.237) (0.147) (0.174) (0.240) 
          

Observations 18,461 15,971 15,522 18,461 15,971 15,522 18,461 15,971 15,522 
Chi2 237.769 446.242 226.232 212.361 436.533 203.100 212.518 451.612 218.274 

LogLik -2694.053 -3714.258 -1339.337 -2710.181 -3724.874 -1344.989 -2708.982 -3705.147 -1344.128 
PseudoR2 0.044 0.061 0.083 0.038 0.059 0.080 0.038 0.064 0.080 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.10 
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Table 13-Sample selection probit model on the probability of revocation conditional on observing an opposition. Baseline specification in model 1. 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
VARIABLES Model Model Model Model Model Model Model Model Model Model 
Backw.Pat.Cites -0.232*** -0.235*** -0.237*** -0.234*** -0.232*** -0.232*** -0.232*** -0.226*** -0.227*** -0.232*** 
 (0.043) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.044) (0.043) 
Backw.Lit.Cites -0.213*** -0.215*** -0.216*** -0.214*** -0.217*** -0.216*** -0.214*** -0.207*** -0.207*** -0.213*** 
 (0.025) (0.026) (0.026) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) (0.025) 
Claims -0.031* -0.033* -0.034* -0.031* -0.045** -0.042** -0.033* -0.040** -0.038** -0.030* 
 (0.018) (0.018) (0.018) (0.018) (0.019) (0.018) (0.018) (0.018) (0.018) (0.018) 
IPC scope 0.084*** 0.083*** 0.082*** 0.086*** 0.078*** 0.080*** 0.084*** 0.085*** 0.085*** 0.084*** 
 (0.020) (0.020) (0.020) (0.020) (0.020) (0.020) (0.020) (0.020) (0.020) (0.020) 
EPC designated states 0.083*** 0.084*** 0.086*** 0.081*** 0.083*** 0.081*** 0.082*** 0.061*** 0.064*** 0.082*** 
 (0.019) (0.018) (0.018) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) 
No. Inventors 0.016 0.013 0.012 0.017 0.011 0.012 0.016 0.025 0.024 0.016 
 (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019) 
No. Assignees -0.035 -0.037 -0.019 -0.024 -0.032 -0.024 -0.042 -0.032 -0.030 -0.035 
 (0.062) (0.062) (0.062) (0.062) (0.062) (0.062) (0.062) (0.061) (0.061) (0.062) 
Portfolio 0.005 0.005 0.004 0.004 0.005 0.004 0.005 0.006 0.006 0.005 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
Grant Lag 0.211*** 0.204*** 0.198*** 0.207*** 0.179*** 0.181*** 0.208*** 0.214*** 0.214*** 0.211*** 
 (0.034) (0.033) (0.033) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) (0.034) 
No. Opponents 0.762*** 0.767*** 0.766*** 0.762*** 0.763*** 0.762*** 0.762*** 0.761*** 0.761*** 0.762*** 
 (0.041) (0.042) (0.042) (0.041) (0.042) (0.041) (0.041) (0.042) (0.042) (0.041) 
Year (dummies) YES YES YES YES YES YES YES YES YES YES 
Field (dummies) YES YES YES YES YES YES YES YES YES YES 
           
F.Prior.EP  -0.030         
  (0.030)         
Appl.Nat.EP   -0.052*        
   (0.030)        
Non EP Nat.-first pr. EP    0.182***       
    (0.054)       
F.Prior.US     0.126***      
     (0.029)      
Appl.Nat.US      0.121***     
      (0.028)     
Non US Nat.-first pr. US       0.146**    
       (0.058)    
F.Prior.JP        -0.162***   
        (0.044)   
Appl.Nat.JP         -0.129***  
         (0.043)  
Non JP Nat.-first pr. JP          0.143 
          (0.255) 
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Constant -2.647*** -2.560*** -2.498*** -2.609*** -2.401*** -2.410*** -2.621*** -2.605*** -2.620*** -2.206*** 
 (0.478) (0.500) (0.500) (0.478) (0.488) (0.487) (0.478) (0.477) (0.477) (0.197) 
           
Observations 278,226 278,226 278,226 278,226 278,226 278,226 278,226 278,226 278,226 278,226 
Num Obs 278226.000 278226.000 278226.000 278226.000 278226.000 278226.000 278226.000 278226.000 278226.000 278226.000 
LogLik -55269.610 -55033.017 -55049.835 -55257.839 -55232.330 -55248.074 -55265.781 -55088.911 -55094.440 -55268.068 
athrho 0.523*** 0.514*** 0.514*** 0.521*** 0.519*** 0.520*** 0.521*** 0.523*** 0.524*** 0.522*** 
 (0.095) (0.096) (0.096) (0.095) (0.095) (0.095) (0.095) (0.096) (0.096) (0.095) 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.10 

*Second stage estimates are not shown. First stage variables include: Forw.Cites, Backw.Pat.Cites, Backw.Lit.Cites, Claims, IPC scope, EPC designated states, No. Inventors, 
No. Assignees, Portfolio, Grant Lag, Year (dummies), Field (dummies) and correspondingly first priority country dummies, applicants’ nationality dummies and dummies for 
foreigners from the selected POs. 
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Table 14-Percentage incidence of opponent’s nationality by applicant’s nationality. Years 2000-2007. All 
sectors. Sub-sample of opposed patents. 

 Opponent’s nationality* % of non-matched opponent names (relative 
to the total number of opposed patents) 

 EP US JP Other   
Applicant’s nationality      

EP 87.9% 13.7% 1.4% 1.0% 30.7% 
US 79.5% 23.6% 2.4% 1.3% 30.3% 
JP 81.7% 14.9% 6.5% 0.7% 27.3% 

* The sum can exceed 100% due to the presence of opposition cases with multiple opponents or applicants that have been double 
counted. 

 

Table 15- Percentage incidence of opponent’s nationality by applicant’s nationality. Years 2000-2007. 
Analysis restricted to the Electrical machinery and apparatus field. Sub-sample of opposed patents. 

 Opponent’s nationality* % of non-matched opponent names (relative to 
the total number of opposed patents) 

 EP US JP Other  
Applicant’s nationality      

EP 96.6% 2.7% 1.4% 0.0% 34.1% 
US 91.8% 6.6% 4.9% 0.0% 29.1% 
JP 96.6% 1.7% 1.7% 0.0% 33.0% 

* The sum can exceed 100% due to the presence of opposition cases with multiple opponents or applicants that have been double 
counted. 

 

Table 16-Percentage incidence of opponent’s nationality by applicant’s nationality. Years 2000-2007. 
Analysis restricted to the Pharmaceuticals field. Sub-sample of opposed patents. 

 Opponent’s nationality* % of non-matched opponent names (relative to 
the total number of opposed patents) 

 EP US JP Other  
Applicant’s nationality      

EP 83.4% 17.8% 1.0% 6.9% 28.6% 
US 69.9% 29.3% 3.1% 8.1% 31.5% 
JP 76.5% 20.6% 8.8% 11.8% 22.7% 

* The sum can exceed 100% due to the presence of opposition cases with multiple opponents or applicants that have been double 
counted. 
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Table 17-Percentage incidence of opponent’s nationality by applicant’s nationality. Years 2000-2007. 
Analysis restricted to the Telecommunications field. Sub-sample of opposed patents. 

 Opponent’s nationality* % of non-matched opponent names (relative to 
total number of opposition) 

 EP US JP Other  
Applicant’s nationality      

EP 83.7% 15.2% 1.1% 8.7% 37.4% 
US 90.0% 10.0% 0.0% 0.0% 38.3% 
JP 39.3% 28.6% 32.1% 0.0% 42.9% 

* The sum can exceed 100% due to the presence of opposition cases with multiple opponents or applicants that have been double 
counted. 

 

Table 18- Percentage incidence of applicant’s nationality by first priority country. Years 2000-2007. 

  Applicant’s nationality 

First priority 
country 

Number 
of 

granted 
patents EU US JP Other 

Tot nationalities 
different from 
first priority 
country 

EU 212,653 198,213 10,312 2,288 3,129 14,334 
  93.2% 4.8% 1.1% 1.5% 6.7% 

US 102,822 9,851 86,803 1,644 5,912 15,954 
  9.6% 84.4% 1.6% 5.7% 15.5% 

JP 70,525 520 687 69,563 114 946 
  0.7% 1.0% 98.6% 0.2% 1.3% 
* The sum can exceed 100% due to the presence of cases with multiple applicants that have been double counted. 
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Abstract!

This! paper! investigates! the! private! component! of! patent! value.! In! particular,! we!

explore! if! firm! characteristics! affect! patent! valuation! and! by! how! much.! We!

compiled!a!dataset!of!US!patents!granted!to!S&P!400MidCap!companies!and!used!an!

event!study!of!the!stock!market’s!reaction!to!the!grant!of!a!patent!to!estimate!their!

total!value.!We!find!that!patent!value!is!positively!correlated!with!assignee!size,!R&D!

intensity,!patent!portfolio!quality!and!relatedness.!In!addition,!we!demonstrate!that,!

after! controlling! for! the! quality! of! the! patented! invention,! assignee! characteristics!

explain!more!variance!in!patent!value!than!technology!area!characteristics.!!

!

Keywords:!Patent!value;!Intellectual!property!protection;!Appropriability!!
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INTRODUCTION!!

The! literature! on! the! economic! value! of! patenting! primarily! distinguishes!

between! the!private!value!of!patent! rights! to! their!holders!and! the! social! value!of!

disclosure! (Griliches,!1990;!Schankerman! et!al.,!1986;!Scotchmer! et!al.,!1990).!This!

reflects! the! patents’! widely! accepted! role! as! a! solution! to! the! market! failure!

associated!with! the! inappropriability! of! knowledge! (Arrow,! 1962):! patents! balance!

dynamic! efficiency! gains,! through! increased! incentives! to! innovate,! with! static!

efficiency!losses!resulting!from!granting!monopolistic!power!to!inventors.!!

However,! the! focus! on! private! versus! social! value! has! left! another! question!

relatively! unexplored:! how!does! the! private! value! component! of! patents! compare!

with! their! common!value! component?!Here,!we!are!borrowing! the! terminology!of!

auction! theory! to! differentiate! between! two! (extreme)! possibilities.! On! the! one!

hand,! the! value! of! a! patent! could! be! characterized! by! a! very! large! private! value!

component,! in!which!case!the!valuation!of!the!same!patent!would!be! independent!

across!different!assignees.!In!contrast,!the!same!patent!could!be!equally!valuable!to!

any! potential! assignee,! suggesting! a! very! high! common! value! component! (see!

Vickrey! (1961)! for!an!early!analysis!of!private!value!auctions,!Wilson! (1969)! for!an!

analysis!of!the!pure!common!value!model!and!Klemperer!(1999)!for!an!overview!of!

the! literature).! Hence,!we! are! not! concerned!with!measuring! patent! value! per! se.!

Rather,!we!want!to!understand!if,!and!to!what!extent,!patents!are!equally!valuable!

to!all!firms.!That!is,!how!private
1
!is!the!value!of!patents?!!

A! simple! example! would! help! explicate! this! question.! Suppose! a! researcher!

decides!to!sell!her!patent!by!inviting!two!firms,!A!and!B,!to!a!secondcprice!auction.!

Let’s! further! assume! that! there! is! no! technological! uncertainty! and! that! the! two!

firms!have!no! information!about! the! value!of! the!patent! to! the!other! firm.! In! this!

scenario,! the!optimal! strategy! for!both! firms! is!bidding! their! respective!valuations,!

say!ba! and!bb,!of! the!patent! (Kagel! et!al.,!1993).!Should!we!expect!ba! and!bb!to!be!

equal?! If! this!were!a!pure! common!value!auction! the!answer! is! yes! given! that!we!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
!In!the!remainder!of!the!paper!the!term!‘private!value’!refers!to!the!distinction!between!private!and!

common!value!as!used!in!the!auction!theory!literature.!!
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assumed!no!technological!uncertainty.!The!actual!value!of!the!patent!would!be!the!

same!for!both!firms.!However,!in!practice,!we!have!reasons!to!believe!that!ba!and!bb!

would!differ.! For! example,!patents! are!more! valuable! to! firms! that!have!access! to!

related!complementary!assets!(Arora!et!al.,!2006;!Teece,!1986).!Or,!some!firms!are!

better! than! others! in! protecting! their! intellectual! property! rights! (Agarwal! et! al.,!

2009;! Lanjouw! et! al.,! 2004).! Hence,! it! is! reasonable! to! expect! that! patent! value!

differs!across!potential!assignees,!with!patents!having!both!a!common!and!private!

value!component.!!

Existing! literature!offers! limited!guidance!on!this!topic.!Much!of!the!focus!and!

emphasis!has!been!placed!on!differences!in!patent!value!across!technology!areas!or!

industries!(Arora!et!al.,!2003a;!Cohen!et!al.,!2000;!Levin!et!al.,!1987;!Schankerman,!

1998).!Very!few!studies!have!focused!on!patents’!private!value!component,!i.e.!the!

interaction! between! assignee! characteristics! and! patent! value.! In! particular,!

systematic!differences! in! the! value!of!patents!between! small! and! large! firms!have!

been!noted!(Bessen,!2008;!Lanjouw!et!al.,!2004).!Moreover,!the!innovation!strategy!

literature! offers! some! evidence! that! patent! value! is! driven! by! assignee!

characteristics!(Agarwal!et!al.,!2009;!Reitzig!et!al.,!2009;!Teece,!1986).!Yet,!no!study!

offers! a! comprehensive! review! of! the! relative! importance! of! these! effects! or! an!

estimation!of!the!private!value!component!of!patents.!!

Addressing! this! question! is! important! given! that! bidding! strategy! (in! a! patent!

auction! context)! and! technology! licensing! strategy! (in! a! bic! or! multiclateral!

negotiations!context)!hinge!critically!upon!the!value!structure!of!the!patent!(Katz!et!

al.,! 1985;! Paarsch,! 1992;! Shapiro,! 1985).! Of! course,! patent! auctions! are! far! from!

commonplace.!There!have!been!only!a!few!cases!of!public!auctions!of!patent!rights!

in!the!recent!past
!2
.!However,!technology!licensing!is!much!more!widespread!and!is!

expected!to!gain!prominence!in!the!future!(Arora!et!al.,!2003b;!Arora!et!al.,!2010).!

Hence,!exploring!the!value!structure!of!patents!is!crucial!for!the!design!of!innovation!

strategy.!In!addition,!shedding!light!on!this!issue!is!important!for!understanding!the!

function!and!ensuring!the!optimal!design!of!markets!for!technology.!Although!patent!

transfer/licensing!does!not!account!for!the!entirety!of!transactions!in!these!markets,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2
!See!for!example!Ocean!Tomo’s!patent!auctions.!!
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the!volume!and!importance!of!patentcrelated!transactions!is!increasing!(Arora!et!al.,!

2010;!Grindley!et!al.,!1997;!Serrano,!2010).!!

In!order!to!address!this!question,!we!compiled!a!dataset!of!US!patents!granted!

to! S&P!400MidCap! companies! from!1995! to!1999!and!used!an!event! study!of! the!

stock!market’s!reaction!to!the!grant!of!a!patent!to!estimate!their!total!value.!We!find!

that,! in!our!sample!of!patents,!mean!total!value!is!$7.765!million!and!median!total!

value!is!approximately!$0.152!million.!Then,!we!estimated!the!variance!components!

of! a! mixed! model! where! patent! characteristics! are! treated! as! fixed! effects! while!

assignee,!technology!area!and!grant!year!are!treated!as!random!effects.!Surprisingly,!

we! find! that,! after! controlling! for! the! quality! of! the! patented! invention,! assignee!

effects!explain!a!larger!percentage!of!variance!in!patent!value!than!technology!area!

effects.!This!suggests!that!assignee!characteristics!–!or!the!private!value!component!

–! play! a!major! role! in! the!determination!of! patent! value.! Rather! than! focusing!on!

interctechnology!area!differences,!studies!measuring!patent!value!would!benefit!by!

exploring!intercassignee!heterogeneity.!!

In! addition,! we! identify! some! of! these! assignee! characteristics.! Our! analysis!

shows!that!patent!value!is!correlated!with!firm!size,!R&D!intensity,!patent!portfolio!

quality!and!relatedness.!Although!the!effect!of!firm!size!and!R&D!intensity!has!been!

noted!before!(Bessen,!2008;!Lanjouw!et!al.,!2004),!this!is!one!of!the!first!studies!to!

empirically!demonstrate!the!dependence!of!patent!value!on!the!composition!of!the!

assignee’s!patent!portfolio.!Specifically,!we!find!that!the!value!of!a!patent!increases!

when!it!is!combined!with!other!high!quality!and!technologicallycrelated!patents.!!

Our! results! then!point! towards!a!more!holistic!understanding!of!patent!value:!

patent!value!largely!depends!on!the!assignees’!collection!of!tangible!and!intangible!

resources.!This!has!interesting!implications!for!innovation!strategy!and!public!policy.!

For!example,!firms!need!to!develop!the!necessary!skills!and!capabilities!in!defining,!

protecting! and! using! patents! that! will! enable! them! to! maximize! their! value.! In!

addition,! the! large! private! value! component! of! patents! affects! the! demand! for!

patents!and,!consequently,!the!function!of!markets!for!technology.!!

In! the! next! section! we! review! related! literature.! Subsequent! sections!

sequentially! present! our! data,! patent! value! estimation! methodology,! the! results!
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from! regression! analysis! and! variance! components! analysis! and! a! concluding!

discussion.!!

MEASURING!PATENT!VALUE!!

Unlike! some! assets,! patents! are! not! readily! traded! in! the! marketplace! and!

technology! licensing! is! not! a! widespread! activity! (Arora! et! al.,! 2010).! As! a! result,!

economists!have!to!rely!on!indirect!measures!in!order!to!come!up!with!estimates!of!

their!value.!Schankerman!and!Pakes! (1986)!and!Pakes! (1986)!pioneered!the!use!of!

patent! renewal! data.! Starting! from! the! premise! that! patent! owners! keep! their!

patents!in!force!if!and!only!if!the!expected!returns!to!patent!protection!outweigh!the!

costs!of!renewal,!they!calculate!estimates!of!the!mean!(UK:!6,963!–!France:!6,656!–!

Germany:! 19,124! –! all! 1980! $)! and!median! (UK:! 1,861! –! France:! 847! –! Germany:!

1,580! –! all! 1980! $)! of! the! patent! value! distribution.! Their! results! confirm! earlier!

suggestions!that!the!value!distribution!of!patents!is!highly!skewed!towards!the!low!

value!side!(e.g.!Scherer,!1965).!!

However,! these! models! do! not! fully! capture! the! possible! realized! values! of!

patents! in! the! extreme! right! tail! of! the! distribution! (Lanjouw! et! al.,! 1998).! In!

addition,!annual!patent!returns!are!assumed!to!decrease!at!a!constant!rate!δ,!which!

is! not! necesarilly! the! case! in! industries!with! rapidly! evolving! technologies.! Hence,!

these!studies!provide!minimum!estimates!of!patent!value.!!

An! interesting!extension!of! these!models! involves! the!combination!of! renewal!

data!with!patent!transfer!data.!Using!a!dataset!of!patent!transfers!recorded!by!the!

USPTO,! Serrano! (2005)! calculates! the! value! of! the! median! patent! to! be! $27,895!

while! mean! patent! value! is! found! to! be! $86,782! (2003! $).! Nevertheless,! these!

estimates! are! based! on! patents! issued! to! ‘small! innovators’,! i.e.! firms! that! were!

issued!no!more! than!5!patents! in!a!given!year.!Hence,!a!broader! interpretation!of!

these!results!rests!on!the!assumption!that!there!are!no!systematic!differences!in!the!

value!of!patents!granted!to!firms!with!small!and!large!patenting!output.!!

Other!authors!use!firms’!market!value,!usually!Tobin’s!Q,!to!test!the!impact!of!

patenting!on!stock!market!performance!(Griliches,!1981;!Pakes,!1985).!For!example,!

using! Compustat! data! for! the! years! 1968c1974,! Griliches! (1981)! suggests! that! a!
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successful!patent!is!worth!about!$200,000.!Hall!et!al.!(2005)!find!that!a!highlyccited!

patent!portfolio!commands!a!significant!marketcvalue!premium.!And!Bessen!(2009)!

calculates! average! patent! rents! ranging! from! $205,000! to! $445,000! (1992! $)!

depending! on! different! model! specifications.! Nevertheless,! Bessen! (2009:1605)!

points!out!that!the!potential!of!omitted!variable!bias!requires!careful!interpretation!

of! such! results,! as! these!models!provide!upper!bound!estimations!of!mean!patent!

rents.!!

Finally,!survey!data!have!been!used!to!measure!the!economic!value!of!patents.!

One!of!the!earliest!attempts!towards!this!direction!was!by!Sanders!et!al.!(1958)!who!

conducted!a!mail!survey!of!US!patent!assignees!in!1957.!They!found!that!the!mean!

value!of!patents!in!current!use!and!with!net!gain!was!$577,000.!The!figure!is!lower!

but! still! significant,! approximately! $112,000! (or! $473,000! in! 1988! $),! when!

considering!all!patents! in!their!sample! (Griliches,!1990).!More!recently,! the!PatValc

EU! survey,! conducted! in! 2003c2004,! asked! inventors! and! managers! in! the! EU! to!

provide!their!best!estimate!of!the!value!of!their!patents.!The!results!suggest!that!the!

average!patent!is!worth!more!than!€10!million!and!the!value!of!the!median!patent!is!

€650,000!(Gambardella!et!al.,!2008).!!

Total!Patent!Value!and!Patent!Premium!!

It! is! hard! to! overlook! the! differences! in! estimates! of! patent! value! offered! by!

various! researchers.! In! fact,! when! comparing! some! studies,! the! results! differ! by!

several! orders! of! magnitude.! To! a! certain! extent,! these! inconsistencies! reflect!

differences!in!the!estimation!techniques!and!data!used.!More!importantly,!however,!

these!results!can!also!be!explained!by!differences!in!analytical!focus:!while!some!of!

the! studies! cited! measure! the! ‘asset! value’! of! the! patent! right,! others! calculate!

‘patent!premia’.!!

The!patent! premium! is! defined! as! the!proportional! increment! to! the! value!of!

innovations!realized!by!patenting!them!(Arora!et!al.,!2003a:1).!Given!that!innovators!

choose! from!a! variety! of! strategies! to! protect! their! inventions! –! e.g.! secrecy,! lead!

time! or! complementary! assets! –! the! patent! premium! reflects! the! additional! value!

captured! by! innovators! as! a! result! of! patenting.! In! particular,! Arora!et! al.! (2003a)!

report! that,! conditional! on! patenting,! US! firms! earn! between! 75%! to! 125%!more!
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from!the!decision!to!patent!their!inventions.!The!renewal!studies!similarly!focus!on!

calculating! patent! premia.! Since! the! decision! to! renew! does! not! affect! the!

innovator’s! ability! to! use! the! patented! invention,! the! results! from! this! literature!

capture!the!value!of!continued!patent!protection,!without!including!the!value!of!the!

invention!(Harhoff!et!al.,!2003).!!

Serrano!(2005)!or!Gambardella!et!al.!(2008),!however,!measure!what!Harhoff!et!

al.!(2003)!define!as!the!asset!value!of!the!patent!right.!This!can!also!be!described!as!

total! patent! value! since! it! includes! both! patent! premium! and! the! value! of! the!

invention! (Gambardella! et! al.,! 2008).! The! distinction! between! the! two! value!

constructs! is! better! understood! when! considering! a! case! of! intercfirm! technology!

transfer.!When!a!firm!sells!a!patent!right,!then!the!recipient!firm!can!block!all!other!

competitors,! including! the! selling! firm,! from! using! the! invention.! Thus,! the! selling!

firm! forgoes! both! the! patent! right! and! the! right! to! use! the! invention.! On! the!

contrary,!when!a!firm!licenses!its!patented!technology!to!a!competitor,!then!it!looses!

its! monopoly! over! the! invention,! but! it! can! still! use! the! technology! for! its! own!

production.!It!should!be!obvious!then!that!the!patent!premium!is!equivalent!to!the!

value!of!licensing!the!patent!right!to!all!market!participants!while!total!patent!value!

is! equivalent! to! the! value! of! selling! a! patent! right! to! a! competitor! (Harhoff! et! al.,!

2003).!!

In!practice,!it!is!difficult!to!disentangle!total!patent!value!and!patent!premium.!

Jensen! et! al.! (forthcoming)! were! successful! in! separating! the! two! by! surveying!

patent!applicants!(not!just!patentees)!and!asking!them!to!provide!estimates!of!past!

and!future!revenues!from!using!or!licensing!the!invention.!Their!results!suggest!that,!

ceteris!paribus,!patented!inventions!are!38%!to!47%!more!valuable!than!inventions!

without!a!patent.!!

Sources!of!Variation!in!Patent!Value!

Patent! value
3
!depends! on! the! quality! of! the! underlying! invention! and! on! the!

effectiveness! of! patents! as! mechanisms! of! appropriability.! Hence,! the! observed!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3
!Unless!otherwise!stated,!the!term!‘patent!value’!refers!to!the!concept!of!total!patent!value,!which!

includes!the!value!of!the!patented!invention!and!the!patent!premium.!!
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variability!in!patent!values!can!be!attributed!to!a!number!of!parameters.!Below!we!

examine!these!sources!of!variation!more!systematically.!!

Technology!Area!!

Most!studies!measuring!patent!value!emphasize!the!differences!in!their!use!and!

value! across! technology! areas.! For! example,! a! number! of! important! contributions!

have! established! that! patents! are! not! equally! effective! as! mechanisms! of!

appropriability! across! technology! areas! (Cohen! et! al.,! 2000;! Levin! et! al.,! 1987).! In!

addition,!patents!serve!different!purposes.!When!innovation!is!cumulative!in!nature,!

patents!act!as! ‘bargaining!chips’! rather! than!exclusion!rights! (Hall!et!al.,!2001b).! In!

other!cases,!patents!are!used!as!defensive!mechanisms!(Arora,!1997).!There!is!also!

considerable! variability! in! the! cost! of! protecting! intellectual! property,! as!

demonstrated! by! the! differences! in! litigation! rates! across! technology! fields
4
!

(Lanjouw!et!al.,!2001).!!

There! is! strong! empirical! evidence! documenting! these! differences.! Lanjouw!

(1998),! Schankerman! (1998)! and! Bessen! (2008)! find! significant! differences! in!

estimates! of! patent! value! across! technology! areas.! For! example,! Bessen! (2008)!

reports! that!mean! patent! rents! amount! to! $497,200! in! chemicals!while! the! same!

figure! is! much! lower! in! other! fields! (computers! and! communications:! $45,247! –!

drugs! and! medical:! $120,419! –! electrical! and! electronic:! $68,459! –! mechanical:!

$86,033).!Arora!et!al.!(2003a)!similarly!find!substantial!differences!in!their!estimates!

of!industry!patent!premia
5
.!!

Assignee!Characteristics!!

Assignee!characteristics!have!received!less!attention!in!the!literature.!However,!

as! indicated!before,! there!are!reasons!to!believe!that!a!given!patent! is!not!equally!

valuable!to!different!firms.!First,!some!firms!are!better!than!other!in!protecting!their!

intellectual! property! rights.! Second,! the! value! of! a! patent! is! a! function! of! a! firm’s!

patent!portfolio!and!complementary!mechanisms!of!appropriability.!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4
!Lanjouw!and!Schankerman!(2001)!suggest!that!these!differences!may!be!associated!with!variation!in!

the!value!of!patent!protection.!!

5
!Arora!et!al.! (2003)!calculate! industry,!as!opposed!to!technology!area,!patent!premia!because!they!

are!using!data! from!the!Carnegie! survey.!Although! there! is!no!clear,!onectocone!matching!between!

technology!area!and!industry,!the!basis!of!the!argument!is!very!similar.!!
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It! is! important! to! remember! that! patent! rights! do! not! immediately! confer!

monopoly! power! over! an! invention.! Rather,! if! a! patent! is! being! infringed! upon,! it!

gives!the!patent!assignee!the!right!to!sue!the!infringer!for!damages.!However,!patent!

enforcement! is! costly! in! the! US
6
,! making! it! especially! difficult! for! small! firms! to!

protect!their!intellectual!property!(Lanjouw!et!al.,!2004:45).!In!fact,!small!firms!face!

much!higher! litigation!costs!as!compared!to! larger!firms!(Lerner,!1995).!Because!of!

this! disadvantage,! patents! are! expected! to! be! less! valuable! to! small! firms.! These!

claims! are! consistent! with! Bessen’s! (2008)! finding! that! small! companies! have! on!

average!less!valuable!patents.!!

In! addition,! some! firms! enhance! the! value! of! their! patents! by! building! a!

reputation!for!enforcement!(Agarwal!et!al.,!2009;!Lanjouw!et!al.,!2001).!For!example,!

Agarwal! et! al.! (2009)! demonstrate! that! a! reputation! for! toughness! reduces! the!

likelihood!of!costly!IPcrelated!disputes.!!

Besides!the!issue!of!enforcement,!the!value!of!a!patent!varies!across!firms!due!

to! differences! in! the! composition! of! their! patent! portfolio.! This! is! in! line!with! the!

view! that! the! value! of! patents! lies! not! in! their! individual! worth,! but! in! their!

aggregation! into! a! collection! of! related! patents! (Parchomovsky! et! al.,! 2005:5).! In!

particular,! a! large! patent! portfolio! improves! the! bargaining! position! of! firms! and!

enables!them!to!design!and!manufacture!without!fear!of! infringement!(Grindley!et!

al.,! 1997).! Moreover,! the! value! of! a! patent! increases! when! it! creates! a! patent!

‘thicket’!along!with!other!existing!company!patents!(Reitzig,!2004).!!

Finally,! access! to! complementary! assets! enhances! the! value! of! patent!

protection! (Arora! et! al.,! 2006;! Teece,! 1986).! This! is! because! an! innovator! with!

specialized!complementary!assets!is!able!to!profit!more!from!a!market!characterized!

by! lack!of!close!substitutes!–!due! to!patent!protection!–! than!an! innovator! lacking!

such!assets!(Arora!et!al.,!2006:297).!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6
!The! American! Intellectual! Property! Law!Association! estimated! in! 2007! that! the! average! cost! of! a!

patent!dispute!is!between!$3!and!$5!million.!!
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Invention!Quality!!

Of!course,!invention!quality!plays!an!important!role!in!determining!the!value!of!

a! patent.! Given! that! the! quality! (which! defines! the! value)! of! the! underlying!

inventions!varies!considerably!across!patents,!the!skewed!nature!of!the!patent!value!

distribution!is!not!surprising!(Griliches,!1990;!Scherer,!1965).!Examples!of! invention!

quality!Indicators!put!forward!in!the!literature!are!novelty,!originality,!generality!and!

difficulty!of!inventing!around!(Gallini,!1992;!Reitzig,!2003;!Trajtenberg!et!al.,!1997).!

Yet,! finding!good!proxies!for! invention!quality! is!a!difficult!task.!Trajtenberg!et!

al.! (1997)! provide! a! number! of!measures! based! on! patent! citations.! Other! patent!

characteristics!such!as! forward!citations,!backward!citations,!number!of!claims!and!

patent!scope!are!found!to!correlate!with!patent!or! innovation!value!(Lerner,!1994;!

Tong!et!al.,!1994;!Trajtenberg,!1990).!Bessen!(2008:933)!confirmed!the!usefulness!of!

such!measures,!forward!citations!in!particular,!but!emphasized!that!these!are!more!

informative!about! the!value!of! the!underlying! technology! than! they!are!about! the!

value!of!the!patent!per!se.!!

Regulatory!Environment!!!

Finally,!the!regulatory!environment!matters!for!patent!value.!Indeed,!if!there’s!

no!credible!threat!of!punishment!for!patent!infringers,!then!there!is!no!real!value!in!

patenting.!Unfortunately,!there!are!few!opportunities!to!test!this!assumption.!In!the!

US,!the!creation!of!the!Court!of!Appeals!for!the!Federal!Circuit!(CAFC)!in!1982,!which!

has! been! widely! perceived! as! resulting! in! the! strengthening! of! patent! rights,!

provides! a! good! testing! ground.!However,! the! hypothesis! that! the! creation! of! the!

CAFC!made!patents!more!valuable!has! received! little!empirical! support! (Kortum! et!

al.,!1998).!!

Overall,! the! value! of! a! patent! has! a! private! value! component,! depending! on!

assignee!characteristics,!and!a!common!value!component,!depending!on!technology!

area!characteristics,!invention!quality!and!the!regulatory!environment.!In!this!paper,!

we!are!extending!the!inquiry!into!the!relationship!between!assignee!characteristics!

and!patent!value! in!an!attempt! to! further!explore! the!private!value!component!of!

patents.!!
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In! addition,! we! want! to! evaluate! the! relative! importance! of! the! private! and!

common!value!component.!Of!course,!it!is!challenging,!if!not!impossible,!to!formally!

do! such! a! comparison.! For! example,! it! is! very! difficult! to!model! the! effect! of! the!

regulatory!environment!(Jaffe,!2000).!Hence,!we!narrow!down!our!research!question!

to!compare!the!relative!effect!of!firm!and!technology!area!characteristics!in!patent!

valuation!after!controlling!for!the!quality!of!the!patented!invention.!This!will!enable!

us! to! assess! the! degree! to! which! patent! value! varies! across! assignees! and! across!

technology!areas.!Given!that!the!literature!has!primarily!focused!on!technology!area!

heterogeneity!in!patent!value,!this!analysis!allows!for!a!more!accurate!description!of!

these!differences!after!‘removing’!the!effect!of!assignee!characteristics.!It!also!allows!

for! a! direct! comparison! of! the! relative! importance! of! firm! and! technology! area!

characteristics!in!patent!valuation.!!

AN!EVENT!STUDY!APPROACH!TO!MEASURING!PATENT!VALUE!!

In!this!paper,!we!use!an!event!study!of!the!stock!market’s!reaction!to!the!grant!

of!a!patent!to!estimate!patent!value.!Despite!the!widespread!use!of!event!studies!to!

assess! the! financial! impact!of!corporate!announcements,!Austin! (1993,!2000)! is,! to!

the!best!of!our!knowledge,! the!only!author!employing!a! similar!methodology!with!

patent!data
7
.!!

There!are! two!main!reasons! for! this.!First,! in!most!countries! (including! the!US!

after!November,!2000)!patent!application!information!are!made!available!by!patent!

offices.!Second,!even!when!patent!applications!are!confidential,!firms!can!issue!press!

releases!about!pending!patent!applications!or!‘notices!of!allowance’
8
!(NOAs)!(Lerner,!

1994).! This! creates! problems! with! event! studies! as! events! are! assumed! to! be!

unanticipated!by!the!market.!!

In!order!to!address!the!first!concern,!we!focused!on!the!prec2000!period!when!

the!USPTO! kept! patent! applications! and!NOAs! confidential.! This! sampling! strategy!

ensures! that! the!market!did!not!previously!have!any! information!on!patent!grants!

unless! there! was! a! voluntary! disclosure.! Then,! we! tried! to! assess! the! extent! of!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7
!Austin!focused!on!patents!owned!by!biotechnology!firms.!!

8
!A!notice!of!allowance! (NOA)! indicates! that! the!patent! is!near!approval.!The!USPTO! issues!NOAs!a!

few!months!prior!to!the!award!of!a!patent.!!!
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patentcrelated!announcements!based!on!Lansford’s!(2006)!study!of!voluntary!patent!

disclosures.! In! particular,! Lansford! (2006)! found! that! between! January,! 1990! and!

November,!2000! there!were!1,977!unique!patent!announcements! from!companies!

listed!in!the!US
9
,!37%!of!which!were!related!to!patent!applications!and!NOAs.!During!

the! same! period,! there! was! a! total! of! 1,283,393! patents! awarded! by! the! USPTO.!

From! these,! approximately! 23.2%! (or! 297,747)! were! granted! to! USclisted!

companies
10
.!This! suggests! that!precgrant! information! leakage! is!a!concern! for! just!

0.0025%!of!the!total!population!of!patents!awarded!to!USclisted!companies.!!

Austin!(1993)!confirms!these!results!by!making!reference!to!anecdotal!evidence!

suggesting!that!the!actual!timing!of!patent!grants!is!a!surprise.!Hence,!under!certain!

sampling!criteria,! the!event! study!methodology!can!produce!accurate!estimates!of!

patent!value.!Nevertheless,!Lansford!(2006)!notes!that!firms!tend!to!announce!only!

economically!significant!patents.!This!might!result! in!slightly!underestimating!mean!

patent!value.!!

A! final!note!before!describing!data!collection! is! related! to! the!value!construct!

measured!with!event!studies.!When!a!firm!is!awarded!a!patent,!there!are!in!fact!two!

‘distinct’! announcements:! a)! the! company! came! up! with! an! invention! and! b)! the!

company! has! patented! this! invention.! Hence,! event! studies! produce! estimates! of!

total! patent! value! and! not! just! patent! premium.! Indeed,! Gambardella! et! al.!

(2008:70)! state! that! total! patent! value! is! equivalent! to! the!market! value!of! a! firm!

whose!only!asset!is!the!patent.!This!is!precisely!what!an!event!study!is!measuring.!!

Data!&!Methodology!

Our! dataset! consists! of! patents! granted! to! S&P! 400MidCap! companies! from!

1995!to!1999.!We!include!in!our!sample!the!400!constituent!companies!of!the!index!

at!the!start!of!1995!but!do!not!collect!data!on!companies!added!to!the!index!in!later!

periods.!When!companies!were!taken!over!or!their!stock!ceased!trading!during!this!

5cyear!period,!we!stopped!collecting!additional!patent!data.!In!addition,!we!excluded!

companies!with!less!than!5!patents!granted!during!the!1995c1999!period.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
9
!Lansford!(2006)!constructed!his!dataset!using!keyword!searches!of!Dow!Jones!News!Service!articles.!!

10
!This! calculation! is! based! on!Bessen’s! (2008)! data! indicating! that! from!all! patents! issued! in! 1991,!

23.2%!were!granted!to!USclisted!companies.!!
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This! sampling! strategy! has! a! number! of! advantages.! Firstly,! given! that! our!

primary! focus! is! on! exploring! the! firmcspecific! component! of! patent! value,! this!

approach! ensures! enough! variation! at! the! firm! level.! Secondly,! S&P! indices! are!

specifically! constructed! to! reflect! a! sector! balance! that! is! representative! of! the!

economy!as!a!whole.!Thirdly,!the!selection!of!mediumcsized!companies!allows!us!to!

avoid! two! potential! biases.! On! the! one! hand,! small! firms! are! more! likely! to!

voluntarily!disclose!information!on!patent!applications!prior!to!the!grant!day
11
.!Yet,!

very!large!companies!might!suffer!from!a!‘small!pebbles!in!a!big!pool!problem’!in!the!

context! of! this! study:! the! grant! of! a! single! patent! might! be! considered! as!

economically!immaterial!to!the!future!cash!flows!of!very!large!corporations!(Benson!

et!al.,!2009:337;!Dimson!et!al.,!1986).!!

Dataset!construction!

Given!the!difficulties!of!matching!company!names!with!patent!data,!we!used!a!

combination!of!dictionarycbased! identification!and!manual!matching!(Thoma!et!al.,!

2010).!We!begun!with! the!match! file! (last!updated! in!2010)!provided!by! the!NBER!

(Hall! et! al.,! 2001a)! and! then! manually! checked! for! alternative! spellings! and!

subsidiaries! that!were!not!already! identified.!Using!Standard!and!Poor’s!Capital! IQ!

database,! we! checked! for! existing! subsidiaries! as! well! as! changes! in! names,!

acquisitions!and!divestures!that!took!place!during!this!period.!We!were!thus!able!to!

track! all! patents! awarded! to! the! firms! either! directly! or! though! their! subsidiaries.!

This! procedure! generated! a! list! of! 11,903! patents! granted! to! 137! firms! from! our!

original!sample!of!400!companies!during!the!1995c1999!period.!!

Subsequently,! we!matched! our! patent! list! with! stock!market! data! from! CRSP!

and! financial! data! from! Compustat.! Finally,! we! excluded! 1,602! patents! from! our!

analysis! after! checking! for! confounding! events! (e.g.! earnings! announcements,!

mergers! and! acquisitions,! lawsuits! etc.)! using! the! LexisNexis! database.! So,! our!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11
!Lansford! (2006)! finds! that! firms! using! strategic! patent! announcements! have! very! low! median!

market! capitalization,!$113!million,!while!mean!market! capitalization! is!approximately!$1!billion.! In!

contrast,!S&P!MidCap400!membership!requires!a!market!capitalization!between!$1!and!$4.4!billion.!!
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sample! consists! of! 10,301! patents! granted! to! 137! firms
12
!in! 6,461! separate! event!

days!(some!firms!received!multiple!patents!on!the!same!day).!The!distribution!of!the!

number!of!patents!per!firm!is!skewed!to!the!right:!the!firms!in!our!sample!received!

an!average!of!75!patents!but!the!median!firm!received!36!patents.!!

Dependent!Variable!–!Total!Patent!Value!

The!total!value!of!a!patent!(or!multiple!patents!in!the!case!of!multiple!patents!

granted! to! the! same! firm! on! the! same! day)! is! estimated! based! on! the! difference!

between! the!assignee’s! actual! return!over! the!event!window!minus! the!assignee’s!

expected!return!as!follows:!!

!"!" = !!" − !! + !!!!" !

Here,!!"!"!denotes!the!daily,!firmcspecific!abnormal!returns,!!!"!the!daily,!firmc

specific! actual! returns,!!!" !the! corresponding! daily! returns! of! the! CRSP! equalc
weighted!index!and!!!,!!are!estimates!obtained!from!the!following!market!model:!

!!" = !! + !!!!" + !!"!,!ℎ!"!!! !!" = 0 !!"#!!"# !!" = !!!!

Following!standard!practice,!we!use!a!2cday!(0,+1)!event!window!and!a!260cday!

(c262,!c3)!estimation!window!(MacKinlay,!1997;!McWilliams!et!al.,!1997).!!

It! is! important! to! note! at! this! stage! that! the! grant! of!multiple! patents! to! the!

same!firm!on!the!same!day!imposes!some!additional!challenges!to!the!interpretation!

and!testing!of!the!abnormal!returns.!In!fact,!Austin!(1993:254)!chose!to!focus!only!on!

‘solitary’! patents,! those! issued! in!weeks!when! no! other! patent! in! the! sample!was!

issued.! However,! such! an! approach! would! bias! our! results,! as! the! most! active!

patentees!would!be!excluded! from!our! sample.!We!come!back! to! this! issue! in! the!

next!section.!!

Patent!Value!Indicators!!

We!include!a!number!of!patent,!firm!and!technology!area!characteristics!in!our!

analysis!to!check!if!they!are!correlated!with!our!estimates!of!patent!value.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
12
!In! terms! of! industry! representation,! 85%! of! the! patents! in! our! list! were! granted! to! firms! with!

primary! SIC! codes! in! manufacturing! (20c39).! This! is! hardly! surprising! given! that! the! USPTO! only!

recently!started!granting!more!patents!in!other!fields!(e.g.!business!method!patents).!!
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Patent!characteristics.!The!NBER!database!provides!information!on!the!number!

of! claims,! number! of! forward! citations! (corrected! for! truncation! –! see! Hall! et! al.!

(2001a))! and! number! of! backward! citations.! We! also! calculated! measures! of!

generality!and!originality!as!well!as!measures!of! forward!and!backward!distance! in!

technology!space
13,14

!(see!Trajtenberg!et!al.,!1997).!!

Firm! characteristics.! We! include! information! on! sales! and! R&D! spending.! In!

addition,! we! calculate! measures! of! patent! stocks! based! on! firms’! existing! patent!

portfolio! at! the! time!of! the!grant.! In!particular,!we! construct! a!measure!of!patent!

portfolio!quality!as!recorded!at!the!time!of!the!patent!grant:!!

!"#$! = !! 1− ! !!!
!

!!!
/100!

where!!"#$!!stands! for!citationcweighted!patent!portfolio! in!year!t!up!to!the!
grant,! !! !denotes! the! number! of! forward! citations! (corrected! for! truncation)!

received! by! existing! patents! i=1,…,N! granted! in! year! T! and! ! !is! the! annual!
depreciation! rate! set! equal! to! 0.15

15
.! The! intuition! behind! this! formula! is! that!

citationcweighted!measures!are!much!more! informative! than!simple!patent!counts!

(Hall! et! al.,! 2005).! Besides! this! measure! of! quality,! we! added! a! measure! of!

technological! relatedness! between! the! granted! patent! and! the! assignee’s! patent!

portfolio.!In!particular,!we!calculated!the!percentage!of!the!patents!in!the!portfolio!

in!the!same!technology!area!as!the!granted!patent.!!

Finally,!we!constructed!a!dummy!variable!set!equal! to!one!when!the!assignee!

has! access! to! the! complementary! assets! required! to! commercialize! the! patented!

invention.! Given! that! the! USPTO! does! not! individually! assign! each! patent! to! SIC!

codes,!we!relied!on!Silverman’s!concordance
16
!to!map!the!patents!in!our!sample!to!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13
!The!number!of! claims,! patent! classes! and! forward/backward! citations!were!added! in! the! case!of!

multiple!grants.!Measures!of!generality,!originality!and!distance!in!technology!space!were!averaged.!!

14
!All!the!measures!using!patent!class!information!in!this!paper!are!calculated!based!on!threecdigit!IPC!

classification! codes.! The! main! advantage! of! the! IPC! classification! scheme! is! its! nested! structure!

(Lerner,!1994).!!

15
!A!depreciation!rate!equal!to!0.15!is!the!standard!convention!in!the!literature!–!see!Hall!et!al.!(2005)!

or!Bessen!(2009).!!

16
!Downloaded!from!http://www.rotman.utoronto.ca/~silverman/ipcsic/documentation_ipcc

sic_concordance.htm!
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different! industries.! In! more! detail,! Silverman’s! concordance! provides! probabilityc

weighted! matches! between! IPC! classes! and! SIC! codes! and! has! been! shown! to!

outperform!other!concordances!(McGahan!et!al.,!2001).!Based!on!this,!we!calculated!

the!probability!of!using!an!invention!in!any!given!IPC!class!as!an!input!to!any!given!

industry!(twocdigit!SIC!code).!When!this!probability!was!larger!or!equal!to!0.5!for!the!

assignee’s!primary!SIC!code,!we!assumed!access!to!complementary!assets.!!!

Technology!area!characteristics.!In!order!to!isolate!the!effect!of!technology!area!

characteristics!we!had!to!address!the!possibility!of!multiple!patents!granted!to!the!

same! firm,! on! the! same! day! but! in! different! technology! areas.! In! our! sample,!we!

found! 1,595! such! observations.! For! these! cases,! we! identified! the! ‘dominant’!

technology!area!as!the!one!with!the!highest!frequency!of!appearance!in!the!granted!

patents
17
.!!!

Then,!we!classified!the!different!technology!areas!as!either!complex!or!discrete.!

In! doing! so,! we! relied! on! von! Graevenitz! et! al.’s! (2011)! classification.! They!

demonstrate!that!technology!areas!identified!as!complex!are!also!characterized!by!a!

high!density!of!patent!thickets.!!

RESULTS!!

Table! 1! reports! summary! statistics! from! the! event! study.! The! table! presents!

results! for! singlecpatent! grants,! multiplecpatent! grants! and! the! full! sample.! Not!

surprisingly,! there! is! a! stronger! reaction! in! the! stock!market!when! a! firm! receives!

multiple! patents.! In! particular,! mean! abnormal! returns! are! 0.27%! in! the! case! of!

multiple!grants!and!0.17%!for!the!full!sample.!This!difference!is!significant!at!the!10%!

level!(onectailed!test).!Median!values!are!much!lower,!at!0.01%!for!the!full!sample.!

Hence,! as! expected,! the! distribution! of! cumulative! abnormal! returns! is! skewed! to!

the!right.!!

c!Insert!Table!1!about!here!c!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
17
!When!this!criterion!could!not!be!applied,!e.g.!when!a!firm!was!awarded!two!patents!with!different!

IPC!classes!on!the!same!day,!we!randomly!picked!an!IPC!class!as!the!dominant!one!using!a!random!

number!generator.!We! repeated!our!analysis!with! the!outcomes!of!10! random!number!generation!

processes!but!our!results!were!not!affected.!!
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Cumulative! abnormal! returns! are! positive! and! significant.! In! particular,! the!

‘standard!test’
18
!rejects!the!null!hypothesis!of!zero!abnormal!returns!at!the!1%!level!

(tcstatistic!=!3.73).!The!standardized!residual!test!(Patell,!1976)!also!rejects!the!null!

hypothesis! at! the! 1%! level! (zcstatistic! =! 4.09).! However,! both! tests! assume! that!

abnormal!returns!are!uncorrelated!and!that!eventcinduced!variance! is! insignificant.!

In! the!context!of!our! study,! this!might!not!be!an!appropriate!assumption!as!event!

windows! overlap! across! stocks! (‘eventcdate! clustering’).! The! ‘standardized! crossc

sectional! test’,! suggested! by! Boehmer! et! al.! (1991),! allows! for! eventcinduced!

variance! changes! by! combining! Patell’s! test! with! ordinary! crosscsectional!

approaches
19
.!Again,!abnormal!returns!are!found!to!be!significant!(zcstatistic!=!2.77).!

Finally,!we! used! Brown! and!Warner’s! (1980)! ‘crude! dependence! adjustment’.! This!

involves!the!formation!of!a!portfolio!of!firms!experiencing!a!patent!grant!in!a!given!

day,! thus! accounting! for! crosscsectionally! correlated!abnormal! returns.! Cumulative!

abnormal!returns!remain!positive!and!significant!at!the!5%!level!(tcstatistic!=!2.34).!!

The!economic! impact!of!patent!grants! is!quite!sizeable.!The!mean!dollar!value!

captured!by!patent!assignees!is!$12.4!million,!while!median!value!is!$0.109!million!($!

1999).! Yet,! the! economic! impact! of! patent! grants! is! not! directly! equivalent! to!

measures!of!total!patent!value!because!of!the!issue!with!multiplecpatent!grants.! In!

these!cases,!it!is!impossible!to!disentangle!the!effect!of!each!individual!patent.!This!

does! not! affect! the! estimation! of!mean! patent! value.! However,! we! assumed! that!

patents!granted!on!the!same!day!to!the!same!firm!are!equally!valuable! in!order!to!

come! up! with! an! estimate! of! median! patent! value.! Hence,! we! find! that,! in! our!

sample! of! patents,! mean! total! value! is! $7.765! million! and! median! total! value! is!

approximately!$0.152!million.!!

These! estimates! are! much! higher! than! those! of! other! studies! measuring! the!

value! of! US! patents
20
.! As! explained! before,! this! is! not! surprising! given! that! our!

measure!of!patent!value!captures!the!total!value!of!the!patent.!In!addition,!the!value!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
18
!The! test! is! equal! to! the! sum! of! abnormal! returns! divided! by! the! square! root! of! the! sum! of! all!

securities’!estimation!period!residual!variances.!!

19
!This!is!calculated!as!! = !"# ! !,!where!!! = (1 ! − 1) !"#! − !"# !!

!!! !and!SAR!stands!for!

standardized!abnormal!returns.!!

20
!See!Bessen!(2008)!and!Bessen!(2009)!for!a!good!comparison!of!different!studies!measuring!patent!

value.!
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of! patents! awarded! to! listed! companies! is,! on! average,! higher! than! the! value! of!

patents!assigned!to!individual!inventors!(Bessen,!2008).!!

It! is! interesting! to! compare!our! results!with! those!of! other! studies!measuring!

the!total!value!of!European!patents.!Harhoff!et!al.! (2003)!report!an!average!(total)!

patent! value! of! $1.84! million! and! median! value! of! $0.24! million! ($! 1999)
21
.! In!

another! study,! Gambardella! et! al.! (2008)! find! that! the! average! patent! is! worth!

$12.58! million! while! median! value! is! $0.75! million! ($! 1999).! In! both! cases,! the!

relatively!high!estimates!can!be!explained!by!the!oversampling!of!the!more!valuable!

patents.!Harhoff!et!al.!(2003)!focused!only!on!patents!renewed!to!full!term!while!the!

PatValcEU!survey,!used!by!Gambardella!et!al.!(2008),!oversampled!patents!that!were!

opposed!and!with!at!least!one!forward!citation.!Finally,!Serrano’s!(2005)!estimates!of!

total! value! of!US! patents! are! significantly! lower! than! ours.! However,! his! sampling!

was!confined!to!traded!patents!initially!awarded!to!firms!that!were!issued!less!than!

5!patents!per!year.!Hence,!a!large!share!of!highcvalue!patents!are!excluded!from!his!

sample!given! that! these!are!not! readily! traded!and!are!owned!by! firms!with! large!

patenting!output.!!

In!any!case,!it!is!important!to!emphasize!the!limitations!of!our!own!estimates.!In!

particular,!all!the!companies!in!our!sample!are!listed!and!mediumcsized!in!terms!of!

market!capitalization.!In!addition,!we!excluded!from!our!sample!firms!with!less!than!

5!patents!granted!during!the!1995c1999!period.!!

Event!study!results!and!patent!value!indicators!!

Estimates!of! total! patent! value! are! correlated!with! a! number!of! assignee! and!

patent!characteristics.!Table!2!reports!the!results!of!regression!analysis.!!

c!Insert!Table!2!about!here!c!

The!first!model!includes!a!number!of!patent!characteristics!along!with!fixed!year!

effects!and!a!variable!equal!to!the!number!of!patents!granted!to!the!company!in!the!

event! day.! These! variables! reflect! the! quality! of! the! underlying! invention.! In!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
21
!Harhoff!et! al.! (2003)! report! their! results! in!DM.!We! transformed! these! figures! into! 1999!$!using!

yearly! average! exchange! rates! and! assuming! that! patent! values! are! normally! distributed! around!

interval!midpoints.!We!applied!the!same!methodology!applies!to!Gambardella!et!al.’s!(2008)!results.!!
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particular,! the! number! of! claims! measures! the! breadth! of! the! invention! while!

citationcbased! measures! capture! the! technological! importance! and! centrality! of!

patented! inventions.!We! find! positive! and! significant! correlations! between! patent!

value! and! the! number! of! claims! and! citations! received.! Similar! results! have! been!

obtained!by!Harhoff!et!al.!(2003),!Gambardella!et!al.!(2008)!and!Bessen!(2008).!From!

the! remaining! variables,! only! forward! technological! distance! has! a! positive! and!

significant!coefficient!in!two!of!the!models.!This!suggests!that!more!valuable!patents!

are!cited!in!diverse!technological!fields.!!!

Another! thing! to!note! is! the!negative! sign! in! the! coefficient!of! the!number!of!

patents!granted.!Although!there!is!a!stronger!reaction!in!the!stock!exchange!in!the!

case!of!multiple! grants,! this! effect!disappears!when!controlling! for!quality.! In! fact,!

the! value! of! the! patents! decreases,! ceteris! paribus,! when! multiple! patents! are!

granted! on! the! same! day.! One! possible! explanation! for! this! result! is! that! patents!

granted!on!the!same!day!tend!to!protect!similar!inventions.!!

In!the!second!and!third!model!assignee!and!technology!area!characteristics!are!

introduced.!We! find! that! R&D! spending! increases! with! total! patent! value.! Bessen!

(2008:941)! finds! a! similar! effect,! suggesting! that! more! valuable! patents! are!

correlated!with!more!valuable!technology.!Moreover,!sales!are!positively!correlated!

with!patent!value.!This!is!consistent!with!the!view!that!larger!firms!are!better!able!to!

protect! their! intellectual! property! rights! (Lanjouw! et! al.,! 2004;! Lerner,! 1995).! A!

somewhat! unexpected! finding! is! the! lack! of! significance! for! the! coefficient! of!

complementary!assets.!This!is!probably!due!to!the!lack!of!an!accurate!procedure!of!

assessing! whether! the! assignee! has! access! to! complementary! assets! or! not.! Our!

proxy,! based! on! a! probabilistic!match! of! patents! classes! to! industries,! is! prone! to!

measurement!errors.!!

The! results! from! the! regression! analysis! also! support! a! ‘portfolio! theory! of!

patents’! (Parchomovsky! et! al.,! 2005).! That! is,! the! value! of! a! patent! should! not! be!

seen! in! isolation! from! the! assignee’s! existing! patent! portfolio.! In! particular,! the!

positive! coefficient!of! the!variable! citationcweighted!patent!portfolio! suggests! that!

the!more! valuable! patents! are! part! of! a! highcquality! patent! portfolio.! In! addition,!

technical! proximity! with! other! patents! in! a! firm’s! portfolio! increases! with! patent!
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value.!This!effect! could! reflect! the!benefits!of! creating!patent! ‘thickets’!or! ‘fences’!

through!patenting!in!closely!related!technological!fields!(Reitzig,!2004).!!

The! second! model! provides! limited! evidence! that! patent! rights! in! discrete!

technologies!are,!on!average,!more!valuable!than!those!in!areas!where!innovation!is!

cumulative! in! nature.! The! coefficient! for! complex! technologies! is! negative! but!

significant! at! the! 10%! level.! One! possible! explanation! for! this! effect! relates! to!

differences! in! uses! and! effectiveness! of! patents! as! mechanisms! of! appropriability!

across!different!technological!fields.!Specifically,!while!patents!can!confer!monopoly!

rents!or!block!competitors!in!discrete!product!industries,!they!are!more!likely!to!be!

used!for!crossclicensing!purposes!in!complex!product!industries!(Cohen!et!al.,!2000;!

Hall!et!al.,!2001b;!Levin!et!al.,!1987).!Several!studies!also!report!lower!estimates!of!

patent! value! or! premium! in! complex! technologies
22
!(Arora! et! al.,! 2003a;! Bessen,!

2008,!2009).!!

Finally,! we! conducted! joint! significance! tests! for! firm! and! technology! area!

dummies.!We!were!able!to!reject!the!null!hypothesis!of!no!explanatory!power!at!the!

1%! level! for! both! effects.! Hence,! there! are! timecinvariant,! unobservable! firm! and!

technology!area!characteristics!correlated!with!the!total!value!of!patents.!!

EXPLORING!THE! IMPORTANCE!OF!ASSIGNEE!AND!TECHNOLOGY!AREA!EFFECTS! IN!

PATENT!VALUATION!!

The!empirical!results!presented!in!the!previous!section!suggest!that!the!value!of!

a!patent!is!not!just!a!function!of!invention!quality.!Indeed,!we!find!that!patent!value!

depends! on! a! number! of! observable! and! other! unobservable! assignee!

characteristics.! Hence,! patent! value! includes! a! private! value! component.! Similarly,!

we! find! that! patent! value! depends! on! technology! area! characteristics.! Preceding!

analysis,! however,! does! not! provide! any! evidence! on! the! relative! importance! of!

these!effects.!How!much!of!the!variance!in!patent!value!is!attributed!to!assignee!and!

technology!area!effects?!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
22
!In! a! notable! exception,! Schankerman! (1998)! finds! that! the! renewal! value! of! patents! in!

pharmaceuticals!is!lower!than!that!in!other!fields.!!
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A!Variance!Components!Model!

Here,!we! are!not! concerned!with! the! estimation!of! individual! coefficients! but!

rather!with!comparing!the!degree!to!which!patent!value!varies!across!assignees!and!

technology!areas!after!controlling!for!invention!quality.!In!essence,!the!variability!of!

these! effects! reflects! their! contribution! in! the! variance!of! the!dependent! variable.!

For! example,! a! relatively! large! intercfirm! dispersion! in! the! value! of! patents!would!

highlight! the! importance! of! firm! characteristics.! On! the! contrary,! larger! intrac

technology!area!variability!would!suggest!that!patent!value!is!primarily!driven!by!the!

characteristics!of!different!technology!areas.!As!explained!by!Rumelt!(1991:173),!it!is!

only!by!estimating!the!variances!of!effects!that!relative!importance!can!be!assessed.!!

Our!analytical!approach!is!guided!by!the!studies!of!Schmalensee!(1985),!Rumelt!

(1991)!and!McGahan!et!al.!(1997)!who!have!addressed!a!similar!question!related!to!

firm!profitability
23
.!Hence,!we!rely!on!the!theory!of!variance!components!estimation!

for! linear!models! (Searle,! 1971;! Searle! et! al.,! 2008).! In! particular,! we! employ! the!

following!mixed!model:!!

!"# = !" + !" + !!,!ℎ!"!!!!~! 0,! !!"#!!!~!(0,!)!

Here,! we! assume! that! total! patent! value,!!"#,! is! adequately! described! by! a!
linear!model!with!a!8! x!1! vector!of! fixed!effects! (!)! and!a!4! x!1! vector!of! random!

effects!(!).!The!vector!!!includes!the!population!mean!and!the!patent!characteristics!

also!included!in!the!regression!analysis!presented!in!Table!2.!These!variables!control!

for! the!quality!of! the!patented! invention.!The!elements!of! the!vector!!!of! random!

effects!include!assignee,!technology!area!(3cdigit!IPC),!grant!year!and!assigneecgrant!

year! interaction!effects.!We!add!the!grant!year!and!assigneecgrant!year! interaction!

terms!to!account!for!yearctocyear!variations!in!overall!patent!value!and!yearctocyear!

variation! in! firmcspecific! contribution! to! patent! value.! For! example,! the! first! term!

captures! the! effect! of! changes! in! the! strength! of! protection! that! patents! provide!

(e.g.! through! regulatory! changes)! while! the! latter! term! captures! the! effect! of!

changes! in! the! composition! of! a! firm’s! patent! portfolio,! size,! reputation! for!

enforcement!etc.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
23
!These!studies!focused!on!assessing!the!relative!importance!of!industry,!corporate!and!business!unit!

effects!on!firm!performance.!!
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!!and!!!are! respectively!n!x! 7! and!n!x! 4! incidence!matrices! and!!!is! the!n!x! 1!
column!vector!of!residuals!assumed!to!be!distributed!independently!of!the!random!

effects.!Hence,!for!this!model!we!have:!!

! !"# = !"!!"#!!"# !"# = !"!! + !!

In! order! to! compare! the! relative! importance!of! assignee! and! technology! area!

effects,!we!need!to!calculate!the!variance!components!of!the!covariance!matrices!G!

and!R.! In!effect,!the!comparison!of!the!different!variance!components!allows!us!to!

identify! the! percentage! of! variance! in! patent! value! attributable! to! each! specific!

effect.!In!the!estimation!of!these,!we!use!the!restricted!maximum!likelihood!method!

(REML)!which!is!based!on!maximizing!the!portion!of!the!likelihood!that!is!invariant!to!

the!fixed!effects.!In!addition,!orthogonality!is!assumed,!that!is!the!different!random!

effects!are!uncorrelated.!!

Results!

Table! 3! presents! the! results! of! the! variance! components! estimation.!We! find!

that! the! majority! of! the! explained! variance! in! patent! value! is! attributed! to! firm!

effects.! In!particular,!6.02%!of!the!total!variance! is!due!to!stable! firm!effects!while!

3.35%! is! due! to! transient! firm! effects.! Technology! area! and! grant! year! effects!

account! for! 5.63%! and! 3.22%! of! the! variance! respectively.! Finally,! 81.78%! of! the!

variance!is!unexplained!by!firm,!technology!area!and!grant!year!effects.!!

c!Insert!Table!3!about!here!c!

These! results! suggest! that,! after! controlling! for! invention!quality,! the! value!of!

patents!differs!more!between!firms!than!it!does!between!technology!areas.!Hence,!

the! significance! of! firm! characteristics! outweighs! that! of! technology! area!

characteristics! in! patent! valuation.! Although! the! existence! of! firm! effects! was!

expected,! it! is! their! increased! importance! as! compared! to! technology! area! effects!

that! is! surprising.! In! fact,! the!presence!of! strong! firm!effects! reinforces! the!notion!

that!patent!value!is!highly!dependent!on!the!assignee’s!organizational!context.!The!

assignee’s! patent! portfolio! quality,! reputation! for! enforcement,! size! etc.! seem! to!

matter!a!great!deal!for!patent!value.!!
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Of! course,! we! are! not! arguing! that! technology! area! characteristics! are!

unimportant.! Indeed,! technology!area!effects! account! for! a! sizeable!percentage!of!

the! explained! variance.! Thus,! differences! in! the! use! of! patents! or! in! their!

effectiveness! as! mechanisms! of! appropriability! across! different! technology! areas!

play! a! role! in! the! determination! of! patent! value.! However,! technological!

classification! should! not! be! seen! as! the! primary! variable! of! interest.! Assignee!

characteristics!matter!more.!!

These! findings! might! help! explain! some! reported! inconsistencies! in! the!

literature! with! regards! to! differences! in! patent! value! across! technological! areas!

(Jensen! et! al.,! forthcoming).! For! example,! in! contrast! to! most! studies! measuring!

patent! value,! Schankerman! (1998)! reports! that! the! value! of! patents! is! lower! in!

pharmaceuticals! as! compared! to!other! technology! areas.! In! addition,! Jensen!et! al.!

(forthcoming)! find! no! differences! in! patent! premiums! across! technological! fields.!

Yet,! if! patent! value! is! strongly! influenced! by! assignee! characteristics,! these!

inconsistencies! could! be! attributed! to! the! underlying! heterogeneity! of! individual!

assignees.! By! just! focusing! on! interctechnology! area! variation,! the! effect! of! interc

assignee!variation!cannot!be!controlled!for.!!

Finally,!it!is!important!to!recognize!that!our!model!does!not!explain!roughly!81%!

of!the!variance!in!patent!value.!This!is!not!surprising,!given!that!most!models!in!the!

literature!using!abnormal!returns!as!a!dependent!variable!are!able!to!explain!only!a!

limited!percentage!of!the!variance.!Nevertheless,!we!cannot!exclude!the!possibility!

that!patent!value!is!driven!by!additional!parameters!not!included!in!our!model.!!

Robustness!checks!!

A! central! assumption! in! event! studies! is! that! the! event! in! question! is!

unanticipated!(Campbell!et!al.,!1997;!MacKinlay,!1997).!If!the!market!anticipates!the!

event,!then!abnormal!returns!actually!measure!the!deviation!from!the!market’s!prior!

expectation.! In!the!context!of!our!study!this! is!not!a!major!concern!as!the!firms! in!

our!sample!are!not!very!‘active’!patentees.!The!median!firm!in!our!sample!received!

patents!in!34!event!days!from!1995c1999.!Thus,!we!have!no!reasons!to!believe!that!

our!measures!of!patent!value!are!biased.!!
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Despite! that,!we! tested! for! the! existence! of! such! expectations! by! including! a!

measure!of!patenting!frequency!in!the!regression!models.!In!particular,!we!counted!

the!number!of!days!when!the!firm!received!patent(s)!in!the!year!before!the!grant!of!

each! patent! and! divided! that!with! the! number! of!weeks.! This!measure! essentially!

reflects! how! often! firms! received! patents! the! year! prior! to! the! grant! day.! If!

expectations! exist,! then! this! variable! should!be!negative! and! significant
24
.! Yet,! the!

coefficient!of!this!variable!is!not!significant!and!positive!in!all!models!(pcvalue!=!0.95!

in!the!full!model).!In!addition,!all!results!hold!after!the!inclusion!of!this!variable!and!

after! excluding! the! two! most! ‘active’! patentees! in! our! sample.! Hence,! prior!

expectations!do!not!affect!our!estimations.!!!

A! second! concern! is! related! to! pharmaceutical! patents.! Due! to! regulatory!

requirements!set!by!the!FDA,!inventors!who!want!to!commercialize!their!inventions!

need! to! go! through! a! multicstage! testing! process.! The! average! duration! between!

patent! filling!and!the!completion!of! ‘phase! I’! testing! is!2.5!years!and!the!results!of!

these!tests!are!usually!made!available!by!listed!firms!(Girotra!et!al.,!2007;!Sharma!et!

al.,!2004).!However,!the!average!patent!grant!lag!in!this!technology!area!is!3.1!years!

(Popp! et! al.,! 2003).! Consequently,! for! some! of! these! patents,! the! market! has!

information! about! the! pending! patent! application! prior! to! the! grant! date.! This!

suggests!that!patent!value!could!be!underestimated!using!an!event!study.!!

In! our! sample! we! have! 183! such! observations
25
.! Our! results! hold! when!

excluding!these!from!the!regression!analysis.!We!also!find!very!small!changes!in!our!

estimates!of!the!variance!components,!with!firm!and!technology!area!effects!being!

slightly! less! and! more! important! respectively:! stable! firm! effects! explain! 5.9%,!

transient! firm! effects! explain! 3.2%,! technology! area! effects! explain! 5.8%! and! year!

effects!explain!3.3%!of!the!total!variance.!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
24
!If! expectations! exist,! then! firms! with! high! patenting! frequency! should! have! abnormal! returns!

distributed! around! zero.! This! is! because! abnormal! returns! would! reflect! the! difference! between!

expected!and!observed!patenting!behavior.!On!the!contrary,!the!abnormal!returns!of!firms!with!low!

patenting!frequency!–!and!as!a!result!no!expectations!–!would!be!distributed!around!the!true!value!of!

the!patent.!!

25
!In!the!following!IPC!classes:!A61K,!A61M,!A61N,!A61P!
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DISCUSSION!

The! empirical! findings! presented! in! this! paper! clearly! demonstrate! that!

invention! quality! is! not! the! sole! determinant! of! patent! value.!We! confirm! earlier!

suggestions! that! patent! value! varies! across! technology! areas! but! primarily!

emphasize!the!relevance!of!assignee!characteristics!in!patent!valuation.!In!particular,!

we! demonstrate! that! assignee! effects! are! more! important! than! technology! area!

effects.!Although! the!studies!measuring!patent!value!have! traditionally! focused!on!

interctechnology! area! differences,! our! results! suggest! that! assignee! firm!

characteristics!should!be!seen!as!the!primary!value!determinant.!Thus,!the!value!of!

patents!has!a!large!private!value!component.!

We!were!able!to!identify!some!of!these!assignee!characteristics.!Our!regression!

analysis!shows!that!patent!value!is!positively!correlated!with!firm!size,!R&D!intensity,!

patent! portfolio! quality! and! relatedness.! The! effect! of! firm! size! and!R&D! intensity!

has!been!noted!before!(Bessen,!2008;!Lanjouw!et!al.,!2004).!However,!this!is!one!of!

the!first!studies!to!empirically!demonstrate!the!dependence!of!patent!value!on!the!

composition!of! the!assignee’s!patent!portfolio.!We! find! that! the! value!of! a!patent!

increases! when! it! is! combined! with! other! high! quality! and! technologicallycrelated!

patents.!!

This! dependence! has! been! conceptually! articulated! in! the! portfolio! theory! of!

patent!value!(Parchomovsky!et!al.,!2005),!suggesting!that!the!value!of!patents!lies!in!

their!aggregation.! Indeed,!our!results!provide!strong!support!for!this!view.!Yet,!our!

findings!point!towards!a!more!holistic!understanding!of!patent!value:!the!value!of!a!

patent! largely! depends! on! the! assignee’s! collection! of! tangible! and! intangible!

resources,!which!include,!but!are!not!limited!to,!other!patents!in!her!portfolio.!!

The! emphasis! on! assignee! characteristics! is! also! in! line! with! Bessen’s! (2008)!

assertion! that! patent! value! is! endogenous.! He! explains! that! patentees! can! exert!

varying!degrees!of!effort!in!the!design,!prosecution!and!enforcement!of!their!patents!

(Bessen,!2008:934).!The!increased!importance!of!firm!effects!precisely!suggests!that!

assignees!influence!the!value!of!their!patents!by!means!unrelated!to!the!underlying!

technology.!!
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Besides!that,!the!results!of!the!event!study!are!also!of!interest!as!they!provide!

estimates!of!total!patent!value!for!US!patents.!In!particular,!we!find!that!mean!total!

value! is! $7.765!million! and!median! total! value! is! approximately! $0.152!million.!Of!

course,!the!patents!in!our!sample!are!hardly!representative!of!the!entire!population!

of! patents.! Patent! assignees! in! our! sample! are! all! listed! companies! and!mediumc

sized!in!terms!of!market!capitalization.!Since!private!inventors!and!small!firms!tend!

to!hold!less!valuable!patents!(Bessen,!2008,!2009;!Lanjouw!et!al.,!2004),!our!results!

probably!overestimate!the!mean!and!median!of!the!entire!population.!!

Implications!for!Innovation!Strategy!!

These!findings!have!important!implication!for!the!design!of!innovation!strategy.!

Organizations! are! increasingly! reliant! on! intangible! assets,! including! intellectual!

property,! in! order! to! create! and! sustain! competitive! advantages! (Grindley! et! al.,!

1997;! Shapiro,! 2003).! In! addition,! the! scope! of! patentable! subject! matter! has!

widened,!as!the!USTPO!has!been!granting!software!and!business!method!patents!for!

almost! two! decades! now! (Hall,! 2003;! Samuelson,! 2009).! In! view! of! these!

developments,!firms!need!to!develop!the!skills!and!capabilities!that!will!enable!them!

to!maximize!the!value!of!their!patent!portfolio.!!!

Our! results! suggest! that! patenting! should! not! be! seen! in! isolation! from!

innovation!and,!more!generally,!organizational!strategy.!The!value!of!patents!lies!in!

their! combined! use! with! other! intellectual! property! rights! and! organizational!

resources.! Firms! need! to! uncover! these! synergistic! configurations! and! develop! a!

more!systematic!approach!to!patenting.!!

In!terms!of!concrete!recommendations,!we!show!that!patent!value!is!enhanced!

when! it! is!part!of!a!high!quality!and! technologicallycrelated!portfolio.!As!explained!

before,!we!did!not! find!a!positive!correlation!between!patent!value!and!assignee’s!

access! to! complementary! access.! This! is! indeed! puzzling! given! that! there! is!

substantial! evidence! pointing! towards! a! synergistic! effect! between! the! two!

appropriability! strategies! (Arora! et! al.,! 2006;! Teece,! 1986,! 2006).! Yet,! we! do! not!

interpret!our!results!as!challenging!this!proposition.!Rather,!the!lack!of!significance!is!

probably!attributed!to!our!relatively!‘crude’!approach!in!matching!patent!classes!to!
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SIC! codes.! Future! research! would! benefit! from! a! more! accurate! procedure! of!

assigning!individual!patents!to!industries.!!

Implications!for!Public!Policy!!

A! corollary! of! our! analysis! is! that! the! same! patent! is! not! equally! valuable! to!

different! firms.! Then,! it! is! reasonable! to! expect! that! gains! from! trade! would!

materialize! in! the! presence! of! wellcfunctioning! markets! for! technology,! as! the!

diffusion! and! efficient! use! of! technology! would! be! promoted! (Arora! et! al.,! 2001;!

Arora!et!al.,!2010).!!

Of! course,! supply! and! demand! economics! of! markets! for! technology! are!

complicated! since! they! involve! the! simultaneous! presence! of! participants! in! both!

technology!and!product!markets!(Arora!et!al.,!2003b).!Hence,!incentives!to!trade!in!

technology! markets! are! affected! by! strategic! considerations! related! to! product!

markets.!In!addition,!transaction!costs!in!technology!markets!–!e.g.!search!costs,!fear!

of!opportunism!and!technological!or!regulatory!uncertainty!–!impose!imperfections!

that!reduce!gains!from!technological!trade!(Gans!et!al.,!2008).!!

Nevertheless,! our! results! might! point! towards! another! limitation! in! the!

development! and! ‘thickness’! of! markets! for! technology.! This! is! related! to! the!

demand! side! of! technology! markets! which! has! received! less! attention! in! the!

literature!(Arora!et!al.,!2010).! In!particular,! the! large!private!value!component!of!a!

patent! creates! asymmetries! in! patent! valuation! which,! in! turn,! may! reduce!

incentives! to! trade.! This! is! because,! on! average,! a! patent! is!more! valuable! to! the!

assignee! than! to! other! firms.! For! example,! the! patent! assignee! normally! enjoys!

access! to! downstream! assets! or! related! intellectual! property! rights! and! has!

increased! capacity! to! understand,! assimilate! and! commercialize! the! patented!

invention!(Cohen!et!al.,!1990;!Teece,!1986).!!

In!other!words,!we!are!suggesting!that!the!large!private!value!component!of!a!

patent!actually!reduces!the!likelihood!of!profitable!trades!in!markets!for!technology.!

Patents!are!normally!more!valuable!to!their!assignees!and,!as!a!result,!patent!buyers!

or!licensees!do!not!find!such!deals!advantageous.!In!fact,!this!argument!can!provide!

an!alternative!explanation! to! the! ‘not! invented!here’! syndrome! (Katz! et!al.,! 1982).!
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Demand! for! external! patents! is! reduced! because! they! are,! ceteris! paribus,! less!

valuable! to! the! firm!while! the!value!of! internallycdeveloped!patented! technologies!

increases!due!to!synergies!with!other!organizational!resources.!!!

CONCLUSION!

This!paper!essentially!argues!for!a!reconceptualization!of!the!concept!of!patent!

value.! In! particular,! we! argue! that! patent! value! involves! a! comparatively! large!

private! component! which! results! in! asymmetric! valuations! by! different! assignees.!

Hence,!we!suggest!that!patent!value!should!not!be!seen! in! isolation!from!assignee!

firms!and!their!organizational!resources.!!!

These!findings!provide!an!interesting!set!of!questions!that!need!to!be!addressed!

by! future! research.! For! example,! what! are! the! organizational! resources! and!

capabilities! that! increase! the! value! of! patenting?! In! this! paper,! we! were! able! to!

demonstrate! the! interdependence! between! patent! value! and! patent! portfolio!

composition.! However,! our! analysis! suggests! that! additional! firm! characteristics!

mediate! this! relationship.! In! addition,! how! can! these! insights! be! incorporated! in!

formal!models!of!technology!licensing?!Existing!models!tend!to!emphasize!the!tradec

off! between! licensing! revenues! and! increased! competition! while! assuming! that! a!

patented! technology! is! equally! valuable! to! both! transacting! parties.! It! would! be!

interesting!to!see!if!their!results!hold!when!relaxing!this!assumption!and!also!under!

what! circumstances! our! proposition! that! large! private! value! reduces! demand! for!

external!technology!is!supported.!!

Finally,! to! what! extent! does! a! large! private! value! component! affect! patent!

litigation!process?! If! patent! value! varies! considerably! according! to!observable! firm!

characteristics,! it! would! be! interesting! to! observe! how! changes! in! those! affects!

assignees’!propensity!to!enforce!their!patents.!!

In!conclusion,! it! is! important!to!recognize!that!this!paper!has!yielded!primarily!

descriptive! insights! and! does! not! provide! an! in! depth! analysis! of! the! causal!

mechanisms!that!result!in!firm!and!technology!area!heterogeneity!in!patent!value.!In!

any! case,! we! are! confident! that! our! results! highlight! the! idiosyncratic! nature! of!

patenting! and! the! associated! complexity! of! measuring! and! understanding! patent!
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value.! Additional! studies! on! this! topic! would! further! explore! the! normative!

implications! of! these! findings! and! help! design! a! patent! system! that! supports!

innovation!and!helps!diffuse!knowledge!across!the!economy.!!

!

! !
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!

Table!1.!Event!study!results!
Summary! statistics! of! abnormal! returns! and! associated! economic! impact! calculated! from! the!

event!study.!Economic!impact!is!calculated!by!multiplying!the!cumulative!abnormal!returns!by!the!

firm’s!market!capitalization!2!trading!days!before!the!grant!of!the!patent(s).!The!economic!impact!

is!calculated!in!1999!dollars.!!

Group! Variable! Mean! Median! St.!Dev.! Min.! Max.! N!

Singlecpatent!

grants!

CAR(0,+1)! 0.12%! 0.00%! 0.036! c27.07%! 27.93%! 4,331!

Economic!

Impact!($M)!
6.4! 0.216! 506! c13,600! 10,600! 4,331!

Multiplec

patent!grants!

CAR(0,+1)! 0.27%! 0.05%! 0.040! c25.29%! 30.41%! 2,130!

Economic!

Impact!($M)!
24.4! 0.653! 703! c13,200! 6,570! 2,130!

Full!sample!

CAR(0,+1)! 0.17%! 0.01%! 0.038! c27.07%! 30.41%! 6,461!

Economic!

Impact!($M)!
12.4! 0.109! 579! c13,600! 10,060! 6,461!

!

!

! !
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Table!2.!Regression!analysis!
OLS! regression! analysis! using! standardized! cumulative! abnormal! returns! SCAR(0,1)! as! dependent!

variable.!Estimates!of!fixed!effects!are!suppressed.!HubercWhite!robust!standard!errors!(reported!in!

parentheses)!are!used!in!all!models.!!

! ! !!!!!!(i)! !!!!!!(ii)! !!!!!(iii)!

Constant!
c0.1578**!

(0.0419)!

c0.7965*!

(0.4049)!

1.8775**!

(0.3842)!

No!of!patents!granted!
c0.0274**!

(0.0104)!

c0.0557**!

(0.0119)!

c0.0490**!

(0.0119)!

Patent!characteristics! ! ! !

Claims!
0.0907**!

(0.0126)!

0.0938**!

(0.0130)!

0.0909**!

(0.0127)!

Forward!citations!
0.0005**!

(0.0001)!

0.0006**!

(0.0002)!

0.0005**!

(0.0002)!

Backward!citations!
c0.0123!

(0.0110)!

c0.0053!

(0.0109)!

c0.0003!

(0.0108)!

Generality!!
0.0175!

(0.0457)!

c0.0139!

(0.0445)!

c0.0340!

(0.0486)!

Originality!!
c0.0685!

(0.0529)!

c0.0419!

(0.0511)!

c0.0323!

(0.0486)!

Tech!distance!(backward)!
c0.0613!

(0.0501)!

c0.0513!

(0.0486)!

c0.0202!

(0.0468)!

Tech!distance!(forward)!
0.0403!

(0.0416)!

0.0980*!

(0.0407)!

0.1124**!

(0.0391)!

Assignee!characteristics! ! ! !

R&D!intensity! !
0.8484*!

(0.3502)!

0.7941**!

(0.3412)!

Sales! !
0.1676**!

(0.0406)!

0.1698**!

(0.0399)!

Complementary!assets! !
0.0097!

(0.0241)!

0.0125!

(0.0257)!

Citationcweighted!patent!portfolio!! !
0.0019**!

(0.0005)!

0.0018**!

(0.0005)!

Patent!portfolio!tech.!relatedness! !
0.1885**!

(0.0515)!

0.2459**!

(0.0536)!

Fixed!effects! No! Yes! Yes!

Technology!area!characteristics!! ! ! !

Complex! !
c0.0442!

(0.0269)!
!

Fixed!effects! No! No! Yes!

! ! ! ! !

Year!fixed!effects! Yes! Yes! Yes!

! ! ! ! !

No!of!observations! 6,461! 6,461! 6,461!

R
2
! 0.0382! 0.1331! 0.2129!

Fcvalue!! 15.32***! 7.47***! 11.63**!

*!significant!at!the!5%!level,!**!significant!at!the!1%!level!

! !
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Table!3.!Variance!components!estimates!!
The! results! are! presented! as! a! percentage! of! the! total! variance! in! patent! values!!!"#! .! Fixed! effect!

coefficients!are!suppressed.!!

Components! %!of!total!variance!

Technology!area! 5.63!

Assignee! 6.02!

Grant!year! 3.22!

Assigneecgrant!year!! 3.35!

Error! 81.78!

Total!! 100!

!
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1. Introduction 
 
 
One of the most important developments in the new growth and international trade 

theories has been the recognition of the significant role of knowledge flows between 

economic agents from different regions or economic areas. According to Grossman 

and Helpman (1991), for instance, growth rates are faster when technological change 

readily flows across international borders. For Romer (1990), the non-rival and 

partially non-excludable feature of the knowledge good does not allow inventors to 

fully prevent other firms from using their inventions†. More generally, knowledge 

spillovers may be driven by a variety of channels such as the mobility of workers, the 

exchange of information at technical conferences, or knowledge available in the 

scientific and technological literature including scientific papers and patent 

documents. These knowledge externalities or R&D spillovers can benefit competitors’ 

R&D by lowering the costs of their own R&D activities and in turn may contribute to 

their productivity performance. However, new products and processes can also 

render existing ones obsolete or less competitive and firms that encounter difficulties 

staying in the R&D race may suffer from rivals’ R&D. In this case, R&D externalities 

are associated with competitive pressures which will translate into negative effects on 

firms’ economic performance. Another well-known market failure arising from the 

quasi-public feature of the knowledge good is that firms have less incentives to invest 

in knowledge generating activities and the private level of investment in these 

activities is lower than the social optimal one (market failure). This in turn justifies the 

public intervention to support R&D and innovation activities (e.g. subsidies, fiscal 

incentives, public procurements, etc.). 

 

The specific type of knowledge flows that economists have most been interested in 

concerns pure knowledge spillovers‡. Economists have often investigated the 

patterns of these knowledge flows from a geographic or a technological perspective, 

                                                 
† Lack of excludability implies that knowledge producers have difficulties in fully appropriating the returns or 
benefits of the new knowledge created and in preventing other firms from utilising this new knowledge without 
compensation or with compensation less than the initial investment required to produce the new knowledge. Non 
rivalry means essentially that a new piece of knowledge can be used many times and in many different 
circumstances, for example by combining with knowledge coming from another domain. 
‡ Griliches (1979) operates a distinction between pure knowledge spillovers and rent spillovers. The latter arise 
because new goods and services are purchased at less than their full quality-adjusted prices. 
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i.e. in terms of geographic proximity or technological linkages between the unit 

generating these flows and the recipients. Over the last decade, several studies in 

the literature that examines the spatial dimension of innovative activities have found 

that knowledge spillovers tend to be locally concentrated (Jaffe, 1989; Jaffe et al., 

1993). At the same time, other studies have shown evidence of a positive 

relationship between the R&D of ‘technological neighbours’ and the firm’s R&D 

productivity (as measured by patenting). In terms of productivity performance, the 

effects of R&D spillovers also appear to be mainly technologically localised (Jaffe, 

1986, 1988). 

 

While very important for economic growth, the two types of geography and 

technology based R&D externalities have rarely been investigated together (Orlando, 

2000). A first contribution of this paper is to analyse the impact of these spillover 

phenomena on firms’ productivity in a unified framework. To this end, I implement 

two methodologies to analyse knowledge flows among firms. I construct the R&D 

spillover stock by considering a technological as well as a geographic proximity 

measure. The approach for modelling the technology based R&D spillover variable 

builds on the methodology that was first empirically implemented by Jaffe (1986). 

This method rests on the construction of technological proximities between firms in a 

technological space. The firms’ positions in the technological space are characterized 

by the distribution of their patents over technological classes. Localization R&D 

spillovers are performed on the basis of geographic distances between firms which 

use the latitude and longitude coordinates of corporate headquarters (Orlando, 

2000). 

 

In order for R&D spillovers to be effective, firms must be able to identify, assimilate 

and exploit the external knowledge stock. The degree of absorptive capacity will 

depend on the firms’ own R&D activities. A second contribution of the study is to 

analyse the role of absorptive capacity in enhancing the firms’ ability to benefit from 

geographic and technological based R&D spillovers. Following Cohen and Levinthal 

(1989), the firm’s own R&D is used to measure the level of knowledge accumulation 

internal to the firm and the importance of absorptive capacity. 
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I use an extended production function to estimate the impact of R&D spillover 

components and absorptive capacity besides traditional inputs and own R&D stock 

(Griliches, 1979). The dataset consists of a representative sample composed of 808 

worldwide R&D-intensive manufacturing firms over the period 1988-1997. This 

information is matched to the USPTO dataset of Hall et al. (2001). The results 

estimated by means of panel data econometric methods indicate a positive and 

significant impact of R&D spillovers on productivity performance. On the whole, the 

elasticity associated with the geographic (resp. technological) R&D spillover pool is 

two times (resp. four times) the one of the firm’s own R&D stock.  

 

The paper is organized as follows. In section 2, I describe the dataset constructed for 

the purposes of the study. Then, I discuss the different methodologies used to 

measure the spillover stocks as well as the econometric framework. Section 3 

presents the main empirical findings. A concluding section briefly summarises the 

empirical findings, points out some directions for future research and discusses the 

main policy implications of the results. 

 

 
2. Data and econometric framework 
 
 
2.1. Data sources and matching procedure 
 
 
The dataset has been constructed with the view of setting up a representative 

sample of the largest firms at the international level that reported R&D expenditures. 

The information on company profiles and financial statements comes from the 

Worldscope/Disclosure database§. The dataset consists of a balanced panel of 808 

firms over the 1988-1997 period (Appendix 4). For each firm, information is available 

for net sales (S), the number of employees (L), the net property, plant and equipment 

(C), annual R&D expenditures (R) and main industry sectors according to the 

Standard Industrial Classification (SIC – 4 digits). The database of Hall et al. (2001) 

on US patents is the second source of information used in this study. This database, 

which is available on the NBER website, contains all patents registered at the US 

Patent & Trademark Office (USPTO) over the period from January 1, 1963 to 
                                                 
§ See Cincera (1998) for more details as regards the content of this database. 
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December 30, 1999. The database contains a huge set of information among which 

the technological fields correspond to the claimed invention. In Appendix 4, I show 

the number of patents used in the database, by country and economic area. The third 

source of information concerns the geographic coordinates of firms, i.e. the latitude 

and the longitude. This information has been retrieved on the basis of firms’ 

headquarters addresses and is used to compute geographic distances between 

firms. 

 

A major task in assembling the dataset has been the matching of patents from the 

Hall et al. (2001) data with firms in the Worldscope database. Two difficulties have 

been encountered. First, patents are assigned to firms on the basis of their names 

which can vary from one data sources to the other, e.g. ‘Co’ instead of ‘Corporation’, 

‘Incorporated’ or ‘Inc’ and other such changes or abbreviations. Second, many large 

firms have several R&D performing subsidiaries in several countries and it is not 

obvious to link the patents applied by these subsidiaries to the parent company. 

Ideally, one has to have a ‘mapping’ of the main firm’s company to their subsidiaries 

and affiliates. However, it is not easy to construct an accurate mapping, since it 

changes over time through the process of merger and acquisition**. 

 

Taking into account these issues, the matching procedure consisted of two steps. In 

a first step, patents were assigned to firms on the basis of their generic names. For 

instance, a search for the word “Fiat” retrieved 435 patent documents. Examining 

more in detail the firm’s full names reported in these documents, it appeared that 391 

patents were assigned to “Fiat S.p.A.”, 26 patents to “Fiat Products INC.”, 14 patents 

to “Fiat Français” and 4 patents to “Fiat Products LTD”. These last companies are 

clearly foreign subsiadiaries of the European parent company. Hence, the patents 

granted to these firms have been consolidated with the ones of “Fiat”. In a second 

step, this procedure has been repeated for each firm of the sample. For about 80% of 

the sample there was only one firm name in the retrieved documents. For the rest, 

firm names which could be identified without any doubts as subsidiaries have been 

matched with generic names. 

 

                                                 
** Cincera and Ravet (2011) based on a similar sample of 835 among the largest European R&D Multinationals 
identified about 44000 subsidiaries owned by these large companies. 
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2.2. Construction of variables 
 
 
Given the presence of outliers, a cleaning procedure similar to the one in Capron and 

Cincera (1998) has been implemented in order to reject firms whose variables 

displayed very high and frequent variations††. The process of merger and acquisition 

of firms over time is the most likely reason for the presence of such outliers. All 

variables have been converted into constant 1995 dollars. Because of the non-

availability of output deflators at the industry level for each country, net sales (S), net 

property, plant & equipment (C), R&D expenditures (R) have been deflated using the 

GDP deflators of respective countries. The stock of R&D capital has been built on the 

basis of the permanent inventory method with a depreciation rate equal to 15 percent 

and an initial stock of R&D capital calculated by assuming a growth rate of R&D 

expenditure equal to 5 percent. 

 

A key issue in the empirical analysis on knowledge spillovers is the measurement of 

the pool of external knowledge. This stock is usually built as the amount of R&D 

conducted elsewhere weighted by some proximity measure which reflects the 

intensity of knowledge flows between the source and the recipient of spillovers‡‡. In 

this paper, I follow the methodology developed by Jaffe (1986) to compute the 

technological proximity. This procedure rests in the construction of a technological 

vector for each firm based on the distribution of its patents across technology 

classes§§. These vectors allow one to locate firms into a multi-dimensional 

technological space where technological proximities between firms are performed as 

the uncentered correlation coefficient between the corresponding technology vectors: 

                                                 
†† Any observation for which R&D intensity is less than 0.2% or greater than 50%, net sales per worker, capital 
stock per worker and R&D capital per worker is above or below three times the interdecile range of the median, 
the growth rate of net sales is less than minus 90% or greater than 300% or for which the growth rate of labor, 
capital and R&D stocks is less than minus 60% or greater than 240% has been removed. In addition, we only 
take firms with observations available for each year over the period. All in all, this leads to a balanced panel of 
808 firms compared to the raw unbalanced one of 1125 firms. 
‡‡ Different proximity measures have been used in the literature. See Griliches (1992), Mohnen (1996) or 
Cincera and van Pottelsberghe (2001) for a review. 
§§ Thanks to the USPTO patent classification system, it is possible to identify the technological classes to which 
patents are assigned. In order to construct the technological proximity measures, we use the higher level 
classification proposed by Hall et al. (2001) which consists of 36 two-digit technological categories (see 
Appendix 1). 
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where: Ti. is the technological vector of the firm i and  

Pij is the technological proximity between firm i and j. 
 
According to this procedure, the total weighted stock of R&D spillovers is performed 
as follows: 
 

∑
≠

=
ji

jiji KPTs           (2) 

 
where:  Kj is the R&D capital stock of firm j.  
 
Table 1 illustrates some technological proximity measures for different firms in the 

dataset. As emphasised by Jaffe (1986), this technological distance index, which 

takes only positive values, relies on the strong assumption that the appropriability 

conditions of knowledge are the same for all firms. The more the outcomes of R&D 

activities are appropriable, the less there will be knowledge flows between R&D 

performers and the potential users of this knowledge. Since these variables are not 

observable at the firm level, their direct assessment is hard to pick up. However, in a 

panel data context, one may assume that these firms’ specific unobserved effects are 

constant over the period considered. 

 
 
Table 1. Technological and geographic (in italic) proximities 

 BASF Bayer Hitachi IBM Motorol
a 

BASF 1 1         
Bayer 0.97123

2 
0.90812

3 
1 1       

Hitachi 0.12825
4 

0.00002
3 

0.08354
5 

0.00032
1 

1 1     

IBM 0.09101
2 

0.03912
4 

0.04715
2 

0.04043
2 

0.88432
1 

0.03025
4 

1 1   

Motorol
a 

0.03901
3 

0.01756
2 

0.02045
4 

0.02151
2 

0.65965
6 

0.05813
2 

0.61013
1 

0.48164
2 

1 1 

 
 

As for technological proximities, different measures have also been proposed in the 

literature to measure the geographic proximity between firms***. Following Orlando 

                                                 
*** See Orlando (2000) and Greunz (2003) for a review. 
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(2000), I use the latitude and the longitude coordinates of firms derived from the 

address of their headquarters. Assuming a spherical earth of actual earth volume, the 

arc distance in miles between any two firms i and j can be performed according to the 

Haversine formula: 

 
 

( ) ( )j i j i2 2
ij j i

lat lat lon lon
d 2*3.959*arcsin sin cos lat cos lat sin

2 2
− −⎛ ⎞ ⎛ ⎞

= + +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

  (3) 

 
where: 3.959 is the radius of the earth in miles and latitude and longitude 

values are in radians. 
 
 
As stressed by Orlando (2000), the use of corporate headquarters to represent the 

firm location may be questionable for the purpose of spillover measurement. Quoting 

the author (2000: p.14), “One may argue that our true interest is in the location of 

innovation, not necessarily in the location of corporate headquarters. However, if 

firms view R&D as their most strategically important investment they are likely to 

locate this activity close to corporate headquarters. Furthermore, while R&D may be 

a reasonable proxy of the scale of a firm’s innovative activity, spillovers from this 

implied knowledge base may emerge from any of the locations that compose the 

firm; R&D facilities, production facilities, or corporate headquarters. Thus, corporate 

headquarters may be as good a proxy of firm location as we can hope to find†††”. 

 

Based on the geographic distances of firms and assuming that the spillovers’ stock is 

negatively correlated to the geographic distance dij, I implement a weighted sum of 

R&D capital stock. I cannot use the function 1/d to compute the proximity Gij since for 

values of dij equal to zero, the function 1/dij is not definite. To solve this problem, I 

use the negative exponential function, 1/edij, so if the distance is zero, the geographic 

proximity is 1, i.e. the maximum possible value: 

 
 
Gij = 1 / edij           (4) 
 

                                                 
††† Orlando (2000) consulted the Directory of American Research and Technology 1993 which reports the 
location of firms’ corporate headquarters as well as the location and composition of their R&D. It follows that 
about 87% of the companies of a representative sample carry out their R&D at the same place as their corporate 
headquarter location. 
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Once I have computed the geographic proximity Gij among firms, I can construct the 
geographic based R&D spillover stock for firm i as: 
 
 

∑=
≠ ji

jiji KGTsg           (5) 

 
 
Table 1 reports the geographic proximities of the same five firms as in the previous 

example. Here also, this proximity measure only takes positive values. Although the 

R&D spillovers based on the proximities in the technological or geographic space are 

likely to be less contaminated by pecuniary externalities and common industry 

effects, evidence of their impact on productivity may still be unrelated to knowledge 

spillovers, but rather the result of spatially correlated technological opportunities. Yet, 

as emphasised by Griliches (1992), if new opportunities exogenously arise in a 

technological area, firms active in that area will increase their R&D spending and 

improve their productivity. 

 

Following Bottazzi and Peri (2003), another approach to formalizing geographic 

spillovers is to consider classes of distances. If R&D spillovers depend on the 

geographic distance between firms, then one can distinguish between spillovers 

occurring between closest firms and those occurring between far away firms‡‡‡,§§§. 

One advantage of estimating different geographic spillovers pools based on different 

ranges of distances rather than on (5) is that no a priori assumption on how this 

variable depends on distance needs to be made. 

 

In order for R&D spillovers to be effective, firms must be able to ‘absorb’ the 

knowledge generated outside their walls. Yet, the empirical measurement of firms’ 

absorptive capacity, i.e. the ability of firms to identify, assimilate and exploit 

knowledge from the environment (Cohen and Levinthal, 1989) has proven to be 

difficult. The usual way retained to measure absorptive capacity is through R&D****. 

                                                 
‡‡‡ According to the authors, ‘embodied knowledge’, i.e. the non-codified knowledge attached to people, does 
not diffuse passed a certain distance which the authors estimate to be of 300 km. 
§§§ In a same vein, if spillovers depend on the technological distance between firms, then the more two firms are 
closed in the technological space, the more spillovers are important. This question has already been extensively 
examined in previous studies (Jaffe, 1986, 1988, Capron and Cincera, 1998, Cincera 2005) and is not 
investigated further here. 
**** The framework developped by Griffith et al. (2003) is based on the interaction between Research 
employment and the gap between the level of total factor productivity (TFP) of a given industry and the industry 
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Indeed, as discussed by Cohen and Levinthal (1989), R&D activities are not only 

aimed at generating new knowledge but these activities also play an important role in 

building a firm’s absorptive capacity. In practice, it is difficult to disentangle between 

the two faces of this dual role of R&D. Kinoshita (2000) and Grunfeld (2004) consider 

the interaction term between the firm’s own R&D intensity and the R&D spillover 

variable to evaluate the firms’ absorptive capacity. In this study I consider the R&D 

stock as an alternative of the R&D intensity in order to capture the cumulative nature 

of the learning process which helps to build the absorptive capacity.  

 
 
2.3. Econometric framework and summary statistics 
 
 
Following Griliches (1979), the impact of technological and geographic R&D 

spillovers on firms’ productivity growth besides traditional inputs and the firm’s own 

R&D stock, is estimated by means of a extended Cobb-Douglas production function: 

 
γβββ XKCALY 321=           (6) 

 

This function can also be estimated by adding an interaction term between the firm’s 

own R&D capital and the R&D spillover stock by setting: 

 
K21 γγγ +=            (7) 

 
This allows us to test for the presence and the extent of absorptive capacity. 

Replacing (7) in (6), taking the logarithms and introducing a set of time dummies 

leads to: 

 
ititititititittiit XKXKCLY εγγβββλα +++++++= lnlnlnlnlnln 21321   (8) 

 
where: ln is the natural logarithm; i indices the firm and t indices the time; Yit is 

the net sales; Lit is the employment; Cit is the stock of physical capital; 
Kit is the stock of R&D capital; αi is the firm’s fixed effect; λt is a set of 
time dummies; Xit is a vector of spillover components; β and γ are 
vectors of parameters and εit is the disturbance term. 

 
Different R&D spillover components have been estimated: 

                                                                                                                                                         
with the highest TFP. Cassiman and Veugelers (2002) and Schmidt (2005) use direct measures of absorptive 
capacities from innovation surveys. 
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Ts = total stock of technological spillovers; 
Tsg = total stock of geographic spillovers; 
 
Thus, I estimate the following models: 
 

ititititittiit TsKCLY εγβββλα ++++++= lnlnlnlnln 1321     (8.1) 

ititititittiit TsgKCLY εγβββλα ++++++= lnlnlnlnln 1321     (8.2) 

ititititititittiit TsKTsKCLY εγγβββλα +++++++= lnlnlnlnlnln 21321   (8.3) 

ititititititittiit TsgKTsgKCLY εγγβββλα +++++++= lnlnlnlnlnln 21321   (8.4) 

itititititittiit TsgTsKCLY εγγβββλα +++++++= lnlnlnlnlnln 31321   (8.5) 

ititit

ititititititittiit

TsgK
TsgTsKTsKCLY

εγ
γγγβββλα

++
+++++++=

ln
lnlnlnlnlnlnln

4

321321  (8.6) 

 

In order to test the approach of Bottazzi and Peri (2003) to formalize geographic 

spillovers, we split the stock of R&D spillovers into two components, one relative to 

firms localized within a distance of 300 km and another one relative to firms distant 

more than 300 km††††. Thus, I estimate the following model: 

 
itititititittiit FsNsKCLY ελλβββλα +++++++= 21321 lnlnlnlnln    (8.7) 

 
where: Ns = stock of spillovers between near firms (dij < 300 km); 

Fs = stock of spillovers between Far away firms (dij > 300 km). 
 

Equations (8.1-8.7) are estimated by means of two econometric models for panel 

data: first difference and system IV-GMM. These models allow controlling for firms’ 

permanent unobserved specific effects, and taking into account the possible 

endogeneity or simultaneity issue of the explanatory variables with the error term‡‡‡‡. 

The more recent system GMM (GMM-SYS) estimator combines the standard set of 

equations in first difference (GMM-F.D.) with suitably lagged levels as instruments, 

with an additional set of equations in levels with suitably lagged first differences as 

instruments§§§§. The validity of these additional instruments, which consist of first 

difference lagged values of the regressors, can be tested through difference Sargan 

                                                 
†††† This particular choice of 300 km for the distance is motivated by the results of Bottazzi and Peri (2003). The 
authors find no evidence of spillovers outside this distance-range, which is robust to several specifications and 
controls. 
‡‡‡‡ See Griliches and Mairesse (1995) for a discussion. 
§§§§ See Blundell and Bond (1998) for a discussion about the instruments available for the first-differenced 
equations. 
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over-identification tests. It should be noted that the GMM-SYS estimator can lead to 

considerable improvements in terms of efficiency as compared to the GMM F.D. 

one*****. 

 

In the following static generic model, itiitit xy υηβ ++=  where xit is correlated with iη  

and exogenous in the sense that 0)( =isitxE υ  for i =1 to N and s t≤ , taking first 

differences to eliminate the individual effects iη  the moment conditions 

0)( =Δ− itsitxE υ  for t = 3 to T and s 2≥  are available. Lagged values of endogenous xit 

variables dated t-2 and earlier can then be used as instruments for the equations in 

first-differences. 

 

If xit are uncorrelated with the individual-specific effects, 0)( =Δ iti xE η  for i = 1 to N 

and t = 2 to T and the following moment conditions are available: 0)( 1 =Δ − itit uxE  for i 

= 1 to N and t = 3 to T then suitably lagged first-differences of endogenous xit 

variables can be used as instruments for the level equations (so the system GMM is 

implemented). 

 

Since the model is overidentified in the sense that there are more instruments than 

parameters to be estimated, the validity of the instruments can be tested by means of 

the Sargan test for overidentified restrictions. Considering the set of instruments used 

and the need to satisfy the orthogonality conditions, it helps to verify the null 

hypothesis of joint validity of the instruments. The Sargan test is χ2 distributed under 

the null with (p-k) degrees of freedom (where p is the number of instruments and k is 

the number of variables in the regression)†††††. In particular, the Sargan test results 

allow us to assume the xit to be endogenous, since it is necessary to use Δ xit-1 as 

instrumental variables for the equation in levels since Δxit are correlated with the 

error term. 

 

                                                 
***** This occurs when the lagged levels of the series are only weakly correlated with subsequent first 
differences, so that the instruments available for the first difference equations are weak. See Arellano and Bover 
(1995) and Blundell and Bond (1998). 
††††† Note that in practice, some instruments can be dropped due to collinearity between them. 
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Appendix 2, 4 and 5 present some descriptive statistics and Appendix 3 gives the 

representativeness of the dataset in terms of R&D expenditures. R&D expenditures 

of the 808 firms of the dataset amount to about 30 to 50% of the corresponding R&D 

aggregates for the EU, Japan and the US. 

 
 
3. Empirical findings 
 
 
This section presents the main empirical findings of the paper. Table 2 reports the 

estimates regarding the impact of traditional inputs, the firm’s own R&D stock and the 

different R&D spillover stocks on productivity growth. Given the reasons discussed 

before, the favourite estimates are given by the GMM system model‡‡‡‡‡. The results 

appear to be different from one model to the other while the Sargan tests of 

overidentifying restrictions do not reject the validity of the set of instruments at the 

5% level of significance. 

The estimated elasticities associated with the labour variable vary between 0.44 and 

0.53 while for the physical capital variable the coefficients range from 0.12 to 0.16. It 

should be noted that these estimates are somewhat low compared to the ones 

generally reported in the literature§§§§§. 

 

Table 2. Technology and Geographic based R&D spillovers (GMM-System 
estimates) 

 TECH GEO Near/Far TECH+GEO 
Δ lnL 0.52* (0.019) 0.44* (0.026) 0.52* (0.027) 0.53* (0.019) 
Δ lnC 0.12* (0.013) 0.09 (0.058) 0.16* (0.013) 0.15* (0.014) 
Δ lnK 0.25* (0.017) 0.21* (0.013) 0.18* (0.017) 0.23* (0.019) 
Δ lnTs 0.61* (0.032)     0.59* (0.042) 
Δ lnTsg   0.41* (0.023)   0.39* (0.022) 
Δ lnNs     0.52** (0.292)   
Δ lnFs     0.13 (0.095)   

2X (d.f.) 153.98* (128) 153.45
* (128) 184.45

* (160) 159.15
* (132) 

Notes: 
*(**)=statistically significant at the 5 (10)% level; 
Heteroskedastic-consistent standard errors in brackets; 
S, L, C, K are assumed as endogenous (we use S, L, C, K dated t-1 and earlier as instruments); 
Two step estimates; instruments used: observations dated t-1, t-2, t-3; 
Chi² value of Sargan overidentification test and number of degrees of freedom in brackets. 

                                                 
‡‡‡‡‡ Corresponding GMM-F.D. results are reported in the Table in Appendix 6. 
§§§§§ As pointed out by Capron and Cincera (1998), this can be explained by the fact that we use net sales instead 
of value added for measuring the output in equation (6) and we do not include raw materials in this equation due 
to data unavailability. Assuming constant returns to scale should bring an elasticity associated with the raw 
materials of about 0.3 to 0.4. 
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The results indicate a positive and significant impact of firms’ own R&D capital on 

productivity performance. The magnitude of these coefficients, i.e. 0.18 to 0.25, is 

somewhat higher compared to the ones obtained in the related literature which can 

be explained by the high R&D intensity characterizing the firms of the dataset******.  

 

As regards R&D spillovers, there appears to be a rather strong link between 

technologically based R&D spillovers and firms’ productivity performance. The 

estimated elasticity associated with this variable, 0.61, is significant and higher as 

compared to the firm’s own R&D stock.  

 

The results in Table 2 also confirm the positive relationship between the growth of 

productivity and the geography based R&D spillover stock. The estimated elasticity 

associated with this variable is about 0.41 and is again higher compared to the firm’s 

own R&D stock. This result is robust to the alternative weighting measure proposed 

by Bottazzi and Peri (2003) to construct the geographic spillover’s variable, hence 

confirming the role of localisation effects on knowledge flows and on productivity 

growth. Furthemore, the estimated elasticity of the ‘far away’ spillover stock is not 

significantly different from zero, which suggests the finding of Bottazzi and Peri of no 

spillover diffusion passed a certain distance between firms (300 km). These findings, 

which are in line with the results of previous studies, indicate that the geographic 

distance between firms matters for R&D spillovers††††††. 

 

The last column of Table 2 includes both proximity-based R&D spillover variables in 

the same specification. This allows one to investigate which proximity measure 

(geographic or technological) matters most to explain firms’ productivity growth. It is 

worth noting that adding these two spillover stocks together does not change the 

estimated elasticities obtained when each variable is estimated separately. 

Therefore, I can conclude that the impact of technologically based R&D spillovers in 

explaining productivity is higher compared to geographic knowledge externalities. 

 

                                                 
****** See Appendix 4. 
†††††† See Jaffe et al. (1993), Jaffe and Trajtenberg (1996, 1999), Orlando (2000), Maurseth and Verspagen 
(2002) or Greunz (2003). 
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Finally, assuming that the stock of own R&D is a proxy of absorptive capacity, it is 

possible to analyse the extent to which this capacity interacts with both geographic 

and technological sources of R&D spillovers. The results reported in Table 3 are in 

line with the previous ones (Table 2). Furthermore, I observe a positive impact of the 

interaction terms between firms’ own R&D stock and both types of R&D spillover 

stocks. These findings suggest the presence of complementarities between these 

knowledge stocks. Furthermore, the results also indicate no particular differences 

between the levels of absorptive capacities and their interaction with the geographic 

and technological R&D spillover variables. These results are confirmed in the last 

colum of Table 3 where both R&D spillover stocks and interaction terms with the 

firms’ own R&D stocks are introduced simultaneously‡‡‡‡‡‡. 

 
 
Table 3. Absorptive capacity (GMM-System estimates) 

 TECH GEO TECH+GEO 
Δ lnL 0.57* (0.028) 0.55* (0.031) 0.56* (0.023) 0.55* (0.022) 
Δ lnC 0.31* (0.014) 0.29* (0.019) 0.28* (0.019) 0.28* (0.018) 
Δ lnK 0.24* (0.020) 0.25* (0.013) 0.23* (0.014) 0.22* (0.013) 
Δ lnTs 0.62* (0.026)  0.58* (0.035) 0.57* (0.036) 
Δ KlnTs 0.14* (0.013)  0.06 (0.063)   
Δ lnTsg  0.39* (0.029) 0.33** (0.194) 0.31* (0.022) 
Δ KlnTsg  0.11* (0.013) 0.09 (0.062)   
Δ K(lnTs+lnTsg)     0.27** (0.158) 

2X (d.f.) 152.78* (128) 152.44* (128) 158.74* (132) 156.30* (130) 
Notes: 
*(**)=statistically significant at the 5 (10)% level; 
Heteroskedastic-consistent standard errors in brackets; 
S, L, C, K are assumed as endogenous (I use S, L, C, K dated t-1 and earlier as instruments); 
Two step estimates; instruments used: observations dated t-1, t-2, t-3; 
Chi² value of Sargan overidentification test and number of degrees of freedom in brackets. 
 
 
4. Conclusions 
 
 
The purpose of this paper has been to assess, besides traditional inputs and the 

firm’s own R&D stock, the impact of two types of R&D externalities on large 

international R&D companies’ productivity growth over the last decade. The first R&D 

spillover variable considered is formalized by weighting the R&D stocks of other firms 

according to two alternative geographic proximity measures. As in previous studies in 

                                                 
‡‡‡‡‡‡ Note that introducing twice the firms’ own R&D stocks, i.e. Δ KlnTs + Δ KlnTsg, instead of Δ
K(lnTs+lnTsg), leads to inconclusive results as regards the interaction terms. 
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the literature on the geography of innovation, the idea has been to examine the 

extent to which localisation effects matter in the diffusion of R&D spillovers and their 

impact on productivity performance. The second type of R&D externality uses the 

distances of firms into a technological space constructed on the basis of the 

distribution of firms’ patents across technological fields. Besides the physical 

proximity between the sender and the recipient of knowledge flows, technological 

‘closeness’ is another dimension which can affect the scope and direction of R&D 

spillovers. 

 

The main results of the paper can be summarised as follows. Both the geographic 

and technological based R&D spillovers stocks have an important and positive 

impact on the productivity growth of firms. The effects of the pure technological 

externalities on firms’ economic performance appear to be higher as compared to the 

geographic spillovers. This finding suggests that the technological proximity is more 

important than the geographic one for the impact of R&D spillovers on firms’ 

productivity growth. Finally, these results are confirmed when controlling for 

absorptive capacity. Including the firms own R&D stock, the spillover variables and 

the interaction between the two simultaneously, I find a complementarity effect 

between own R&D and both sources of R&D spillovers. 

 

In order to further explore these questions, further analyses are needed. Among the 

few suggestions for future work, I plan, as has already been done in previous studies, 

to use information on patent citations to construct a more direct measure for R&D 

spillovers. Backward citations for instance, i.e. references in patent documents to 

former patents, can be interpreted as evidence of spillover effects from the 

knowledge described in the cited patent to the knowledge of the citing patent. In 

order to further analyse the interplay between geographic and technological 

proximities for the diffusion of knowledge, both types of R&D spillover stocks could 

be split into a national and an international component. This would allow testing for 

the presence of country borders effects such as for instance institutional settings, 

national policies, language and history (Maurseth and Verspagen, 2002). Finally, the 

analysis could be enriched by considering alternative measures of absorptive 

capacities and their impact on firm economic performance such as the level of 

education of the workforce. 
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From a policy point of view, the results produced in this paper suggest a certain 

number of policy implications which I shall discuss now.  

 

First, the estimated effects on firms’ productivity of both geographic and technological 

R&D spillovers are positive and quite large (more than the effects of the firm’s own 

R&D). As a result, these externalities can be expected to be associated with a sub-

optimal level of private R&D investment in the economy which justify some policy 

intervention (e.g. R&D subsidies, R&D tax credits or public procurements for R&D 

projects) to compensate for the lower incentives of firms to invest in these activities. 

With this respect, funding of R&D and more generally of Science and Technology 

(S&T) collaborations is another well-known policy instrument which allows firms to 

internalize the externalities associated with the outcomes of their research activities. 

 

Second, since geographic proximity matters for R&D spillovers, regional policies 

aimed at attracting and agglomerating R&D companies in a given territory or space 

are essential (Feldman and Audretsch, 1999). Besides the traditional instruments 

discussed above, all measures aiming at supporting existing knowledge-based 

clusters as well stimulating the emergence of new high-tech clusters represent 

another major regional policy instrument (Karlsson, 2007). In a similar vein, more 

favourable framework conditions (e.g. access to financial and human capital and to 

markets and knowledge) at the macro level and policies aimed at reducing 

geographical transaction costs (e.g. transport and infrastructure policies) should also 

be mentioned. 

 

Third, as technological distance appears to be an even more important determinant 

of knowledge spillovers between companies located in narrowly defined sectors, 

policy measures allowing increased concentration in particular industries and 

technological sectors are highly desirable (Orlando, 2000). Here also, measures to 

support S&T collaborations between similar firms from a technological point of view 

could be another way to achieve greater technological spillovers. 

 

Finally, given the role of R&D activities to enhance the absorptive capacity of firms to 

identify, assimilate and exploit external knowledge (i.e. R&D spillovers), policies 

promoting in particular this specific absorptive function of R&D, such as R&D 
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subsidies or measure that help improving the knowledge and upgrading the skills of 

the company’s research personnel (e.g. vocational training) should be further 

stimulated. 
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Appendix 1. Classification of Patent Classes into Technological Categories and 
Sub-Categories 
Cat. 
Code 

Category Name Sub-
Cat. 
Code 

Sub-Category 
Name 

Patent Classes 

1 Chemical 11 Agriculture, Food, 
Textiles 

8, 19, 71, 127, 442, 504 

  12 Coating 106, 118, 401, 427 
  13 Gas 48, 55, 95, 96 
  14 Organic Compounds 534, 536, 540, 544, 546, 548, 549, 552, 554, 556, 

558, 560, 562, 564, 568, 570 
  15 Resins 520, 521, 522, 523, 524, 525, 526, 527, 528, 530 
  19 Miscellaneous-

chemical 
23, 34, 44, 102, 117, 149, 156, 159, 162, 196, 201, 
202, 203, 204, 205, 208, 210, 216, 222, 252, 260, 
261, 349, 366, 416, 422, 423, 430, 436, 494, 501, 
502, 510, 512, 516, 518, 585, 588 

2 Computers & 
Communications 

21 Communications 178, 333, 340, 342, 343, 358, 367, 370, 375, 379, 
385, 455 

  22 Computer Hardware 
& Software 

341, 380, 382, 395, 700, 701, 702, 704, 705, 706, 
707, 708, 709, 710, 712, 713, 714 

  23 Computer 
Peripherals 

345, 347 

  24 Information Storage 360, 365, 369, 711 
3 Drugs & Medical 31 Drugs 424, 514 
  32 Surgery & Medical 

Instruments 
128, 600, 601, 602, 604, 606, 607 

  33 Biotechnology 435, 800 
  39 Miscellaneous-

Drug&Med 
351, 433, 623 

4 Electrical & 
Electronic 

41 Electrical Devices 174, 200, 327, 329, 330, 331, 332, 334, 335, 336, 
337, 338, 392, 439 

  42 Electrical Lighting 313, 314, 315, 362, 372, 445 
  43 Measuring & 

Testing 
73, 324, 356, 374 

  44 Nuclear & X-rays 250, 376, 378 
  45 Power Systems 60, 136, 290, 310, 318, 320, 322, 323, 361, 363, 

388, 429 
  46 Semiconductor 

Devices 
257, 326, 438, 505 

  49 Miscellaneous-Elec. 191, 218, 219, 307, 346, 348, 377, 381, 386 
5 Mechanical 51 Materials Processing 

& andling 
65, 82, 83, 125, 141, 142, 144, 173, 209, 221, 225, 
226, 234, 241, 242, 264, 271, 407, 408, 409, 414, 
425, 451, 493 

  52 Metal Working 29, 72, 75, 76, 140, 147, 148, 163, 164, 228, 266, 
270, 413, 419, 420 

  53 Motors, Engines & 
Parts 

91, 92, 123, 185, 188, 192, 251, 303, 415, 417, 418, 
464, 474, 475, 476, 477 

  54 Optics 352, 353, 355, 359, 396, 399 
  55 Transportation 104, 105, 114, 152, 180, 187, 213, 238, 244, 246, 

258, 280, 293, 295, 296, 298, 301, 305, 410, 440 
  59 Miscellaneous-

Mechanical 
7, 16, 42, 49, 51, 74, 81, 86, 89, 100, 124, 157, 184, 
193, 194, 198, 212, 227, 235, 239, 254, 267, 291, 
294, 384, 400, 402, 406, 411, 453, 454, 470, 482, 
483, 492, 508 

Sources: Hall et al. (2001) 
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Appendix 1. Classification of Patent Classes into Technological Categories and 
Sub-Categories (con’t) 
Cat. 
Code 

Category 
Name 

Sub-
Cat. 
Code 

Sub-Category 
Name 

Patent Classes 

6 Others 61 Agriculture, 
Husbandry, Food 

43, 47, 56, 99, 111, 119, 131, 426, 449, 452, 460 

  62 Amusement 
Devices 

273, 446, 463, 472, 473 

  63 Apparel & Textile 2, 12, 24, 26, 28, 36, 38, 57, 66, 68, 69, 79, 87, 112, 139, 223, 
450 

  64 Earth Working & 
Wells 

37, 166, 171, 172, 175, 299, 405, 507 

  65 Furniture, House 
Fixtures 

4, 5, 30, 70, 132, 182, 211, 256, 297, 312 

  66 Heating 110, 122, 126, 165, 237, 373, 431, 432 
  67 Pipes & Joints 138, 277, 285, 403 
  68 Receptacles 53, 206, 215, 217, 220, 224, 229, 232, 383 
  69 Miscellaneous-

Others 
1, 14, 15, 27, 33, 40, 52, 54, 59, 62, 63, 84, 101, 108, 109, 116, 
134, 135, 137, 150, 160, 168, 169, 177, 181, 186, 190, 199, 
231, 236, 245, 248, 249, 269, 276, 278, 279, 281, 283, 289, 
292, 300, 368, 404, 412, 428, 434, 441, 462, 503 

Sources: Hall et al. (2001) 

 

Appendix 2. Summary statistics 

Variable Mean Std. Dev. Min Max 
Ln S 12.13 2.58 3.32 18.93 
Ln C 12.25 2.02 6.06 18.03 
Ln L 8.29 1.69 3.71 13.56 
Ln K 11.82 1.93 6.07 17.61 
Ln Ts 18.70 0.66 13.85 19.87 
Ln Ns 17.66 0.74 13.05 19.03 
Ln Is 18.22 0.69 12.05 19.50 
Ln Tsg 19.04 0.24 18.01 20.02 
Ln Nsg 18.85 0.37 17.68 19.65 
Ln Isg 16.99 0.60 15.52 19.45 
Notes: 8080 observations (10 years x 808 firms). 
 
Appendix 3. Representativeness of data: firms’ R&D in % of domestic R&D 
expenditures 

Year 
Country 

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Europea 37.0 42.8 43.6 44.6 44.8 45.5 45.9 46.4 46.8 47.3 
Japan 30.0 33.0 33.9 36.7 39.4 40.0 40.4 41.2 42.0 42.5 
Usa 42.9 43.7 44.2 45.3 45.5 46.7 47.3 47.8 48.2 48.7 

Sources: Worldscope database and OECD. 
Notes:  a) Europe is represented by the following countries: UK, Germany, France, Finland, Italy, Switzerland, 

Sweden, Norway, Nederland, Belgium and Denmark. 
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Appendix 4. Number of firms and means by sector and economic area 

ISIC  # of 
firms 

Labour 
x1000 

# of patents 
x1000 in % R&D 

Intens. Ln TS Ln TSg 

10x-14x Mining 9 42.3 5.8 0.01 1.97 18.82 18.95
15x-17x Construction 19 9.3 11.6 0.02 0.99 18.41 19.09
20x-21x Food & tobacco 22 39.5 17.4 0.03 1.23 17.72 19.04
22x-23x Textile & apparel 10 3.0 5.8 0.01 1.72 18.01 19.05
24x-25x Wood & furniture 7 12.3 5.8 0.01 0.77 18.60 19.01
26x-27x Paper & printing 18 12.0 11.6 0.02 1.48 18.51 19.10
28x exc.283 Chemicals 100 15.0 69.6 0.12 3.33 18.91 19.07
283 Pharmaceuticals 54 11.4 40.6 0.07 8.96 18.31 19.05
291 Petroleum 8 33.5 6.0 0.01 1.40 18.48 18.95
30x Rubber & plastics 19 10.9 11.6 0.02 2.10 18.89 19.08
32x Stone & glass 14 15.4 12.0 0.02 1.83 18.73 19.06
33x Primary metal 29 12.9 23.2 0.04 1.70 18.94 19.08
34x Fabricated metal products 31 9.0 23.2 0.04 1.61 18.68 19.09
35x exc. 357- Machinery & equipment 91 12.4 63.8 0.11 3.00 18.73 19.03
357x Computers 44 37.6 29.0 0.05 7.84 18.99 19.01
36x exc. 365-367 Electrical equipment 29 19.9 23.2 0.04 3.26 18.78 19.10
365-367 Electronics 102 13.4 75.4 0.13 7.30 18.79 19.03
37x Transportation equipments 54 64.6 40.6 0.07 3.19 18.84 19.03
38x Instruments 90 6.5 63.8 0.11 6.95 18.64 19.02
39-48 Other  11 48.4 5.8 0.01 2.51 18.42 19.03
50x Wholesale 10 12.7 5.8 0.01 3.43 18.70 19.04
73x-87x Services 37 4.1 29.0 0.05 9.16 18.76 18.99
 EU 116 46.5 77.2 0.13 4.70 18.65 18.95
 JP 227 9.5 156.1 0.27 3.18 18.76 19.12
 USA 465 15.7 346.7 0.60 5.36 18.68 19.03
 TOTAL 808 18.4 580065 1 4.65 18.70 19.04

 

Appendix 5. Correlation matrix 

 Ln S Ln L Ln C Ln K Ln Ts Ln Tsg 
Ln S 1      
Ln L 0.92* 1     
Ln C 0.96* 0.88* 1    
Ln K 0.85* 0.83* 0.83* 1   
Ln Ts 0.21* 0.19* 0.21* 0.28* 1  
Ln Tsg 0.09* 0.02** 0.08* 0.05* 0.12* 1 

Notes: 
*(**)=statistically significant at the 5 (10)% level. 
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Appendix 6. Technology and Geographic based R&D spillovers (GMM-F.D. estimates) 

 TECH GEO Near/Far TECH+GEO 
Δ lnL 0.52*  (0.017) 0.53* (0.018) 0.58* (0.021) 0.53* (0.016) 
Δ lnC 0.14*  (0.013) 0.13* (0.014) 0.15* (0.013) 0.14* (0.013) 
Δ lnK 0.18*  (0.031) 0.27* (0.022) 0.13* (0.016) 0.22* (0.018) 
Δ lnTs 0.85*  (0.039)    0.73* (0.042) 
Δ lnTsg   0.63* (0.031)  0.51* (0.047) 
Δ lnNs     0.59* (0.038)   
Δ lnFs     0.11 (0.081)   

2X (d.f.) 117.88*  (98) 117.35* (98) 133.47* (109) 133.79* (109) 
Notes: 
*(**)=statistically significant at the 5 (10)% level; 
Heteroskedastic-consistent standard errors in brackets; 
S, L, C, K are assumed as endogenous (I use S, L, C, K dated t-1 and earlier as instruments); 
Two step estimates; instruments used: observations dated t-1, t-2, t-3; 
Chi² value of Sargan overidentification test and number of degrees of freedom in brackets. 
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1 Introduction and research objectives

While the European Patent application process has been a centralized process at the
EPO which leads to separate patent rights in designated European countries enforcing the
patent right is still a national task. If a patentee supposes his patent to be infringed he
has to enforce his patent in each country separately by a costly and time consuming trial.
Against the backdrop of this asymmetry, there has been a long and vivid discussion about
a single European Patent enforceable by a single European Court.1

At this stage of the discussion it is of major interest for economists as well as for lawyers
whether and where the development of the European patent system will move. In order to
feed into the discussion about a single European Patent Court this research project aims
at analyzing the functioning of the patent litigation systems in Germany.2

Closely based on the work by Cremers (2007) and Lanjouw and Schankermann (2004,
2001), we empirically investigate which characteristics of patents and patentees as well as
court proceedures lead to a settlement agreement during the court case. We construct a
new data set of all patent litigation cases filed in Germany between 2000 and 2008 at two
of the three main district courts, covering more than 70% of all cases filed in this period
of time. This detailed database enables us to also take into consideration the mechanisms
driving the within- trial behavior- such as patenting motives and enforcement strategies
(Blind et.al.2009), di�erences between the behavior of plainti�s and defendants, industry
di�erences and links to legal rules and procedures.
The specific contribution of this paper is threefold. First we contribute to the so-far
relatively poor data situation on patent litigation in Europe. While the use of patent
litigation data in economic research has continuously increased in the United States in
the last decade, Europe is still behind in gathering and exploiting the information on
IP enforcement, partly due to the fact that obtaining such data is di�cult and time-
consuming in most of the European countries as there are few centralized registers of
patent litigation cases. Second we contribute to understanding the mechanisms driving
the litigating parties’ behavior before and in court and specifically the settlement decision.
Based on the traditional law and economics literature on dispute resolution and settlement
as well as more recent theoretical contributions we provide new evidence in favor of both
the asymmetric stakes and asymmetric information approaches. Third, we provide input
to the discussion about a unified European patent enforcement system by highlighting the
impact of specific characteristics of the German system on settlement behavior. Knowing
why parties do or do not settle is necessary for creating a unified litigation system that

1
See the installation of the unitary patent by 25 of 27 European countries and the rendering of the

opinion of the Court of Justice of the European Union that an unified European patent litigation system

would not be compatible with the provisions of the EU Treaty and the FEU Treaty

2
This project is part of an European research project investigating the patent enforcement systems of

Germany, UK, France, the Netherlands and Belgium which if funded by SEEK - "Strengthening E�ciency

and Competitiveness in the European Knowledge Economies".
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e�ciently manages to resolve disputes, encourage settlements, and to reduce costly court
proceedings. The remainder of this paper is organized as follows. In section 2 we give a
brief introduction on theoretical considerations on patent litigation and settlement. We
then review the main empirical studies examining litigation and settlement in the context
of patent disputes. In section 2 based on the theoretical considerations and empirical
results so far, we derive hypotheses on the determinants of within-trial settlement in
patent litigation cases. Section 3 shortly describes the legal background and proceeding
of the German patent litigation system. Section 4 then covers the empirical setup of the
project, starting with the database construction, the construction of the control group,
and finally presenting descriptive and econometric evidence. Section 5 summarizes our
results and concludes.

2 Conceptual considerations and hypotheses

2.1 Theoretical considerations on litigation and settlement

Going to court and bringing an action against an alleged infringer is the final step in a
chain of steps when claiming and enforcing ones patent. When reaching this stage several
selection mechanisms have already kicked in such that cases going to trial do not represent
a random sample of all infringement cases. First of all the potential infringement must
take place, which sure does not always (but may very well be the case sometimes) happen
randomly, but is rather the result of the potential infringers evaluation of the patent value
and chance of being detected. Next, the potential infringement needs to be detected by
the patent owner in order to be considered for trial. It is reasonable to assume that some
firms are more likely to detect potential infringement than others, both because of their
capacities and their valuation of the patent involved and because of their IP strategies.
Once the potential infringement has been identified the owner can choose between trying
to enforce its rights and ignoring the infringement, which is again determined endoge-
nously by the perception of the commercial value of the patent and the chances of winning
the case.
Once having decided on taking action, there are still two options, settlement negotiations
and litigation. Di�erentiating between these two options is crucial, as litigation data only
contains information on those cases actually going to trial- thus ignoring cases where pre-
trial negotiations have succeeded. The sample of court cases consists of both- cases where
no pre-trial settlement agreements have taken place, or where they have failed.
In the theoretical literature on the economic analysis of legal disputes the two options
settlement and trial are considered as the cooperative and non-cooperative solution of a
bargaining game between plainti� and defendant that is driven by di�erent asymmetries
(Cooter and Rubinfeld 1989). In the absence of asymmetries the cooperative solution is
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always superior to trial as settlement does not involve any litigation costs to be beared by
either both parties (American rule) or the losing party (English rule).
The literature on patent litigation usually distinguishes between two types of possible
asymmetries - asymmetric information and asymmetric expectations and refers to the
models by Priest and Klein (1984) and Bebchuk (1984). In the Priest and Klein (1984)
model litigation takes place if the plainti�’s minimum settlement demand exceeds the
defendant’s maximum settlement o�er caused by diverging expectations about the trial
outcome. This outcome depends, in addition to the asymmetric expectations, also on the
stakes to the parties, on the cost allocation rule of the jurisdictional system and on settle-
ment costs. Bebchuk (1984) studies the litigation or settlement decision in a model with
asymmetric information. While one of the two parties has private information about its
probability of prevailing in trial, the other party only knows the distribution of these win
probabilities. Depending on the stakes and litigation costs of the two parties, the threshold
values for settlement and litigation vary. Waldfogel (1998) summarizes the main di�erence
between the divergent expectations(DE) and asymmetric information(AI) models as who
decides upon the selection of cases going to trial. In the DE models both parties have an
incorrect estimate of the case quality and cases proceed to trial because of their interac-
tions, while in the AI model only one of the two parties misses some information.
A third type of asymmetries- asymmetric stakes- is considered for example by Lanjouw
Lerner (1998) and Meurer (1989) and can be summarized to one party having more to
gain than the other one has to loose. The bargaining surplus in that case would not su�ce
to compensate both parties and settlement negotiations would break down (Somaya 2003,
p.19). Somaya (2003) generalizes asymmetric stakes as "the result of di�culties in craft-
ing and enforcing negotiated settlement contracts, which stem from the unique advantages
conferred by the litigated patent"( Somaya 2003, p. 19).
While the above models focus on the direct costs and benefits from settlement and liti-
gation they mostly ignore the origin of the dispute as such as well as strategic long-term
e�ects arising from the decision to litigate or to settle, such as the signaling to potential
infringers, reputation building and long-term revenues. Bessen and Meurer (2006) model
a setting where disputes arise endogenously from the e�ort of patentee and competitor to
invest in patent protection and development. Also modeling the dispute as endogenous,
Crampes and Langinier (2002) focus on the degree of the patentees’ monitoring e�ort.
Llobet (2003) studies an AI model of settlement and litigation that takes into account
cumulative innovation.

2.2 Previous Empirical work on patent litigation and settlement

For Germany, Cremers (2007) collected data from court archives of the specialized IPR
chambers in Mannheim and Düsseldorf for the filing years 1993-1995. She finds that the
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stakes involved in the suit, namely the value of the patent and expected payo�s influence
the litigation decision. The fact that a patent has survived an opposition procedure has
a positive e�ect on the litigation probability. Cremers (2009) investigates the duration
of patent disputes. She looks at the probability of settlement of patent suits after the
trial has been initiated. Her analysis uncovers interesting di�erences in settlement rates
between the two district courts Mannheim and Düsseldorf. For the UK Greenhalgh et
al. (2010) collect survey evidence on about 100 micro and small and medium patenting
and non-patenting firms (alive between 2002 and 2009) to investigate the IP litigation
activity. They find 40% of patent holding firms to have been involved in some kind of IP
dispute during the five years before the survey. Greenhalgh et al. (2010) find that the
vast majority of firms first attempts to resolve a dispute through the exchange of letters
between solicitors, which appears to resolve a substantial fraction of the disputes. Only
about 13% of disputes ended up in court.
In their 2004 paper, Lanjouw and Schankerman use a data base which was updated from
the one in Lanjouw and Schankerman (2001). The updated data contains information on
13625 patent cases for 9345 patents during the period 1978-1999. Their research focuses
mainly on the litigation risk as such. They find that small firms (size is measured by em-
ployment) with smaller patent portfolios face a much higher probability of being involved
in patent litigation.
Galasso and Schankerman (2008) look at the relation between patent thickets, a reduction
in uncertainty associated with the potential outcome of patent disputes and the duration
of patent disputes using data from the Lanjouw and Schankerman data. They find that
more fragmented patents reduce the length of disputes. The intuition behind the result
is that the value of each fragmented patent is lower to its holder, which leads to faster
settlement. For Australia, Weatherall and Jensen (2005) collected data on the entire pop-
ulation of judgements in Australian courts for the period 1997-2003, covering final trial
decisions made by the State Supreme Court, the Federal Court of Australia and the Full
Federal Court, and the High Court of Australia. Since Weatherall and Jensen focus on the
ability of patent owners to enforce their rights, they limit their attention to cases in which
patent owners file cases for alleged infringement. They find an extremely small number
of patent cases terminating by court judgement and thereby confirm that a large share of
patents cases is settled before a final court ruling.
Somaya (2003) uses US litigation data on suits filed between 1983 and 1993 in the com-
puter and research medicine industry to test the influence of strategic stakes and the
thread of a mutual hold-up on the settlement of patent litigation suits. He finds evidence
that the size of the strategic stakes of the patentee and defendant negatively a�ects the
settlement probability.
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2.3 Hypotheses on the determinants of within-trial settlement

Using the theoretical and empirical research results our research in this paper concentrates
on the decision of parties already involved in a court dispute to settle or to proceed to
a judge decision. The question to be addressed is: How do adjudicated and within-trial
settled cases di�er? In order to be able to answer this question we need to make some
assumptions about how pre-trial and within-trial settlements di�er as the literature does
not di�erentiate between those two cases. The decision to settle after having filed a suit
at a court seems irrational at first, as settlement could have been reached beforehand
without incurring any litigation expenses. All publicly available information about the
patent and the involved products are known and used for the decision to settle without
filing a litigation suit. So we expect that the likelihood of litigation depends positively on
the value correlates of the patent.3

If, however, one or both of the parties obtain new information and learn about the qual-
ity of the case in the course of the trial, then the pre-trial calculus might change. The
same is true of during trial the stakes to one or both parties change. If a reduction of
asymmetries in information and expectations occurs to a degree that settlement suddenly
becomes attractive the litigating parties may choose to abandon the trial and settle. This
will be the case if the call was close between pretrial settlement and litigation anyways,
leaving the underlying driving factors of within-trial settlement similar to those of pre-trial
settlement. As the di�erent patent value correlates as such as well as the party character-
istics are already available at the time of pre-trial negotiations, we generally do not expect
these to have a significant impact on the decision to settle or to adjudicate. Based on
the theories of dispute settlement and the above considerations we can derive hypotheses
on the determinants of within- trial settlement and adjudication. We distinguish between
hypotheses on factors that have been available prior to trial and on factors that have only
become public during trial or only appear in trial.
Concerning common knowledge at the start of trial we derive the following
hypotheses:

Hypothesis 1: The settlement probability decreases with higher asymmetry in stakes for
the litigants.
We assume di�erent settlement rates for plainti�s being licensees and for patent owners
as the patentees’ and licensees’ stakes di�er. While a patent owner is more likely to be
interested in securing total market profits arising from his monopoly position, a licensee
already sharing the market may be more interested in obtaining a settlement amount. We
also assume defendants being licensees to be more cooperative when it comes to settlement

3
As it is shown in Lanjouw and Schankerman (2004).
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negotiations, as they depend more strongly on their license than e.g. a dealer depends
on a specific product. The settlement probability should thus increase with plainti� or
defendant being a licensee.

Hypothesis 2: The settlement probability decreases with information asymmetries.
The settlement probability increases if the parties are domestic as negotiations become
easier when parties can communicate in the same language and meet personally.

Hypothesis 3: The settlement probability increases with the age of the patent.
The less time left for making use of the monopoly right the more willing plainti�s are to
negotiate and realize a settlement deal.

Hypotheses concerning new facts revealed after filing the suit:

Hypothesis 4: The settlement probability increases with new information obtained dur-
ing the court proceeding.
If an expert opinion is requested by the court the dissemination of new information is
likely and information asymmetries can be reduced. The same is true if the court orders
the questioning of a witness4. The probability of settlement should thus rise. Addition-
ally information about the sales and market shares reached with the patent by either the
plainti� or the litigant could have an impact on the decision to settle.
The jurisdictional value of the dispute which is set by the court reflects an estimation of
the value at stake and can be regarded as new information about the stakes which should
lead to a recalculation of the values involved in the dispute. The larger this value, the
more likely parties will prefer to settle than to proceed to trial.

Hypothesis 5: If a case is a-priori very straightforward one of the parties is certain to
win the case he is more likely to refuse any settlement negotiations and adjudicate the
case to judgement for signaling reasons.
Even if the other party o�ers a large settlement amount, knowing that they are likely to
loose before court, the shoo-in prefers to wait for a judgement, expecting higher long-term
payo�s and a strengthening of his reputation. We use voluntarily making available the
inspection of a product during trial and the voluntary provision of a legal document as
indicators for very clear-cut cases. These cases should thus settle less likely.

4
Note that other than in regular civil suits the judge can actively request evidence in form of expert

opinions and witnesses in order to deepen his own (technical)understanding of the circumstances

6



Hypothesis 6: The settlement probability increases with changes in the stakes revealed
during the court proceeding.
If a nullity procedure is filed during trial the stakes for both plainti� and defendant change
as a nullity procedure may lead to an elimination of a patent leaving both parties without
any monopoly to exploit the patent. This potential outcome implies a new threat to the
parties thus leading to within-trial settlement agreements.

Hypothesis 7: The settlement probability may di�er across courts if mediation e�orts
undertaken by the judges di�er. Di�erences in interpretation of the Code for Civil Proce-
dures at the di�erent courts are expected to lead to di�erences in the within-trial settle-
ment rate. The possibility of mediation as an instrument to trigger settlements in trial is
di�erently implemented in the District Courts as well as the interpretation of the Code of
Civil Procedure.

We expect that the within-trial settlement probability is not related to the direct and
strategic value of the patent to both firms as this information is already available prior
to trial. The probability of litigation as such however depends heavily on the value of the
patents. The number of forward and backward citations received by the disputed patent
and the number of countries where the patent has been applied are used as direct mea-
sures of the value of the patent. The strategic value to the plainti� can be assessed by the
relevance the patent has within the plainti�s portfolio. The is is measured by the share
of self-citations in all forward citations and the share of all self-citations in the backwards
citations. The strategic value to the defendant can be assessed by the importance of the
patent within the portfolio of the defendant. We measure this by the share of forward
citations to the patent made by the defendant. The fact that a patent has survived an
opposition procedure at the patent o�ce is a strong indicator for its value as well, as
it indicates that first other parties are also interested in the knowledge contained in the
patent and second that it has already been reassessed and found valid. We use this strong
value correlate as exclusion restriction in our selection equation modelling the decision to
litigate and thereby assume that, as this information is already available prior to trial, it
has no direct e�ect on the settlement decision.

3 The patent litigation system in Germany: Legal rules and
procedures

For a granted patent a first possibility to be involved in a dispute is an opposition proce-
dure right after the grant of the patent. This procedure takes place if a third party, usually
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a competitor, argues that the patent should not have been granted. (Article 99 EPC, 59
PatG). Opposition procedures take place at the DPMA or EPO opposition divisions. A
granted patent, coming from a German Patent application or from a Germany-designated
EPO application, becomes national law. The German system separated validity and in-
fringement proceedings. While invalidity decisions are rendered by the German Patent
Court, infringement are cases are dealt with by the district courts. In Germany there
are twelve District courts qualified for dealing with patent infringement cases. The legal
procedures are set in the Code for Civil Procedures (ZPO). Other than in most types of
actions in patent infringement cases the involved parties are relatively free to choose the
venue. The plainti� can choose between either the jurisdiction of the defendant or the
court in the jurisdiction where the potential infringement has taken place. Once suspect-
ing an infringement and having obtained some evidence the patentee can send an o�cial
warning to the infringer (caution), asking him to stop infringing the patented invention.
and to provide a legally binding "cease and desist" declaration. If the defendant does not
react, the plainti� may file a suit. The defendant may however file a counterclaim asking
for the declaration of non-infringement in order to have his position confirmed. In order to
avoid such an action for a negative declaratory judgment, the patentee can chose to send
an inquiry asking the other party about the legitimacy of their actions. In some urgent
cases, a preliminary injunction is applied for when the suspected infringing party is about
to start selling a product involving the disputed technology and when substantial losses
for the patent owner may result. There will be a defense plea and then a reply to the
defense plea, which may again be followed by a rejoinder. These proceeding then lead to
an oral hearing before court and may be continued as written procedures or followed by
further oral hearings until the publication of the final judgment. It is the responsibility
of the parties to provide evidence in favor or against the case, and the court does not
conduct any investigations on its own. If the three judges decide that they are unable to
assess technical questions, they will appoint a technical expert, who submits a report and is
present at the oral hearings. Both parties may then comment on the expert’s opinion. The
appointment of an expert opinion usually delays the procedure by about 9 to 12 months.
A common defense procedure of the defendant is to file nullity procedure at the German
Patent court. While in other countries nullity issues are dealt with by the same court as
infringement issues, the German bifurcation system separates these issues. A nullity suit
as such therefore does not directly interfere with the infringement suit. If however the
district court does suspect an infringement of the patent, but at the same time suspects
the patent to be judged invalid by the German Patent court, it will defer the infringement
action until the nullity case has been resolved. Patent infringement procedures can termi-
nate with a judgment, a judgment by default, a within- court or out-of-court settlement
or with a withdrawal of the case. The losing party is obliged to pay the attorney fees of
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the winning party, the court costs and any further expenses. The attorney and court fees
are being calculated according to a formula based on the estimated value of the dispute5.

4 Empirical analysis

4.1 Data collection and construction of the database

The dataset we present for Germany contains 1296 patent cases, dealing with 1091 unique
patents, filed at the District courts of Mannheim and Munich between 2000 and 2008.
Those cases deal with patents filed between 1980 and 2008. As there is no centralized
register of patent cases, the data has been collected by going into the archives of German
district courts and manually copying each court record into our database. We are cur-
rently collecting data from the Düsseldorf court as well, and will end up with a sample
covering about 90% of all patent cases within that period. Basing our litigation court
data collection on a comprehensive template we collect data on the proceedings of the
suit, the parties, and the patent at issue. We cover information on the characteristics of
the plainti� and defendant, on their legal representatives, the duration of trial, the subject
of the dispute, the claims of the plainti�s, the evidence presented and the relationship of
the parties to the patent involved in the case. Compared to previous databases we we
are able to add new details on the lawsuit, such as data on lawyers, extensive cost fig-
ures and procedural aspects, as well as detailed information on entire patent portfolio of
the litigating parties. For most of the cases we have identified the patent number and
can thus match the litigation data with patent information. The sample of 1294 cases
represents the litigation cases for which we have been able to match the court data with
patent data. Data from the German Patent O�ce (DPA) and the European Patent O�ce
(EPO) have been added from the database PATSTAT o�ered by the OECD. Information
on application dates, granting dates, IPC classifications, and the applicants and inventors
are available. In addition, PATSTAT also hold information about the number of refer-
ences made in patent documents. This information is used to generate value correlates
of patents (e.g. forward and backward citations). For more detailed information about
companies which are involved in the patent and other IPR suits the data is combined with
firm data which is already available at the ZEW. For German firms we use data stemming
from ZEW’s Mannheim Enterprise Panel which is provided by Creditreform, the largest
credit rating firm in Germany. The Amadeus resp. ORBIS database distributed by Bu-
reau van Dijk Electronic Publishing (BvDEP) is used for European resp. Non-European
firms. Merging these data with the litigation data a�ords a more detailed picture of the
corporations involved. Industry codes according to the European NACE classification are

5
In an appeal case court costs increase about 15% and appeals at the Federal Supreme court are twice

as high as the first instance proceedings (Bardehle Pahlenberg 2010, p. 13).

9



added as well as firm size, employee data and form of organization. The merge is done by
using the company names and addresses using the software tool SearchEngine developed
by ZEW.

4.2 Construction of the control group

In order to compare the sample of litigated patents to the overall population of non-
litigated patents valid in Germany we construct a control group. We stratify the control
group by application filing year and application type, distinguishing between applications
at the German Patent O�ce and the the European Patent O�ce and between PCT-route
applications and non-PCT- applications. This sampling method guarantees a coverage of
the same time and application type structure as in the sample of litigated patents. We
purposely do not draw the control group by IPC classes as has been done in the literature
in order to be able to identify litigation and settlement di�erences by technology areas.
However, over sampling by a factor of ten ensures that all 4-digit IPC classes contained in
the sample of litigated patents appear at least once in the control group6. For the analysis
we used a control sample of 10309 patents.

4.3 Descriptive evidence

A general overview of the distribution of patent litigation cases and their outcome across
instances can be found in figure 1 in the appendix. Besides settlement there are four
other outcomes defined in the data: Judgement in favor of the plainti� ("plainti� win"),
judgement in favor of the defendant, judgement in favor of both, and drop out, which
indicates that we could not track the outcome of the case. The overall settlement rate
across all instances is 61%. The rate in Munich is 68% and the settlement rate in Mannheim
is 58%.
Table 1 shows that all value correlates are significantly larger for the litigation group
compared to the control group. There are significant di�erences in the shares of patents
of certain technology areas across the control group and the litigated patents group. Even
though the Düsseldorf cases are not yet included into our data set we can point to a higher
share of Electrical engineering patents and Instrument patents within the litigated patent
group.7

Looking at the group of litigated patents and their trial characteristics in table 2 we also
find significant di�erences. Patents involved in cases that settle during trial have a higher

6
The coverage of all four digit IPC classes contained in the litigation data has been verified.

7
For the Chemistry patents this number is not reliable because the Düsseldorf District court deals with

most of the chemistry and pharmaceutical cases.
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number of applicants, and inventors and are valid in more countries than patents involved
in cases that were brought to a judgement. The number of backward citations is higher
for settled cases and the patents are on average older when brought to trial.
For our analysis the main interest lies in di�erences in trial characteristics. Settled cases are
on average preceded by significantly more trials involving the very patent than non-settled
cases (almost 16 previous trials compared to 11 for non settled cases).8. The value at stake
is twice as large in cases for which parties reach a settlement compared for those where not.
For settled cases the value at stake is on average almost 1 million Euro. Technical experts
are called upon significantly more often in settled than in adjudicated cases. Voluntarily
revealed evidence in form of documents and inspections is used significantly more often
when no settlement deal can be reached. Among the settling plainti�s and defendants
there are significantly more licensees than among the non-settling parties.

Control Group Litigation Group

Variables Obs Mean Obs Mean
10309 (SD) 1531 (SD)

Patent Value indicators Opposition 0,01 0,09***
(0,12) (0,29)

Number inventors 2,29 2,04***
(1,65) (1,49)

Number applicants 1,08 1,54***
(0,38) (1,09)

Number of countries applied for 7,07 13,51***
(6,76) (10,95)

Share of self-backwards citations 0,01 0,02***
(0,06) (0,09)

backwards citations 2,17 2,60***
(2,94) (3,30)

Share of self-forward citations 0,01 0,05***
(0,06) (0,16)

Forward citations 1,90 4,96***
(4,47) (12,22)

Technological Classification Electrical Engineering 0,31 0,47***
(0,46) (0,50)

Instruments 0,21 0,29***
(0,41) (0,45)

Chemistry 0,25 0,09***
(0,43) (0,28)

Process Engineering 0,22 0,20**
(0,41) (0,40)

Mechanical Engineeering 0,25 0,21***
(0,43) (0,41)

Consumption 0,06 0,14***
(0,24) (0,34)

Patent breadth 1,58 2,04***
(0,82) (1,47)

*** p=0,01 ** p=0,05 * p=0,1

Table 1: Comparison of control group and litigated patents

8
This high number is driven by numerous cases filed by one special plainti� defending the same patent

several times (about 180 times) against di�erent alleged infringers.
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settle=0 settle=1

Variables Obs Mean Obs Mean
597 (SD) 934 (SD)

Application type DE 597 0,55 934 0,63***
(0,50) (0,48)

DE-PCT 0,03 0,02
(0,16) (0,14)

EP 0,31 0,26***
(0,46) (0,44)

EP-PCT 0,11 0,10
(0,31) (0,30)

Patent Characteristics Opposition 0,10 0,09
(0,30) (0,29)

Number inventors 1,87 2,15***
(1,41) (1,53)

Number applicants 1,39 1,64***
(0,95) (1,17)

Number of countries applied for 12,68 14,03**
(10,71) (11,08)

Share of self-backwards citations 0,02 0,02
(0,09) (0,09)

Backwards citations 2,85 2,43**
(3,75) (2,97)

Share of self-forward citations 0,06 0,05
(0,18) (0,15)

Forward citations 4,76 5,09
(9,77) (13,56)

Age at trial 9,83 11,20***
(5,26) (5,69)

Foreign inventors 0,30 0,41***
(0,46) (0,49)

Technological Classification Electrical Engineering 0,45 0,49
(0,50) (0,50)

Instruments 0,25 0,31***
(0,43) (0,46)

Chemistry 0,12 0,07***
(0,32) (0,25)

Process Engineering 0,21 0,19
(0,41) (0,39)

Mechanical Engineeering 0,19 0,22
(0,39) (0,41)

Consumption 0,16 0,12**
(0,37) (0,33)

Trial Characteristics Number of previous trials 10,75 15,99***
(30,93) (40,86)

Mannheim District Court 0,80 0,73***
(0,40) (0,44)

München District Court 0,20 0,27***
(0,40) (0,44)

Value at stake(Streitwert) 597 442301,60 936185,80***
(2656628,00) (4393118,00)

Nullity 0,06 0,12***
(0,23) (0,32)

Evidence: Witness 0,07 0,09*
(0,25) (0,29)

Evidence: Technical Expert 0,05 0,11***
(0,22) (0,31)

Evidence: Dokument 0,51 0,28***
(0,50) (0,45)

Evidence: Inspection 0,22 0,06***
(0,42) (0,24)

Defendant Characteristics German defendant 0,86 0,86
(0,35) (0,35)

Defendant Firm 0,78 0,81
(0,41) (0,39)

Defendant Patentee 0,19 0,14**
(0,39) (0,35)

Defendant Licensee 0,04 0,06***
(0,18) (0,25)

Patent Stock Defendant 84,84 56,10
(679,85) (530,60)

Plainti� Characteristics German Plainti� 0,84 0,81
(0,37) (0,39)

Plainti� Firm 0,81 0,84
(0,39) (0,37)

Plainti� Patentee 0,58 0,56
(0,49) (0,50)

Plainti� Licensee 0,23 0,35***
(0,42) (0,48)

Patent Stock Plainti� 76,02 67,17
(435,36) (463,08)

*** p=0,01 ** p=0,05 * p=0,1

Table 2: Comparison settlement and non-settlement
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4.4 Econometric Analysis

We use a probit model with sample selection for estimating the determinants of within-
trial settlement 9. In order to control for the fact that the cases going to trial are not a
random sample of all patents we use a selection model to separate the subsample of cases
going to trial from the sample of patents that are either not disputed or not disputed until
trial. The decision to litigate or not is is reflected in the following selection equation:

Lit =
I

0, Lit

ú
< 0

1, Lit

ú Ø 0
(1)

which is driven by the underlying latent model

Lit

ú = X

Õ
1—1 + ‘1 (2)

The decision to settle or not is reflected in the following settlement equation

Set =
I

0, Set

ú
< 0

1, Set

ú Ø 0
(3)

which is driven by the underlying latent model

Set

ú = X

Õ
2—2 + ‘2 (4)

Litigation and within-trial settlement may be a�ected by unobserved heterogeneity re-
flected in the correlation of the error terms of the latent selection equation and the latent
settlement equation. In that case both equation might contain some common omitted
variable and the error terms ‘1 and ‘2 would be correlated. Using a probit model with
sample selection we can take into account this unobserved heterogeneity and correct the
estimation prceedure. When assuming that ‘1 and ‘2 are bivariate standard normally
distributed with a correlation coe�cient fl the joint cumulative distribution function of
‘1 and ‘2 can be denoted by: �2(‘1,‘2;fl). The marginal distributions are then denoted
by �(‘1) = F (‘1,Œ;fl) and �(‘2) = F (‘2,Œ;fl). There are three types of observations in a
sample with the following probabilities:
1. For the patent not being selected into litigation

P (lit = 0) = �(≠x

Õ
1—1).

9
This type of model is well explained e.g in Dubin and Rivers(1989).

13



2. For the patent being selected into litigation but not settling

P (Lit = 1;Set = 0) = �(xÕ
1—1)≠�2(xÕ

1—1,x

Õ
2—2;fl)

3. For the patent being selected into litigation and settling

P (Lit = 1;Set = 1) = �2(xÕ
1—1,x

Õ
2—2;fl)

From this, we can derive the log likelihood function:

LnL =
i=1ÿ

N

)
LitiSetiln�2(xÕ

1—1,x

Õ
2—2;fl)

+Liti(1≠Seti)ln
#
�(xÕ

1—1)≠�2(xÕ
1—1,x

Õ
2—2;fl)

$

+(1≠Liti)ln�(≠x

Õ
1—1)

(5)

As with the regular Heckman model, we should include at least one variable into the
selection equation that is excluded from the settlement equation in order to ensure iden-
tification. From the theoretical considerations it makes sense to use some patent value
indicators as they are observable for all observations and common knowledge prior to trial.
We therefore expect them to a�ect the litigation decision, but not within-trial settlement.
We chose the value indicators patent breadth(number of unique 3-digit IPC- classes)and
a dummy variable indicating whether the patent has faced an opposition procedure as
exclusion restrictions. We cluster the estimation by file number of the court records as
a case may deal with multiple patents that we each count separately when conducting a
patent-level analysis.

4.5 Estimation results

The results from the selection equation - patent litigation takes place or not - are ex-
actly as expected. The patent value correlates opposition, patent breadth, the number
of countries where the patent has been applied for as well as the number of forward and
backwards citations and the share of self-citations all positively and significantly a�ect the
probability of litigation.
Compared to the baseline technology area consumption, patents from the electrical engi-
neering technology are not significantly more or less likely to be litigated while all other
technology areas and most clearly chemistry patents are significantly less likely to be lit-
igated. This is however not surprising considering the selection of courts in our sample:
While the Mannheim court is known for dealing with electrical engineering and telecom-
munication the Düsseldorf court attracts many of the chemistry and pharmaceutical cases.
The results from settlement equation are as follows:
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We provide mixed evidence in favor of Hypothesis 1 that focuses on asymmetries in in-
volved stakes for the parties. We find that plainti�s being licensees do not settle signifi-
cantly more often than others, while defendants being licensees do settle significantly more
often than other types of defendants. The di�erence in settlement probability is about
20 percentage points. This leads to the conclusion that plainti�s have per se very high
stakes in the suit while for defendants there are significant di�erences depending on their
involvement in and their use of the patented technology.
Controlling for the path of patent application we find that settlement is significantly less
likely for DE-PCT and EP patents than for DE patents and that patents involving foreign
inventors are less likely to settle. The markets which are meant to be protected are larger
for PCT and EPO patents which would lead to higher stakes involved for the plainti�.
Concerning Hypothesis 2, again we find mixed evidence. While the plainti� being German
does not significantly a�ect the settlement probability a German defendant increases the
propensity to settle by 6 percentage points, indicating that better communication between
defendant, court and lawyers positively a�ects settlement negotiations. There might be a
higher familiarity of German plainti�s with the German system.
There is no support for the hypothesis that suits dealing with older patents are settled
more often (Hypothesis 3). The age of the patent doesn’t have an significant impact on
the settlement probability.
Also, earlier trial disputes, measured by the number of previous trials involving the patent
do not a�ect the settlement decision significantly. Possibly the subject matter is di�er-
ent or there are di�erent defendants which deal with the same subject matter. However,
within the data it is di�cult to observe what kind of prior litigation has taken place.
Compared to the baseline technology consumption chemistry patent cases are significantly
less likely to settle, but all other technology areas do not exhibit significant di�erences in
the likelihood of settlement compared to the baseline.
As to the hypotheses concerning proceedings within trial we can find evidence in favor of
all three Hypotheses (5,6 and 7). There are four types of evidence that can be used during
trial. While the results from commissioning of an expert and the questioning of witnesses
which can be requested by the judge are entirely new information to both parties, the vol-
untary provision of a legal document or provision of products for inspection by one of the
parties does not lead to new information for the parties, but rather provides proof to the
judges that need to render decision. While the commissioning of an expert significantly
increases the settlement probability by 19,6 percentage points and the questioning of a
witness increases the settlement probability by 12 percentage points, the provision of a
legal document or a product for inspection significantly reduces the settlement probability
by 20,5 percentage points and 23,9 percentage points. In the latter case the party provid-
ing the evidence must be su�ciently certain of winning the case and therefore does not
consider a settlement deal. The value at stake determined at the beginning of trial has a
positive impact on the settlement probability: The probability of settlement significantly
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increases by 1,5 percentage points when the value at stake increases by 1 unit. The value
at stake shows, to some extend, the external evaluation of the patent right at question by
the judges and is newly available information at the beginning of trial. Additionally, the
value at stake determines the level of court costs the parties are possibly facing at the end
of trial.
If a nullity claim is filed during trial the stakes for both parties change. They are 18
percentage points more likely to settle once a nullity file has been filed, indicating that the
risk of invalidity leads to a reevaluation of their settlement conditions. The probability
of settlement is 10,7 percentage points higher at the Munich District Court than at the
Mannheim District Court supporting Hypothesis 7 stating that courts do follow di�erent
approaches when it comes to mediation or implementation of the German Code of Civil
Procedure (ZPO).
As expected, we find that almost all the patent value measures included in the settlement
equation, citations, self-citations and family size do not influence the settlement decision
significantly. This result reflects the hypotheses that value correlates already available
prior to trial do not provide any further information that might lead to a change of mind
during trial. The interpretation of the negative sign of the coe�cient of the only significant
value correlate, the number of backward citations, is di�cult as backwards citations may
either stress or threaten the novelty of a patent, depending on their classification as A, X
and Y citations, which was however not su�ciently available. We can therefore not clearly
interpret this coe�cient.
The correlation rho between the error terms of the two equations turned out to be insignif-
icant, however, the estimation specification is significant. Because there is no significant
correlation between the error terms of the selection equation and the settlement during
trial equation we can estimate the settlement equation separately. The results do not
di�er significantly and can be found in the appendix.
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(1) (2) (3)

Variables litigation settlement marginal e�ects
Trial Characteristics Dummy for Munich DC 0.351*** 0.108***

(0.117) (0.035)
Nullity Suit 0.587*** 0.180***

(0.164) (0.050)
Age of Patent at Trial 0.014 0.004

(0.009) (0.003)
Number of previous trials -0.002 -0.001

(0.001) (0.000)
ln(value at stake) 0.047*** 0.015***

(0.011) (0.003)
Evidence: Document -0.669*** -0.205***

(0.111) (0.035)
Evidence: Technical Expert 0.639*** 0.196***

(0.217) (0.066)
Evidence: Witness 0.394* 0.121*

(0.216) (0.066)
Evidence: Inspection -0.781*** -0.239***

(0.156) (0.047)
Plainti� Characteristics Plainti� Licensee 0.140 0.043

(0.119) (0.037)
Plainti� German -0.181 -0.056

(0.124) (0.039)
Patent Stock Plainti� 0.009 0.003

(0.011) (0.003)
Defendant Characteristics Defendant Licensee 0.659*** 0.202***

(0.213) (0.065)
Defendant German 0.191* 0.059*

(0.108) (0.032)
Patent Stock Defendant -0.026* -0.008*

(0.014) (0.004)
Defendants share in forward citations 0.565 0.173

(0.626) (0.192)
Application type (base: DE) DE-PCT -0.450* -0.138*

(0.248) (0.076)
EP -0.243** -0.075**

(0.100) (0.030)
EP-PCT -0.175 -0.054

(0.141) (0.043)
Technological Classification (base: consumption) Electrical Engineering -0.067 0.034 0.011

(0.064) (0.106) (0.033)
Instruments -0.274*** -0.024 -0.007

(0.055) (0.113) (0.035)
Chemistry -0.867*** -0.379** -0.116**

(0.086) (0.158) (0.050)
Process Engineering -0.129** -0.079 -0.024

(0.058) (0.111) (0.034)
Mechanical Engineeering -0.241*** 0.007 0.002

(0.080) (0.111) (0.034)
Patent Value Indicators Number of countries applied for 0.042*** -0.006 -0.002

(0.002) (0.006) (0.002)
Forward citations 0.028*** 0.002 0.000

(0.005) (0.003) (0.001)
Backward citations -0.005 -0.027** -0.008**

(0.007) (0.013) (0.004)
Share of self-backwards citations 1.122*** -0.080 -0.025

(0.200) (0.374) (0.115)
Share of self-forward citations 2.078*** -0.102 -0.031

(0.172) (0.255) (0.078)
Opposition 1.004***

(0.087)
Patent breadth 0.142***

(0.026)
Number inventors -0.158***

(0.029)
Foreign Inventor 0.216* 0.066*

(0.127) (0.039)
Number applicants 0.413***

(0.040)
Constant -1.757***

(0.061)

Observations 11,839 1,530 1,530
athrho -0.138

(0.092)
Wald chi2(30) = 226,58 Prob > chi2 =0,0000
Wald test of indep. eqns. (rho = 0):
chi2(1) = 2,23 Prob > chi2 = 0,1351
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 3: Probit estimation with selection
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5 Conclusion

Within the literature analyzing the incidence of settlement in patent litigation this paper
adds some new evidence on the impact of within trial proceedings and strategies on the
probability of reaching a settlement agreement. Using a new comprehensive data set of
patent litigation trials in Germany filed between 2000 and 2008 we find support for the
argument that new indicated information triggers settlement. Furthermore we find, that
it makes a di�erence whether these new information was revealed voluntarily by one of
the parties or whether they have been forced. If the defendant or the plainti� are very
sure of the outcome of the trial they will provide evidence by documents and products
to be inspected. In these cases settlement is reached significantly less often compared to
cases where independent experts or witnesses were summoned to provide evidence. These
results add a new aspect to the discussion about the reasons for settlement before court.
Still, the settlement rate at court is very low compared to other countries in Europe and
the US indicating the need for further research.
Additionally, we can again confirm the predictions from the theoretical literature that have
already been proven by Lanjouw and Schankermann and Cremers: all obvious patent value
information is used to decide whether to go to trial or not and does not further matter in
settlement negotiations within trial.
Obviously, including the information of the Düsseldorf District Court will further improve
our result. We expect an impact of procedural di�erences on the incidence of settlement
because of certain special interpretation of the Code of Civil Procedure at the Düsseldorf
court such as the "Early first Hearing" and the mandatory split of cases which have more
than one patent in question.
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Abstract  

Both innovative and non-innovative firms use trademarks, one of the main forms of intellectual 
property rights (IPRs). The primary economic function of trademarks is not – as with patents – to 
provide innovation incentives, but to signal quality and good will, to enhance efficiency by reducing 
consumer search costs, and to support firm branding efforts. Yet since trademarks provide exclusive 
rights but not explicit innovation incentives, rents may be generated based on the firm’s existing 
innovations. This raises the question: how does a firm’s trademark position affect its ability to 
innovate? As yet, this question has remained relatively unexplored (Aaker, 2007; Millot, 2009). In 
this paper we develop an analytical framework to show that trademarks can support innovation when 
they enable firms both to erect high entry barriers to earn rents from the innovation, and to signal that 
the trademarked good is novel. By effective trademark strategizing, firms can strengthen these 
positions. We illustrate our arguments by studying the use of trademarks in two international 
industries: watches and cell phone handsets. Both industries have undergone periods of major 
architectural innovation, with particularly ruinous implications for existing branded products and for 
incumbent firms. We conclude by discussing some implications for management and future research. 

 

 

   DRAFT: PLEASE DO NOT QUOTE 

  



2 
 

 

1. Introduction 

Both innovative and non-innovative firms use trademarks, one of the main forms of 

intellectual property rights (IPRs). The primary economic function of trademarks is not – as 

with patents – to give firms incentives to invest in research and development (R&D), but to 

signal quality and good will, to enhance efficiency by reducing consumer search costs, and to 

support firm branding efforts (e.g. Economides, 1998, Landes and Posner, 1987, 2003, 

Maskus, 2000, Ramello, 2006). While patents provide exclusive rights to the underlying 

invention (and copyrights provide exclusive rights to the expression of new ideas), 

trademarks provide exclusive rights to the unique word or symbol that characterizes the 

particular good, and thus the legal basis for its branding strategy.  

Yet no matter how well-patented (or otherwise protected) a firm’s new product or process 

may be, if the firm cannot sell it, it cannot appropriate any rents. At the same time, since 

trademarks provide exclusive rights but not innovation incentives per se, rents may be 

generated based on the firm’s existing innovations. This raises the question: how does a 

firm’s trademark position affect its ability to innovate? 

In a recent study, Millot (2009) argued that studies of trademarks might represent an 

improvement over studies of patenting and R&D investments in understanding the linkage 

between legal IPRs and firm innovation. The reasoning is as follows: Trademarks can be used 

to protect a wider variety of innovative activities, not least in the service sector. Since many 

trademarked innovations do not involve large R&D expenditures, R&D-based studies of 

innovation give an incomplete picture. The costs of maintaining a successful brand can far 

outweigh the costs of maintaining a patent portfolio; thus managers might well be more 

interested in the fate of their branding activities than in their patent portfolios. Finally, 

trademarks give new start-ups both market recognition and some protection for their 

innovations. 

Despite the potential importance of this topic, the link between trademarks and innovation 

remains relatively unexplored (Aaker, 2007). Five areas of research areas are relevant to our 

inquiry. First, property rights economists (e.g. Landes and Posner, 1987) analyze trademarks 

as the basis for product differentiation, enabling the firm to build up consumer loyalty to its 

product or brand. To facilitate product differentiation, firms can continue to supplement their 



3 
 

main corporate trademark, and the relevant product trademarks, by related marks.1 While 

Landes and Posner do not use the term innovation, one might argue that if the trademarked 

product represents an improvement, it can be seen as a form of innovation.  

Other economists have emphasized that trademarks can support the creation of barriers to 

entry (e.g. Ramello, 2006, Ramello and Silva, 2006, Schmalensee, 1978, Shaked and Sutton, 

1982), protecting the firm from competition from existing rivals and raising the costs of new 

firms seeking to enter the market. But they do not analyze the possible effects on innovation. 

And while the broader literature on product differentiation, market structure and innovation – 

see for example Cohen and Levin (1989), Scherer and Ross (1990/2009), Dixit and Stiglitz 

(1977), Eaton and Lipsey (1989), and Aghion et al. (2005) – does not refer explicitly to 

innovation, it can arguably contribute valuable insights to this discussion.  

Several empirical studies have tried to pin down the link between trademarks and innovation 

(e.g.   Allegrezza and Guard Rauch, 1999, Dalzaideh, 2009, Flikkema and de Man, 2009, 

Greenhalgh and Longland, 2005, Mendonca et al., 2004, Millot, 2009).  For example, 

according to the European Union’s Fourth Community Innovation Survey (CIS 4), innovative 

firms in the EU consistently use more trademarks than non-innovative firms, and they use 

more trademarks than patents (cited in Millot, 2009); Dalzaideh (2009) finds similar results 

for the United States.  An OECD study cites a strong correlation between numbers of patents 

and numbers of trademark registrations (Millot, 2009).  

Fourth, scholars have explored how trademarks may be related to other appropriability 

strategies. For example, Amara et al. (2008) analyze how firms specializing in knowledge-

intensive business services simultaneously make use of patents, registration of design patterns 

and trademarks as complementary legal methods in protecting their innovations, along with 

secrecy and lead time. Fosfuri et al. (2008) show how variations in firm stocks of patents and 

trademarks can be useful complementary assets enabling firms to benefit from 

commercializing open source software (OSS) products, and thereby help to determine 

whether they incorporate OSS into their commercial products.  

A final key body of literature concerns how firms can enhance innovation by implementing a 

strong brand strategy (e.g. Rao, 2005, Aaker, 2007, Corkindale and Belder, 2009, Gehlhar et 

                                                 
1 For example, in addition to bottled soda, Pepsi.Co has trademarked related product groups like “FritoLay” 
snack foods. This group, in turn, includes different individual snacks within the Frito-Lay group: Lay’s, Doritos, 
Fritos, Sun Chips, Flat Earth, Cheetos, and Tostitos; see http://www.fritolay.com.  
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al., 2009, Beverland et al., 2010). Rao (2005), for example, argues that the main means by 

which successful innovators protect against imitation is to create and sustain a brand name 

and other difficult-to-imitate marketing strategies. Aaker (2007) shows how trademarks can 

play three roles in innovation: creating or improving an offering, managing the perceptions of 

a new sub-category, and signaling the firm’s “perceived innovativeness.”2  

In this paper, we draw on the work of scholars from all of these areas in an attempt to “tease 

out” the nature of the intriguing yet ambiguous relationship between trademarks and 

innovation. In particular, we focus our analysis on (1) the market structure fostered by the 

trademark and the associated entry barriers for both novel and non-novel goods, and (2) how 

firms can strategize trademark protection to build and consolidate their market position. 

We start by summarizing the main similarities and differences between patents and 

trademarks. We argue that both IPRs address the same two sources of market failure 

(information non-excludability and information asymmetry), though in different ways. We 

propose that trademarks are most effective in supporting innovation when the trademark can 

be used both to erect high entry barriers to earn rents from the innovation, and to signal that 

the trademarked good is novel. When trademarks support novelty but not strong entry 

barriers, other market players may quickly appropriate the associated rents. When trademarks 

support strong entry barriers but not novelty, the firm may lose its incentive to continue to 

innovate under changing market and technological conditions. 

By effective trademark strategizing, firms can build and consolidate their market positions. 

Two complementary approaches may be used. One involves the positioning of multiple brand 

named goods or services with attributes appealing to consumers in differing market segments, 

enabling firms to realize synergies from their innovative resources, and increasing market 

share. The second concerns the strategic use of trademarks as legal rights: timing trademark 

protection, using trademarks as bargaining chips in inter-firm negotiations, opportunistic 

shopping for favorable jurisdictions, and taking advantage of looser legal definitions of 

dilution, infringement, what constitutes legitimate traded designs and terms. Such strategizing 

may have both a positive and negative impact on innovation.   

We illustrate our arguments by studying the use of trademarks and innovation in two major 

international industries: watches and cell phone handsets. Each industry is characterized by 

                                                 
2 It should be noted that while the terms “trademark” and “brand” are often used interchangeably, they are not 
synonymous. The brand underpins the firm’s advertising and marketing strategy. The trademark serves as the 
legal basis for the brand – which in turn represents the trademark. 
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different degrees of innovation, and each industry has undergone periods of major 

architectural innovation, with particularly ruinous implications for existing branded products 

and for incumbent firms. We conclude by discussing some implications for management and 

future research. 

 

2. Trademarks and patents compared 

While the relationship between trademarks and innovation has been little explored, there has 

been extensive work on the innovative effects of patents (e.g. Cohen et al., 2000, Jaffe and 

Lerner, 2004, Mazzoleni and Nelson, 1998). Both are IPRs, but their incentive effects are 

different (for further details, see for example Maskus, 2000, Greenhalgh and Rogers, 2010). 

A patent gives the inventor the right to exclude others from making, selling or using a new 

product or process for a given period, now standardized to twenty years, thereby enabling it 

to appropriate the associated rents. To receive a patent, the applicant must demonstrate that 

the invention is novel, non-obvious, and industrially useful (in Europe it must also have a 

technical effect). The patent system also implies a social contract: The inventor can 

appropriate the rents from its R&D investments for the lifetime of the patent – in return for 

publishing the details of the invention in the patent document, for others to learn from and 

build on. After the patent expires, the invention can freely be used by others.  

A trademark serves primarily to identify the origin of a product, service or company, thereby 

distinguishing it from other products, services or companies. As with a patent, the trademark 

holder receives a legal monopoly on the use of the mark for the designated commodity, and is 

protected against infringement. But to receive a trademark, all the applicant must do is show 

that the mark is distinguishable from existing marks in the same market, and will thereby not 

confuse of mislead consumers. There is no reciprocal requirement, as with the patent system, 

for the trademark applicant to publish the details of the trademarked good.   

While patented inventions must be unique, trademarks are registered according to classes. As 

a result, identical marks can co-exist, as long as the products or services covered are in 

different markets. For example, “SAS” is used both by the software services firm and the 

Scandinavian airline (Davis, 2004). The application costs for a trademark are considerably 

lower than those for a patent (see for example http://www.uspto.gov), and the trademark may 
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typically be renewed indefinitely.3 While the patent covers a specific invention, the trademark 

goes further, emphasizing the association between the firm and the good being marketed (like 

the Toyota Avensis or McDonald’s Chicken McNuggets). Trademarks can additionally link 

the firm’s reputation for high quality to many of its products, thereby generating increasing 

returns to scope (Economides, 1998). Both patents and trademarks may provide the legal 

basis for license agreements.   

 

3. Addressing failures in markets for information: a proposed framework for analysis 

As Arrow pointed out in his classic works (1962, 1984), information differs from other 

economic goods in that its value can be difficult to appropriate (the problem of information 

non-excludability); moreover, different individuals may have different forms of information 

(the problem of information asymmetry). Both patents and trademarks provide solutions to 

these sources of market failure – albeit in different ways.  

3.1. Exclusive rights (trademarks as the basis for entry barriers) 

All forms of intellectual property rights can help firms address the problem of appropriability 

by providing exclusive rights. The patent, if effectively enforced, can raise the costs of 

imitation (Mansfield et al., 1981). Incumbent firms can erect complex patent fences and/or 

thickets to consolidate their market position (e.g. Cohen et al., 2000). But while patents can 

provide key incentives to invention and innovation, they can also serve to decrease 

innovation if firms use their patent positions to prevent other, more innovative firms and 

goods from entering the market (e.g. Mazzoleni and Nelson, 1998). 

Trademarks, as noted above, provide a narrower legal protection than patents, but, because 

they are so closely associated with establishing brand loyalty, they can also enable 

appropriability, if in a somewhat different manner. A would-be imitator of a trademark can 

appropriate value both by copying an existing mark, and by obtaining the rights to a mark (or 

series of marks, running into the thousands of marks for large firms) only slightly different 

from the original. As a result, while the appropriability conferred by the patent monopoly per 

se is stronger than that conferred by the trademark monopoly, trademark-based 

appropriability potentially has a much broader scope. 

                                                 
3An exception occurs if the trademark becomes generic. For example, the terms “car” and “microwave oven” 
cannot be trademarked, since the name has come to be associated with the type of product concerned, not its 
distinctiveness. 
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There is general agreement in the economic literature that firms can use patents to restrict 

market entry (e.g. Mansfield et al., 1981, Langinier, 2004, Mazzoleni and Nelson, 1998). 

Interestingly, the consensus disappears when it comes to trademarks. Some economists (e.g. 

Landes and Posner, 1987, 2003) argue that trademarks, as the basis for the firm’s product 

differentiation, do not raise important entry barriers. 

Other studies, however, show that firms operating in oligopoly markets can leverage 

trademarks to erect strong entry barriers (e.g. Schmalensee, 1978, Shaked and Sutton, 1982). 

Thus a relatively non-innovative market incumbent with strong trademark protection might 

successfully prevent a more innovative company from entering (Ramello, 2006). For 

example, Schmalensee (1978) describes how the leading sellers of ready-to-eat breakfast 

cereals, a highly concentrated industry, earned very high profits from 1950-1972. This could 

best be explained by their use of proliferating brands, resulting in high barriers to entry. A 

study of the alcoholic beverage industry demonstrated the persistent dominance of incumbent 

firms; new entry was rare (Lopes, 2006). In sum, then, according to the literature, strong 

entry barriers (both patent-based and trademark-based) can affect innovation – both 

positively and negatively.4 The stronger the trademark-based barrier to entry, the greater the 

likelihood that the firm can earn rents from the innovation. 

3.2. Asymmetric information (trademarks to signal novelty) 

Second, patents and trademarks have in common that they can address the problem of 

asymmetric information by serving as signals. Patents, for example, can function as signals of 

performance and strategic intent (e.g. Hall and Ham, 2001, Rivette and Kline, 2000, Cohen et 

al., 2000).  Firms may highlight the strong patent portfolio to demonstrate their innovative 

and commercial strength. By taking out a patent or series of patents in a given area, they send 

a clear message to other companies that this territory is “occupied.”  

Trademarks mainly serve to reduce asymmetric information in relation to consumers. By 

denoting consistent quality, they assure would-be customers that the attributes of the brand 

named good they are about to purchase are the same as those of the same good they 

purchased earlier. Thus trademarks give firms the incentive to produce goods with desirable 

                                                 
4 By diverting resources from the development of new products and processes, trademark-based entry barriers 
may decrease long-term competitiveness, which is critical to long-term growth (Leifer  et al., 2000). This will be 
particularly the case if a strong trademark position tempts the incumbent firm to erect entry barriers and raise 
consumer switching costs, which can be highly profitable in the short term, but may also entrench the firm in the 
past.  
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qualities, even if consumers cannot observe these qualities before purchase due to 

asymmetric information (Economides, 1998).  Because trademarks signal quality, firms have 

the incentive to maintain or improve the quality of their own products and services over time 

so as not to reduce the reputational value of their marks (Landes and Posner, 1987). This 

generally raises the average quality of the products that are on the market, and stimulates 

future product differentiation (Landes and Posner, 1987). There are no comparable 

requirements for patented inventions. 

To create a strong, recognizable trademark, the firm must invest heavily in design, marketing, 

customer satisfaction, and quality control. The trademarked word or symbol refers not only to 

a specific invention (as does a patent), it also emphasizes the association between the firm 

and its other products. The brand creates an emotional bond between the customer and the 

good, and its value increases with the strength of this emotional connection (Emmer and 

Henshall, 2002). The more credible the brand, the lower the customer’s perceived risk 

(Farquhar, 1994). If consumers believe that the trademark is a reliable indicator of the desired 

characteristics, they will be willing to pay a premium for the good, compensating the firm for 

the costs of developing and advertising the trademark. Such costs might otherwise not be 

recoverable. If the mark is not distinctive, it could create confusion and increase litigation 

costs in society without lowering consumer search costs. Trademarks also protect consumers 

against fraud with regard to the origin of a good or service. A key deterrent is prosecution for 

infringement. Also important is preventing dilution, the unauthorized use of a mark, blurring 

its distinctiveness. Dilution can confuse consumers and damage trademark effectiveness.  

Yet trademarks arguably also enable firms to reduce information asymmetry with regard to 

other firms – and by extension, to indicate the firm’s wider strategic intentions, and the 

strength of its portfolio of inventions. As with patents, the reason might be to “warn off” 

potential competitors from its territory – or attract the attention of potential licensees or joint 

venture partners. By informing other market players that the good is protected by a 

trademark, the firm guarantees that no other company or invention (in the same class) can 

bear the same distinguishing mark.  

Most importantly, for our purposes, trademarks can be used to signify that the good in 

question is innovative. As Aaker (2007) has argued, innovating firms can enhance the 

probability of success for their new products by developing a coherent brand strategy, 

persuading consumers that the goods are worth buying not only because they are of high 

quality, but also because they are novel. By extension, a firm can use trademarks to signify to 
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other firms that the good is novel. Applying this reasoning to our paper, we submit that the 

greater the degree that trademarks can serve to signify novelty, the greater the importance of 

trademarks in enhancing innovation.  

3.3. Four scenarios: A framework for analysis  

To conceptualize how trademarks can affect innovation when seen both as exclusive rights 

and as signals of quality and intent, we have developed the matrix featured in Figure 1.  

   (Figure 1 about here) 

As can be seen from Figure 1, trademarks as exclusive rights can function as the legal basis 

for both weak (or non-existent) entry barriers and strong entry barriers. Trademarks can 

protect both novel and non-novel goods. There are four scenarios: 

1. The trademark both protects an invention that is novel and is effective as an entry 

barrier; 

2. The trademarked invention protects a product that is novel, but is ineffective as an 

entry barrier; 

3. The trademark protects a product that is non-novel, but is effective as an entry 

barrier; 

4. The trademark both protects a product that is non-novel, and is ineffective as an 

entry barrier. 

The strongest relationship between trademarks and innovation is represented by Scenario 1. 

Consumers will pay a relatively high price for such innovations, and the trademarked good 

has a good chance of continuing to generate profits over the longer term. In Scenario 2, the 

trademarked product is novel, and thus potentially profitable, but this potential is difficult to 

realize. Competition quickly forces prices down, and consumers ending up paying a relatively 

low price for an otherwise novel product. In Scenario 3, the trademark enables the firm to 

erect effective entry barriers for non-novel goods. Consumers will pay a relatively high price 

for such goods. But such firms will be allocating resources to prolong the commercial life of 

its existing innovations, rather than striving to create new innovations.  The weakest 

relationship between trademarks and innovation is to be found in the Scenario 4. Such 

products will be associated with both relatively low prices and low profits.  

Because innovation is a dynamic process, the trademarked products in the different fields in 

this matrix may not be there for long. Thus if a firm is unable to protect a novel trademarked 



10 
 

product with effective entry barriers (Scenario 1), the product will eventually drift into 

Scenario 2. Alternatively, if the firm continues to enforce strong entry barriers, but lives off 

the fruits of past inventiveness with little or no further innovation, the product will drift into 

Scenario 3. Ultimately, it may even move into Scenario 4.  

Innovation can be incremental, radical, or transformational, depending on the degree of 

novelty involved – or one of the many variations in between (e.g. Tidd et al., 2001). Basic 

research, for example, is aimed at the development of radical innovations is highly costly and 

risky. Most firms specialize in carrying out improvements on existing products, processes and 

services, making them better and/or cheaper, and where there is less uncertainty about the 

outcome. While radical innovations ultimately lead to the greatest potential payoffs over 

time, incremental inventions typically enjoy a greater chance of commercial success. 

Nor is the term innovation confined to technical advances – it can also involve design 

improvements (e.g. Pesendorfer, 1995). All watches perform the same function: telling time. 

But watch faces can be square, round, oval, or elongated; use Arabic or Roman numerals, 

have different colors; be diamond studded, and so forth. Even where there is little technical 

advance, the firm may invest considerable resources in creating a range of design 

improvements. For example, the Rolex Oyster has existed for seventy years, but new 

subsidiary trademarks of this one Rolex brand (there are others) are continuously introduced 

(the Perpetual Date, the Perpetual Day, the Perpetual Datejust, the Perpetual Cosmograph, the 

Perpetual Cosmograph Daytona, the Perpetual Submariner, the Perpetual Air King). There 

are variations for “gents” and “ladies.” In each case, Rolex signifies quality and luxury, 

backed by the firm’s reputation. Rents from existing products may fund costly branding 

efforts for future products.  

It should be emphasized in this context that the causal connections in the matrix in Figure 

meant to be seen as suggestive, simplifying complex relationships for further analysis. We 

will return to the larger picture and these issues in the conclusion to this paper.  

 

4. Trademarks and innovation in watches and cell phone handsets: the four scenarios 

To illustrate our arguments, we draw on the experiences of firms’ use of trademarks two 

global industries: watches and cell phone handsets. These industries have been chosen to 

underline the range of different ways in which trademarks may affect innovation. 
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The basic technologies currently used in the watch industry range in date from the 18th 

Century (mechanical spring wound movements) to the late 1960’s (tuning fork and quartz 

movements).  The development of the Swatch brand, a clever innovative integration of 

trademarks, branding and technology, saved the Swiss watch industry from disappearing 

entirely  from major mid and low price world market segments.  

The introduction of “smartphones” is currently revolutionizing the cell phone handset 

industry, threatening to segment products into smartphone brands (like Samsung’s Galaxy S) 

dependent on outside operating systems (Android Operating system (OS)), smartphone 

trademarks representing products which have integrated their own operating systems into 

their smart phone handsets, here most notably Apple’s iPhone and iOS, and conventional 

(feature) cell phone handsets (like Motorola’s Motorola VU204). Analysis of the cell phone 

handset market is made more complex due to two factors. First, entrants to this market also 

include software firms such as Microsoft (proprietary interface) and their smartphone brands, 

and Google with its open interface OS, Android. Second, industry players depend on lead 

times to appropriate profits from their models, with branded products rapidly following one 

another, often introduced and dropped within months should sales prove disappointing. 

Both the watch and the cell phone industries have experienced major architectural innovation, 

forcing incumbent firms to scramble for position. Established brands in both industries are 

also being threatened by entrants with a wider technological or product base. For example, 

Swiss luxury watch brands are increasingly sharing markets with brands such as Richemont 

LVMH, Bulgari, and Gucci, brands of conglomerates specializing in the general luxury good 

sector. These entrants benefit from production synergies of related brand name luxury goods   

(particularly in marketing and design innovation) and their watch sales now account for over 

half of all upscale watches marketed globally. 

By contrast, cell phone handset brands are threatened by the combination of Apple’s iOS and 

iPhone branded products and by a longer run dependency on outside operating systems 

(Android) for their handsets technology. The use of open interface OS system evens the 

playing field for some manufacturers. But products like the Samsung Galaxy S, while 

technologically advanced, are successful only because they rely on an outside open interface 

OSs. Given the rapidity of new model introduction, these technically sophisticated products 

can thus quickly fade into innovative insignificance, rapidly shifting from one field in the 

matrix in Figure 1 to another.    
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Scenario 1: The trademark provides an effective entry barrier for a novel good 

Here the exclusive right provided by the trademark not only gives the firm the incentive to 

create a novel product (since it can signal this via its trademark), but also ensures that the 

associated rents will not be dissipated due to imitation by other market players (see Figure 1). 

Examples are the luxury Swiss watch brands, and iPhone handsets.   

Luxury Swiss watch brands are represented by the brands Rolex, Audemar-Piguet, Patek-

Phillippe and Breguet. It is estimated that the costs of manufacture and assembly of a typical  

Swiss luxury watch amounts to no more than 6 percent of its retail price (Pictet, 2003) yet the 

time keeping precision of  Rolex watches, where pricing begins at USD 5,000 and up, is 

inferior to those of Chinese quartz watches sold at USD 20 or less. 

Apple’s iPhone, for example, has radically changed the style and function of the smartphone 

handset sector with its novel proprietary iOS operative system and inventive means of 

acquiring widely differing cell phone apps for its devices. In 2010, the Apple iPhone brand 

had outdistanced other smartphone brands, becoming the most profitable handset brand, 

capturing 43 percent of total smartphone profits. This suggests that Apple’s trademark is 

effective as an entry barrier. However, the iPhone mark is vulnerable in that Apple is relying 

on lead time advantage and a reputation for advanced design which could ultimately backfire.  

To take another example, there are signs that Google’s open source Android OS is outpacing 

proprietary brands, including Nokia’s Symbian, RIM’s Blackberry OS, and even Apple’s 

iOS.  The fact that the Android OS is integrated into the handset of multiple major handset 

vendors has meant that it is becoming the cornerstone of multiple smartphone vendor 

strategies (Dedieu, 2011). With this rapid startup, Google can then leverage their strong 

software and  trademark position to continue to innovate additional  improved variations of 

Android – in the form of incremental innovations, in much the same manner as a brand such 

as Microsoft’s Windows. If further brand developments are successful in this regard, 

Google’s Android may continue to exist within Scenario 1 for a longer period of time.  

Scenario 2: The trademark is ineffective as an entry barrier for a novel good 

In this instance, firms find that while they can leverage their trademarks to signal novelty, the 

exclusive right is largely ineffective as an entry barrier. In highly dynamic and competitive 

markets, even if the novel product is successfully introduced, the associated profits may be 

quickly eroded.  Trademarked examples of this scenario are the Swatch line of watches, and 

some of the more sophisticated smartphone brand name handsets produced by Nokia, 
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Samsung, Microsoft and Sony Ericsson. None of these brand name products has awakened 

the consumer public as has the iPhone series.  

The “Swatch” (a contraction for “second watch”) was developed as a successful attempt by 

two merged Swiss watch conglomerates to recapture Swiss market share losses to Japanese 

and American brands of mid and low priced watches based on superior tuning fork and quartz 

movements.5 The Swatch was unique in several manners. Technologically, it used synthetic 

materials. The number of components to be assembled fell from 91 to 51, without affecting 

accuracy.  A new ultrasonic welding process was featured in its assembly technology. These 

developments enabled Swatch watches to be produced 80 percent more cheaply than its 

competitors. 

More importantly, the Swatch trademark attributes did not relate to precision and price, the 

product attributes emphasized by the other Swiss producers. Branding emphasis was placed 

on the watches as being casual, fun, and ultimately disposable accessories. The Swatch 

became a faddish cult object, with many varieties appealing to different publics. Working off 

this success, Swatch has introduced multiple models aimed at differing consumer segments: 

the Irony series (iron watches), the Scuba series (diving watches), the Skin series (ultrathin 

watches), the Paparrazzi series (internet connected with stock quotes, weather reports, news 

headlines). Nonetheless the global fad for the Swatch brand faded as other watch brand made 

inroads into this market, and the Swatch brand slipped into Scenario 3.  

As for those smartphone models currently listed in this category, the pace of new smartphone 

market entries can erode their placement here. While many large producers have vied for 

control of this market, including Nokia, Motorola, Samsung and Sony Ericsson, none was 

able to achieve dominance by means of using their trademarks to erect effective entry 

barriers. Interestingly, these firms nevertheless continued to innovate at a rapid pace. Their 

                                                 
5 Glassmeier (1995) is in no doubt as to the cause. In part this eclipsing of the Swiss watch industry was due to 
deregulation both nationally and internationally. In part, it was due to a form of path dependency brought on by 
trademarks and their accompany branding efforts: 

The [Swiss] watch cartel insulated Swiss manufacturers from the effects of interfirm competition. Enjoying 
….control of the world market (based on mechanical devices), it was easy for firms to become myopic about 
external events and new technology introduced by distant competitors. Because ASUAG [the holding company 
for  Swiss movement manufacturers] looked only to members of the Swiss Watch Industry Federation (FH) for 
market information, new developments outside Switzerland did not filter into existing information channels 
….this skeptical complacency proved costly when Hetzel, the Swiss inventor of tuning fork technology was 
ignored by Swiss watch manufacturers. After he successfully commercialized his new technology in the United 
States [Bulova watches] the Swiss were forced into a defensive position just to gain access to the new 
technology (477-478). 
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trademarks have not protected some of them – most notably Nokia – from a declining 

smartphone market share.  

Currently, the new smartphone producers are currently engaging in a plethora of lawsuits 

with other brands over patent rights, particularly with regard to their software operative 

systems6. Seen in terms of the logic of this paper, one reason may be that they perceive their 

trademarks as largely ineffective as entry barriers.  

Scenario 3: The trademark provides an effective entry barrier for a non-novel good7 

Alternatively, firms that focus on building up a strong trademark position without significant 

innovating efforts may end up in a situation where the trademark is effective as an entry 

barrier, but protects a non-novel product, process or service. Trademarks in this category are 

the Swiss mid/low price watch brands Tissot, Maurice Lacroix, and Coach. Here,while there 

is investment in design and improved quartz or mechanical movements, these tend to reflect 

minor changes. Nor can these brands compete in terms of quality and radical design with 

brands such as Rolex and Breguet. Innovations behind these Scenario 3 brands have for the 

last twenty years focused on marketing, materials, and the production of more efficient 

movements. Their market shares are relatively secure as they continue to retain mid-priced 

customers. 

Since innovation in the cell phone industry is moving so rapidly, it is not clear whether any 

examples of trademarked products can be placed in Scenario 3. The most likely candidates 

would be rcognized handset manufacturers specializing in such quality feature cell phones 

such as the Motorola VU204.  

Scenario 4: The trademark is ineffective as an entry barrier for non-novel good 

Here, trademarks exist primarily to distinguish one product or service from another. 

Investment in product branding is low or nonexistent. Watch firms in China and Southeast 

Asia mass produce watches in a highly competitive low end market. Firms specializing in 

assembling movements and cases produced elsewhere, and selling them at low prices are a 

case in point.  That these firms account for much of the international production and trade of 

watches can be seen in industry statistics.  While China, for example, exported 81 percent of 

                                                 
6 See “The great patent battle,” The Economist, October 3, 2010, 69-70. 
7 There is a degree of contradiction in this scenario. In that trademarks are readily identified with innovative 
activity, the fact that products in this category have effective trademark protection also implies that they are 
somewhat innovative. Therefore these producers, particularly those in the handset industry, do engage in 
innovative activities, but these activities are less than those of comparative firms in scenarios 1 and 2. 
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the units sold worldwide in 2009, these accounted for 7% of world watch exports by value 

(Goodman, 2010). This reflects a Chinese specialty in producing common consumer products 

where competition is intense, and the products, while trademarked, are not supported by 

significant branding efforts.  

This pattern also characterizes the cell phone handset industry. Only 23 percent of the some 

427.8 million handsets sold in the first quarter of 2011 were smartphones; the balance, 77 

percent were low end or “feature” cell phone handsets sold largely outside the U.S, Japan and 

Europe.  Here unbranded vendors have made inroads on sales by Nokia brands (17.6 percent 

decline), Samsung brands (8.1 percent decline), Sony Ericsson brands (80 percent decline), 

and  LG brands (38 percent decline). Only Motorola brands posted an 18 percent increase. In 

contrast, the  market share of  non vendor nonsmart branded handsets has experienced a 

sustained 57 percent compounded growth  rate in each of three consecutive years (Dediu, 

2011, p. 3).8 

 

5.  Trademark strategizing  

In many respects, firm motivations in registering new trademarks resemble those for applying 

for patents. This has been demonstrated in an exploratory survey on why executives register 

new trademarks in the Benelux countries (Flikkema et al, 2010).9 Firm trademark strategizing 

arguably resembles patent strategizing, in that both IPRs are legal instruments – but with 

notable differences, since trademark strategizing is intimately tied to branding. More and less 

effective trademark strategizing, the subject of this section, will affect both whether a 

trademarked good may be placed in a particular scenario in Figure 1, or moved away from 

that scenario. 

 5.1. Positioning  

Strategic trademark positioning can take several forms. These include vertical positioning 

within the same product or service, where the firm takes out trademarks for different market 
                                                 
8 Also represented here are those goods whose original trademarks have become generic. The low profits 
generated by such goods eliminate any rents accruing to the firm. Deprived of ex post rents, the firm may reduce 
its ex ante R&D expenditures. Innovation in this case will be low cost and dependent on competitor strategies. 
In some instances, the firm may no longer have any incentive to innovate. Trademarks will solely be used as 
signifers in what have basically become perfectly competitive markets. 
9 Note. Some  significant responses in this context: “to support the marketing of our products or services;” “ to 
show the outside world we have created something new;”   “to increase our negotiation power;”  to strengthen 
our company image;”  “to emphasize the importance of new markets;”  “to emphasize the importance of new 
products or services for our firm;” (Flikkema, et al, 2010,  22-28) 
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segments, appealing to different consumer groupings; lead time positioning when a firms 

branding efforts are concentrated on the consecutive introduction a series of new services or 

products; and  horizontal positioning, where the firm establishes a trademarked product or 

service position in different product or service markets.  

An example of vertical product positioning is that of the Swatch Group. This group, 

originally named SMH, was formed by the merger and restructuring of a major Swiss watch 

holding company, ASUAG, and a number of “large, previously independent watch 

manufacturers (Glasmeier, 1991: 476).” Over time, the Swatch Group acquired other brands 

which today cover all industry segments – and each of the four scenarios discussed in the 

previous section (Blancpain, Omega, Tiffany & Co, Rado, Longines, Tissot, Calvin Klein,  

Certina, Mido, Pierre Balman, Flik Flak and Endura). This enabled the Swatch group 

branding to customer segments ranging from the exclusive luxury segment – Scenario 1 – 

(Breguet) through the “accessible” luxury segment (Rado) and midpriced segment –Scenario 

3 - (Tissot, Calvin Klein), to the low priced Swiss watch segment (Swatch, Coach). 

Benefiting from economies of scale, watch innovations from developing the Blancpain brand, 

for example, could be transferred to another (lower tiered) brand. Marketing innovations from 

the Swatch brands could be applied to other brands. Swatch group engineers and designers 

developed movement and component technologies which were transferable among the 

Swatch branded products. These have proved to be of such high quality and low cost that 

virtually all Swiss watches today contain components manufactured and supplied by the 

Swatch group.  

Similar positioning can be seen in such cell phone handset manufacturers as Samsung, Nokia, 

and Motorola. Even Rolex, with its well developed luxury Rolex brand, uses a 

complementary brand, Tudor, to position itself within the segment of more accessible luxury 

watches.  

A firm engaged in lead time positioning is Apple, which focuses its branding efforts on 

introducing successive products (iPhone1, iPhone 2, and so forth), each of which incorporates 

leading design and performance improvements in the industry. No attempt is made to cover 

other market segments. Trademark investment is high; branding emphasizes new design and 

user features; and barriers to entry are high. The high prices which iPhones can command on 

the market, plus the fees Apple charges for apps manufacturers to use its products provide 

Apple with the means to maintain its lead. By contrast, other established handset 
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manufacturers (for example, Samsung, HTC, and Nokia) have brand named products 

covering several market segments, not unlike the Swatch Group. 

Horizontal positioning may be illustrated by two contrasting examples: the use of  well 

recognized brands either to capture a share of an end product market for the end product (like 

Gucci, LVMH, Calvin Klein watches), or to provide a markedly superior input to the end 

product industry concerned (the role of Google’s Android today).  

Over and above the use of their well recognized brands, firms such as Gucci can utilize their 

luxury design expertise in developing a line of fine watches to compete with brands such as 

Omega and Breitling. The luxury Swiss watch market is characterized by a high degree of 

design and marketing innovation. These firms have expertise in both types of innovation, and 

already have a trademarked reputation for producing other luxury branded products. So this 

expertise can be used synergistically in developing luxury branded watches, which have 

successfully competed with established luxury brands such as Rolex, Rado, and Breguet.  

In the cell phone handset market, horizontal brand positioning is perhaps best represented by 

Google, which has made no attempt to enter the handset market, relying on the attractive 

features of its open interface Android OS to ensure its use by hand set producers like 

Samsung,  Sony, HTC, and LG. Google can use its depth of software expertise to make 

Android not only a cheaper, but a more viable operating system, profiting by supplying other 

handset manufacturers with the software for their smartphone brands. Another case in point is 

Microsoft, which is attempting to utilize its software expertise to penetrate the smartphone 

handset market in cooperation with Nokia. 

 

4.2. Legal strategies 

Legal strategies may involve one or more of the following: the type and timing of the mark to 

be registered, the size of the firm considering registration, “bundling” trademark protection 

with patent protection, obtaining synergies with new branding strategies, the use of 

trademarks as bargaining chips, and opportunistic use of trademark law and jurisdictions.  

Type and timing of the mark to be registered 

There are many strategic considerations behind trademark registration. Should the trademark 

be a symbol, a color, a sound or a smell? If it is to be a word or set of words, should these be 

fanciful (such as Exxon, Clorox, Rolex), or more descriptive (Frosted Flakes, Park n Ride)? 
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This choice is important as considerable resources are to be invested in branding the mark. 

Generally, the more fanciful the trademark, the fewer will be the costs of enforcing it (see 

Landes and Posner, 1987).  

Timing matters as well. While trademarks in use can be renewed at intervals for an extended 

period of time, newly registered marks must be used within a given period (seven to fifteen 

years, depending on the national jurisdiction).  Yet delaying trademark registration risks its 

being displaced by a similar mark registered by another party. Large firms typically register 

dozens of marks and hold them in reserve for future use. Smaller firms usually do not register 

their trademarks until after determining whether the innovation has sufficient quality or 

reliability to justify the investment involved (Flikkema et al., 2010). Similarly, products 

which involve costly R&D project are more likely to be trademarked early than are products 

which do not involve such a commitment (Hipp and Grupp, 2005) 

Combining trademarks and patents  

Two approaches may be used: strategizing through using both forms of IPRs to maximize 

product or service protection, and the use of trademarks as a form of legal protection with 

products or services for which patents are unobtainable 

The first approach may take several forms. For one thing, since patent protection is limited to 

twenty years, companies may seek to lengthen the period of effective protection by 

leveraging their trademarks. This strategy is frequently employed by the pharmaceutical 

producers, who use trademark-based advertising to enable them to continue to market their 

drugs to hospitals, doctors, and directly to patients – to convince them to continue to prefer 

their drug after the patent expires, even though its price is higher than generic copies. (Other 

methods of appropriability can be utilized as supplements to trademark protection, for 

example lead time or the use of secrecy, e.g. Amara et al., 2008).  

Companies may also choose to supplement trademark protection by patenting. Such a 

strategy can be advantageous should a competitor with a superior brand(and fewer patents) 

begin to capture market share. For example, the Google owned Linux based Android 

operative system is proving a major threat to those smartphone handset firms who possess 

proprietary operative systems. As  smartphone handset producers without proprietary OS 

systems are increasingly utilizing the less costly Android operative system for their handsets  

they are making inroads on the smartphone market. Android now accounts for over 50 

percent of the market. One result is that the owners of proprietary operative systems have 
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sought to pool their patent resources, chiefly through joint acquisition of the defunct 

Canadian company Nortel’s patent pool, and using their possession of these patents to sue 

both handset producers utilizing the Android OS, and Google for patent infringement. This in 

turn has led Google to acquire Motorola, less for its expertise in smartphone handset 

production and more for its patents. The outcome of this juridical conflict is as yet unknown, 

but it will likely end up costing consumers more for their operative systems than is currently 

the case. 

Trademarks as bargaining chips 

Firms also use trademarks as strategic bargaining chips with competitors, in much the same 

manner as they used patents to obtain mutually advantageous cross licensing arrangements. 

This may, for example, be the result of the mediation of trademark disputes. Here, the parties 

are in total “control of the process and are limited only by the participants’ needs and 

creativity (Vilenchik, 2011: 291).” Such creative solutions may involve “an agreement for 

cooperation in future ventures; amendments to on-going contracts, or agreement to refrain 

from, or do a specific act (Villenchik, 2011: 292).”  A notable example is Cisco’s 2007 suit 

against Apple for infringement of its trademark iPhone, which Apple had appropriated for its 

own iPhone series. Cisco had obtained the trademark, iPhone, when it acquired a small 

Redwood California startup, InfoGear. InfoGear had used the trademark since 1997. 

Subsequently, Cisco’s home networking division had been using the trademark. Prior to 

2007, Apple had approached Cisco several times with a view to acquiring the trademark. 

Failing to come to an agreement, Apple resorted to subterfuge. An Apple entity, Ocean 

Telecom Service, filed for registration of the iPhone trademark in Trinidad and Barbados. 

The application priority date was March 27, 2006.  A subsequent application was filed in 

Australia.  

Upon the very public launch of the iPhone, Cisco sued Apple for trademark infringement.  At 

the time, speculation was rife as to the motives for the suit: was Cisco suing for a maximum 

financial penalty or was the issue that Cisco was not interested in financial restitution, but in 

something more rewarding, privileged switch gear access to the iPhone technology? Rather 

than pursuing a legal resolution of this case, both parties emerged with a mutually beneficial 

solution. Both were allowed to use “iPhone” in their own products, and were to explore 

opportunities for technological interoperability. There was no reference to a financial 

settlement (Reardon and Krazit, 2007). 
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Opportunistic use of trademark law and jurisdictions 

  There are two interlinked manners in which firms can strategically use trademark law in an 

opportunistic manner: through using different national legal jurisdictions, and through the   

general ongoing reinterpretation of the principles underlying trademark law.  

While claims are made as to the international homogeneity of national trademark law and 

practices (see Millot, 2009), there exist differences in national (and regional) court decisions 

which can be strategically used by trademark holders, allowing for “jurisdiction shopping.”  

Thus firms such as LVMH, Tiffany, and Hermes, concerned about the dilution of their watch 

and other luxury goods through alleged sales of counterfeit items by eBay’s online auction 

house will bring suit in Parisian jurisdiction rather than in one in the US, knowing that in 

France where luxury goods are a major industry, courts are more liable to find a verdict of 

eBay secondary liability than would be the case in the United States.  

Similarly, in other cases of dilution, should firms find that one court dispenses of testing for 

consumer confusion in finding for the accuser, they would be inclined to seek redress within 

its jurisdiction.  A firm can register a trademark in an obscure country with a subsequent 

intention of bringing suit to an unwary firm who has inadvertently used an identical mark. 

(This is essentially similar to the practice of “submarine patents”, and may have been a tactic 

used by Cisco in its suit against Apple, described above).  

A parallel development, as described in Lemley’s (1999) analysis of US trademark law, 

concerns the gradual interpretation and reinterpretation of the economic principles with 

courts increasingly views trademarks as things valuable in themselves, rather than for the 

goodwill they imply. Lemley describes how interesting sounding words and phrases were 

“grabbed” by entrepreneurs, not to identify the source of the goods, but to prevent anyone 

else from using them.10 Trademark owners are being protected against users that earlier 

would not even have been seen as infringements. For example, the courts have expanded the 

dilution doctrine to protect trademark holders from not only non-competing but also non-

identical marks (as occurred when “Toys ‘R’ Us” sued “Adults ‘R’ Us”, and judgment was 

made in favor of the plaintiff). Companies have successfully won the right to use trademarks 

on product configurations in cases including the shape of a faucet handle and the design of 

personal organizers. Again, the tendency to use trademarks to “make war” on competitors 

                                                 
10 Examples include an entrepreneur who registered the phrase “Class of 2000” as a trademark, claiming the 
right to prevent anyone else from selling merchandise where this phrase is featured. Another registered the 
yellow smiley-face and collected money from people who used it. See Lemley (1999):1696-1697. 
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rather than build innovative capabilities will limit their ability to reconfigure and transform 

themselves to be better able to respond to changing market and technological conditions. 

 

5. Implications and Conclusion 

This paper has sought to shed new light on the intriguing yet ambiguous relationship between 

trademarks and innovation. As we have emphasized, a firm’s trademark position is not static; 

the trademarked products in Figure 1 can move from one matrix cell to another, supported 

and energized by the different forms of trademark “strategizing.”   

The analysis in this paper suggests a possible explanation as to why empirical studies have 

found that number of innovations and number of trademarks are positively related.  The more 

trademarks a firm has, the higher the likelihood that it is active in more markets or market 

segments – which in turn can lead to economies of scale in designing, manufacturing and 

marketing the trademarked goods concerned. This suggests that the more trademarks a firm 

has, the stronger its trademark position in strategizing vis-a-vis firms with fewer trademarks 

and a weaker trademark position. It would be interesting to investigate the validity of this 

proposition empirically, to bring new insights to help understand the link between trademarks 

and innovation.  

Our work also carries implications for management. Earlier (p. 16) we identified three 

manners in which firms utilize their trademark positions.Vertical positioning is particularly 

valuable enables corporate synergies, as differing product developers can share their expertise 

in materials, design, and improved movements across brands. It can be used in any of the four 

scenarios in Figure 1. Firms engaging in lead time positioning must concentrate their efforts 

in just one of these scenarios, using their trademarks to support their efforts in remaining in 

front of its competitors. Horizontal positioning, where a firm with a strong position in an 

adjacent industry can use its marks and resources to target the primary product, process, or 

service market, can again be implemented in all four of the scenarios. Understanding these 

differences can help managers to select the trademark positioning strategy that best suits their 

overall competitive strategy. 

Several areas for future research might also be mentioned. First, trademarks will arguably 

play a particularly important role in areas where patenting options are not available and firms 

can use trademarks in combination with lead time and secrecy to protect their innovation (see 

Schmoch, 2005; Millot, 2009: and Flikkema et al, 2010). This is particularly true of the 
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service industries, a topic covered to some degree elsewhere, but not in this paper. The 

service sector is by far the largest sector dependent on trademarks both as market barriers and 

as signifiers (Schmoch, 2003; Hipp and Grupp, 2005).  

A case study Gregersen and Black (2002) of the Mariott Hotel chain suggests how the role of 

trademarks might play out in this service sector within the framework presented in this paper. 

In the early 1980’s, the owners of the Marriott International hotel chain realized that by the 

end of the decade, they would have established a major hotel in every major U.S. city. Would 

this mean they would have to stop growing? Their solution was to develop a new brand of 

hotels, the Courtyard, with limited services, where the rooms would cost less, but customers 

would still receive the same distinctive service for which Marriott had become known. This 

example suggests that the service industry use of trademarked services aimed at different 

market segments may lead to trademark positions similar to those of the global watch 

industry in this paper.        

A limitation of this analysis is the lack of a better connection between strategizing and the 

implications of Figure One. One way to approach this would be to investigate the use of 

trademarks as bargaining chips in the mediation of inter-firm conflict, as in the case of the 

Cisco/Apple clash over the iPhone trademark. Few legal cases involving trademark 

infringement or dilution wind up in court. Most are settled through mediation in a process 

described as “relatively free-wheeling.” Yet researching this paper, we were struck by a 

paucity of material dealing with this phenomenon. This lack stands in marked contrast to the 

literature on firm use of patents to obtain cross licensing or patent pooling arrangements.  

In this paper, we have found it clarifying to analyze industries in the process of architectural 

innovation, in establishing the dynamics behind the various positioning studies. Yet a major 

factor in such change, left out of our analysis above, has been the resource position of the 

various firms, particularly the intangibles, and what they have meant in branding terms.  

Another potentially interesting topic left unexplored in this context is the role of trademarks 

in conjunction with new firm start-ups. Flikkema et al (2010), in their survey of the 

BENELUX trademark registrants, discovered that 48 percent of trademark applications were 

at the one and two man firm level, possibly representing new firm startups. They also 

determined that smaller firms are more inclined to shield their innovations through 

trademarks without patenting, than is the norm for established firms.   
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While these authors found that motivation for trademark registration was only weakly related 

to innovation, this could well be due to the weight (74%) of service firms in their sample, and 

the nature of the question posed. (If innovation was not defined along the broader lines of the 

2005 OECD Oslo Guidelines, which lump marketing innovation and organizational 

innovation with product and process innovation, respondents may well have given wrong 

answers to the question). Trademarks are arguably of importance to new firm startups; 

without trademarks, their goods, processes, or services would remain unknown to potential 

customers. Trademarks rescue economic agents, here firm startups, from market invisibility 

and oblivion.  

Furthermore, could be interesting to explore the implications of our arguments for social 

welfare. Does the acquisition of a strong trademark position across several industry market 

segments impose welfare losses, and are these losses outweighed by the social benefits of the 

resulting innovations? The literature on market barriers and welfare loss due to entry barriers 

has not explicitly addressed this dilemma. In this paper, for example, we briefly sketched the 

rise of the Swatch group, and its consequent use of market segment knowledge and watch 

production methods, that they began to supply other Swiss watch firms with movement parts 

and components.  This strategy backfired when Hayek allegedly discovered that Swatch 

unassembled movements were being used by firms outside Switzerland to penetrate 

international markets to the disadvantage of Swatch trademarked products. He declared that 

he was stopping the sale of unassembled movements to firms outside the Swatch group. This 

led to a crisis within the Swiss watch industry which has yet to be resolved. Goodman et al, 

(2010: 21) warn that there is now a risk that “the Swatch group’s monopoly in components 

and movements will motivate Swiss watchmakers to source from abroad and thereby break 

with the Swiss Made label requirements.”   

Finally, as mentioned earlier, sorting out the exact causal relationship between trademark 

positioning and innovative success or failure is difficult, if not impossible. There exist many 

factors behind innovative success: economies of scale, R&D capabilities, lead time, a firm’s 

patent pool, switching costs among others. As noted above, the Swiss watch industry was 

slow in turning towards cheaper, more accurate tuning fork and quartz movements. Yet to 

what degree can the near-death of the Swiss watch industry be solely blamed on their 

branding practices? The structure of the Swiss industry was fragmented, and the Japanese and 

Americans were more acquainted with the new technologies and could adapt to them faster. 
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Similarly, to what extent is the continuing decline of Nokia smartphone handsets, the best of 

which is the Nokia 8, due to poor branding – or perhaps due to poorly designed interfaces, the 

result of a lack of expertise in designing smartphone hardware? Nokia was well aware of its 

software needs in developing their smartphone handsets; yet its Symbian proved inferior to 

Google’s Android and Apple’s iOS. Neither a large market share nor a strong brand could 

hinder Nokia’s decline in smartphone sales. Undoubtedly, branding played a role in all these 

developments, but we as yet cannot say the degree to which this was the vital factor. 

Trademark positioning when an industry undergoes radical change in product architecture – 

tuning fork and quartz technology in watches, touch face and “apps” interface in smartphones 

architecture – will be of subsidiary importance to the strength of the firm’s underlying 

resources. Even so, strong trademark positioning can assure continued profitability under 

such circumstances (Rolex) or continued firm survival in another Figure 1 matrix cell.  
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Figure 1: Trademarks and innovation: addressing failures in the market for 
information 
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I. What the Debate is NOT  
 
The Debate on Access to Climate-Friendly Technologies is Very Different from the 
Debate on Access to Medicine. This first clarification is very relevant provided that some 
climate negotiators have advocated the amendment of the TRIPS Agreement in the same way 
as for the access to medicine through the “Doha Declaration on IP and Public Health”. It all 
started during the fourteenth conference of the Parties of the United Nations Framework 
Convention on Climate Change (UNFCCC) in Poznan in 2001 where “developing countries 
stressed the need to depart from the business-as-usual commercial approach to IPRs in climate 
friendly technologies. [They argued in favour of] a fundamental paradigm shift in the 
treatment of IPRs in addressing the climate change emergency, just as in the case of access to 
affordable medicines.”(Emphasis added)2 The effectiveness of the new compulsory licensing 
scheme for certain medicines following the Doha Declaration is not yet clear – this is a 
complex issue that goes well beyond the present contribution. A transposition of compulsory 
licensing in the context of environmentally-sound technologies (ESTs) raises even more 
problems. Notwithstanding, as we speak, the proposals on the table (albeit in square brackets 
in the UNFCCC negotiating text) take language from this Doha Declaration, drawing a 
parallel between access to medicines and access to Climate-Friendly Technologies.3  
 
Why is it that developing country negotiators invoke the access to medicines and make a 
parallel with the access to climate-friendly technologies? Simply because there are 
similarities. First, (i) medicines and climate-friendly technologies are perceived as “public 
goods” in the sense that the maximum of people should have effective and unrestricted access 
to these technologies and these goods.4 Second, (ii) both target transboundary problems 
requesting the international community to intervene. Finally, (iii) both could be covered by 
patents. And the protection could, in theory, last up to 20 years from the date of filing of the 
patent application.5 That is what they have in common. Now, what are the differences?  
In the case of the R&D based pharmaceutical industry, certain facts we know from done 
economic studies6. Generally, we tend to consider that medicines are relatively easy to reverse 

                                                 
2 Meena Raman, “Divergences over IPR Issue in technology transfer”, TWN Info Service on Intellectual 
Property Issues (Dec08/03), December 19, 2008, Third World Network. 
http://www.twnside.org.sg/title2/intellectual_property/info.service/2008/twn.ipr.info.081203.htm [Accessed 
August 31, 2011] 
3 To name but two, the first proposal states “any International Agreement on Intellectual Property shall not be 
implemented in a manner that limit or prevent any party from taking any measure to address climate adaptation 
or mitigation […]”, and the second reaffirms that “developing countries should have the right to make use of the 
full flexibilities contained in the TRIPS Agreement; including compulsory licenses”. 
4 This argument was put forward by China and India at the “Beijing High-Level Conference on Climate Change: 
Technology Development and Technology Transfer” (November 2008) which proposed “that the TRIPS 
flexibility for medicines (compulsory licensing) should be extended to cover carbon abatement technology”. 
They claimed that “climate is a public good, just like health and that hence the international community should 
follow the principle of “guidance by government – participation by enterprises”. Copenhagen Economics AS and 
the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of Climate Change Technology ?", 
Document prepared for the European Commission (DG Trade), p. 7. 
http://www.copenhageneconomics.com/Publications/IPR.aspx [Accessed August 31, 2011]   
5 Jayashree Watal, counsellor at the Intellectual Property Division of the WTO, “Trade, Technology and Climate 
Change” (webcast – 2009), Side Event of the Conference of Copenhagen, Faculty of Law of the University of 
Copenhagen,  http://jura.ku.dk/english/webcast_wto/ [Accessed August 31, 2011]    
6 Iain M. Cockburn, “Intellectual Property Rights and Pharmaceuticals: Challenges and Opportunities for 
Economic Research”, in WIPO, The Economics of Intellectual Property: Suggestions for Further Research in 
Developing Countries and Countries with Economies in Transition, January 2009. Available at  
http://www.wipo.int/export/sites/www/ip-development/en/economics/pdf/wo_1012_e.pdf [Accessed August 31, 
2011] 
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engineer and this can be done by a skilled chemist. That is one fact. The second fact is that the 
R&D costs incurred by originator companies amount to a great portion of the total cost. This, 
in turn, encourages free-riding behaviour by competitors who will not have to bear the full 
costs of R&D to develop the medicine. In this scenario, patent protection can act as a strong 
legal barrier to entry. Originator companies tend to grant very few licenses to third parties and 
work under a strict “single-supply business model” during the patent term. Besides, one very 
particular feature of the pharmaceutical market is that patents are usually maintained up to the 
the full patent term (20 years). Finally, because medicines and chemical compositions are 
often easy to copy, or reverse engineer without the cooperation of the right owner, a 
compulsory license can be quite effective. It can bring in competition and reduce prices. 
Patents do play a vital role in the regulation of innovation for medicinal products.  
 
Having this in mind, what are the distinctive features of climate technologies? Unlike 
pharmaceuticals, (i) climate technologies are not stand-alone products, they are a “bulk 
products”. In fact, ESTs generally form part of a larger product or unit of operation such as a 
car, a power station or even the energy grid which integrates various elements that should best 
work together. Consequently, (ii) contrary to the “single-supply business model” that 
predominates in the pharmaceutical market where small volume pills may be sent worldwide 
from one single place of production, climate technology has to be done locally in cooperation 
with local industries. In addition, compared to, for example, raw material and labour costs, the 
intellectual input account for only a small fraction of the cost of developing and deploying of 
low-carbon technologies. Consequently, (iii) the influence of IPR on product price is very 
limited. The high cost of some innovative carbon abatement technologies is more likely to be 
due to the immaturity of the technologies rather than to patent rights. A mature technology is 
one which has penetrated the market in which it is sold in so large quantities that a great deal 
of learning by doing has been achieved.7 Moreover, exclusivity is not generally an option 
because direct competition can be quite strong in this area.8 (iv) There is another factor which 
reduces the role of patents: alternatives are usually available. (v) And many alternative 
technologies are even in the public domain (that we know from empirical studies done in the 
sector9). As opposed to patents on pharmaceuticals, (vi) the vast majority of patents on ESTs 
are not maintained for the maximum duration possible.10 Finally, for the technologies that are 

                                                                                                                                                         
 
7 Copenhagen Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of 
Climate Change Technology ?", Document prepared for the European Commission (DG Trade), p. 16. 
http://www.copenhageneconomics.com/Publications/IPR.aspx [Accessed August 31, 2011] 
8 “Patent rights are limited in scope and intellectual property portfolios for technologies to address climate 
change tend to be diverse, ensuring that no one company holds all patents or other proprietary rights to a 
particular product or solution”. International Chamber of Commerce (September 2009), “Climate Change and 
Intellectual Property”, Discussion Paper prepared by ICC Commissions on Environment and Energy and 
Intellectual Property, Document No. 213/71 and No. 450/1050,  p. 8.  
http://www.iccwbo.org/uploadedFiles/ICC/policy/Environment/213%2071%20Discussion%20Paper%20Climate
%20Change%20and%20IP.pdf [Accessed August 31, 2011] 
9John H. Barton, “Intellectual Property and Access to Clean Energy Technologies in Developing Countries: An 
Analysis of Solar Photovoltaic, Biofuel and Wind Technologies” (2007), ICTSD Trade and Sustainable Energy 
Series, Issue Paper No. 2.  http://www.iprsonline.org/unctadictsd/docs/BARTON_DEC_2007.pdf [Accessed 
August 31, 2011] 
10 “A very large proportion of the information in patent databases is off patent protection . The European Patent 
Office (EPO) database for example had, in May 2006, 56 million of published patent documents (from 70 
countries) of which only 4 millions were patents in force, leaving a technical library of 52 million of technical 
documents which can be freely used”. The International Bank for Reconstruction and Development/The World 
Bank (2005), "Intellectual Property and Development : Lessons from Recent Economic Research", New York : 
The World Bank and Oxford University Press, pp. 8 and 13. 
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patented, (vii) it is likely that patents do not exist in many countries and in particular in less 
developed countries (contrary to the pharmaceutical sector where innovative substances tend 
to be patented in many countries). Relying on compulsory licenses for ESTs is thus not likely 
to produce a “quick fix” to the problems for many reasons.  
 
Intellectual Property and Climate Change is Not a Clear-Cut North-South Issue. The 
R&D based pharmaceutical industry is essentially based in the North. Whereas the generic 
drug industry is based in certain developing countries. The “Doha Declaration on IP and 
Public Health” aimed at resolving a specific problem: HIV Aids pandemic had dangerously 
taken hold in Sub-Saharan Africa where the access to medicines was problematic. In fact, 
western pharmaceutical companies were maintaining very high prices on HIV medicines to 
the expenses of the millions of patients dying in the region. The Doha Declaration reiterates 
the TRIPS flexibilities and allows for exporting under compulsory licenses. It didn’t reinvent 
the TRIPS Agreement. At the beginning of the years 2000, the transition period (provided for 
by Article 66.1 of the TRIPS Agreement) was coming to an end for the developing countries. 
This means that certain countries, essentially India, which were supplying generic medicines 
to the countries most in need, would have had to face the consequences of the entry into force 
of TRIPS as from January 2005. Consequently, there was an anticipated problem that sources 
of supply of affordable HIV drugs (during the patent term) would rapidly decline and 
something needed to be done to tackle the restriction on the export under compulsory licenses 
contained in the TRIPS Agreement (Article 31f.). The access to HIV medicine is thus a clear-
cut North-South issue. 
 
But the picture in the access to climate technologies is very different. Unlike the patented 
molecules used for a particular drug for a specific disease, as is the case with AIDS drugs, 
environmental technologies cannot be specified as the solution of the global warming issues. 
The protection of climate technologies by patents is not an issue between OECD economies 
on one side and the developing countries on the other side. In fact, it is apparent from many 
studies done in the sector that patent protection is absent in most of the low-income countries 
for these technologies.11 By contrast, the patent protection of climate technologies is 
increasing exponentially in the emerging markets. The International Chamber of Commerce 
(ICC), a strong supporter of the IP regime worldwide, notes that “the gap between patent 
protection in developed and developing countries is rapidly closing in emerging economies 
such as China, India and Brazil. These countries are already at the forefront of the clean 
energy revolution and have become leaders in a range of low-carbon and environmentally 
sound technologies, from biofuels, to wind, to solar.12 China has produced one third of solar 
panels in the world in 2008, and exported 95 percent.13 Moreover, the OECD notes that “this 
shift towards emerging countries is expected to continue, as demonstrated by findings on 

                                                                                                                                                         
 http://siteresources.worldbank.org/INTRANETTRADE/Resources/Pubs/IPRs-book.pdf [Accessed August 31, 
2011] 
11 John H. Barton, “Intellectual Property and Access to Clean Energy Technologies in Developing Countries”, 
op. cit., note 12. And Copenhagen Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the 
Transfer of Climate Change Technology ?", op.cit., note 6. 
12 International Chamber of Commerce (September 2009), “Climate Change and Intellectual Property”, 
Discussion Paper prepared by ICC Commissions on Environment and Energy and Intellectual Property, 
Document No. 213/71 and No. 450/1050,  p. 8.  
http://www.iccwbo.org/uploadedFiles/ICC/policy/Environment/213%2071%20Discussion%20Paper%20Climate
%20Change%20and%20IP.pdf [Accessed August 31, 2011] 
13 Arnaud de la Tour, Matthieur Glachant and Yann Ménière, « Le cas de l'industrie photovoltaïque en Chine » 
(October 2010), p. 1. http://www.aippi.fr/upload/Prix%20AIPPI/2010-11-16-delatour-glachant-meniere.pdf 
[Accessed August 31, 2011] 
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future R&D investments in a survey by UNCTAD. China was the location mentioned most 
often, followed by the United States. India was in third place and Russia among the top ten 
target locations”.14 
 
Among the many studies that have been done recently on this topic, two are particularly 
relevant when considering the role played by patents in the emerging markets. The first one is 
a study commissioned by the European Commission where the authors looked into patent 
rules to determine whether patent protection is a barrier to the transfer of climate change 
technology.15 For the purpose of the study, the authors collected patent count data for relevant 
technologies (wind, solar energy, fuel cell, geothermal, ocean, biomass and waste), for the 
period 1998-2008, for a sample of developing countries, covering both least-developed 
countries and countries with economies in transition. They found out that the growth rate of 
patent registration in emerging countries for the period 2004-2007, compared to 1998-2001, is 
five time higher than the worldwide growth rate for the same period. Most importantly, while 
the share of domestic ownership of patents in these countries was close to zero in the late 
1990s, the study shows that almost one third of all patents registered in emerging market 
economies are presently owned by residents of these countries.16 This means that local 
industries have, in theory, the capacity to substitute western technology for their own and that 
the world market is not dominated by few countries or firms. The ICC, again, takes the view 
that “greater use of patent protection in emerging markets will stimulate domestic innovation 
even further.”17 At this pace, emerging market economies will soon rank with developed 
countries in patenting activity. In 2008, patents registered in emerging markets already 
accounted for 20 percent of worldwide patenting of the selected climate change technologies, 
compared to less than 5 percent in the late 1990s.  
 
Second, the United Nations Environment Programme (UNEP), the European Patent Office 
(EPO) and the International Center for Trade and Sustainable Development (ICTSD) 
presented in Copenhagen (December 2009) a Joint Study on “Patents and clean energy: 
bridging the gap between evidence and policy”.18 The project consisted of three main parts: a 
technology-mapping study of key Clean Energy Technologies (CETs) based on the new 
classification scheme developed by the EPO (YO2)19; a patent landscape based on the 
identified CETs (patenting activity and ownership); and a survey of licensing practices 
conducted among private and public organizations. The study shows that 5 OECD countries 
(Japan, the US, Germany, the Republic of Korea and France) account for almost 80 percent of 

                                                 
14 OECD (July 2008), "Research and Development: Going Global", OECD Policy Brief. 
http://www.oecd.org/dataoecd/30/52/41090260.pdf [Accessed August 31, 2011]  
15 Copenhagen Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of 
Climate Change Technology ?", op. cit., note 6.   
16 “At the same time, it should be noted that this phenomenon is very much dominated by China: out of the 7400 
climate change technology patents owned by residents of emerging market economies in 2008, 92% are owned 
in China by Chinese residents. None of the other emerging market economies has taken such a huge step forward 
in domestic ownership of IPR. It is somewhat surprising then to see China take the lead in the international 
debate on climate change technology transfers and advocate a more flexible IPR regime.” Copenhagen 
Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of Climate Change 
Technology?", op. cit., note 6, p. 25.  
17 International Chamber of Commerce (September 2009), “Climate Change and Intellectual Property”, op. cit., 
note 15.  
18 UNEP-EPO-ICTSD Joint Study, “Patents and Clean Energy: Bridging the Gap Between Evidence and Policy” 
(2010), Final Report. http://www.epo.org/news-issues/issues/clean-energy/study.html [Accessed August 31, 
2011]  
19 More information here: http://www.epo.org/news-issues/issues/classification/classification.html [Accessed 
August 31, 2011]  
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all “claimed priorities” patents in CETs worldwide to date, with Japan leading. However, the 
same data indicates that emerging economies are showing increasing specialization in the 
various CET sectors. By making targeted investments, the emerging economies will, most 
certainly, be able to compete with developed countries in the long run. The Study looks at the 
percentage share of claimed priorities in a particular field against all CET claimed priorities in 
a given country and reveals that: “Singapoure sits in second place behind the Republic of 
Korea in terms of specialization in solar PV. India features in the top five countries 
specializing in both solar PV and carbon capture. Brazil and Mexico share the top and second 
rank in the percentage share for hydro/marine. Ukraine surprisingly occupies the top position 
in biofuels, with Finland in the second place. [Consequently] aside from Japan and the 
Republic of Korea in solar PV, and the US and France in carbon storage, none of the top-
ranked countries feature in the top five positions when it comes to the percentage share of 
claimed priorities in the selected CET fields.”20 Last but not least, among all the developing 
country companies with which respondent (western companies) have been involved with 
regard to licensing agreements or other IP-based commercialisation activities involving CETs, 
almost 70 percent were from the BRIC countries (Brazil, Russia, India and China).  
 
Finally, both Studies converge on the recognition of China as a leading innovation hub in the 
fields of climate technologies (geothermal, solar PV, wind and carbon capture).21 This 
revelation was further reflected in the numbers. First, China was ranked world number one 
country in renewable energies with $34.6 billion investments in this area in 2009 only (30.5 
percent of the G-20 nations’ total investment in renewable energy).22 Second, Chinese patent 
owners account for more than 4/5 of the total resident patent holders on climate technologies 
in emerging market economies. And the study showed that, in China, 40 percent of the 
sampled technology patents are locally owned (Copenhagen Economics). Since 2003, China 
has an ambitious national IP strategy23 and already features in the top five countries in terms 
of total patent filings for all technologies (WIPO Indicators 2009).24 Third, in the field of 
geothermal technologies, although China made a late entry into the market in 1998, it is now 
competing with the leading producers on the market and equates the patenting rate of the UK, 
Sweden and Italy. Finally, “in terms of patent filing trends between countries (structure of 
patent families), the majority of activity is currently taking place in the patent offices of the 
top six patenting countries. Nevertheless, China is the next most important filing destination 
for actors in the top six countries (UNEP-EPO-ICTSD Joint Study)”25.  
 

                                                 
20 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 33. 
21 Rasmus Lema and Adrian Lema, “Whither Technology Transfer? The Rise of China and India in Green 
Technology Sectors” (Draft Version – June 2011), forthcoming in Innovation and Development, Special Issue on 
Sustainability-Oriented Innovation Systems in China and India. 
22 China is followed by the US, the UK and the rest of the EU. Moreover, China and Brazil have the two biggest 
investment rates in clean energy in the world.  See for more details:  
http://www.upi.com/News_Photos/gallery/Top-10-countries-investing-in-clean-energy/3200/ [Accessed August 
31, 2011]      
23 See “Regulations on Enhancing Intellectual Property Protection on National Scientific Programs (2003)”. 
Additionally, in 2009, the Ministry of Finance established ("provisional measures on the administration of 
special funds subsidizing foreign patent applications", September 27, 2009) a special fund to subsidize foreign 
patent applications made by small and medium-sized domestic enterprises, and public and scientific research 
institutions through the PCT. English’s People Daily Online (Chinese newspaper), “Central Government to 
Subsidize Foreign Patent Applications”, October 13, 2009. 
http://english.peopledaily.com.cn/90001/90778/90862/6782417.html [Accessed August 31, 2011]   
24 WIPO, “National IP Strategies”, http://www.wipo.int/ip-
development/en/strategies/national_ip_strategies.html#china [Accessed August 31, 2011]  
25 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 64. 
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II. The UN Negotiations on Patents and the Transfer of Green Technology 
 
The transfer of environmentally-sound technologies to developing countries is not new. It has 
been a permanent item on the agenda at all UNFCCC conferences of the Parties (COP) 
meetings since the Convention entered into force in 1994. In fact, the widespread 
dissemination of ESTs has been identified as one of the privileged means to stabilize GHG 
emissions in the atmosphere and prevent a climate catastrophe. The patent system 
accompanies every step of the innovation process, from the incentive to invest in R&D to the 
protection and dissemination of the green technology. It is not surprising then to observe that 
“just as negotiations on instruments to enhance technology transfer in the UNFCCC have 
increased in importance, so has the question of the role that IP can and should play in this 
process. Polarized views have emerged on the issue, particularly since the UNFCCC meeting 
in Bali in 2007.”26  
 
The Transfer of Green Technology: A Commitment under UN Treaties. Since the United 
Nations Conference on the Human Environment in 1972 (also known as the “Stockholm 
Conference”27), the United Nations have continuously stressed the importance to make ESTs 
available to developing countries on preferential terms. In 1992, the Conference on 
Environment and Development held in Rio de Janeiro, Brazil, established the Agenda 21 and 
three Rio Conventions, including the UNFCCC28. Chapter 34 of Agenda 21 focuses on “the 
transfer of ESTs, technology cooperation and capacity-building” and provides a basis for most 
of the early decisions on the development and transfer of technologies under the Convention. 
The UNFCCC makes a general distinction between three set of countries: Annex I, Annex II 
and non-Annex I29. This characteristic stems from the idea that country Parties have “common 
but differentiated responsibilities” in the climate catastrophe (UNFCCC Preamble). This 
distinction is particularly relevant when looking at the provisions on technology transfer. 
Article 4.1 c) encourages cooperation among all countries “in the development, application 
and diffusion” of ESTs, while in Articles 4.3 and 4.5 of the Convention imposes financial 
obligations “on developed country Parties and other developed Parties included in Annex II”. 
Last but not least, Article 4.7 states: “The extent to which developing country Parties will 
effectively implement their commitments under the Convention will depend on the effective 
implementation by developed country Parties of their commitments under the Convention 
related to financial resources and transfer of technology …”. The premises of the debate on 
the transfer of ESTs became apparent in 2001, on the occasion of the seventh conference of 
the Parties to the Convention in Marrakesh. Indeed, the “framework for meaningful and 
effective actions to enhance the implementation of Article 4, paragraph 5, of the Convention”, 
                                                 
26 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 14 
27 The United Nations Conference on the Human Environment, June 5-16, 1972. UNEP website 
http://www.unep.org/Documents.Multilingual/Default.asp?documentid=97 [Accessed August 31, 2011]  
28 The two other conventions are: The Convention on Biological Diversity and the “Forest Principles” (the “Non-
Legally Binding Authoritative Statement of Principles for a Global Consensus on the Management, Conservation 
and Sustainable Development of All Types of Forests”). 
29 Annex I Parties include the industrialized countries that were members of the OECD (Organisation for 
Economic Co-operation and Development) in 1992, plus countries with economies in transition (the EIT 
Parties), including the Russian Federation, the Baltic States, and several Central and Eastern European States. 
Annex II Parties consist of the OECD members of Annex I, but not the EIT Parties. They are required to provide 
financial resources to enable developing countries to undertake emissions reduction activities under the 
Convention and to help them adapt to adverse effects of climate change. In addition, they have to "take all 
practicable steps" to promote the development and transfer of environmentally friendly technologies to EIT 
Parties and developing countries. Non-Annex I Parties are mostly developing countries. For more information 
please go to the UNFCCC website:   
http://unfccc.int/parties_and_observers/items/2704.php [Accessed August 31, 2011]  
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also referred to as the “technology transfer framework”, was adopted as part of the Marrakesh 
Accords.30 The technology transfer framework aims to develop actions to implement Article 
4.5 of the Convention by increasing and improving the transfer of environmentally sound 
technologies and know-how. This was the starting point of a series of discussions that lead to 
the adoption of the “Bali Action Plan” in 2007 which established the Ad-hoc Working Group 
on Long-term Cooperative Action under the Convention (AWG-LCA) with a mandate to 
focus on key elements of long term cooperation, including technology transfer. 
 
The Origin of the Debate: Stringent Commitments for Developing Countries After the 
End of the Kyoto Protocol. From the very beginning, the debate on climate change in the 
UN has gravitated around the question of CO² emissions reduction. By ratifying the Kyoto 
Protocol, some country Parties (all Annex I countries except the US) agreed to impose 
stringent commitments upon themselves to reduce their CO² emissions. Those commitments 
are coming to an end in December 2012 at the expiration of the Kyoto Protocol. Therefore, 
some voices in the developed countries have raised the issue that, in order to address the 
adverse impact of climate change, all country Parties should take commitments for the period 
post-2012. However, from the time the “Bali Action Plan” was concluded (2008), it was clear 
from the statements of the major groupings of countries, that their views on what the priorities 
are in tackling climate change differed substantially and dangerously. First, the Group of 77 
and China emphasized the responsibility of developed countries and urged them to fulfill their 
commitments under the Convention to provide “immediate, deeper and effective cuts” in 
greenhouse gases (GHGs) emissions. The African Group, then, exhorted the developed 
countries to live up to their technology transfer commitments before all other things. 
Meanwhile, the major developed countries “made clear they wanted the Bali meetings to lead 
to formal negotiations for a new climate regime in which developing countries (non-Annex I 
countries) have to make commitments [for the period post-2012].” This malaise is noticeable 
in the text of the Bali Action Plan:  
 
“[The conference of the Parties] Decides to launch a comprehensive process to enable the full, effective and 
sustained implementation of the Convention through long-term cooperative action, now, up to and beyond 2012, 
in order to reach an agreed outcome and adopt a decision at its fifteenth session, by addressing, inter alia: A 
shared vision for long-term cooperative action, including a long-term global goal for emission reductions, to 
achieve the ultimate objective of the Convention, in accordance with the provisions and principles of the 
Convention, in particular the principle of common but differentiated responsibilities and respective capabilities, 
and taking into account social and economic conditions and other relevant factors. (Emphasis added)” 
 
For the time being, “In the UNFCCC and Kyoto Protocol, the only mandated negotiation at 
present is for Annex I developed countries to commit to a second period (starting in 2013) of 
emission reductions. The developed countries are attempting [...] to draw the developing 
countries into a negotiation towards a “comprehensive agreement” in which these developing 
countries have to take on new commitments as a concession to the developed countries in 
exchange for the second-commitment period commitments they are already mandated to 
make.”31 The Annex I countries are trying to merge the work of the Ad-hoc Working Group 
on Long-Term Cooperative Action under the UNFCCC (AWG-LCA) with the work 
undertaken by the Ad-hoc Working Group on Further Commitments for Annex I Parties under 
the Kyoto Protocol (AWG-KP) in order to impose CO2 emissions reduction obligations to 
Non-Annex I countries and negotiate in a single forum after the end of the Kyoto Protocol. 

                                                 
30 To assist with the implementation of Article 4.5, an Expert Group on Technology Transfer (EGTT) was 
established in order to analyze and identify ways to facilitate and advance technology transfer activities. UNEP-
EPO-ICTSD Joint Study, op. cit., note 21, p. 19.  
31 Martin Khor, "South Criticizes North for Not Fulfilling Climate Commitments", op. cit., note 39. 
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This claim runs counter the UNFCCC rationale, which assigns mitigation obligations by 
application of the principles of “common but differentiated responsibilities” and “historical 
responsibility”. Under this regime, developing countries were not required to assume 
mitigation obligations and benefited (in theory) from the assistance of the developed countries 
to green their economy, notably through technology transfer. This lack of understanding 
affected the outcome of the negotiations. The AWG-LCA (a body created by the Bali Action 
Plan) was supposed to “complete its work in 2009 and present the outcome of its work to the 
conference of the Parties for adoption at its fifteenth session [in Copenhagen]”. Although the 
Copenhagen Summit (December 2009) gave birth to the creation of the “Technology 
Mechanism” and the “Green Climate Change Fund”, the discussions on a post-Kyoto regime 
are in a stalemate. In this situation, where emerging economies and developing countries will 
be under strong pressure to take commitments to reduce their GHGs emissions, it is likely that 
the developed countries will have to make concessions. Brazil, India, and China (countries 
that developed countries would like to have on board) have indicated that, in the event that 
they accept to reduce their carbon emissions, they should at least be able to license some of 
the most efficient available technologies for doing so. This is where the debate on intellectual 
property and climate change finds its roots.  
 
Early Intellectual Property Harvest in the Climate Negotiations: the Pre-TRIPS 
Context. Although IPR provisions were not embedded in the text of the Convention, their 
role in the transfer of ESTs was already under discussion in 1992, even before the entry into 
force of the TRIPS agreement. In Chapter 34 of Agenda 21 on “Transfer of Environmentally 
Sound Technology, Cooperation And Capacity-building”, some countries have expressed 
concerns “on the role of patent protection” as well as their “impact on the access to and 
transfer of environmentally sound technology, in particular to developing countries” (§10). 
They made the argument that the relationship between access to ESTs by developing 
countries and proprietary rights (owned by developed country companies) is ambiguous and 
needs further investigation. Moreover, they were made aware of the fact that “a large body of 
useful technological knowledge lies in the public domain” and understood that “there is a 
need for the access of developing countries to such technologies as are not covered by patents 
or lie in the public domain” (§9). Finally, unlike the text of the UNFCCC, Chapter 34 
expressly mentions some proposed measures to overthrow the barriers imposed by proprietary 
rights on those technologies, especially those stemming from patent protection: “in regard of 
privately owned technologies, the following measures should be adopted, in particular for 
developing countries: […] (iii) Purchase of patents and licences on commercial terms for their 
transfer to developing countries on non-commercial terms as part of development cooperation 
for sustainable development, taking into account the need to protect intellectual property 
rights.32 (iv) In compliance with and under the specific circumstances recognized by the 
relevant international conventions adhered to by States, the undertaking of measures to 
prevent the abuse of intellectual property rights, including rules with respect to their 
acquisition through compulsory licensing, with the provision of equitable and adequate 
compensation” (§18). These concerns by developing countries were exacerbated by the entry 
                                                 
32 “This issue of purchasing of patents and then transferring those patents or licenses to the developing countries 
at non commercial rates, […] has been a suggestion that has been on the table and that has been agreed by the 
global community under Agenda 21. The Agenda that we all agreed to in 1992. It is now 2011, almost 20 years. 
That has been there since 1992 and you know people have thought about it, it is just that there hasn’t been much 
will on the part of those that were supposed to support the purchase of those patents in the developed countries    
in the context of implementing the technology transfer chapter of Agenda 21. That has been lacking.” Vicente 
Yu, programme coordinator of the global governance for development programme from the South Centre, 
interview at the "WIPO conference on Innovation and Climate Change", July 2011. http://www.climate-
change.tv/vicente-yu-july-2011 [Accessed August 31, 2011]  



10 
 

into force of the TRIPS Agreement in 1995 which imposes minimum standard of IP 
protection on all WTO members. Harmonization of IP substantive law strengthened the role 
played by IP in the international trade environment and, consequently, the underlying 
controversy around its alleged adverse effects on the transfer of ESTs. 
 
The Intellectual Property Resurgence in Bali: the Developing Countries’ Proposals to 
investigate the TRIPS Flexibilities. In the run-up to the thirteenth conference of the Parties 
in Bali in 2007, the Expert Group on Technology Transfer (EGTT), a specialized body of the 
UNFCCC, wrote a Report regarding the implementation of the Convention by the Member 
States in which it concluded that “discussions relating to technology transfer in the UNFCCC 
should evolve to a more practical, result-oriented actions in specific sectors and programs”.33 
This statement echoed the claims of the developing country Parties denouncing the failure of 
the developed countries to fulfil their technology transfer commitments under the 
Convention.34 The same demands were made in the frame of Article 66.2 of the TRIPS 
Agreement that imposes positive obligations on developed country Members to transfer 
technology to developing countries.35 It is commonly recognized that the capacity of 
developing countries in technology development and deployment is weak, resulting in great 
demand for the transfer of climate-friendly technologies. Against this backdrop, COP-13 gave 
birth to the “Bali Action Plan” (2008) which emphasizes the significance of technology 
transfer in the effective and sustained implementation of the UNFCCC beyond 2012. During 
the negotiations, numerous developing countries (Cuba, India, Tanzania, Indonesia and 
China) designated IPR as a major obstacle that must be addressed in a systematic and cross-
cutting manner to promote the transfer of technology.36  
 
There are two types of technology transfer in the field of environmental technologies: one is 
by providing products and/or services to the developing countries, and the other is to grant 
patent and/or technology licenses. When the developing countries understood that the first 
type of transfer became problematic, they logically turned to the second one. The debate on IP 

                                                 
33UNFCCC, “Expert Group on Technology Transfer: Five Years of Work” (2007), p.12. 
http://unfccc.int/files/essential_background/background_publications_htmlpdf/application/pdf/egtt_en_070523.p
df [Accessed August 31, 2011]     
34 For example, the Group of 77 and China stressed at the UNFCCC climate talk in Bangkok in 2008 : "There 
needs to be clear commitment from developed countries to meet their obligations. In accordance with the 
principles of the Convention, developed countries Parties should acknowledge and honour their obligations to 
provide technology and financial support for the adaptation and mitigation needs of developing countries. The 
failure of Annex I parties to date has been a major source of concern." Sangeeta Shashikant and Martin Khor, 
“Intellectual Property and Technology Transfer Issues in the Context of Climate Change” (2010), Third World 
Network (TWN), Intellectual Property Rights Series N°14, p. 11. 
http://www.twnside.org.sg/title2/IPR/pdf/ipr14.pdf [Accessed August 31, 2011]   
35 “Many developing countries have stressed the difficulties that they have faced in putting into practice the 
massive legislative changes required by the TRIPS Agreement, and the little support received from developed 
countries. In this context, the issue of the implementation of Article 66.2 to the benefit of LDCs has been raised 
by Egypt (WT/GC/W/109), India (WT/GC/W/147) and the African Group, which noted that no concrete steps 
have been demonstrated by developed countries with regard to the fulfilment of their obligations under that 
article (WT/GC/W/302).” Carlos Correa, “Review of the TRIPS Agreement: Fostering the Transfer of 
Technology to Developing Countries” [1999], The Journal of World Intellectual Property, Vol. 2 Issue 6 939.  
And for a proposition to change the regime: Suerie Moon, “Meaningfull Technology Transfer to LDCs: A 
Proposal for a Monitoring Mechanism for TRIPS Article 66.2” (2011), ICTSD Programme on Innovation, 
Technology, and Intellectual Property, Policy Brief Number 9, p. 2. 
http://ictsd.org/downloads/2011/05/technology-transfer-to-the-ldcs.pdf [Accessed August 31, 2011]        
36 Sangeeta Shashikant and Martin Khor, “Intellectual Property and Technology Transfer Issues in the Context of 
Climate Change” (2010), Third World Network (TWN), Intellectual Property Rights Series N°14, p. 14. 
http://www.twnside.org.sg/title2/IPR/pdf/ipr14.pdf [Accessed August 31, 2011]  
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and climate change is thus intrinsically linked to the non-compliance by the Annex II 
countries with their commitments to provide finance and technology needed by developing 
countries to address climate change.37 The bigger challenge, said the group of 77, “is to 
overcome the “trust deficit” between developed and developing countries on financial and 
technological cooperation and commitments of annex I countries.” The Africa Group added 
“The development and transfer of technology, since the convention and protocol came into 
force years ago, remains unfulfilled and complicated by issues of intellectual property rights, 
market incentives and enabling environment […]38.” In November 2007, at the dawn of the 
Bali meeting, the European Parliament adopted a Resolution on “Trade and Climate Change” 
where it “urges the conclusion of an ambitious, worldwide, post-Kyoto agreement […] and 
for corresponding adjustments to be made to other international agreements concerning […] 
intellectual property. (§1.) [...] [And] recommends launching a study on possible amendments 
to the WTO Agreement on Trade Related Aspects of Intellectual Property Rights in order to 
allow for the compulsory licensing of environmentally necessary technologies (§9.)”.39 This 
growing awareness of the significance of IP models, such as licensing agreements, in the 
transfer of technology, not only by some developing countries but also by the European 
Commission, drew the attention of the UN delegates. Within a few years, IP became the “hot 
topic” in the climate negotiations.   
 
In Poznan (COP-14), two years later (December 2009), the debate on the role of IPR in the 
transfer of ESTs gained momentum. This issue first arose in the contact group on 'delivering 
on technology and financing, including consideration of institutional arrangements', one of 
four contact groups formed under the Ad-hoc Working Group on Long-term Cooperative 
Action (AWG-LCA). On the course of the discussions, it became apparent that developed and 
developing countries had two conflicting views on the subject. On the one side, the 
developing countries argue in favor of a paradigm shift in the treatment of IPRs.40 Drawing 
inspiration on the Doha Declaration on IP and Public Health, they asserted that the new 
regime should depart from the business-as-usual commercial approach to IPRs for climate 
friendly technologies. Pakistan suggested the setting up of an international scheme on 
compulsory licensing on climate-friendly technologies as well as a joint technology pool for 
transferring technologies to developing countries at low cost. Similarly, Brazil proposed a 
declaration on IPRs and climate change technologies similar to the one on public health. India 
                                                 
37 Martin Khor, "South Criticizes North for Not Fulfilling Climate Commitments", TWN Info Service on 
Intellectual Property Issues (Dec07/05). 
 http://www.twnside.org.sg/title2/intellectual_property/info.service/twn.ipr.info.120705.htm [Accessed August 
31, 2011]  
38 Martin Khor, "South Criticizes North for Not Fulfilling Climate Commitments", TWN Info Service on 
Intellectual Property Issues (Dec07/05). 
 http://www.twnside.org.sg/title2/intellectual_property/info.service/twn.ipr.info.120705.htm [Accessed August 
31, 2011]  
39 “European Parliament Resolution on Trade and Climate Change”, November 29, 2007, 2007/2003 (INI). 
http://www.europarl.europa.eu/sides/getDoc.do?Type=TA&Reference=P6-TA-2007-0576&language=EN 
[Accessed August 31, 2011]   
40 See South Korean delegate speech during the fourteenth conference of the parties in Durban: “There is a need 
for a positive mechanism for technology transfer. […] In order to make proposals operational, there is a need for 
fundamental change in policies on IPRs and R and D. The present regime does not integrate climate change as a 
goal. […] IPR is purely to protect the private interest of companies. How can IPR work for climate change? IPR 
currently is working for the profit of the private sector. The issue is how Parties can make IPR work for climate 
change as well. Government intervention is necessary for change in public policies in this regard. […] The legal 
framework in many industrial countries is for IPRs given to the private sector, while R and D funding is coming 
from the governments. Governments maintain leverage but only for domestic industrial competitiveness. [...] 
The climate crisis should call for fundamental change and a paradigm shift in the treatment of IPRs”. Meena 
Raman, "Divergence over IPR Issue in technology transfer", op. cit., note 4. 
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proposed the establishment of a “funding mechanism”, funded by developed countries 
governments, which would make ESTs available to developing countries in an affordable 
manner while adequately compensating private sector owners in developed countries. South 
Africa claimed for preferential terms for developing countries, with the least-developed 
countries (LDCs) obtaining the technologies for free. Finally, they all agreed on the need to 
create “an international mechanism under the UNFCCC aimed at operationalizing the transfer 
of technology to developing countries and to assist in adapting or developing technologies of 
their own to address climate change”.41 This aspiration was then materialized by China and 
the Group of 77 that submitted a proposal to the Chair of the AWG-LCA for the creation of a 
“Technology Mechanism”. “The G77 and China also said additional financial resources for 
climate change are needed by developing countries, estimated at US$200 billion for emission 
reduction and hundreds of billions of dollars more for adaptation activities”.42 
 
On the other side, developed countries acknowledged the inefficiencies of the current 
technology framework and stressed the need for the engagement of the private sector. With 
regard to IPR, the US recalled that IPR is “an essential component” in the market of 
innovation, including green innovation. For that reason, it is important to be clear on IPR 
costs. In their view, the IPR costs in the energy sector are marginal. On this matter, a 
UNFCCC report (2006) on the priority needs and economic barriers to technology transfer for 
non-Annex I respondents found that IPR is a factor of minimal significance. Other factors, 
such as lack of financial resources, high investment costs, subsidies and tariffs were 
considered greater barriers to accessing technologies.43 Moreover, empirical studies44 showed 
that competition existed in the market for green technologies and that basic approaches to 
solving the specific technological problems in ESTs have long been off-patent. Consequently, 
the US and the other major developed countries (the EU and Japan) advocated for the 
maintenance of a “statut quo” with regard to IP in the climate negotiations.  
 
The Intellectual Property Deadlock in Copenhagen: North-South Conflicting Views on 
the Role of Patents. In the lead-up to the “Copenhagen Summit” (December 2009), the 
debates around technology transfer and patent rules were raging. Developing countries 
delegates, speaking with one voice, emphasised the necessity to “remove barriers to 
development and transfer of technologies from the developed country Parties that have 
commitments under the Convention to transfer environmentally sound technologies to 
developing country Parties arising from intellectual property rights (IPR) protection”45. At the 
Barcelona meeting (November 2009), the developing countries’ proposals to eliminate the 
barriers associated with intellectual property were incorporated in the AWG-LCA negotiating 
text. This includes a proposal by the Group of 77 and China calling for climate-friendly 
technologies to be excluded from patenting as well as proposals by other developing countries 
in their individual capacity calling for: (i) adoption of a Declaration on IPRs and 
Environmentally Sound Technologies in relevant fora; (ii) using to the full, flexibilities 
contained in the TRIPS Agreement including compulsory licensing to access intellectual 
                                                 
41 Sangeeta Shashikant and Martin Khor, “Intellectual Property and Technology Transfer Issues in the Context of 
Climate Change”, op. cit., note 35, p. 14. 
42 Martin Khor, "South Criticizes North for Not Fulfilling Climate Commitments", op. cit., note 39. 
43 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 20.  
44 John H. Barton, “Intellectual Property and Access to Clean Energy Technologies in Developing Countries, op. 
cit., note 11. 
45 “Report of the Ad Hoc Working Group on Long-term Cooperative Action under the Convention (AWG-LCA) 
on its seventh session, held in Bangkok from 28 September to 9 October 2009, and Barcelona from 2 to 6 
November 2009”, FCCC/AWGLCA/2009/14, 20 November 2009, p. 156, §9bis. 
http://unfccc.int/resource/docs/2009/awglca7/eng/14.pdf [Accessed August 31, 2011]  
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property protected technologies; (iii) steps to ensure sharing of publicly funded technologies 
and related know-how; (iv) creation of a "Global Technology Pool for Climate Change" that 
ensures access to technologies including on royalty-free terms. 
 
In their quality of technology exporter-countries, the developed countries reacted vigorously 
against any weakening of the patent rules.46 For them, such issues are better discussed within 
the international institutions which “already have a mandate and an expertise on the subject, 
such as the [World Trade Organisation]”.47 First, in a Joint Resolution on “Climate Change, 
Technology, and Intellectual Property Rights” (September 2009)48, the three biggest 
economic powers (EU, US and Japan), by means of the representatives of their national 
industries, expressed strong concerns “about proposals by certain emerging economies to 
weaken the protection of intellectual property rights (IPRs) to climate change-related 
technologies.” Speaking on behalf of the private sector, they emphasize the need for industries 
“not to be seen as part of the problem where climate change is concerned, but rather part of 
the solution”. Additionally, the Joint Resolution posed the key principles, common to the 
three national organizations, relating to the positive role played by IPRs in the transfer of 
ESTs.49 Second, The European Commission (DG Trade) commissioned “Copenhagen 
Economics”, a top economics consultancy firms in the world, to determine whether and how 
IPR are a barrier to the transfer of climate change technology (considering all the studies that 
have been conducted so far on this subject)50? In January 2009, the firm published its report 
where it endorses the stance taken by developed countries by saying that: “patent rights can 
not possibly be an obstacle for the transfer of climate change technologies to the vast majority 
of developing countries: there are hardly any patents on these technologies registered in these 
countries. A relaxation of the property right regime for the relevant technologies in these 
countries would not improve technology transfer to these countries. [...] For the emerging 
market economies that have the technological capacity and market size to use innovative 
technologies, further improvements in patent protection could actually stimulate domestic 
innovation and the transfer of technologies from foreign patent holders. Emerging market 
economies also benefit from sufficient competition among patent holders within the relevant 
technology domains to avoid having to pay monopolistic prices for patents.”51  
 

                                                 
46 “The AIPPI, in 1995, during the Montreal Congress, has already discussed the issue of patents and the 
environment. The Study of Question 128 led to a resolution that not only pinpointed the basic questions but also 
defined AIPPI’s position which, as far as I am aware, still stands [and reflects the position taken by the 
developed countries in the debate] (emphasis added).” David Merrylees, “Patents and Protection of the 
Environment”, AIPPI Forum Session VII, October 12, 2009. 
https://www.aippi.org/download/reports/forum/forum09/7/ForumSession7_Presentation_Merrylees_David.pdf 
[Accessed August 31, 2011] And also: AIPPI Resolution, “Question Q128 : Patents and Protection of the 
Environment”, Yearbook 1995/VIII, pp. 390 – 391, 36th Congress of Montréal, June 25 - 30, 1995. 
https://www.aippi.org/download/commitees/128/RS128English.pdf [Accessed August 31, 2011]  
47 Tove Iren S. Gerhardsen, “IP References Left Out of Last-Minute, Weak Global Climate Deal in 
Copenhagen”, IP-Watch Blog, December 19, 2009. http://www.ip-watch.org/weblog/2009/12/19/ip-references-
left-out-of-last-minute-weak-global-climate-deal-in-copenhagen/ [Accessed August 31, 2011]  
48 Joint Resolution of BUSINESS EUROPE, IIPPF (Japan) and the Global IP Center (US) on “Climate Change, 
Technology Transfer and Intellectual Property Rights", September 28, 2009. 
http://www.thecied.org/files/2010/10/FinalJointGreenTechnologiesClimateChangeStatementSept2809.pdf 
[Accessed August 31, 2011]  
49 Joint Resolution, op. cit., note 50, p. 2. 
50 Copenhagen Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of 
Climate Change Technology ?", op. cit., note 6, pp. 10-12. 
51 Copenhagen Economics AS and the IPR Companies APS (2009), "Are IPRs a barrier to the Transfer of 
Climate Change Technology ?", op. cit., note 6, pp. 5-6.  
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Going even further, the US made clear that they would not agree on any UNFCCC decision 
that would interpret or weaken the international IPR regime; it is a red line for them. At the 
UNFCCC meeting in Bonn in August 2009, the US representative called for IPR issues to be 
“taken off the table”. Most importantly, three US congress Bills52 condition US participation 
in any global climate deal and provision of funding (bilateral and multilateral assistance) for 
climate-related purposes to robust compliance and enforcement of existing international legal 
requirements for the protection of intellectual property rights.53 Last but not least, the US 
Chamber of Commerce, in a letter to the President of the European Commission, M. José 
Manuel Barroso, urged the EU to follow the US policy on IPR and to join force in order to 
oust the proposals made by the “IP minimalist movement” and consolidate their position as 
leaders on the market of green technologies.54  
 
During the two weeks conference in Copenhagen, the differences in views between developed 
and developing countries hardened and lead to a “dialogues of the deaf”. Patents are a driver 
of innovation (developed countries) and a barrier to the transfer of technology (developing 
countries). Each side sees these two features as mutually exclusive. This, in turn, makes it 
impossible to reach a compromised solution on this issue. Anyhow, the “Copenhagen 
Accord” delivered positive advancements for developing countries, by deciding the creation 
of a “Technology Mechanism” (§.11) and a “Green Climate Fund” (§.10). The Technology 
Mechanism” (TM) aimed at addressing all aspects of cooperation on technology research, 
development, diffusion and transfer in accordance with Articles 4.1(c), 4.3, 4.5 and other 
relevant Articles of the UNFCCC.55 It was officially established at the United Nations 
Climate Change Conference which took place in Cancun the following year.56 Further 
negotiations within the AWG-LCA are taking place at the moment to determine how to 
operationalize the mechanism and make it work efficiently. With regard to the “Green 
Climate Fund”, developed countries have (so far) committed themselves to “a goal of 
                                                 
52 For example, Section 1120A of the “Foreign Authorization Act” notes : "To protect American jobs, spur 
economic growth and promote a `Green Economy', it shall be the policy of the United States that, with respect to 
the United Nations Framework Convention on Climate Change, the President, the Secretary of State and the 
Permanent Representative of the United States to the United Nations should prevent any weakening of, and 
ensure robust compliance with and enforcement of, existing international legal requirements as of the date of the 
enactment of this Act for the protection of intellectual property rights related to energy or environmental 
technology […]". 
53 Of concern are three laws: the American Clean Energy and Security Act 1978 (amended 2009), the Foreign 
Operations and Related Programs Appropriations Act 2010, and the Foreign Relations Authorization Act for 
fiscal years 2010 and 2011, recently approved by the House of Representatives and pending in the Senate.” 
Sangeeta Shashikant, “Climate-Technology Protectionism and IPRs: Three US Congress Bills Prevent the US 
Administration from Agreeing to relax IPR Rules or Enforcement in the Global Climate Deal, Thus Posing 
Barriers to Technology Transfer” (2009), South Bulletin Issue 40. 
http://www.southcentre.org/index.php?option=com_content&task=view&id=1086&Itemid=279 [Accessed 
August 31, 2011]    
54  “Clean technology, moreover is key to European economic recovery, growth and jobs. Indeed, in your 
recently announced ‘Political guidelines for the next Commission’ you argue that ‘first-mover advantages can be 
gained by exploiting the potential of EU environmentally-friendly industries, services and technology through 
fostering their uptake by enterprises, especially SMEs, and designing the appropriate regulatory environment.’ 
This can only occur if the incentives to innovate in this field are fostered and if IP rights are effectively 
protected.” American Chamber of Commerce to the European Union (AMCHAM EU), “Position Letter on the 
Protection of IP Rights” (September 29, 2009). http://www.amchameu.eu/?tabid=96 [Accessed August 31, 2011]   
55 Decision 2/CP.15 "Copenhagen Accord" (2009), FCCC/CP/2009/11/Add.1. 
http://unfccc.int/resource/docs/2009/cop15/eng/11a01.pdf#page=4 [Accessed August 31, 2011]  
56 “With the Technology Mechanism established, the mandate of the Expert Group on Technology Transfer 
established by the decision 4/CP.7 in Marrakesh and reconstituted by decision 3/CP.13 in Bali was terminated at 
the conclusion of the sixteenth session of the Conference of Parties in Cancun.” UNFCCC, “Technology 
Transfer Clearinghouse”. http://unfccc.int/ttclear/jsp/index.jsp [Accessed August 31, 2011]   
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mobilizing jointly USD 100 billion dollars [...] a year by 2020 to support enhanced action on 
mitigation and adaptation, technology development and transfer, and capacity-building in 
developing countries.” Together with “30 billion dollars from 2010 to 2012”.57  
 
Pedro Roffe, one of the leading experts in the area of technology transfer, commented the 
recent events during an interview at the WIPO conference on “Innovation and Climate 
Change” (July 2011): “Patent is a market instrument. Not all countries can have access to that 
[instrument], especially most vulnerable countries. Patent might not work for them. Then you 
need to create other incentives [and] other instruments and I hope that the “Technology 
Mechanism”, in a way, could respond to that by facilitating information [and] making 
available [climate energy] technologies. […] Patent is not a solution [in the developing 
countries]. The patent system has worked in the developed world because the patent system 
became more mature. […] In those countries like in the UK, in France, in the US, you have 
the technological and scientific base; you have companies […] [and] firms that could 
participate in the system. They innovate, they buy patents [and] they sell patents. The system 
doesn’t work like that in most of the developing countries where they don’t have that 
fundamental base. They don’t have the capacity to innovate. Then you need to start from 
scratch” (emphasis added).58 What emerges from this quotation is the idea that innovation, 
protection of innovation and capacity to innovate are interconnected. Accordingly, an 
effective patent system is function to the existence of an innovation market in the country. 
Such innovation markets are predominant in the developed countries, under construction and 
rapidly changing in the emerging economies, and inexistent in developing countries.  
 
 
III. Intellectual Property Initiatives to support the Transfer of Technology from 
Developed Countries.  
 
Developed country companies own 80 percent of the patents on Clean Energy Technologies, 
as has been identified by the UNEP-EPO-ICTSD Joint Study. All these patents represent 
technologies that have the potential to reduce significantly the emissions of CO² in the future. 
As has been demonstrate by the Chatham House study (2009), it takes an average of 24 years 
for a green technology to reach the mass market.59 But the world needs us to make it faster. 
The clock is ticking: in order to reach the target of 2°Celsius agreed in Copenhagen60. 

                                                 
57 AWG-LCA negotiating text, Note by the Secretariat, twelfth session (FCCC/AWGLCA/2010/14), Tianjin, 
October 4-9, 2010,. http://unfccc.int/resource/docs/2010/awglca12/eng/14.pdf [Accessed August 31, 2011] 
58 Pedro Roffe, Senior Fellow at International Centre for Trade and Sustainable Development (ICTSD), 
interview made during the WIPO Conference on “Innovation and Climate Change” (July 2011). 
http://www.climate-change.tv/pedro-roffe-july-2011?where=wipo-conference-on-innovation-and-climate-change  
[Accessed August 31, 2011] 
59 “Analysis shows that inventions in the energy sector have generally taken two to three decades to reach the 
mass market. This time lag is mirrored by the time it takes for any patented technology to become widely used in 
subsequent inventions. Data on the top 30 most-cited patents from each of the six sectors examined here indicate 
that it takes between 19 and 30 years with an average of around 24 years. The process of registering a patent can 
take up to three years. The diffusion time for clean technologies globally will need to be halved by 2025 to have 
a realistic chance of meeting climate goals.” Berenice Lee, Ilian Lliev and Felix Preston, “Who owns our Low-
Carbon Future ? Intellectual Property and Energy Technologies” (2009), Chatam House, p. vii. 
http://www.chathamhouse.org/sites/default/files/public/Research/Energy,%20Environment%20and%20Develop
ment/r0909_lowcarbonfuture.pdf [Accessed August 31, 2011]   
60 “We agree that deep cuts in global emissions are required according to science, and as documented by the 
IPCC Fourth Assessment Report with a view to reduce global emissions so as to hold the increase in global 
temperature below 2 degrees Celsius, and take action to meet this objective consistent with science and on the 
basis of equity.” UNFCCC, “Copenhagen Accord”, §2. 
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Countries will have to work very hard on emission reductions through technological 
breakthrough. Developed country companies heavily rely on patents and other form of IPRs 
to protect their investments. The same way, they committed themselves to transfer green 
technologies to Non – Annex I countries in the UNFCCC and the Kyoto Protocol. 
Consequently, it is critical to look at ways to accelerate and facilitate the granting of patents in 
those countries and to find patent-related mechanisms to transfer green technologies on 
preferential terms and on a large scale to Non-Annex I countries.  

Finding Ways to Accelerate and Facilitate the Granting of Patents on Clean 
Technologies. Two recent initiatives have been launched, in various part of the world, to 
foster green technology patenting. First, the EPO launched a new classification (YO2: 
“Climate Change Mitigation Technologies – CCMTs”) for “technical attributes of 
technologies that can be loosely referred to as clean energy technologies”.61 Followed by the 
“IPC Green Inventory” launched by WIPO “to facilitate searches for patent information 
relating to so-called Environmentally Sound Technologies (ESTs), as listed by the United 
Nations Framework Convention on Climate Change (UNFCCC)”.62 “The primary goal of 
improved access to technology information is to enable informed choices, leading to access to 
and transfer of such technologies and the strengthening of countries’ own technological 
capabilities”63. A better classification makes it easier for subsequent innovators to retrieve 
patent documents that cover these technologies and get an idea of the patented technologies in 
each sector. Second, a series of patent offices now provide for accelerated processing of 
patent applications wherein the invention relates to a 'green' or environmentally-friendly 
technology, with the US and the UK leading.64 This allows the patent applicants to get a final 
decision on their applications within a year and to put their green technologies on the market 
as soon as possible. The fast-tracking system of green patents has been implemented 
differently depending on the country. In the US, under the “Green Technology Pilot 
Program”, patent applicants must justify the granting of the privileged status (i.e. clean 
technology) via a “materiality standard”. The eligibility requirement states that: “patent 
applications for inventions which materially enhance the quality of the environment […] will 
be eligible for the Green Technology Pilot Program.[…] If the application does not clearly 
disclose that the claimed invention materially enhances the quality of the environment by 
contributing to the restoration or maintenance of one of the basic life-sustaining natural 
elements, the petition must be accompanied by a statement signed by the applicant […] 
explaining how the materiality standard is met”.65 Whereas in the UK, under the “Green 
Channel”, no detailed investigations are made by the IPO. The patent applicants will get the 
privileged status if there is “reasonable assertion that the invention has some environmental 
                                                                                                                                                         
 http://unfccc.int/resource/docs/2009/cop15/eng/11a01.pdf#page=4 [Accessed August 31, 2011]   
61 “Access to Patents in Clean Energy Technology”, EPO website. http://www.epo.org/news-
issues/issues/classification/classification.html [Accessed August 31, 2011]  
62 ˝IPC Green Inventory˝, WIPO website. http://www.wipo.int/classifications/ipc/en/est/ [Accessed August 31, 
2011]  
63 Agenda 21 – UN Action plan of Rio 1992, § 34.8. http://www.un.org/esa/dsd/agenda21/ [Accessed August 31, 
2011]  
64 Similar initiatives have been launched in Japan 
 (http://www.jpo.go.jp/torikumi/t_torikumi/souki/greensouki.htm), South Korea 
 (http://hanyanglaw.com/eng/news/newsletter_preview.asp?curPage=1&ca=116), Australia  
(http://www.ipaustralia.gov.au/patents/process_expedited.shtml), Israel  
(http://www.israelpatents.co.il/index.php?page_id=272) and Canada 
 (http://www.cipo.ic.gc.ca/eic/site/cipointernet-internetopic.nsf/eng/wr02462.html ) [Accessed August 31, 2011]  
65 USPTO, “Pilot Program for Green Technologies Including Greenhouse Gas Reduction”, Federal Register 
(notice), Vol. 74, No. 234, December 8, 2009. http://www.uspto.gov/patents/law/notices/74fr64666.pdf 
[Accessed August 31, 2011]  
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benefit”. In fact, “to enter the Green Channel, the applicant must make a request in writing, 
indicating: (i) that their application relates to a ‘green’ or environmentally-friendly technology 
and (ii) which actions they wish to accelerate: Search, Combined Search and Examination, 
Publication, and/or Examination. The Office will require no further reasons for accelerated 
processing”.66 

New IP Initiatives to transfer Clean Technologies to Developing Countries. Once the 
patent has been granted, the patent owners have the possibility to bring the protected 
technology into the market either by themselves or through licensing agreements and other 
forms of technology transfer. There are three options, in terms of licensing agreements, that 
could reconcile the current practices with the needs of the developing countries. One is to 
create “patent pools”67 on the basis of what has been done by UNITAID for pharmaceuticals 
(“Medicines Patent Pool”68). This system offers the possibility for companies in the 
developing countries to get easily access to a set of patented technologies for a fixed 
(preferential?) price. Indeed, patent pools usually offer standard licensing terms to licensees 
who are not members of the pool. The typical patent pool then allocates a portion of the 
licensing fees to each member according to a pre-set formula or procedure. The limit of this 
IP transaction model lies in the fact that these pools offer great advantages only when the 
patents they contain relate to a given technology (e.g. mobile phone, 3G, MPEG format). To 
be effective, each “green patent pools” should focus on a single technology: wind power, 
solar energy, carbon capture and storage.69 We often compare this system with the system of 
“license of right”, according to which the patent owner asks a fixed price for his technology 
and, from the moment you pay the price, you become licensee. This system has been 
promoted in one of the EPO publication on the “Scenarios for the Future”.70 In the “blue sky 
scenario”, the EPO consultations showed that a series of international experts see “license of 
right” as one of the means to avoid patent thickets deadlocks.71  
 
Last but not least, we know little of the difficulties faced by developing country companies 
(the “demand side”) looking for technology transfer agreements in order to get access to and 
bring western existing green technologies on their markets. One of the findings of the UNEP-
EPO-ICTSD Joint Study, in the third part of the final report about the “licensing survey”, was 
                                                 
66 IPO Website, “Green Channel for Patent Applications”. http://www.ipo.gov.uk/p-pn-green.htm [Accessed 
August 31, 2011]  
67 “A patent pool is an arrangement among multiple patent holders to aggregate their patents. A typical pool 
makes all pooled patents available to each member of the pool. Pools also usually offer standard licensing terms 
to licensees who are not members of the pool. In addition, the typical patent pool allocates a portion of the 
licensing fees to each member according to a pre-set formula or procedure.” Robert P. Merges, “Institutions for 
Intellectual Property Transactions: The Case of Patent Pools” (1999), University of California at Berkeley (Boalt 
Hall) School of Law. http://www.law.berkeley.edu/files/pools%281%29.pdf [Accessed August 31, 2011]  
68 “Medicines Patent Pool”, available at  http://www.medicinespatentpool.org/ [Accessed August 31, 2011]  
69Unlike what has been done so far by “Eco-Patent Commons” 
(http://www.wbcsd.org/templates/TemplateWBCSD5/layout.asp?type=p&MenuId=MTQ3NQ&doOpen=1&Clic
kMenu=LeftMenu) and “GreenXchange” (http://greenxchange.cc/);  two patent pool  initiatives aiming at 
encouraging patent owners to pledge their patents, relating to green technologies, for free in the “commons”. 
[Accessed August 31, 2011]   
70 EPO, “Scenarios for the Future”, http://www.epo.org/news-issues/issues/scenarios.html [Accessed August 31, 
2011] 
71 “Some experts go even further and advocate a more general application of license of rights to all complex 
technologies, implying that patent owners no longer have the right to exclude others but only to remuneration. 
[…] All these approaches share the idea that the rights patents confer to their owners are restricted in some or all 
complex technological areas to ensure that hold-up situations are avoided: strong patent protection would remain 
in  areas such as pharmaceuticals, but weaker rights in areas such as the information and communication 
technology sector.” EPO, “Scenarios for the Future”, op. cit., note 21, p. 95.  
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that approximately 70 percent of the respondents “were prepared to offer more flexible terms 
when licensing to developing countries with limited financial capacity”. Consequently, there 
is a huge untapped licensing potential towards developing countries that should be addressed 
and “that could be reflect upon in the current UNFCCC negotiations”. The Joint Study, in its 
final conclusions advocates for the creation of a new policy framework to help developing 
country entities to negotiate licensing agreement and to lower licensing transaction costs. It 
enumerates two propositions that have been made on this subject: first, the Report by the 
Chair of the Expert Group on Technology Transfer suggested the creation of “innovative 
licensing models”.72 Second, the World Business Council for Sustainable Development 
(WBCSD) and the World Economic Forum (WEF) expressed support for “an international set 
of contractual principles for business engaging in clean energy licensing in developing 
countries”.73 Additionally, the Joint Study notes that “the elaboration of “guidelines” on 
licensing climate change mitigation technologies on “fair and reasonable terms” for 
developing countries could be envisaged […] [and] would be particularly relevant for the 
diffusion of the results of publicly funded research”74. These initiatives bring us back to the 
UN negotiations on a “Draft Code on Conduct on Technology Transfer” that took place in the 
70s. The Code was intended to apply to all international transactions involving technology 
transfer in order to eliminate the numerous clauses in “transfer of technology contracts” (as 
well as other restrictive foreign investment practices), which were harmful to the economic 
development of developing countries (such as provisions on grant-back, exclusive dealing and 
price-fixing).  
 
The UNEP-EPO-ICTSD Joint Study, on this matter, added:  
 
“The fact that there seems to be considerable untapped licensing potential towards developing countries [...] 
[results in] (emphasis added) a need to develop models and platform that could be used to assist companies to 
signal their licensing needs and preferences, including entities from developing countries. This would increase 
market transparency, help potential licensors and licensees to match supply and demand, and reduce transaction 
costs.”75  
 
The WIPO Green Platform. This call has been heard by the WIPO that plans to launch, in 
the second half of 2011, a sophisticated matchmaking service, on the form of a database, 
between technology users in developing countries and technology holders in developed 
countries. The program is called “WIPO Green” and has been presented on the occasion of 
the conference on “Innovation and Climate Change” organized by the WIPO in Geneva last 
July 11 and 12, 2011. This proposition aimed at addressing four recurrent challenges 
identified by WIPO and faced by entities in the developing countries which desires a license 
of technology from entities in the developed country: (i) difficulty to make a match between a 
technology provider and a technology user for an appropriate technology, (ii) difficulty in 

                                                 
72 UNFCCC, “Strategy paper for the long-term perspective beyond 2012, including sectoral approaches, to 
facilitate the development, deployment, diffusion and transfer of technologies under the Convention”, Report by 
the Chair of the Expert Group on Technology Transfer, FCCC/SB/2009/3/Summary, Subsidiary Body for 
Implementation (SBI), Thirtieth session, Bonn, June 1 – 10, 2009. 
 http://unfccc.int/resource/docs/2009/sb/eng/03.pdf [Accessed August 31, 2011]   
73 World Business Council for Sustainable Development (WBCSD) and the World Economic Forum (WEF),   
“CEO Climate Policy Recommendations to G8 Leaders”, July 2008. 
http://www.wbcsd.org/DocRoot/hTR3nsUWPLXEqBYaX1FR/CEO_Climate_Policy_Recommendations_to_g8
_leaders.pdf [Accessed August 31, 2011]  
74 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 69. 
75 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 69. 
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implementing the technology, (ii) difficulty in licensing negotiations, and (iv) concerns 
against technology user’s incapability of paying license fees.76  
 
The service is a platform administered by WIPO, and expected to be supported by other UN 
agencies, on which companies can provide information on the technologies there are willing 
to make available and on the conditions under which they are willing to make them available. 
They are expected to share all the relevant information related to the patented technologies 
(like features of the technologies, applied patents, comparison with other technologies, the 
terms and conditions of provisions of the technologies and examples of model agreements). 
One safeguard in favour of the companies (licensors) is that they “may, at their own 
discretion, determine the scope of information provided on the database and may require a 
separate confidential agreement for the provision of certain information thereof”. Similarly, 
“because enhancing market transparency wouldn’t be sufficient, you also need to bring in 
additional services in order to make it a dynamic and living platform”77. Accordingly, 
developing countries users are required to provide specifics about the technologies that they 
actually require. NGOs and IGOs active in this sector within the territory of the developing 
countries are requested to participate in this effort. At this point, the WIPO services will act as 
coordinator between the licensor and the licensee and will design “schemes which enable to 
provide, to the extent agreeable by the licensor, necessary patents, know-how, services and 
materials as package in accordance with licensee’s capability”78. The standard WIPO 
Arbitration and Mediation services will be offered. The idea is that users in developing 
countries can access the platform, choose the technology which they may need and then enter 
into partnership. The three first concerns mentioned above would then be resolved.  
 
In addition to a matchmaking service between technology users and owners, “WIPO Green” 
also proposes new financing mechanisms in order to address (iv) concerns against technology 
user’s incapability of paying license fees. Because technology users generally lack the 
financial capabilities to pay high IP fees, WIPO is working on new partnership agreements 
with the World Bank (that is currently administering the “Global Climate Fund”) as well as 
regional development banks that may have resources available to finance these types of 
technology transfer exchanges. Moreover, a link with the Clean Development Mechanism 
(CDM)79 has been proposed. In this last scenario, the licensee (a developing country 
company) would be allowed to pay a partial and preferred price to the licensor (a developed 
country company). The government of the country of origin of the licensor would then 
acquire carbon credit from the licensor and apply tax benefit to the licensor in compensation.  
 
                                                 
76 Hideo Doi, “Green Technology Package Program: A Proposal to Promote Environmental Technology 
Transfer”, Tech Monitor, Nov-Dec 2010. http://www.techmonitor.net/tm/images/9/93/10nov_dec_sf2.pdf 
[Accessed August 31, 2011]  
77 Christian Wichard, (Deputy Director General at the World Intellectual Property Organization (WIPO)) 
interview at the "WIPO conference on Innovation and Climate Change", July 2011. http://www.climate-
change.tv/christian-wichard-july-2011 [Accessed August 31, 2011]  
78 Japan Intellectual Property Association (JIPA), “Proposal of Green Technology Package Program”, Green 
Technology Package Program Task-Force, p. 3.  http://www.jipa.or.jp/english/opinion/pdf/GTPP.pdf [Accessed 
August 31, 2011]  
79 The CDM is one of the "instruments” created by the Kyoto Protocol (Article 12) which allows “allows a 
country with an emission-reduction or emission-limitation commitment under the Kyoto Protocol (Annex B 
Party) to implement an emission-reduction project in developing countries. Such projects can earn saleable 
certified emission reduction (CER) credits, each equivalent to one tonne of CO2, which can be counted towards 
meeting Kyoto targets”. UNFCCC website, “Clean Development Mechanism”. 
http://unfccc.int/kyoto_protocol/mechanisms/clean_development_mechanism/items/2718.php [Accessed August 
31, 2011]  
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Conclusion: Intellectual Property is a Centerpiece in the Climate Change Puzzle. 
 
The issue of technology transfer has been on the agenda of the UN for the last 40 years. The 
United Nations Convention on Trade and Development (UNCTAD) first addressed this issue 
in the seventies, in the aftermath of the decolonization process, at a time where newly 
independent countries were asserting their right for economic development after centuries of 
exploitation.80 The debate on the transfer of clean technologies is very different. This time, 
developed countries are trying to impose a new agenda of priorities to the developing 
countries through the taking of GHG emissions reductions commitments after 2012. For 
environmental purposes, they advice the developing countries to implement green 
technologies in order to leapfrog the various stages of industrial revolution, and to embrace 
directly the benefits of the green revolution. But existing carbon-intensive technologies are 
cheaper, patent-free, ready to use and widely disseminated. On the contrary, the market of 
green technologies is more uncertain. Copenhagen Economics (2009) demonstrated that the 
high cost of some innovative carbon abatement technologies is more likely to be due to the 
immaturity of the technologies rather than to patent rights. Moreover, as was shown in the 
UNEP-EPO-ICTSD Joint Study, the patent system responds positively to political decision. In 
fact, “the surge in patenting activity in the selected Clean Energy Technologies (CETs) 
occurred around 1997, when the Kyoto Protocol was signed”81. This finding indicates that the 
conclusion of a post-Kyoto agreement would be positively correlated with the number of 
patents being filed worldwide. Previous data showed that already one fifth of the patent 
applications are filed in emerging economies, and among them, one third are filed by local 
residents of those countries. On the other hand, developing countries and least-developed 
countries are lagging behind, with practically no patent applications being filed in these 
countries. The “Technology Mechanism” will work on the establishment of a technological 
capacity in the latter, while reinforcing the already strong capacity to innovate in the emerging 
economies. This, as has been demonstrated above by Pedro Roffe, will (hopefully) have some 
beneficial effects on the functioning of the patent system; by allowing local companies to 
innovate, and buy and sell patents. The developed countries, on the other hand, must insure 
the fulfillment of their commitments through the effective use and implementation of IP 
models, among other means of technology transfer. Intellectual property is thus a centerpiece 
in the climate change puzzle. 
 
 
 

________________________________  
 

                                                 
80 Peter K. Yu, “A Tale of Two Development Agendas” [2009] 35 Ohio N.U. L. Rev. 465. 
81 UNEP-EPO-ICTSD Joint Study, op. cit., note 21, p. 37. 
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1 Introduction 

Global innovation networks are a result of the international division of innovation processes 
in which countries participate and in which firms have a broader capacity to access and 
combine knowledge from a variety of sources (Sachwald, 2008). In the context of the process 
of spatial division of innovation activity, corporations seek knowledge sources and 
opportunities worldwide (Archibugi & Iammarino, 2002; Bartlett & Ghoshal, 1990; Doz, 
Santos, & Williamson, 2001; Dunning, 1988, 1994). One form of innovation 
internationalisation is global technological collaborations (Archibugi & Iammarino, 2002; 
Narula & Hagedoorn, 1999). Technological and/or innovation collaborations occur when 
separate businesses from a technological joint venture to develop new knowledge and/or 
products. Such collaborations frequently take place among firms located in different 
countries. At the aggregate level, the result of global technological collaborations is the 
emergence of knowledge flows between countries. The existence of such flows between any 
pair of countries creates externalities to other countries. Examples of such externalities might 
include increased competition for skilled labour or knowledge spillovers. Hence, the creation 
of technological collaboration between countries can be considered as mutually beneficial (or 
detrimental) and a random distribution of technological collaborations is rather unlikely. 
Consequently, the dynamics and evolution of the technological collaborations can be expected 
to fulfil the criteria of a complex network, whose elements and changes are driven by 
collective actions. Unfortunately, to our best knowledge, the available research fails to capture 
this perspective. 

The objective of the present paper is to create a unique map of technological collaborations 
between countries around the world, i.e. the global technological collaboration network, and 
to analyse the determinants of the formation of technological collaboration relationships 
between countries. In particular, we seek to answer the following questions: What is the 
structure and the dynamics of the global technological network? What are the workings of 
network interactions? What positions countries occupy in this network? And, finally, what 
and how do economic fundamentals affect the formation of technological networks? 

To study the global web of technological collaborations as a system of inter-lined activities, 
we use patent data to obtain measures of international co-inventions. To this aim, we use a 
comprehensive dataset containing information on a worldwide coverage of patent applications 
submitted to around 90 patent offices in the world over the last two decades. By applying 
network analysis, we graphically and analytically study the characteristics and the evolution 
of the international co-inventions network and the relationships between the actors. In 
addition, we introduce network measures in a gravity model with the aim of studying how a 
position of a country in the co-innovation network affects the likelihood of formation of links 
between countries and their intensities. 

Taking into account the gap in understanding the dynamics of the organisation of the global 
technological collaboration network, the major contribution of this paper is to look at the 
whole system, rather than at individual relationships and interactions. We show that the global 
technological network is beginning to resemble a complex nexus of linkages between 
countries, in which companies can access knowledge from different sources. We find that the 
network indices have also a significant impact on the formation and intensity of R&D 
linkages between countries. Moreover, when analysing the drivers of R&D 
internationalisation, we conclude that the position of a country in the network also moderates 
the standard variables of gravity model. In other words, the position of a country is 
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independent from its geographical or cultural proximity to other countries. Overall, we 
present evidence that helps to better understand the interdependencies present in the process 
of globalised R&D relations and create a holistic view of the development of the global 
technological collaboration network. Regarding the position of individual countries, we find 
that, for example, such emerging countries as China and India, are becoming to play 
important roles as technological collaboration partners.  

Despite the fact that the topic of internationalization of innovation has already attracted a 
considerable amount of attention, there is still relatively little empirical evidence (Carlsson, 
2006). Moreover, the existing studies are either based on firm level analysis (Boutellier, 
Gassmann, & Zedtwitz, 2008; Florida, 1997; Gulbrandsen & Godoe, 2008; Kuemmerle, 
1999) or provide case study analysis at a country level (Gassler & Nones, 2008; Pittiglio, 
Sica, & Villa, 2009). Moreover, the available studies focus on developed countries (Niosi, 
Manseau, & Godin, 2000) and, with some exceptions (Schmiele, 2011), ignore the emergence 
of the developing countries as a location of inventive activity. Studies that take into account a 
large group of countries and explain technological collaboration activities between them are 
scarce as well (Belderbos, Fukao, & Iwasa, 2006; Patel & Pavitt, 1991; Picci, 2010). Thus, 
not surprisingly, only few studies explicitly investigate innovation internationalization 
empirically at the system level (Bartholomew, 1997; Niosi & Bellon, 1994). Attempts to 
study the interdependences between countries are limited to the developed world and are 
limited to in terms of technology coverage (Bartholomew, 1997; Shapira, Youtie, & Kay, 
2011). Consequently, to our knowledge, none of the studies takes a holistic view of the entire 
system and accounts for the inter-dependencies and externalities that arise in this system of 
interactions.  

Understanding the dynamics of the entire system of global R&D, innovation and technology 
development seems to be of crucial importance. This point gains on relevance when one 
considers the changes that take place in the organisation of global innovation activities. For 
example, until recently, internationalisation of innovation has been limited to a small number 
of developing countries and economies in transition (UNCTAD, 2005). This is changing 
(OECD, 2009), as the process of changing geography of the technology-intensive industry 
continues and as Asian countries are becoming an essential element in the global value chain, 
they are increasing their importance and attractiveness as location for higher value-added firm 
activities such as R&D. In light of these dynamics and rapid changes, the internationalization 
of innovation creates a certain amount of concerns and questions among national policy 
makers (Edler & Polt, 2008). In developed countries, for example, it is feared that the 
competition for R&D resources has an impact on domestic R&D expenditures and on the 
domestic knowledge base. These fears are magnified by the fact that the internationalisation 
of innovation is primarily taking place in knowledge intensive industries, such as the ICT, 
chemical or pharmaceutical sectors. These sectors are seen as essential to advanced 
economies and policy makers fear that the potential loss of local inventive capacity in high-
tech industries to other regions could harm their competitiveness and undermine the state and 
development of their knowledge-based economies. Thus, to track the knowledge flows 
between countries and their dynamics is of high importance from both business and policy 
making perspective. 

Studies of knowledge, R&D and innovation networks already exist. Some applications of this 
type of anlysis has been made to, for example, patent (Cantwell & Santangelo, 2000; Chao-
Chih, 2009; Han & Park, 2006; Lai, D'Amour, Yu, Sun, & Fleming, 2011; Stefano & 
Francesco, 2004) and bibliometric data (Glänzel & Schubert, 2005; Glänzel, Schubert, & 
Czerwon, 1999; Kretschmer, 2004). In that context, our work delivers a valuable contribution 
by extending the analysis of knowledge networks by using different type of information and 
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focusing on the input side of the innovation process. In addition to mapping the global 
technological collaboration network, we focus on the analysis of the collaboration 
relationships between countries present. 

The remaining of the paper proceeds as follows: Section 2 describes the process of designing 
the global technological collaboration network based on international co-inventions. Section 3 
introduces the data and measures used in the study and Section 4 analyses the characteristics 
of the technological collaboration network and countries' positions in this network. Section 5 
formulates a model of formation collaboration linkages between countries and Section 6 
presents and discusses the results of empirical estimations. Section 7 concludes. 

2 Designing the global technological collaboration network 

2.1 Definition and characteristics of a network structure 

A network consists of a graph whose elements include two sets: set of nodes (vertices), that 
correspond to the selected unit of observation, and a set of lines (lines, relationships), that 
represent relations between units. A line can be directed – an arc, or undirected – an edge. In a 
formal way, a network 

 N = (V,L,W,P) (1)

consists of a graph G = (V,L), where V is the set of nodes, A is the set of arcs, if the lines are 
directed, and E is the set of edges, if the lines are not directed, and AEL ∪=  is the set of 
lines. Additional information on the lines is given by the line value function W and on nodes 
by the value function P. 

Regarding the structural properties of a network, the density of a network is, among others, a 
key indicator providing information about the network structure. The density of a network is 
the number of edges that is expressed as a proportion of the maximum possible number of 
connections. It is formally defined as  

maxm

m
=λ (2)

where maxm
 
is the total number of lines in a complete network, i.e. a network where all the 

nodes are connected to each other, given the same number of nodes. 

Concerning the position of nodes in a network, it can be expressed in terms of centrality. The 
most obvious way of capturing degree centrality of Vi, d, is counting the number of its 
neighbours, i.e. its degree. The formal representation of the standardized degree is: 

1−
=

V

d
C d

i . (3)

Regarding the intensity of interactions, the degree measures can be replaced by node strength 
capturing the sum of weights given to the connections to any Vi. Similarly to the degree 
measures, it is possible to capture the intensity of connections of vertex i. In a formal way, 
strength is defined as:  

∑
≠

≡
ij

iji ws (4)
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where wij represent the intensity of the directed link from Vi to Vj (Squartini, Fagiolo, & 
Garlaschelli, 2011). 

In order to obtain further information on the structure of a network it is worthwhile to analyse 
the extent of clustering between nodes. This property of a network structure can by captured 
by the clustering coefficient (Watts & Strogatz, 1998), which reflects the percentage of pairs 
of node i nearest neighbours that are themselves partners. In directed networks, the clustering 
coefficient cc

iC of node i is defined as 

))1(( −
=

ii

ncc
i kk

e
C (5)

where ki is the degree of Vi and en is the number of connected pairs between all neighbours of 
i (Barabasi & Oltvai, 2004). The clustering coefficient of a node is always a number between 
0 and 1, where for a fully connected network CC=1.  

Another common diagnostic measure concerning the position of a node in a network is the 
measure of betweenness centrality. The betweenness centrality of a node is the proportion of 
all geodesics distances between pairs of other nodes that include this vertex. Formally, the 
betweenness centrality of Vi can be expressed as:  

,∑
≠ ∂

∂
=

kj jk

i
jkb

iC (6)

where jk∂ is the total number of shortest paths joining any two nodes Vk and Vj, and i
jk∂ is the 

number of those paths that not only connect Vk and Vj, but also pass through Vi. The 
betweenness centrality of each node is a number between 0 and 1. This property of a network 
reflects the amount of control that a node exerts over the interactions of other nodes in the 
network (Yoon, Blumer, & Lee, 2006). The measure of betweenness centrality rewards nodes 
that are part of communities, rather than nodes that lie inside a community. Betweenness 
centrality reflects the shortest path between two others. Therefore, it can be regarded as a 
measure of gatekeeping and is considered to be a measure of strategic advantage and 
information control. 

Further measure of a node's position in the network relates to closeness centrality. The 
closeness centrality of a node i is the number of the remaining nodes divided by the sum of all 
distances between that node and all the remaining ones, i.e.:  

∑ −

≠
∂

−
= 1

1
n

ij ij

c
i

n
C . (7)

Nodes' centralities in a network can have large or small variance. On the one hand, a network, 
where few actors have much higher centrality than other actors is said to be strongly 
centralised. A typical example is a star network. On the other hand, if unit centrality measures 
have small variance, the centralisation of a network is low. Thus, in order to assess the level 
of centralisation of the entire network, we use a network degree centralisation defined as  

,
)1)(2(

||
1

*

−−

−
= ∑ =

nn

CC
C

n

i

d
i

d
id (8)

where *d
iC is the highest value of centrality measure in the set of units of a network (Freeman, 

1978). Network centralisation index can take any value between 0, if all units have equal 
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centrality value (cycle graph), and 1, if one unit completely dominates all other units (star 
graph). 

Similarly, the network betweenness centralization index measure can be defined as:  

,
)1(

||
1

*

−

−
= ∑ =

n

CC
C

n

i

b
i

b
ib (9)

where *b
iC is the highest value of betweenness measure among all nodes. This measure 

compares the variance of betweenness centrality in a network and takes as a reference a star 
graph ( bC =1). In such a graph, the node in the middle holds the highest betweenness 
centrality, i.e. a strategic position and the graph is highly unequal or highly centralized. 

At the aggregate level, centrality closeness of a network is defined as:  

,
)32/()1)(2(

||
1

*

−−−

−
= ∑ =

nnn

CC
C

n

i

c
i

c
ic (10)

where *c
iC is the highest value of closeness centrality measure in the set of units of a network 

(Freeman, 1978). The index takes values between 0 and 1, whereas the closeness centrality of 
a star network is 1. 

2.2 International co-inventions as a network 

Each patent application has a list of inventors, i.e. the people who developed a particular 
invention, and information about their place of residence. An intuitive way of representing the 
set of international co-inventions by using patent data as a network is through drawing a line 
connecting two countries that share a patent developed by their residents. By doing this for 
the entire pool of international co-inventions, we are able to construct a global network of 
technological collaborations. 

In a more formal way, we identify our set of nodes, V, as the countries and the set of arcs, A, 
as the bilateral relationships that exist whenever a patented invention was developed by at 
least two inventors residing in different countries. Adding a measure of intensity for each 
node and each relation permits us to control for the level of internationalisation of each 
country and the intensity of technological collaboration relationships it maintains with its 
partners. In other words, each node is weighted by the total amount of inventions developed 
in join collaboration for each country, which is captured by the vertex value function 
is ipP = , where ip is the number of patents co-invented be residents of country i. This 
reflects the strength of a vertex i. According to (Guellec & Pottelsberghe de la Potterie, 2001), 
the total number of patents co-invented by residents of country i in collaboration with foreign 
researchers is  

∑ ≠
=

ij iji CoInnCoInn . (11)

Regarding the intensity of technological collaboration relationships between countries, each 
arc is weighted by the total amount of inventive collaboration that takes place between 
country i and country j, i.e. the total number of joint patents. Hence, the line value function is 
W=wij, where ij is the link and wij is the link's weight. Again, according to (Guellec & 
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Pottelsberghe de la Potterie, 2001), this can be defined as ijCoInn , i.e. the total number of 
patents co-invented by residents of country i in collaboration with researchers from country j.2 

3 Data 

In this paper, we use patent data coming from the European Patent Office (EPO) Worldwide 
Patent Statistical Database (known as the PATSTAT database). This database provides a 
worldwide coverage of patent applications submitted to around 90 Patent Offices in the world. 
The present analysis is based on indicators built by extracting and elaborating patent 
application data from the April 2010 release of the PATSTAT database. The analysis takes 
into account priority patent applications filed at 59 Patent Offices: the EPO itself and 58 
National Patent Offices including those of the 27 EU Member States, the US Patent and 
Trademark Office (USPTO), the Japan Patent Office (JPO) as well as the other most active 
Patent Offices worldwide, including China and India. The time period taken into account 
covers from January 1st, 1990 to December 31st, 2010.3  

Patent applications data provide information on the country of residence of the inventors who 
have legal title to the patent; therefore patents are attributed to countries using either the 
‘inventor criterion’. This way, our methodology of computing patent statistics for the purpose 
of this paper follows (de Rassenfosse, Dernis, Guellec, Picci, & van Pottelsberghe de la 
Potterie, 2011; Turlea et al., 2011).4 In this paper we use priority patent applications, instead 
granted patents. This methodological choice allows taking in account, processing and 
analysing a much broader dataset than any other methodological choice done before in the 
domain of patent analysis. Such choice is nowadays supported by a growing scientific 
literature and generates an increasing amount of relevant results.  

Regarding the results of computing the number of patents and the number of international co-
inventions, as defined in section 2.2, according to Table 3-1, there were nearly half a million 
of patent applications submitted to one of the patent offices considered in 1990. This number 
continued to grow, on average, nearly 4% per year and reached 777.551 patent applications in 
2007. Regarding international co-inventions, there were only 804 applications that included at 
least two inventors from different countries in 1990. By 2007, this number grew to over 6.200 
patent applications. This represents an average annual increase of 37%, i.e. nearly ten times 
higher than the growth rate of patent applications. 

As a share in total patent applications, the number of international co-inventions is marginal. 
For example, in 2007 less than 1% of all patent applications were a result of a collaboration of 
at least two inventors from different countries. This confirms the results of the findings 
concerning the low levels of technological internationalisation (Patel & Pavitt, 1991; Picci, 
2010). Nevertheless, this part of innovation activity should not be ignored, considering the 
increasing orientation of large firms to source their technologies from around the world and 
the fact that not all strategies of R&D internationalisation include developing patentable 
innovations (Nepelski et al., 2011). 

                                                 
2 For an extensive description of the methodology and its application to study internationalization of innovation 
using patent-based indicators please refer to (Nepelski, De Prato, & Stancik, 2011). 
3 Because of the time lag in filling the data, our analysis ends with patent applications submitted by 31.12.2007. 
4 For an extensive description of the methodology and its application to study R&D performance using patent-
based indicators please refer to (De Prato, Nepelski, Szewczyk, & Turlea, 2011). 
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Table 3-1. Number of patent and international patent applications, 1990-2007 
 1990 1995 2000 2005 2007 
Total number of patent applications 456.425 530.448 666.936 765.175 777.551 
Total number of international patent applications 804 2.195 3.912 5.852 6.229 
% of international patent applications in total  0,18 0,41 0,59 0,76 0,80 

Source: Own calculations using the inventor criterion based on PATSTAT Database, 2010 

4 Characteristics of the global technological collaboration network 

Our analysis of the global network of co-innovation starts with its graphical illustration in 
four snapshots across the time (Figure 4-1). As defined in section 2, the arcs represent the 
existence of a relationship whenever there are two persons from different countries developed 
a co-invention. The size of the nodes is given by the vertex value function is ipP = , 
where ip is the number of patents co-invented be residents of country i. Arcs are weighted by 
the intensity of relationships between each pair of countries, i.e. the total number of joint co-
inventions developed by inventors from country i and j. 

A first look Figure 4-1 reveals that, in 1990, the network of international technological 
collaborations was rather weakly connected. Its centre was formed by the US, Japan and 
developed European countries. Consequently, as rightly pointed out by early studies, the 
levels of innovation internationalisation was relatively small (Patel & Pavitt, 1991). However, 
as we continue to reveal the images of the co-innovation network, we can clearly see that both 
the number of countries, linkages between them and their intensity increase at a rapid rate (see 
also Table 4-1). Interestingly, it can be observed a slow but persistent drive of such countries 
as China and India, towards the centre of the network. These observations allow us to 
conclude that the levels of collaboration between inventors from different countries has 
started from indeed very low levels, but nevertheless the system of global technological 
collaboration has reached a considerable level of complexity. That means that altogether the 
number of countries contributing to the knowledge creation is constantly increasing. 
Moreover, the pool of countries is extending to countries that are at significantly lower level 
of economic and technological development than such countries as the US, Japan or 
Germany, the core of the network. 

Table 4-1 summarises the main measures of the international technological collaboration 
network. In the analysed period, the number of countries involved in global technological 
collaborations increased from 79 to 125 and the number of links between them nearly 
quadrupled (see Figure 4-2a). Regarding the general connectivity of the network, the value of 
the network density parameter started from 0,04 in 1990 and reached the level of 0,06 (see 
Figure 4-2b). This might indicate that new links that are being formed are rather between 
actors joining the network and those who were forming them before, rather than between 
actors that were previously not connected. As a result, the network is not regular and far from 
being complete. In other words, most of the countries do not have technological 
collaborations with all the remaining countries, but rather select, or are selected as 
collaboration partners. This finding contrasts significantly the results of network analysis of, 
for example, international R&D centres and international trade. Regarding the former one, it 
has been shown that, in 2010, the density of the global network of international R&D centres 
of high-tech companies has reached a level of 0.24 (De Prato & Nepelski, 2011). In 
comparison, international trade networks report the value of density between 0,38 (De 
Benedictis & Tajoli, 2011) and 0,6 (Fagiolo, Reyes, & Schiavo, 2007). The straightforward 
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interpretation of this fact is that the production of 'knowledge' in a process of international 
collaboration process is more complex than a mere creation of international R&D centres and 
that knowledge, as a good, is also less prone to trade and exchange than other material goods 
or services traded around the world. This can also serve as a part of the explanation of why 
the level of R&D input is so much more internationalised, e.g. international R&D centres, 
than the level of R&D output (Nepelski et al., 2011). 

According to the centralization indices presented in Table 4-1, the increase in the density was 
also not identical across the network. For example, the drop in the betweenness centralisation 
index, bC , suggests that the increase of collaboration relationships has been relatively 
widespread. This could result in reducing the average distance between countries or, in other 
words, making the world smaller. This is additionally confirmed by the drop of network 
centralization index. This change reflects the entry of a new group of countries confirming, 
again, an increase of the number of knowledge sources. However, the increase in the 
clustering coefficient suggests that countries collaborate with partners that also collaborate 
with each other. This creates a sort of 'cliquishness', which means that existing ties play a role. 

Table 4-1. Global technological collaboration network indices 
 1990 1995 2000 2005 2007 
Number of nodes 79 104 113 124 125 
Link count 252 491 651 826 881 
Average degree 16,56 30,54 46,14 60,52 63,93 
Average degree scaled 0,062 0,049 0,047 0,047 0,046 
Average strength 10,30 21,10 34,62 47,20 49,83 
Density 0,040 0,045 0,051 0,054 0,056 
Clustering coefficient  0,420 0,566 0,601 0,630 0,626 
Betweenness 0,027 0,031 0,024 0,027 0,024 

* normalised, Source: Own calculations based on PATSTAT Database, 2010 
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Figure 4-1. The evolution of the global technological collaboration network 
a) 1990 b) 1995 

  
c) 2000 d) 2007 

  
Source: Own calculations based on PATSTAT Database, 2010 
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Figure 4-2. Number of nodes and links and network density, 1990-2007 
a) Number of nodes and links b) Network density 
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Note: Own calculations based on the PATSTAT Database, 2010. 

 

4.1 Connectivity 

Concerning the connectivity level of nodes, the value of the degree parameter dropped from 
0,06 in 1990 to 0,05 in 2007 (Table 4-1). At the same time, the average node's strength 
increased from 10 to nearly 50. One implication of this finding is that there is a systematic 
difference in the structural dynamics of the development of collaboration connections. As the 
number of countries increases and the average node degree grows slower than the number of 
nodes, the intensity of interactions among collaborating partners seems to increase. This 
dynamic is also illustrated by the probability distributions of both measures (Figure 4-3). 
However, according to these figures, it can also be concluded that there are both few countries 
that maintain many and/or intensive relationships with the remaining nodes. In other words, 
negative skewness of the degree and strength distributions indicate that majority of the 
number and intensity of technological collaborations between the countries included in our 
sample are relatively low. 

Further insights on the dynamics of the network and the structural differences and between 
degrees and strengths distributions can be obtained by looking at the correlation of the 
measures over time. According to Figure 4-4, the correlation between degree and strength 
decreased from 0,94 in 1990, to 0,78 in 2007. This confirms again that countries interacting 
with many partners hold also, on average, more intense relationships with their partners. 
However, considering the above described dynamics of degree and strength, the intensity of 
interactions seem to increase at a faster pace than the development of new connections. This 
does not seem to be strongly affected by the increasing number of countries that are becoming 
involved in international collaborations.  
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Figure 4-3. Degree and strength distributions 
a) Degree distribution, 1990 b) Degree distribution, 2007 
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c) Strength distribution, 1990 d) Strength distribution, 2007 
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Figure 4-4. Correlation between degree and strength, 1990-2007 
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4.2 Clustering and centrality 

An analysis of clustering coefficient can be found, for example, in the studies of international 
trade and is revealing how much the partners of a node are themselves partners (Fagiolo et al., 
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2007). From the point of view of geographically dispersed economic activity, like in the case 
of international technological collaboration, the issue of node clustering is very informative, 
because networks with strong clustering properties are likely to reflect some strong 
geographical structure in which short-distance links count more than long-distance ones. 

In the context of the technological collaboration, the average value of clustering coefficient 
increased from 0,41 in 1990 to 0,62 in 2007. In both cases, the value of clustering coefficient 
is significantly higher than the value of network density (see Table 4-1). Thus, in contrast to a 
random graph where clustering coefficient is expected to be equal to network density, the 
network of international R&D centres is significantly more clustered than if the links were 
generated at random. Again, like in the case of international trade (Fagiolo et al., 2007), it can 
be said that countries establish technological collaboration relationships with countries that 
also collaborate with each other. This type of clustering behaviour lets us conclude that 'local' 
links tend to play an important role. It has to be however noted that local do not necessarily 
imply geographical proximity and that it can be rather interpreted as a pattern of interaction 
with the "usual suspects", who may represent either countries belonging to some regional 
group or just countries at a similar level of development. Furthermore, the negative skew of 
the clustering coefficient's distribution indicates that most of the countries tend to be members 
of some local or regional groups and only few countries go beyond these groups (Figure 4-5). 

Figure 4-5. Clustering coefficient distribution, 1990 & 2007 
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The above point with respect to the "cliquishness" of the network is further confirmed when 
we look at the relationship between the clustering coefficient and nodes' degree and strength 
(Figure 4-6). In both cases there is a negative relationship between the measures, although the 
negative relationship between the average clustering coefficient and nodes' strength is more 
pronounced than in the case of nodes' degree. In general, this means that countries that 
maintain many (high degree) and intensive relationships (high strength) with other countries 
are less clustered than countries with only few partners. This again resembles the properties of 
other research (De Prato & Nepelski, 2011) and trade networks (Fagiolo et al., 2007; 
Garlaschelli & Loffredo, 2005; Serrano & Boguñá, 2003). Thus, using the jargon of the 
international trade theory, the current network of international technological exhibits strong 
core-periphery characteristics. The interpretation of this is that a number of countries is 
connected only to the so called 'hubs' of the network and do not hold links with other 
members of the network. This finding is reinforced when we consider the intensity of these 
relationships. 
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Figure 4-6. Correlation between node's clustering coefficient and degree and strength 
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Concerning betweenness centrality, Figure 4-7 shows that the distribution is positively 
skewed, which is an additional confirmation of a core-periphery structure of the network. In 
other words, there are a few countries, forming the core of the network, that are connected 
with many other members of the network, and numerous countries that are connected only to 
the core countries. Moreover, as there is a strong and positive correlation between nodes' 
degree and betweenness and between strength and betweenness (see Figure 4-8), the network 
of international technological collaboration shows strong similarities to the network of 
international trade and international research network (De Benedictis & Tajoli, 2011; De 
Prato & Nepelski, 2011; Fagiolo et al., 2007; Smith & White, 1992). 

Figure 4-7. Betweenness centrality distribution, 1990 & 2007 
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Figure 4-8. Correlation between node's betweenness and degree and strength 
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4.3 Countries' positions in the network  

Turning to the analysis of countries' positions in the technological collaboration network, 
Table 2-4 presents list countries ranked according to three measures, i.e. degree, strength and 
betweenness centrality, in three periods, i.e. 1990, 2000 and 2007. One of the most striking 
finding is that the US appears at the top of each ranking. This confirms the strong position of 
the US in the network as a source and destination of technological collaboration and, above 
all, as an unquestioned 'hub' of the network. Concerning the degree level, d

iC , along with the 
US, such European countries as Germany, UK and France and Japan have played the key role. 
Interestingly, in 2007, South Korea reached 5th place in the degree ranking, confirming the 
strong dynamics shaping the technological collaboration network. The case of Japan is also 
interesting. Although this country is commonly considered as a world innovation power 
house, e.g. the number of patents submitted by Japanese inventors remains unchallenged (De 
Prato et al., 2011), its role in the process of innovation internationalisation and collaboration 
is relatively weak (Nepelski et al., 2011). Moreover, when considering the level of degree, the 
country is loosing its position to other countries with considerably lower inventive 
performance. 

Regarding to country composition of the degree ranking, it is interesting to observe that it 
changed considerably between 1990 and 2007. For example, whereas in 1990 there were only 
two Asian countries among the top 15, in 2007 this number increased to 5, in most cases at 
the cost of Europe. It is also interesting to see that among the rising Asian countries we can 
see China and India among the top 15, which could be a sign of a open attitude of these 
countries to international cooperation. 

Regarding the level of strength, is , we can see that there is indeed a strong correlation 
between nodes' degree and strength (see Figure 4-4). Again, developed countries, e.g. the US, 
Germany, are holding top positions in terms of the output of inventive collaboration. 
However, also here we can see that over the last two decades the landscape of international 
collaboration has considerably changed. In particular, a number of Asian countries that were 
not on the map in 1990, has entered the game and already in 2007 occupied top positions. 
Here the most prominent examples are China and India. In particular the former one appears 
to be a meaningful partner in global technological collaboration. Its level strength places it 
ahead such countries as Switzerland, Canada or the Netherlands. Thus, although we could see 
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that China is not yet connected with many countries, it maintains very intensive relationships 
with its collaboration partners. Hence, it confirms the emerging importance of China as a 
source of knowledge that is being tapped by other countries.  

The betweenness centrality index, b
iC , reflects the position of a country as a core or a hub in 

the network of international technological collaboration. Over the analysed period, the US has 
held a clear and strong position as a network hub. Although the relative level of its 
betweenness index has decreased significantly over time, this position is rather unlikely to be 
challenges in the nearest future. The value of the measure of Germany, the second country in 
the betweenness centrality ranking, is nearly half of the US one. This country, however, 
together with Russia, France, South Korea and, since recently also China, are the subsequent 
countries in the ranking. Considering the geographic position of these countries, we can also 
expect that they play a role of 'regional hubs'. The position of Japan in this ranking also 
confirms its autarky position in the innovation and technology development process.  

In conclusion, together with China, though to a much lesser extent, such emerging countries 
as India and Russia are entering the landscape of technological collaboration. At the same 
time, countries that were considered as important players in the technological collaboration 
are loosing their positions to newcomers. These movements reflect the dynamics of the 
structure of the technological collaboration network. This network is constantly being formed 
by companies' decisions with respect to the source of knowledge and technology. These 
decisions lead to the emergence of a complex system in which the location of knowledge 
sources becomes dispersed across. This, as mentioned in the introduction, leads to 
externalities that the countries need to cope with in order to find their position in the system 
of global innovation. Of course, depending on the perspective, this may be welcome by some 
and feared of by other countries. This is particularly clear in the case of, for example, generic 
innovation activities and know-how, which can be sourced from a few countries. The 
bargaining power and a country's attractiveness as a location for such R&D activities will 
strongly depend on its relative position against the competing countries. 
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Table 4-2. Countries' position in the technological collaboration network 

Degree centrality Strength Betweenness centrality 
Rank Country Index value Rank Country Index value Rank Country Index value 

1990 
1 US 60 1 US 207 1 US 0,604 
2 Germany 35 2 Germany 126 2 Germany 0,141 
3 UK 25 3 Japan 62 3 Poland 0,092 
4 Switzerland 22 4 France 55 4 UK 0,059 
5 France 22 5 Switzerland 52 5 Austria 0,056 
6 Canada 20 6 UK 46 6 India 0,051 
7 Japan 19 7 Canada 39 7 France 0,040 
8 Italy 18 8 Belgium 21 8 Switzerland 0,027 
9 Netherlands 15 9 Italy 21 9 Russia 0,027 

10 Austria 15 10 Netherlands 21 10 Mexico 0,026 
11 Belgium 15 11 Austria 20 11 Czech R. 0,026 
12 Sweden 14 12 Sweden 12 12 Denmark 0,026 
13 Poland 13 13 S. Korea 9 13 Hungary 0,021 
14 Hungary 12 14 Poland 9 14 Canada 0,017 
15 Denmark 11 15 Israel 7 15 Japan 0,016 

2000 
1 US 78 1 US 896 1 US 0,298 
2 Germany 72 2 Germany 611 2 Germany 0,210 
3 France 52 3 France 241 3 Russia 0,139 
4 UK 48 4 UK 239 4 France 0,086 
5 Russia 48 5 Japan 207 5 Italy 0,066 
6 Japan 45 6 Switzerland 194 6 Japan 0,057 
7 Switzerland 39 7 Canada 163 7 UK 0,038 
8 Italy 39 8 Netherlands 140 8 S. Korea 0,026 
9 Canada 35 9 Belgium 108 9 Spain 0,025 

10 Spain 34 10 Russia 99 10 Sweden 0,025 
11 Sweden 34 11 Italy 84 11 Taiwan 0,024 
12 Austria 32 12 Taiwan 79 12 Switzerland 0,022 
13 Netherlands 30 13 Austria 77 13 Norway 0,021 
14 Finland 29 14 Sweden 73 14 Poland 0,018 
15 Belgium 28 15 China 73 15 Monaco 0,018 

2007 
1 US 164 1 US 1313 1 US 0,262 
2 Germany 152 2 Germany 819 2 Germany 0,156 
3 France 124 3 S. Korea 419 3 Russia 0,102 
4 UK 110 4 France 336 4 France 0,091 
5 S. Korea 108 5 UK 318 5 S. Korea 0,054 
6 Russia 108 6 Japan 305 6 Spain 0,049 
7 Netherlands 106 7 China 295 7 China 0,047 
8 Japan 98 8 Switzerland 262 8 UK 0,039 
9 Australia 90 9 Canada 197 9 Italy 0,034 

10 China 90 10 Netherlands 195 10 Netherlands 0,031 
11 Switzerland 90 11 India 188 11 Japan 0,030 
12 Italy 88 12 Belgium 138 12 Sweden 0,024 
13 Spain 88 13 Russia 136 13 Canada 0,023 
14 Sweden 82 14 Austria 126 14 Switzerland 0,022 
15 India 78 15 Taiwan 123 15 Australia 0,020 

Source: Own calculations based on the PATSTAT Database, 2010 
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5 The determinants of international technological collaboration 

In order to find an explanation of the results presented in the previous sections, we should 
know what determines international technological collaborations in terms of the structure of 
the trade network. Unfortunately, theoretical models dealing with this issue are virtually non-
existent and any attempt of dealing with the internationalization of innovation focuses on 
explaining the pattern and intensity of international innovation activities from the perspective 
of interactions between individual countries, and do not offer insights about the structure of 
the whole system.5 The closest theoretical concept suitable for an empirical analysis of 
innovation internationalisation is the gravity model of trade, which, except for being widely 
used in the studies of international trade (De Benedictis & Tajoli, 2011), has already been 
applied to study this issue (Picci, 2010; Thomson, 2011). This specification allows to 
formulate prediction concerning the structure of a network, i.e. the existence of trade 
relationships or technological collaboration between countries. The straightforward form of 
the gravity equation can be expressed by  

ij

ji
ij D

GDPGDP
L

⋅
= (12)

where two vertices, iV and jV , with non-negative GDP  included in the value function of a 
vertex P and the geographic distance ijD , captured by the arc value function W , are expected 
to develop a positive exchange link (i.e. 1=ijL ). 

Taking this theoretical prediction as a starting point, we proceed with formulating a model in 
which we expect that a country's position in the network of international technological 
collaborations depends on some of its characteristics. To identify these determinants, we 
derive a set of factors that are used in studies conceptualising the issue innovation 
internationalization (Boutellier et al., 2008; Dunning, 1988, 1994; Kuemmerle, 1999; Narula, 
2003). Among the most important drivers of looking for collaboration partners abroad is the 
access to the resources that, in most cases, are non-transferable and location-specific 
(Dunning, 1988, 1994). Examples of such resources include inputs to R&D activity, e.g. 
scientists and universities, or the knowledge about customers and markets. Another reason to 
engage into international technological collaborations is the access to the market and hence, 
the potential size of the economy should be also taken as a predictor of link formation among 
countries. 

Indeed, as it emerges from analysis of the empirical studies of the subject, the determinants of 
the innovation internationalization can be grouped around two main blocks: economic 
capacity and inventive performance of a country (Dachs & Pyka, 2010; Guellec & 
Pottelsberghe de la Potterie, 2001; Patel & Pavitt, 1991; Picci, 2010). These two elements are 
expected to reflect the asset exploitation and asset seeking behaviour of companies deciding 
where to establish their international R&D activities (Kuemmerle, 1999). Whereas the former 
one concerns the economic benefit of adapting and customising existing products to the need 
of consumers and with the aim of selling them on the local, the latter one refers to the 
attempts of acquiring know-how and technology new to a company. Thus, our function of the 
intensity of technological collaboration between countries takes the following form:  

                                                 
5 Similar situation is with the issue of international trade, where the most common approach is to look at the trade 
flows between individual countries, rather than at the whole system of trade. Some exceptions can be found, for 
example, in (Hausmann & Hidalgo, 2009). 
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),,,,,,,,,( ijtjtitjtitjtitijijijt NNInvInvGDPGDPCommLangDistfCoInn εα=  (13)

where ijtCoInn represents either the count of patented innovations developed by inventors 
residing in country j and country i formed in )2007,1990(∈t . To explain the relationship 
between the intensity of linkages between countries both we use a number of variables that 
are related to a country' characteristics in the following areas: geographical and cultural 
proximity, economic size, innovative potential, and, finally, its position in the network. 

Concerning the geographical proximity, we use a variable controlling for the distance 
between countries i and j, ijDist . In addition, in order to account for other frictions in 
inventive collaboration resulting from cultural differences, we include a dummy variable 

ijCommLang , which indicates whether two countries share a common official language.6 

Regarding economic size of countries linked through technological collaboration, information 
on GDP (in current US$) both country i and j in period t is included.7 These measures are 
supposed to account for the economic attractiveness of both countries. In order to control for 
the internationalisation of economic activity, we also include measures of foreign direct 
investment for each country (in current US$). 

In addition, expecting that not only distance hiders and economic factors facilitate 
international technological collaborations, we control for the innovation performance of both 
countries proxied by the total number of patents of country i  and j at time t. This has a double 
interpretation. On the one hand, from the perspective of one country, the measure of its 
inventive performance indicates the inventive capacity which might attract technological 
collaboration partners. On the other hand, from the perspective of another country, it might be 
a proxy of its absorptive capacity. In both cases, innovation performance of a country is 
captured by the total number of patent applications of each country and is computed through 
fractional counting of inventors in each priority patent application submitted in 2007 to one of 
59 patent offices around the world.8 Our methodology of computing patent statistics for the 
purpose of this paper follows (de Rassenfosse et al., 2011; Turlea et al., 2011).9 

Lastly, a vector of network measures included in the above specification, N, includes the 
measures of degree, strength and centralization closeness at time t. The inclusion of these 
measures is motivated by the fact that the existence or establishment of bilateral linkages 
between two countries involving technological collaboration can affect the existence or 
establishment of such linkages between a different pair of countries. Thus, network measures 
are expected to capture such externalities, which in practice are frequently treated as 
unobserved heterogeneity or controlled for with country effect estimators. Like in the case of 
international trade (De Benedictis & Tajoli, 2011), indicators capturing the relative position of 
a country with respect to the entire system allows to consider interdependence between pair-
wise linkages more appropriately. 

                                                 
6 The source of the distance and common language variables is CEPII bilateral trade data (Head, Mayer, & Ries, 
2010). For more information please refer to: http://www.cepii.fr/anglaisgraph/bdd/distances.htm 
7 Data stems from the IMF. For more information please refer to: http://www.imf.org/external/data.htm 
8 To the selected patent offices in 2007 were filed 99.7% of the total number of priority patent applications. The 
complete list of considered Patent Offices includes: EPO, EU27 Member States, USPTO, JPO, Arab Emirates, 
Australia, Brazil, Canada, Chile, China, Columbia, Croatia, Hong Kong, Iceland, India, Indonesia, Israel, Korea, 
Malaysia, Mexico, New Zealand, Norway, Pakistan, Philippines, Puerto Rico, Russia, Singapore, South Africa, 
Switzerland, Taiwan, Thailand, Turkey and Vietnam. 
9 For an extensive description of the methodology and its application to study R&D performance using patent-
based indicators please refer to (De Prato et al., 2011). 
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6 Empirical results 

To estimate the function specified in (13), we run regression with time fixed effects. Table 6-
1 reports the results where the dependent variable was the total number of patented 
innovations per link i and j at time t. For gravity model, we report first estimations with 
variables controlling for geographic and cultural proximity, economic size, and net FDI in-
flows. The extended specification includes controls of inventive performance. Finally, we add 
the network indices as explanatory variables. The network indices refer to country i and j. 

All the coefficients of the standard gravity model, i.e. distance, common language and the 
economy size, have the expected signs, and are significant. The coefficients of the FDI in-
flows are not relevant. Regarding the second estimation, we can see that the coefficients 
related to the number of patents show significant impact on the establishment of technological 
collaboration between countries. Thus, though to a smaller extent than economic size, 
inventive capacities of countries positively influence the performance of technological 
collaboration. 

Regarding the network indicators, we observe that they are very strong and significant. 
Whereas a node's degree has a negative impact on the level of output of technological 
cooperation, the remaining measures, i.e. a node's strength and closeness, show very strong 
and significant impact on the dependent variable. Regarding the negative impact of degree, 
the possible interpretation is that there is a decreasing marginal advantage of increasing the 
degree, as it negatively affects the performance of the bilateral relationships. This shows some 
similarities to the observations that were made in the context of international trade, where 
degree of a country is negatively correlated with its trade volumes (De Benedictis & Tajoli, 
2011). At the same time, however, we can see that a country's innovation internationalization 
level positively affects the level of output of bilateral collaboration relationships. Lastly, the 
results show also that nodes positioned in the centre of the network, i.e. with short geodesic 
distances to other nodes in the network, tend to have more intense relationships with their 
partners. 

The inclusion of network indices have also a considerable impact on the standard gravity 
variables, which are considered as important drivers of international technological 
collaboration. For example, the negative impact of distance and the positive one of cultural 
proximity are weakened. This does not come as a surprise, as the position of a country might 
be independent from its geographical or cultural positions, as compared to other countries. 
The case of the intensive collaboration between, for example, the US and China or some 
European countries is a clear example of this. Surprisingly, the inclusion of network indices 
reduce considerably the role of GDP of both countries involved into a collaboration 
relationship. This suggests that the economic attractiveness becomes less important when we 
take into account a country's position in the R&D network. 

Summing up, the results presented here show that the inclusion of network indices, 
controlling for the position of a country in a global R&D network, are well justified. 
Moreover, in addition to the standard explanatory variables, they deliver additional 
information explaining the existence and intensity of R&D linkages between countries. 
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Table 6-1. Estimation results 
 

 Number of R&D centres 
Common Language Dummyij 9,275*** 9,217*** 8,078*** 

Log Distanceij -3,124*** -3,120*** -2,498*** 

Log real GDPi 3,964*** 2,665*** 1,291*** 

Log real GDPj 3,999*** 2,760*** 1,718*** 

Log FDI Ini 0,046 0,355** -0,269 

Log FDI Inj -0,228 0,033 -0,354 

Patenti  0,880*** 0,330 

Patentj  0,908*** 0,406 

Degreei   -9,354 

Strengthi   2,175 

Closeness Centralityi   54,692 

Degreej   -8,030 

Strengthj   2,416 

Closeness Centralityj   38,716 

   8,078 

Constant -187,005 -137,507 29,355 

    
N 5414 4916 4916 
Pseudo R2 0,275 0,281 0,333 

 
Source: Own calculations based on PATSTAT Database, 2010 

 

7 Conclusions 

We are witnessing the emergence of a global innovation network, a result of companies' 
decisions concerning the location of their innovation activities and selection of their 
technological collaboration partners. The increasing internationalisation of innovation let us 
believe that firms' choices create externalities and that they mutually affect each other. To 
better understand these interdependencies, we apply network analysis to study the global 
network of international technological collaborations. 

Concerning the characteristics of this network, we can see that the global technological 
collaboration network is not regular and far from being complete. Instead, most of the 
countries do not have established collaborations with all the remaining countries, but rather 
select, or are selected, as a collaboration partner. The technological collaboration network 
shows also signs of "cliquishness", which means that countries collaborate with countries that 
collaborate with each other. This type of clustering reveals that there are strong 'local' links, 
which however do not imply geographical or cultural proximity, but rather a similar level of 
development. This together with the fact that most of the countries tend to be members of 
some local or regional groups and that only few countries go beyond these groups suggests 
strong core-periphery characteristics of the technological collaboration network. In such a 
network, a number of countries are connected only to the so called 'hubs', which hold very 
strong position in the network. 

Similar to production networks, the distributions of control and contribution in innovation 
network are not equal and there are few countries playing the role of hubs. These 
developments, depending on the perspective, may be welcome by some and feared of by other 
countries. This is particularly clear in the case of, for example, generic R&D services, which 
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can be sourced from a few countries. The bargaining power and a country's attractiveness as a 
technological collaboration partner will strongly depend on its relative position against the 
competing countries and, of course, its position in the network. 

The above point is also confirmed by our analysis of the determinants of the intensity of 
technological collaboration between countries. The results show that the position of a country 
in the network affects the intensity of collaboration interactions with other countries. 
Moreover, this position considerably moderates the effect of proximity, economic size and 
inventive capacity of a country, i.e. factors considered as key determinants of technological 
collaboration. An implication of this finding is that when strengthening technological and 
scientific capabilities with the aim of benefitting from technological collaborations, countries 
need to take into account broader environment, as in the case of FDI or international trade in 
general. 

In conclusion, although the paper provides a number of valuables insights concerning the 
structure of the technological collaboration network and the determinants of technological 
collaboration, it suffers from a few limitations. First of all, patent data, despite its richness of 
information, suffers from its own limitations. Second, due to the fact that there is no 
theoretical foundation explaining the formation and evolution of innovation networks, we do 
not offer any empirical insights into the development of such a network. Instead, we are 
forced to stop at including measures identifying the position of a country in the network to 
explain the intensity of its bilateral collaboration links. Nevertheless, the results presented 
here show that the inclusion of network indices are well justified. In addition to the standard 
explanatory variables, they deliver additional information explaining the existence and 
intensity of technological collaboration between countries. This makes us optimistic about the 
future of the value of network analysis in the context of internationalisation of innovation. 
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1. Introduction 
 

Economic and management research on innovation has greatly benefited from the increased 
availability of patent data, which provide a unique way to track the creation and the diffusion 
of innovation. Yet, the measurement of innovation with patent data suffers from limitations 
that have been extensively discussed in the literature. The two most severe limitations of 
patent indicators are that (i) not all inventions are patentable and not all patentable inventions 
are patented; and (ii) the value of patents widely varies and the majority of patents is 
worthless. We refer the reader to the original works by Jefferson (1929), Merton (1935), 
Pavitt (1985) and Griliches (1990) for in-depth discussions of these issues.  
 
 This paper focuses on a third limitation, which is the selection bias that arises from 
the patent count. It is common practice to count patents at one single patent office to assess 
firms’ innovation output (henceforth referred to as the ‘single office count’). A close look at a 
random sample of 25 scientific articles that use patent data and were published in the recent 
past in top economic and management journal as well as field journals reveals that the 
overwhelming majority of studies rely on the single office count. This practice may result in a 
selection bias since firms have the option to file patents anywhere in the world. This is 
particularly true in Europe, where two patent systems coexist. In addition to filing patents at 
their national patent office, companies have the option to file patents at the European Patent 
Office (EPO). On top of these two patent systems, a large number of companies file their 
patents directly at the World Intellectual Property Office (WIPO) in Geneva, at the US Patent 
and Trademark Office (USPTO) or in other jurisdictions. As long as firms’ decision to select 
a filing route is random, the single office count is a noisy proxy of the full patent count (i.e. 
the count that encompasses patents from all possible patent offices). However, as soon as 
systematic factors affect firms’ decision to select a given filing route (such as firm size or 
firm age), the single office count results in a selection bias.  
 

Motivated by the tension between the popularity of the single office count and the 
threat of a selection bias, the objective of this paper is twofold. First, it studies whether the 
single office count biases econometric estimates of innovation production functions. Using a 
novel panel dataset of the whole population of patents by Belgian firms, we find evidence of 
a selection bias. Second, it proposes a simple way to test the existence of a bias when the 
researcher observes patents at only one patent office. We apply our methodology to the 
sample of Belgian firms to demonstrate its usefulness. The test, which uses information that 
is readily available, should be of interest to a wide audience given its practicality and the 
popularity of the single office count among innovation scholars. 
 

The paper is structured as follows. The next section surveys current practices in the 
way to count patents to estimate innovation production functions. Section 3 explains the 
proposed methodology to detect a selection bias. The data is presented in section 4 and the 
empirical analysis in section 5. Conclusions follow in section 6. 
 
 
2. Measuring innovation with patent data: from theory to practice 
 
Patent data are used in various ways and the ideal patent indicator necessarily depends on the 
research objective. Here, our focus is on building a patent indicator to estimate innovation 
production functions, a key object of analysis in the innovation literature. Innovation – or 
patent – production functions relate firms’ research inputs such as R&D expenditures to their 
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patented output. They date back to Scherer (1965) and have been used among other to study 
the occurrence innovation (Stoneman, 1097; Aghion et al., 2005), to study the innovation 
process and the effectiveness of innovation policies (Jaffe, 1986; Branstetter and Sakakibara, 
1998), or as an intermediate step to study the determinants of firm productivity (Pakes and 
Griliches, 1984; Crépon et al., 1998). 
 

A patent provides protection only in the country in which it is filed. As a result, firms 
that want to protect their invention in different markets must file a patent in each desired 
country. The first patent describing the invention is called the ‘priority filing’, while the 
subsequent patents are called ‘second filings’. We use the terms ‘priority filing’ and ‘priority 
patent application’ interchangeably. The priority patent application is usually filed at the 
national patent office, although it could be filed at another patent office (the most popular 
being the USPTO, the EPO and the WIPO). Because companies have a variety of patenting 
routes available to them, the patent count should theoretically include all priority patent 
applications filed anywhere in the world, regardless of the patent office of application. This 
global count of priority filings is explained in great details in de Rassenfosse et al. (2011).  
 

In practice, however, the operationalization always departs from this ideal situation. 
In particular, the count of patents is frequently limited to a count at one reference office, 
usually the national patent office or the EPO for European firms. We studied closely a 
random sample of 25 papers that estimate patent production functions for European firms (or 
universities) and that were published in the recent past in top economic and management 
journals as well as in field journals. We find that X per cent of the papers rely on the single 
office count, and the EPO is taken as the reference office in x instances. Surprisingly, very 
few information on the patent indicators is usually provided. In particular, the priority status 
of the patent documents (priority filings or second filings) is discussed in only x cases. 
Limiting the count to patents filed at a reference office is a simple and convenient way to 
build a patent indicator. It is necessary prone to measurement errors since only a fraction of 
the total patented output is observed. This measurement error is a random error if it results in 
an estimate of effect being equally likely to be above or below the true value, and the single 
office count is simply a noisy measure of the true count. By contrast, non randomness in the 
measurement error leads to a selection that biases estimates of the patent production function. 
 

The question of whether the single office count results in a selection bias has not been 
studied in the literature but some authors have reported evidence that systematic factors affect 
the decision to select a given filing route. Seip (2010) provides statistics for Dutch patenting 
companies. He reports that 80 per cent of the Dutch companies that filed patents at the EPO 
or the WIPO in 2003–2007 were large companies (more than 200 employees). Yet, out of the 
5,000 Dutch patent filing companies, only 6 per cent have more than 200 employees, 
suggesting a large selection bias in terms of firm size: large companies are more likely than 
SMEs to file their patents at the EPO or the WIPO. de Rassenfosse and van Pottelsberghe 
(2009) show that the driving force of national and international patents differ. While national 
patents are more reflective of the propensity to patent, international patents such as EPO 
patents are more reflective of the productivity of research (see also Azagra et al., 2006). At 
the patent level, anecdotic evidence of a potential selection bias is provided by van Zeebroeck 
and van Pottelsberghe (2011). Using a large sample of patents granted by the EPO between 
1990 and 1995, the authors find that firms adapt their filing strategies according to the 
expected value of the patent. Jensen et al. (2011) come to a similar conclusion using 
Australian patents. They report evidence that patents filed at the WIPO are more valuable on 
average than patents filed at the Australian patent office. 



4 
 

 
 
3. Testing for a selection bias 
 
Selection biases are a fundamental aspect of empirical research and many statistical 
methodologies have been developed to deal with them. The most common forms of selection 
bias include the sample selection bias, data censoring and data truncation (see e.g. Tobin, 
1958; Heckman, 1979). The selection effect of patent data is of a different type, such that no 
standard method can be applied.  
 

It is useful to express the problem in a log-linear form to describe the nature of the 
selection bias. Let us write the true unobserved patented output for individual i ( ∗) as 
 

ln  ∗ ,  
 
where  is an error term and bold letters denote matrices and vectors. The single-office count 
implies that only a subset of the patents is observed. Let  be the individual-specific fraction 
of the output that is observed 
 

ln ,  
 
The observed output is  
 

ln ln ∗ ln ln  ∗ ,  
 
The observed output is a unbiased measure of the true output if , that is if no systematic 
factor affects the choice of the filing route.  
 

To detect the presence of a selection bias, the econometrician would like to test 
whether  depends on x. Since  is not observed, a direct inference is not possible. 
However, indirect inference is possible: The patenting process gives us one information on 
the structural form of  which can be used to test for randomness. More precisely, we know 
that the patents observed at the reference office are of two types: priority filings, which are 
directly filed at the reference office, and second filings, which are filed at the reference office 
in a later stage. We can thus express  in a generic way as: 
 

1  
 
where  is the proportion of priority patent applications that were filed at the reference 
office and  is the proportion of priority patent applications not filed at the reference office 
that are nevertheless observed at the reference office as second filings. We call  and  the 
‘components’ of . The variable  depends on x when at least one of the two components 
depends on x. In this case, the following ratio 
 

1
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also depends on x. This ratio is the proportion of priority filings at the reference office among 
total filings (i.e. priority filings + second filings) at the reference office and its exact value is 
known to the econometrician.  
 

Hence, a simple way to test the presence of a selection bias consists of evaluating 
whether  is correlated with x. If  turns out to be significantly correlated with x, then the 
chances are high that there is a selection bias. Conversely, if  is not correlated with x, then 
the chances are high that there is no selection bias. One can distinguish four general cases. 
First, if both components are independent of x, there is no selection bias and  is not 
correlated with x. Second, if one component depends on x but not the other, then there is a 
selection bias and  is unambiguously correlated with x. Third, when both components 
increase (or decrease) with x, then there is a selection bias but the overall effect of x on  is 
ambiguous. Even though it is likely that  will be correlated with x, there is a possibility that 
a change in the numerator is offset by a similar change in the denominator. This occurs if  
 

1
⟺

1
1

 1 

 
In that particular scenario,  is not correlated with x but  depends on x and there is a 
selection bias. Fourth, when one component increases with x and the other decreases with x, 
there is not necessarily a selection bias but  is unambiguously correlated with x. There is no 
selection bias if  
 

1 ⟺
1

 2 

 
but  is correlated with x. To sum up, if  is not correlated with x, there is no selection bias 
unless Equation 1 is satisfied. If  is correlated with x, there is a selection bias unless 
Equation 2 is satisfied. As a general rule, a significant effect of x on  would suggest the 
presence of a selection bias. Inversely, the selection bias can be ruled out if x is not correlated 
with . However, since the individual components are not observed, this approach is not 
infallible.  
 
 Note that another, similar, way to detect the presence of a selection bias involves 
comparing the coefficients of the patent production function estimated with priority filings at 
the reference office with those estimated with total filings at the reference office. Equality of 
coefficients would suggest that there is no selection bias. We believe it is useful to estimate 
directly the determinants of  for two reasons. First, this approach structures the thoughts 
and makes the pitfalls more apparent, in particular regarding the fact that the two components 
can depend on x even though no correlation is observed (Equation 1). The pitfalls could go 
unnoticed by merely comparing the coefficients of the two patent production functions with 
each other. Second, this approach is also easier to implement since one statistical test is 
needed for all the variables in x instead of one statistical test for each variable in x.  
 

Note that this methodology detects the presence of a selection bias but is silent on the 
direction and the extent of the bias. As long as the output is observed at only one patent 
office, it seems difficult to correct for the selection bias. Three comments are in order. First, 
among the three patent counts available at one office (priority filings, second filings, and 
priority filings + second filings), the count of second filings is likely to be the least accurate. 
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This is because is is prone to the two sources of errors  and . The count of all patents is 
likely to be superior to the count of priority filings. The addition of second filings mitigates 
the potential bias induced by priority filings since the number of second filings that can be 
observed depends negatively on the number of priority filings already observed at the 
reference office. Third, the count of all patents is not always superior to the count of priority 
filings since the possibility exists that the addition of second filings will reinforce the bias. As 
a result, a good practice would be to report estimates of the patent production functions with 
various counts (say priority filings and total filings) to show the sensibility of the parameters, 
together with the estimation of the variable . 
 
 
4. The Data 
 
4.1 Data sources 
 
Three databases were merged together for the purpose of the analysis. The first is the R&D 
survey by the Government of the Flemish Community. Three waves were used: 2004, 2006 
and 2008, providing annual data on R&D-related variables for the period 2002–2008. The 
second is the Belfirst database by Bureau van Dijk, which provides yearly information on 
administrative data. Finally, the Patstat database by the EPO (April 2009 version) was use to 
collect data on patents. 
 
Explain allocation methodology: 1) all patents invented in Belgium, 2) link with companies, 
3) match with R&D data. 
 
4.2 Descriptive statistics 
 
The full sample is composed of all the companies that have at least one patent application in 
the period 2002–2007 and that are in at least one wave of the R&D survey. The subsample is 
defined as the largest subsample for which all the firm-level variables are available. It 
contains 345 observations on 77 distinct firms and is thus slightly unbalanced. 
 

Table 1: Descriptive statistics 

 Full sample  Subsample (N = 345)   
 N Mean  Min Mean Max Std. Dev.  Diff. 
EMP (FTE) 861 536 4 608 5,685 933  * 
R&D (mio) 762 14 0 25 1,153 129  *** 
AGE 871 30 1 31 151 28   
COMP (c) 902 2.12 1 2.12 3 0.57  - 
COMP_LOC (d) 946 0.07 0 0.04 1 -  - 
COMP_REG (d) 946 0.28 0 0.26 1 -  - 
COMP_WORLD (d) 946 0.65 0 0.70 1 -  - 

Notes: Explain column diff. 
 
[Explain table] 
 

Table 2 presents the descriptive statistics of the various patent counts for the full 
sample in columns (1)–(2) and the subsample in columns (3)–(4). Since both samples give 
similar figures, we interpret only results from the subsample. Between 45 and 61 per cent of 
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the priority filings by Belgian inventors over the period 2002–2007 were filed at the EPO 
(row (a)). This is a very large share in comparison with the European average of less than 10 
per cent over roughly the same period (de Rassenfosse et al., 2011). If both priority and 
second filings at the EPO are counted, the share of patents identified rises to around 85 per 
cent (row (e)).  
 

Table 2: Differences in patent count 

 Full sample  Subsample 
 (1) (2) (3) (4) 
Methodology: Restricted Broad  Restricted Broad 
Number of patents: 622 1344 520 1024 
Priority filings 
   (a) EP 0.46 0.60 0.45 0.61 
   (b) EP + BE 0.70 0.71 0.67 0.72 
   (c) EP + BE + US 0.75 0.80 0.72 0.79 
   (d) ALL 1.00 1.00 1.00 1.00 
Priority filings + second filings 
   (e) EP 0.85 0.85 0.85 0.86 
   (f) EP + BE 0.93 0.89 0.94 0.90 
   (g) EP + BE + US 0.96 0.95 0.96 0.96 

Notes: Figures computed at the patent level. ‘Restricted’ methodology = 
patents from Belgian applicants only. Patents allocated by the ‘broad’ 
methodology include patents by both Belgian and foreign applicants. 

 
The next two tables allow digging deeper into the data. Table 3 reports the proportion 

of Belgian patenting firms that have no priority filings at the EPO (column (1)), some but not 
all priority filings at the EPO (column (2)), or all priority filings at the EPO (column (3)). 
About 42 per cent of patenting firms never file their priority applications at the EPO, and 
between 32 per cent and 37 per cent of patenting firms file all their priority applications at the 
EPO. 
 

Table 3: Destination of priority filings 

 (1) (2) (3)
 0 0
Methodology    
 Restricted 42.42% 20.21% 37.37%
 Broad 42.06% 26.19% 31.75%

Notes: Statistics for the full sample reported. Figures 
computed at the firm level. 

 
Table 4 provides information on the destination of second filings, for firms that do not 

file priority patent applications at the EPO in the first row and for firms that file some but not 
all their priority patent applications at the EPO in the second row. Among the first group, 30 
per cent of firms have no second filings at the EPO. Taken together with the figure presented 
in column (1) of Table 3, one can infer that approximately 13 per cent of the Belgian 
patenting firms never file their patents at the EPO (this figure echoes the patent level figures 
of row (e) of Table 2) and are therefore excluded from the single office count. By opposition, 
the single office count provides accurate information for about 54 per cent of firms if both 
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priority and second filings are counted (32 per cent of firms that have all their priority filings 
at the EPO, 0.42*0.36 = 15 per cent of firms that have no priority filings at the EPO but all 
their second filings at the EPO and 0.26*0.27 = 7 per cent of firms whose patent reach the 
EPO through a mix of priority filings and second filings). Partial information is thus gleaned 
for 33 per cent of firms (1 - 0.13 – 0.54). 
 

Table 4: Share of priority patent applications not filed at the 
EPO that eventually arrive at the EPO through a second filing 

 (1) (2) (3) 
 0 0  

0 30.19% 33.96% 35.85% 
0  27.27% 45.46% 27.27% 

Notes: Statistics for the full sample reported, with the ‘broad’ 
methodology. Figures computed at the firm level. 

 
To sum up, 85 per cent of all Belgian patents will eventually end up at the EPO, such 

that the single office count seems a reasonable methodological choice. However, this high 
number masks important disparities across firms since partial or no information is collected 
for almost half the population of firms. This figure is certainly much higher in most other EU 
countries which rely on the EPO to a lesser extent. In that respect, the Belgian case is a strong 
test of our claim. If a selection bias affects estimates for Belgian data, it is very likely that it 
will also affect estimates for data from other countries. 
 
 
5. Empirical analysis 
 
5.1 Econometric models 

 
The empirical analysis proceeds in two steps. First, patent production functions are estimated 
with multiple patent counts to explore the effect of a potential selection bias. Second, we test 
whether the variable  detects the selection bias.  
 

Patent production functions are estimated as Poisson such that 
 

| , exp ,

for 1, … , and 1,… ,
 3 

 
 
where  is the number of patents for individual i at time t,  is the vector of observable 
covariates,    exp , , the term  is an unobservable individual firm-specific effect 
reflecting any permanent difference in the level of patents across firms. A popular estimation 
for count data models with fixed effects is the Poisson conditional maximum likelihood 
estimator proposed by Hausman et al. (1984). However, consistency of the estimator relies on 
the strict exogeneity assumption of . This assumption is likely to be violated with patent 
productions functions, because the patenting of an innovation may call for further R&D. We 
adopt the estimator proposed by Blundell et al. (1999), which relaxes the strict exogeneity 
assumption (see also Blundell et al., 2002). The fixed effect is approximated with the pre-
sample mean of the patent series, i.e. it reflects the patent practices and the entry-level 
knowledge stock of the firm. A dummy NO_PRE_PAT that takes the value of 1 if the firm 
had no patents in the pre-sample period is added to capture the quasi-missing value in the log 
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of patents. Recent empirical studies that follow this estimation strategy include Uchida and 
Cook (2007), Lach and Schankerman (2008) and Czarnitzki et al. (2009). Three patent counts 
are used for the purpose of the analysis. The first,  , is the ‘true’ count of priority patent 
applications filed worldwide (the variable ∗ in section 3, corresponding to row (d) in Table 
2). Estimates with this benchmark count will be compared with estimates with single-office 
counts to study the effect of a selection bias. The second, , is the count of priority filings at 
the EPO (corresponding to row (a) in Table 2). The second, , is the count of priority 
and second filings at the EPO (the variable  in section 3, corresponding to row (e) in Table 
2). Although this count mixes patents of various nature, it takes into account a broader set of 
patents, thereby potentially limiting the selection bias. 
 

The measure for the single-office bias is estimated as a Bernoulli pseudo-maximum 
likelihood following Papke and Wooldridge (1996) to account for the fact that the variable  

 is bounded between 0 and 1: 
 

  |  4 
 
where h  is a link function satisfying 0 1 ∀  ∈  such as the logistic link 
function.  
 
5.2 Results 

 
 Table 5 presents estimates of the patent production function for various samples and 
dependent variables in columns (1)–(4) and estimates for the single-office bias in column 
(5).2 The results in column (1) are for the full sample, while the results in columns (2)–(5) are 
for the subsample. Note that the results hold when the negative binomial regression model is 
used (not reported) instead of the Poisson regression model. 
 

                                                            
2 Note that the results presented are not altered by the choice of the allocation methodology (restricted vs. 

broad). Because researchers are more likely to adopt the restricted allocation, we present the results with this 
allocation without loss of generality. 



10 
 

Table 5: Estimates of the patent production function and the selection bias 

 (1) (2) (3) (4)  (5) 
Equation: 3 3 3 3  4 
Dep. Variable:        
ln(EMP)  0.470 *** 0.453 *** 0.386 *** 0.432 ***  -0.042  

 (0.092) (0.099) (0.107) (0.109)  (0.303) 
ln(RD/EMP)  0.276 *** 0.267 *** 0.434 *** 0.228 ***  0.806 * 

 (0.073) (0.074) (0.127) (0.083)  (0.471) 
ln(AGE)  -0.010  0.006  -0.496 *** -0.001   -0.736 ** 

 (0.120) (0.142 ) (0.143) (0.165)  (0.337) 
COMP   0.062  1.004 *** 0.120   1.618 ** 

  (0.219) (0.204) (0.241)  (0.682) 
PRE_PAT  0.347 *** 0.35 * -0.220  0.463 **    

 (0.171) (0.181) (0.305) (0.211)   
NO_PRE_PAT  0.284  0.323  -0.787 *** 0.410     

 (0.312) (0.331) (0.402) (0.344)   
NO_PATENT      -34.246 *** 

      (0.415) 
Constant  -4.723 *** -4.874 *** -5.354 *** -4.989 ***  -1.791  

 (0.659) (0.624) (0.702) (0.695)  (3.037) 
Industry dummies Y *** Y *** Y *** Y ***  Y *** 
Year dummies Y *** Y *** Y ** Y ***  Y  
Observations 388 345 345 345  345 
Log pseudolikelihood -525 -477 -284 -440  -47 
R2 0.55 0.55 0.57 0.51  0.80 
Notes: The full sample is used in Column (1) and the subsample in columns (2)–(5). 
Robust standard errors clustered at the firm level in parentheses. 

 
The results presented in columns (1) and (2), with the exhaustive count of patents, are 

very similar to each other, suggesting that the use of the subsample does not affect the 
estimates. Column (2), the benchmark case, suggests that company size and R&D intensity 
are significant determinants of innovation output, with an elasticity of 0.453 and 0.267 
respectively. Firm age and the intensity of competition do not seem to be related to 
differences in innovation outcome. The picture looks different if the count is limited to 
priority filings at the EPO, as shown in column (3). Firm age and the intensity of competition 
are now significant determinants of the patent count, suggesting that young firms and firms 
evolving in a more competitive environment are more ‘innovative’ than others. The true 
explanation, however, is different: these firms are simply more likely to file their priority 
filings at the EPO. Firm age and the intensity of competition significantly affect the share of 
priority patent applications at the EPO, witnessing the impact of the selection bias. This 
conclusion is confirmed by the results presented in column (5), suggesting that the variable  

 successfully informs about the selection bias. It seems that the selection bias can be 
detected even though patents are observed at only one patent office. 
 

Looking at column (4) of Table 5, however, it seems that counting both priority filings 
and second filings at the EPO – instead of only priority filings – would be enough to mitigate 
the selection bias. Indeed, the coefficients associated with the age and the competition 
variables are not significant, and the estimated coefficients of firm size and R&D intensity 
are very close to the benchmark case. Yet, the use of second filings does not always solve the 
problem, particularly if the probability to transfer second filings at the EPO is not random, as 
illustrated in Table 6. The impact of the location of competition on the patent count is 
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estimated in columns (1)–(3). Although it does not affect the global count and the count of 
priority filings at the EPO in columns (1) and (2), it does affect the total count of patents at 
the EPO in column (3). Interestingly, the variable  is able to detect this selection bias as 
indicated in column (4). Although the location of competition does not seem to impact the 
proportion of priority filings at the EPO, it seems to influence the proportion of patents that 
are transferred at the EPO as second filings, as suggested by the significant coefficient 
associated with the variable COMP_LOC in column (4). 
 
[Interpret 18.317] 
 

In a nutshell, it seems that the variable  contains useful information to detect the 
presence of a selection bias. Two elements must be emphasized. First, the methodology has 
allowed detecting the bias successfully and has not been impacted by the false negative and 
false positive described in section 3. Second, the count of total filings is not necessarily better 
than the count of priority filings, suggesting that the two counts should be used jointly. 

 
Table 6: Estimates of the patent production function and the 
selection bias 

 (1) (2) (3) (4) 
Equation: 3 3 3 4 
Dep. Variable:      
ln(EMP)  0.459 *** 0.414 *** 0.441 *** 0.080  

  (0.092) (0.103) (0.099) (0.090) 
ln(RD/EMP)  0.264 *** 0.576 *** 0.215 ** 1.098 ** 

  (0.079) (0.131) (0.086) (0.073) 
ln(AGE)  0.016  -0.366 ** 0.023  -0.513 * 

  (0.130) (0.159) (0.149) (0.123) 
COMP_LOC  -0.660  -1.439  -1.617 *** 18.317 *** 

  (1.058) (1.327) (0.599)  
COMP_REG -0.028 0.461 -0.221  0.734  

 (0.217) (0.351) (0.243)  
PRE_PAT  0.341 ** -0.243  0.441 **   

  (0.170) (0.295) (0.182)  
NO_PRE_PAT  0.334  -0.507  0.437    

  (0.328) (0.390) (0.344)  
NO_PATENT     -49.734 *** 
     (0.467) 
Constant  -4.799 *** -4.755 *** -4.794 *** -1.549  

  (0.660) (0.712) (0.719) (3.420) 
Industry dummies Y *** Y *** Y *** Y *** 
Year dummies Y *** Y ** Y *** Y  
Observations 345 345 345 345 
Log pseudolikelihood -477 -298 -438 -48 
Pseudo R2 0.55 0.52 0.52 0.80 
Notes: Robust standard errors clustered at the firm level in parentheses. 

 
5.3 Additional considerations 
 
This section explores two potential alternatives to control for the selection bias. The first 
involves estimating zero-inflated Poisson regression models. The second involves weighting 
each patent observed by a measure of its value. 
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 Zero-inflated Poisson regression models have been used to account for the fact that 
patenting is a rare event, particularly among small innovative firms. The zero-inflated 
Poisson distribution, introduced by Lambert (1992), is a mixture between a degenerate 
distribution at 0 with probability p and a Poisson distribution with probability 1-p. The aim is 
to increase the probability mass at 0 to account for the greater occurrence of zero outcome. 
Since the selection bias will exacerbate the occurrence of zero observations, one can wonder 
whether a zero-inflated Poisson regression model can be used to control for the selection bias. 
Estimates are presented in Table 7 for the three sets of examples. The upper panel presents 
estimates of the parameters of the Poisson distribution while the lower panel models the 
probability to have a zero outcome (the inflation equation). Thus, a variable with a positive 
coefficient in the lower panel increases the probability to observe no patent. Looking at the 
results, it seems that the inflation equation does not correct for the selection. This is apparent 
in columns (2) and (6). The coefficient associated with the intensity of competition in the 
inflation equation in column (2) is not significant, suggesting that the variable does not affect 
the probability to observe no patent. Rather, it affects the number of patents observed, as 
indicated by the significant coefficient in the upper panel. Column (6) presents a different 
scenario, where the focal variable (the location of competition) significantly affects the 
probability to observe no patent but does not eliminate the bias. 
 

Value-weighted counts are another way that one can think of the remove the selection 
bias even though they remain the exception rather than the rule in empirical studies. For 
instance, only x per cent of the articles surveyed in section 2 use a value-weighted count. In 
theory, value-weighted patent indicators can mitigate the selection bias if more valuable 
patents are more likely to be filed at the reference office: since a low weight is given to low-
value patents, which are also less likely to be observed at the reference office, the single 
office value-weighted count gets closer to the ‘true’ value-weighted count. There exist 
various readily available measures of patent value. The three most common are the number of 
years the patent has been maintained in force (useful life), the number of citations it has 
received (citations) and the number of countries in which it was filed (family size).3 The first 
measure, useful life, is only available for patents that were filed 20 years ago or earlier, 
corresponding to the maximum number of years a patent can be held in force. For patents that 
are less than 20 years of age and still in force, the useful life will necessarily be truncated. 
Since patents in our sample were filed between 2002 and 2007, this value variable would 
result in a severe truncation of data. The second measure, citations, raises practical hurdles in 
our context as it is not possible to build a proper benchmark. Patent citations practices greatly 
varies across patent office and their interpretation is often office-specific (see e.g. Harhoff et 
al., 2008). As a result, it makes little sense to weight the exhaustive patent count  with the 
citations received across patent offices. In addition, the information on citations is not 
exhaustive in the database and is missing for some patent offices. The third measure, family 
size, is more appealing. It involves weighting each patent by the number of members in the 
patent family.4 Since the family may spread worldwide, this measure necessitates observing 
the whole population of patents. A researcher that is able to compute a family-weighted count 
is thus theoretically also able to build the exhaustive patent count. In other words, a proper 
value-weighted count cannot be computed if the researcher does not observe patents 
worldwide.  
 

                                                            
3 We refer the reader to van Zeebroeck (2011) for a recent review of patent value indicators. 
4 A family of patents is defined as a set of patents (or applications) filed in several countries which are related to 
each other by one or several common priority filings 
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Nevertheless, we report family-weighted estimates in Table 8 for the two examples 
considered: the intensity of competition in columns (1)–(3) and the location of competition in 
columns (4)–(6). The effect of the selection bias is still observed for the count of priority 
filings (columns (2) and (5)) even though the age variable has now lost its significance. The 
results for the total count of patents at the EPO (columns (3) and (6)) are of particular interest 
because they are similar to those obtained with the exhaustive value-weighted count, 
suggesting that the effect of the selection bias has been controlled for. Three cautionary notes 
are in order, however. First, this methodology only works if the reference office attracts the 
most valuable patents. This is likely to be the case with the EPO but not with national patent 
offices. Second, there are reasons to believe that the methodology will not work for many 
other countries. As described in section 3, Belgium has a very high share of patents that 
eventually ends up at the EPO (around 85 per cent). This is particularly favorable since the 
patents not observed at the EPO are likely to be of very low value.5 Third, a researcher that 
has enough data to compute a proper value-weighted count has a priori also enough data to 
compute the exhaustive count. 
 
 
 

                                                            
5 This is formally confirmed by looking at the data. 
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6. Discussion 
 
This paper takes a close look at the widespread practice in innovation studies of using one 
single office of reference for counting patents. It contribution is twofold. First, it uses a novel 
data on the whole population of patents by Belgian firms to show that the single office count 
of patents biases estimates of innovation production functions. Second, it proposes a simple 
way to evaluate the existence of a selection bias. The methodology consists of estimating the 
determinants of the proportion of priority patent applications  filed at the reference office 
among total patent applications at the reference office. The empirical application suggests 
that the test can successfully spot coefficients that are likely to be affected by a selection bias. 
 

Two implications for research follow from the results presented in this paper. First, on 
a methodological level, the count of patents should be global, and not limited to a single 
patent office. If the researcher is limited to one single office, then a good practice consists of 
reporting estimates for both priority filings, and total filings (i.e. priority filings and second 
filings) at the reference office, together with estimates of the determinants of the variable . 
If the focal variable does not affect the variable , then our results suggest that the researcher 
can be reasonably confident that the coefficient associated with the focal variable is not 
biased by the patent indicator used. Second, the empirical application uses variables that 
capture the competitive environment of the firm. While we are cautious not to interpret our 
results as evidence that competition does not affect innovation, we note that the type of patent 
indicator that is used affect the findings. In particular, the effect of competition on innovation 
is observed with international, high-value patents but not with total patents. Given that 
empirical studies have not generated clear conclusion about the relationship between 
innovation and competition (Gilbert, 2006), particular attention should be paid to the patent 
indicators that are used in future studies. 
 

This study also comes with a number of caveats and possibilities for further research that 
we briefly discuss. First, it must be noted that the variable  does not perfectly capture the 
selection bias. In particular, there are well-defined conditions under which i) the focal 
variable affects both the proportion of priority filings and the proportion of second filings at 
the reference office to an extent such that the effect of the focal variable on the variable  is 
exactly offset and ii) the focal variable is correlated with  even though there is no selection 
bias. We did not come across such cases in the empirical analysis, but the possibility exists at 
least in theory. Second, the test requires that the priority status of the patent document is 
available. This information is available in most databases either directly or indirectly by 
looking at the priorities claimed by the patent document. By definition, a patent that does not 
claim any priority is a priority itself. If the information on claimed priorities is not available, 
it is still possible to identify priority filings by comparing the filing date with the priority 
date. If both dates are similar, the chance is high that the patent is the priority filing. Thus, the 
priority status of the document can be collected at a low additional cost. Finally, even though 
a very high share of Belgian patents eventually ends up at the EPO, the effect of a selection 
bias was clearly visible in the data. In this respect, the Belgian case provides a very strong 
test of our claim: since a selection bias affects estimates for Belgian data, it is also very likely 
to affect estimates for data from other countries. Nevertheless, it would be useful to assess the 
biases with data from other countries to study how well the proposed methodology performs. 
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Abstract 

We conduct an empirical analysis of the effects of technical industry consortia on the 

coordination of R&D strategies of the participants. Our analyses utilize membership data from 

32 consortia in a variety of wireless telecommunications technology subfields from 2000 to 

2005 and cross-citations between essential patents declared by the consortium participants in 

the context of the third-generation wireless telecommunication system UMTS and the 

members’ earlier patents. Our results shed new light on the role of consortia in enabling the 

coordination of innovation. We find that co-membership of two firms in an informal technical 

consortium significantly increases the likelihood that they cite each other’s patents in 

subsequent UMTS essential patents. In other words, inventions that are likely to become part 

of the UMTS telecommunication system tend to build on inventions by peers that were 

members in the same consortia, controlling for patent or firm fixed effects, technology class, 

patent quality, and other characteristics. Thus, on one hand, consortia may increase incentives 

to invest in R&D by internalizing potential innovation externalities. On the other hand, our 

results highlight the growing role of consortia in the standardization process which could be 

viewed as problematic, because the process may not be truly accessible for all the interested 

parties. Policymakers thus need to balance these two effects. For managers, the results show 

that participation in a variety of technical consortia enables influencing not only standard 

specifications, as shown in earlier research, but also peers’ innovation strategies.  
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1.  Introduction 

This paper examines the relationships between firms’ participation in wireless 

telecommunications industry consortia and their subsequent innovations that become declared 

essential patents in the global UMTS standard for mobile communication. Compatibility 

standards are common technology norms that ensure interoperability between communication 

products and services3. Information and Communication Technology (ICT) standards in 

particular embody an increasing number of patented elements. In many ICT fields, 

particularly in telecommunications, standards have traditionally been defined cooperatively 

by governments or industry actors within formal Standard Setting Organizations4 (SSOs). 

However, these formal SSOs are often perceived to be slow and bureaucratic, particularly 

when intellectual property rights have become part of the negotiation (Simcoe, forthcoming). 

For instance, the 3G wireless telecom standard studied here contains around 16000 essential 

patents and its development took most of a decade.  

To accelerate the process, sub-groups of firms have increasingly begun to create less formal 

upstream alliances or consortia. These types of industry consortia offer opportunities to 

discuss, test, or promote certain technologies, or they can be used to actually develop new 

technical specifications that will subsequently be submitted to formal SSOs for official 

approval. The effects of these consortia have been debated in policy circles (e.g., Cargill, 

2001) but there is little empirical evidence. Leiponen (2008) argues that ICT firms’ 

participation in such consortia facilitates influencing formal standard-setting outcomes. 

However, there is no evidence to date about the implications of informal consortia for 

coordination of subsequent innovation. The purpose of this paper is to address this research 

gap and conduct an empirical analysis of the effects of ICT consortia on the coordination 

of R&D strategies of the participants. 

This question of whether consortia facilitate coordination of subsequent innovations related to 

communication standards is interesting from both policy and managerial perspectives. From a 

policy standpoint, our results should inform competition policies. The economic literature on 

the subject (Katz and Ordover, 1990; Jorde and Teece, 1990; and Choi, 1993) often considers 

these collaborative organizations as a potential threat to competition because of excessive 

                                                
3 e.g., cell phones, DVD, internet protocols… 
4 Such as International Standard Organization, International Telecommunication Union, European 
Telecommunication Standard institute 
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market coordination. However, consortia can also be socially desirable if they reduce 

potential coordination problems around innovation. In this case, consortia might mitigate 

wasteful cost duplication and increase incentives to invest in R&D by internalizing potential 

externalities (d’Aspremont and Jacquemin, 1988). These arguments could lead competition 

authorities to adopt a supportive policy with respect to standardization consortia5 as they are 

also a way to increase overall efforts of R&D. 

However, our analyses regarding the coordination of innovation through consortia also shed 

new light on the processes through which communication standards are being created. 

Development of “open standards” through a process that is not truly accessible for all the 

interested parties may be viewed as problematic. To the degree that essential innovations that 

become incorporated in the formal standard are coordinated and agreed in informal and semi-

private consortia, policymakers may find it worthwhile to better understand and provide rules 

of the game regarding meeting procedures, membership fees particularly for small firms, open 

access, and public release of relevant information.  

From a strategic viewpoint, participation in standardization consortia could be a way for firms 

to promote their technologies and become central and hence powerful in the technological 

field. For instance, from a sociological perspective, Pfeffer (1981) suggests that consortium 

participation helps firms to access and control strategic knowledge. Nevertheless, there is to 

date little empirical evidence for this assertion. Our research aims to highlight strategies that 

firms may deploy in the wireless telecom field to influence innovation by others. 

This paper utilizes a network- analytical approach and combines membership data from 32 

ICT consortia to identify consortium network ties between firms involved in formal mobile 

communication standardization through Third Generation Partnership Project, or 3GPP, that 

is the formal international standard-setting organization driving the specification development 

for the Universal Mobile Telecommunication System, UMTS, which is one of the third-

generation mobile communication systems. Additionally, we compile and analyze citations of 

16000 essential patents filed by these firms in the 3GPP standardization process of UMTS . 

These data will be used to assess econometrically the effect of firms’ participation in 

consortia on the convergence (cross-citations) of subsequent inventions. We also use a merger 

                                                
5 For instance, the same kind of approach adopted for patent pools those also present drawbacks in terms of 
competition and advantages in terms of innovation diffusion 
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in the network of consortia as a natural experiment that, arguably, exogenously changed 

consortium connections of dozens of member firms to explore the robustness of our results. 

Our empirical analysis demonstrates that the patent holder’s involvement in consortia has an 

impact on the likelihood that their patents are cited by other consortium members in 

subsequent patents that are declared essential for the UMTS standard. This result is 

particularly strong for consortia that are formally allied with and thus directly related to 

3GPP. The result is weaker but still positive and statistically significant for consortia that are 

not allied with 3GPP. However, this relationship is significant only for informal consortia and 

does not hold for more formal consortia such as other formal standard-setting organizations 

(e.g., regional SSOs). We also find that this coordination effect is more important for firms 

with lesser technological capabilities than for those with more substantial capabilities, and 

that the change in the network of consortia caused by the merger had an impact on the 

strength of this coordination effect. In other words, our key results are supported by the 

difference-in-differences analysis utilizing this source of exogenous variation.  

Our results highlight consortia as a form of organization to coordinate innovation strategies 

related to communication standards. Consortia thus seem to enable sharing of knowledge and 

coordination of R&D. Policy and managerial implications of these findings are discussed in 

the last section. The remainder of this paper is organized as follows. Section 2 presents a 

literature review of R&D consortia and discusses the conceptual foundations of our research. 

Section 3 explains the data collection process and the empirical methodology. Section 4 

presents our main empirical results and section 5 concludes. 

 
2. Literature on research and development consortia and our targeted 

empirical contribution 
 

Research and development consortia have been studied extensively in various strands of 

literature. The advantages and drawbacks of these organizations as well as their formation 

process and possible impact on future alliances are now relatively well understood. We will 

discuss the benefits and costs of participation as viewed in extant studies. 

Scholars have found substantial positive effects of consortium participation on innovation by 

firms. For instance, an early stream of research analyzes R&D consortia from a theoretical 
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standpoint and underlines financial incentives to participate therein. Katz (1986), Katz and 

Ordover (1990), d'Aspremont and Jacquemin (1988), among others, view consortia mainly as 

a way to share and reduce R&D expenses.  These organizations are a way to realize scale 

economies among participants and to avoid project duplication. This stream of literature 

assumes symmetric contributions of consortia members in terms of R&D investments and 

competencies, and firms are assumed to manufacture substitutable products.  

Complementary to this idea, another strand of literature discusses incentives to participate 

when firms do not have symmetric contributions (e.g., Kamien, Muller and Zang, 1992). 

Here, the main idea is that R&D investments create knowledge spillovers. Spillovers are 

positive externalities that enhance the social benefits of R&D investments but they lead to 

socially suboptimal investments because private incentives do not take spillovers into 

account. Consortia are a way to internalize these spillover effects. This potentially positive 

effect of consortia has led some economists to support public funding of these organizations 

(Romer and Griliches, 1993).  

The notion of consortia as a way to internalize R&D externalities is in line with the resource-

based view of the firm in strategic management. For instance Chung, Singh and Lee (1999) 

analyze investment banking firms' syndication in underwriting corporate stock offerings 

during the 1980s and point out that that the likelihood of investment banks' alliance formation 

is positively related to the complementarity of their capabilities. This approach considers a 

firm as a bundle of competencies. Firms’ participation in consortia or other forms of 

cooperation can be viewed as a method to share skills and benefit from other members’ 

competencies. This argument implies that diversity of members enhances consortium 

efficiency, because it increases the potential for spillovers and ultimately has a positive effect 

on the level of R&D expenditures in the field.  

Two empirical papers confirm that R&D consortia lead to increased R&D investments. First, 

Branstetter and Sakakibara (1998) analyze a sample of Japanese consortia and find that the 

marginal effect of consortium participation  is about two percent increase in total R&D 

spending and of between four and eight percent increase in patenting per R&D dollar 

(research productivity). In a subsequent paper, Sakakibara (2001) confirms an even more 

substantial effect of consortium participation on R&D expenses (around 9%) and also tests the 

hypothesis that diverse competencies of members enhance the efficiency of the consortium. 

The paper examines a sample of publicly sponsored Japanese consortia involving 213 firms 
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over 13 years and confirms that consortium diversity is associated with greater R&D 

expenditure by participants.  

An organization-theoretic literature points out that participation in R&D consortia is a way to 

obtain a strategic advantage over competitors. In this view, consortia are not necessarily 

formed to share costs or reduce potential market failure but to create competitive advantages 

over other competitors. Pfeffer (1981) proposes that consortium participation helps firms to 

access and control strategic knowledge. Aldrich et al. (1998) also argue that R&D consortia 

could be help to orientate research in the industry in a way that supports the firm’s strategy. 

This hypothesis is supported empirically by Leiponen (2008) who examines consortia around 

the Third Generation Partnership Project (3GPP), a formal standards-development 

organization. This study finds that participation in R&D consortia significantly enhances 

firms’ contributions to new standard specifications in 3GPP committees. Firms that are central 

in the consortium network are more able to ultimately influence the standard-setting outcome. 

From a social point of view, this result suggests that R&D consortia may also have adverse 

effects and are potentially a way to foreclose competition. This potential negative effect of 

consortia on competition (implicit collusion) was acknowledged in a series of papers6 without 

causing significant reactions by competition authorities.  

Finally, a set of studies identifies consortia as a way to signal strategies within the industry. In 

this framework (Rosenkopf, Metiu and Georges, 2001) consortium participation is a way to 

signal potential strengths to competitors or other actors of the technological field. In a 

longitudinal study of 87 cellular service providers and equipment manufacturers, the authors 

show that participation in technical committees help to identify potential alliance partners and 

opportunities for collaboration. The authors also find that the marginal effect of consortium 

participation on alliance formation is decreasing with the number of alliances already formed 

and varies according to interpersonal bonds. This importance of interpersonal bonds is also 

underlined by Dokko and Lorenkopf (2010). In this study of 186 firms over 7 years of 

participation in technical committees, the authors examine how job mobility of individuals 

affects firms’ ability to influence others in a technical standards setting committee for U.S. 

wireless telecommunications. The authors point out that hiring individuals who are rich in 

                                                
6 For instance Brodley (1990), Katz and Ordover (1990), Jorde and Teece (1990) and Choi (1993) 
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social capital increases firms’ power in technical standard-setting committees by increasing 

the hiring firm’s social capital7. 

As described above, cooperative research arrangements can be very beneficial, but consortium 

participation may also be associated with risks and costs. First, firms have to support expenses 

such as travel and meeting costs or loss of productivity due to engineers’ participation to the 

reunions. Sakakibara’s (2001) empirical analysis of Japanese consortia and Hawkins’ study of 

ICT consortia (1999) present empirical evidence that consortium participation engenders 

substantial costs. Hawkins’ estimate of membership fees for a typical technology firm in mid-

1990s was in the order of 1.5 million US dollars. This number does not include the travel and 

human resource costs of participation. Moreover, in the decade since, membership fees and 

the number of consortia have substantially increased.  

Consortia can also represent an important risk of technology leakage. Sharing R&D 

knowledge in technical meetings with other participants that have sufficient skills to 

understand and absorb these competencies strongly increases the risks of imitation. Indeed, 

Kodama (1986) underlines that firms participating in consortia may create internal research 

groups just to absorb knowledge from consortium work.  

Consortium participation may also reduce the set of potential appropriation strategies 

available to firms. For consortium members, secrecy is no longer an effective protection 

method and therefore member firms may need to follow alternative appropriation strategies 

and define which competencies can be shared and which ones protected according to the firm 

general strategy. This result is supported by empirical studies that analyze the means of 

protecting innovation in a cooperation context. For instance, Leiponen and Byma (2009) 

stress that small firms cooperating in innovation with horizontal partners (direct competitors) 

tend to prefer speed to market over secrecy or patents to protect their innovations.  

To summarize, the extant literature on R&D consortia has identified many potential benefits 

and drawbacks of participation. However, systematic empirical evidence remains relatively 

scarce. The focus of our empirical work is on the hypothesis that consortia facilitate 

coordination of subsequent R&D. Aldrich et al. (1998) and Hawkins (1999) have previously 

discussed this idea. Hawkins argues that “[…]an international system has evolved in which 
                                                
7 In contrast, the loss of personnel does not affect a firm’s social capital or influence over standards directly 
but it does have an effect on firm social capital and influence contingent on changes in the firm’s business 
strategy. 
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communication and co-ordination is achieved primarily through inter-organisational 

alliances[…]”. However, little systematic empirical evidence has been presented. Our paper 

targets this research gap by examining the role played by consortia as a vehicle for knowledge 

transfer and influence in the innovation context. 

 

3. Data and Methods 

The main research question that we empirically test in this paper is whether informal 

standardization bodies have facilitate the coordination of innovation strategies in terms of 

increasing the likelihood that a patent is cited by another consortium participant in a patent 

that is declared as essential for the wireless telecommunication system UMTS. We thus 

analyze whether the likelihood that a patent is cited depends on the position and centrality of 

the patent holder in the network of consortia during the year in which the citing patent was 

applied. We focus on citations by UMTS essential patents because we are interested in the 

ability of consortium participants to influence the set of technologies incorporated in the 

standard.  

This paper relies on a combination of data on consortium co-membership links between firms 

involved in the third-generation mobile standards and cross-citations of patents filed by these 

participants. First of all, we gathered data on 16 000 patents declared essential for the UMTS 

standard8. We retrieved these data in October 2010 using the ETSI online patent database9. 

We then merged these data with information on citations using the 1976/2006 National 

Bureau of Economic Research database10 and used the EPIP database to identify the patent 

holders of the cited patents11. Appendices 1 and 2 present some information about the timing 

of application and technological class of patents in our sample. As we can see, the citing 

patents are very concentrated in terms of technological class, whereas the cited patents are 

quite diverse. The cited patents were granted between 1976 and 2004 but the majority of them 

were granted in the late 1990s or early 2000s.   

Next, we created a database on consortium membership links between firms involved in the 

third-generation mobile standards. This database is partly based on Leiponen (2008). Using 
                                                
8 The projects included are : 3GPP, 3GPP release 7, 3GPP/AMR-WB+, UMTS, UMTS Release 5, UMTS 
Release 6, UMTS Release 7, UMTS Release 8, UMTS/CDMA 
9 Available at: http://ipr.etsi.org/ 
10 Available at: http://www.nber.org/patents/ 
11 Available at: http://www.epip.eu/datacentre.php 
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the website Internet Archive, we obtained data on the memberships of the patent holders 

(owners of the citing and the cited patents) in consortia in the ICT field from 2000 to 2005. 

Some of these consortia are formally allied with 3GPP and others are unrelated or even 

directly competing with 3GPP. A list of these consortia is presented in Appendix 3.  

As we have information on participation in consortia from 2000 to 2005, we will restrict our 

analysis of citing patents applied in this period. We organize our database around the cited 

patents over six years. This database consists of 1021 patents that were cited at least once by a 

UMTS essential patent. These patents were held by 44 different firms12. The database 

connects the cited patents with 1962 citing patents.  

Our main dependent variable is a binary indicator for whether a patent was cited by a patent 

application that was subsequently declared as “essential” for the UMTS wireless 

telecommunication system developed in 3GPP  of another member of 3GPP in the year after 

its application. In robustness analyses we also utilize a binary indicator at the firm level.  

We use three different variables to capture firms’ participation in informal standardization 

bodies (consortia). The first two measure the patent holder’s general level of participation in 

consortia of the ICT field: the number of consortium memberships, (total membership) and 

the number of connections to peers from consortia (consortium connections). A consortium 

connection is formed if two firms meet at least one time in one of the consortia during the 

year. In network-analytical terms these are two-mode and one-mode degree centrality 

measures, respectively. The last variable (co-membership) captures the direct connection 

between two firms, i.e., between the holders of citing and cited patents during the year in 

which the citing patent was applied.  

The main empirical issue is to disentangle the effects of participation in consortia and 

technological centrality of the firm in formal standards development. A patent can be highly 

cited because of the patent holders’ participation in consortia or because the patent is 

technologically central in the UMTS wireless system being standardized within 3GPP, for 

which reason its holder may participate in many consortia. In order to control for this 

possibility, we use data on patent holders’ participation in the formal standards-development 

organization (3GPP). We trace patent holders’ activities in formal standards-development 

                                                
12 A list of the patent holders of the cited patents is presented in appendix 4.  
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committees13 from 2000 to 2005 and create a variable 3GPP connections that equals the 

number of unique connections (one-mode degree centrality) to other firms through work-item 

committees. This variable allows us to take into account the centrality of the firm in formal 

standard setting and thus enables us to distinguish the effects of informal and formal 

standardization on cross-citations.  

Table 1 describes the main variables. 

Table 1: Name and description of the main explanatory variables 

Variable Description Mean Std. 
dev. 

Min Max 

Total membership Number of cited firm’s annual 

memberships (two-mode network 

degree) in consortia 

8.27 6.96 0 24 

Consortium 

connections 

Number of cited firm’s annual 

unique connections (one-mode 

network degree) through consortia 

128.15 103.79 0 280 

Co-membership Dummy variable that equals 1 if the 

holder of the citing and the cited 

patent were in the same consortium 

during the year in which the citing 

patent was applied. 

0.18 0.39 0 1 

3GPP connections Number of unique (one-mode 

degree) connections to other firms 

through 3GPP work-item 

committees 

16.05 18.50 0 63 

Age cited Age of the cited patent (since the 

grant year) 

3.61 5.34 - 4 29 

Patent quality  Stock of forward cites at t-1 32.87 56.29 1 920 

 
We work with a panel database of patents cited by UMTS essential patents and estimate a 

fixed-effect logit model with the likelihood to be cited at year y  for a patent p  as the 

dependent variable. Table 2 presents descriptive statistics (for the cited patents) regarding the 
                                                
13 Using the website http://www.3gpp.org/ 
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number of citations by other 3GPP members. As we do not use a count data model but 

estimate the likelihood to be cited for a patent at year y , Table 3 presents the number of times 

(years) our patents are cited over the six years of observation. The majority of our cited 

patents are not cited during the years we analyze. We also have a small number of patents that 

are cited every year from 2000 to 2005. These observations will be excluded in a fixed-effect 

logit model which significantly reduces our estimation sample14.  

 

Table 2: Number of citations by other 3GPP members 
 
 Mean Std. Dev. Min Max 
 
Total citations by other 3G members 

 
2.97 

 
7.24 

 
0 

 
79 

 

 
Table 3: Number of years the patent is cited (2000-2005) 
 

Number of years the patent is cited Observations 
0 657 
1 78 
2 102 
3 76 
4 48 
5 49 
6 13 

 

Our main explanatory variables measure consortium participation, and we control for the 

patent holder’s centrality in 3GPP and the patent’s quality and age. We thus estimate the 

following model: 

py

py

agePatent
qualityPatentsconnectionGPPionparticipatConsortiumCitation

εα

αααα

+

++++=

_
__3_)Pr(

4

3210

[1]
 

)Pr( pyCitation  = Probability of firm being cited by another 3GPP participant in year y  for 

patent p  

                                                
14 We also controlled that our results are not due to the patents that are cited only one time by other 3G 
participants, over the period, excluding these patents in one of our robustness tests. The results presented in the 
body of the paper remain robust even excluding these patents. 
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Consortium participation = Participation in consortia of the holder of the cited patent, using 

the variables total membership, consortium connections, and co-membership  

3GPP connections = Cited patent holder’s centrality in formal standardization in 3GPP 

committees 

Patent age = Age of the patent 

Patent quality = Patent stock of forward citations at year t-1 

pyε = Error term 

 

Our primary estimation approach utilizes standard panel-data methods (fixed effects 

estimation) to control for time-invariant unobserved heterogeneity of firms and patents. We 

also disentangle the consortium participation effect according to the nature of the consortia 

and the size of the firm. As a fixed-effects estimation considerably reduces the number of 

observations, we also use a random-effects estimation taking into account the overall sample, 

using mean variables to control for intrinsic characteristics (Wooldridge, 2002, pp. 487-488, 

679). This Chamberlain style procedure includes the means of the time-varying explanatory 

variables as additional regressors in the random-effects procedure, assuming that the 

permanent characteristics are normally distributed conditional on the explanatory variables. 

According to Wooldridge (2002), this method is less robust but more efficient than the 

conditional fixed-effects approach. The results are presented in appendix 6 and confirm the 

findings of the fixed-effects estimation. 

We also explore whether a natural experiment occurring in the data allows us to isolate 

sufficient exogenous variation in the main explanatory variables to control for possible time-

varying unobserved effects and estimate a differences-in-differences type model. Our concern 

is that innovations emerging during the period of study might make firms more likely to both 

attend consortia and cite their central members. This event is the merger of a set of industry 

consortia of mobile services that, we argue, exogenously shifted the consortium contacts of 

some but not all firms in our dataset. In late 2002, seven of the consortia in our database15 

merged to create the Open Mobile Alliance (OMA). OMA was formed by nearly 200 

companies including mobile operators, device and network suppliers, information technology 
                                                
15 Wap Forum, Wireless Village, SyncML Initiative, MGIF, LIF, MWIF, and UMTS Forum. 
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companies and content and service providers.  Therefore we argue that individual firms were 

unlikely to have substantial influence in the merger. The stated reasons for the merger were 

increasing interactions and synergies between the technology fields of the seven component 

consortia: “The purpose of OMA is to address areas that previously fell outside the scope of 

any existing organizations, as well as streamline work that may have been previously 

duplicated by multiple organizations.”16 As a result of the merger, consortium connections of 

some firms increased and those of other firms decreased. We use this merger to estimate a 

diff-in-diff model and examine the robustness of our fixed-effects results.  

 

4. Estimation results 

We first run a fixed-effect model estimating the likelihood of a patent to be cited by a patent 

that was declared as essential for the UMTS standard, held by another consortium participant. 

We control for the age of the cited patent and its quality in terms of the stock of forward cites 

at time-1. The results of this model are presented in Table 4. 

As we can see in Table 3, our three main explanatory variables all have statistically highly 

significant and positive effects on the likelihood to be cited by another consortium participant. 

Given the fact that our third explanatory variable, co-membership, presents a strong and very 

significant positive parameter, it is quite logical that our two other explanatory variables also 

have a positive impact. Marginal effects suggest that the total number of memberships has a 

stronger impact than the number of cited firm’s annual unique connections (one-mode 

network degree) through consortia. One additional consortium membership increases the 

likelihood of citation by 1%, whereas an additional connection increases it by 0.02%. 

However, one needs to keep in mind that one additional membership tends to lead to dozens 

of new connections. Meanwhile, co-membership has the strongest positive marginal effect on 

the likelihood to be cited by other 3GPP members in subsequent innovations. If two firms are 

both members of the same consortium, the likelihood of citation goes up by 47%. We also 

find that the control variable patent age does not have a clear impact on the likelihood to be 

cited. In contrast, patent quality (stock of forward cites at year – 1) has a significant negative 

                                                
16 http://www.openmobilealliance.org/AboutOMA/FAQ.aspx, retrieved 8/2/2002. 
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impact on the likelihood to be cited17. However, the random-effects estimation presented in 

appendix 6 attenuate this finding. Nevertheless, the role of patent quality in formal and highly 

cumulative standardization should probably be further investigated. 

 
Table 4: The effect of consortium participation on the likelihood of citation 

Notes: Dependent variable is an indicator for whether a patent was cited by an essential patent 
applied in year y. Estimation method is logit with fixed effects at the patent level. Dummies 
0/3/6/9 are nonlinear effects for patent age. Standard errors are in parentheses under the 
coefficients. 

 

These results lend support for our main hypothesis. The patent holder involvement in the 

consortium network increases the likelihood that the patent is cited by other participants. 

                                                
17 We cannot exclude that this effect is not due at least partially to  an effect patent age not captured by our 
variable age. This effect could also confirm that the traditional indicators of patent quality do not work very well 
in a standardization context characterized by cumulative innovation. 

 
(1) 

 
(2) 

 
(3) 

 

 
Coef. 

 
Marginal  

effect 
Coef. 

 
Marginal  

effect 
Coef. 

 
Marginal  

effect 
Total memberships 0.143*** 0.0108*     
 (0.019) (0.005)     

  0.00218*** 0.0002*   Consortium 
connections   (0.0001) (0.0001)   
 

Co-membership     3.364*** 
 

0.4666*** 
     (0.193) (0.006) 
3GPP connections 0.00840 0.0006 0.021*** 0.0018* -0.00245 -0.0006 
 (0.006) 0.272 (0.005) (0.0010) (0.006) (0.002) 
Patent age  0.0256 0.0019 0.053 0.0044** -0.111 -0.0276 
 (0.065) 0.715 (0.065) (0.0065) (0.089) (0.022) 
Patent quality -0.0896*** -0.007** -0.087*** -0.0072 -0.085*** -0.0212*** 
 (0.011) 0.042 (0.011) (0.0035) (0.012) (0.003) 
Dummy 0/3/6/9 
Observations 
Number of groups 
Chi2 
Prob > chi2  
Log Likelihood 

Y 
2154 
352 

434.56 
0 

-596.312 

Y 
2154 
352 

428.34 
0 

-599.424 

Y 
2154 
352 

924.69 
0 

-351.251 
Legend: * p<.05; ** p<.01; *** p<.001 

(* p<.10; ** p<.05; *** p<.01 for marginal effects) 
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Thus, participation in informal standardization bodies helps firms coordinate subsequent 

research. 

Next, we refine the result by analyzing whether the nature and size of the consortium and the 

cited patent holder influence the result. We distinguish between different types of consortia 

(formal or informal) and their relationship with 3GPP (related or unrelated to 3GPP)18. 

Formal consortia actually draft and certify standard specifications whereas informal ones 

simply discuss and test technological alternatives. Consortia can also be formally allied with 

3GPP or completely unrelated to 3GPP. We would expect consortia that are allied with 3GPP 

to provide more fruitful venues for influencing peers’ innovation activities related to 

technologies that 3GPP standardizes. Also, we would expect informal consortia to be more 

conducive for influencing peers, because their fundamental purpose is usually to discuss and 

promote a set of technologies, hence these discussions can be more easily used to promote the 

members’ technologies that might be utilized or built on in the standard-setting context of 

3GPP. 

We also examine the interaction effect of the technological resources of the patent holder 

using an interaction variable, consortium connections*patent apps, between consortium 

connections and the number of patents applied by the cited firm during the year. This variable 

allows us to assess the potential moderating impact of the (technological) size of the patent 

holder on the consortium participation effect. We expect that larger technology firms are more 

effective at translating consortium connections into opportunities to influence others’ 

innovation activities19. These results are presented in Table 5. 

 

                                                
18 See the data section. 
19 Appendix 7 gives an overview of these results for the main important patent holders (based on the number of 
citing patents).  
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Table 5  : Effects of different types of consortia and the moderating effect of 
technological resources 

 
 (1) (2) (3) 

 
Coef. 

 
Marginal 

effect 
Coef. 

 
Marginal 

effect 
Coef. 

 
Marginal 

effect 
       

0.158*** 0.0114*     Informal consortium 
memberships 
 

(0.026) 
 

(0.006) 
 

   

0.0854 0.0061     Formal consortium 
memberships 
 

(0.048) 
 

(0.005) 
 

   

  0.267*** 0.0216*   Related consortium 
memberships 
  

 (0.046) 
 

(0.012)   

  0.0843** 0.0068*   Unrelated consortium 
memberships 
  

 (0.027) 
 

(0.004)   

    0.00278*** 0.0002* Consortium  
connections 
  

 
 

 (0.0004) (0.0001) 

    -7.549e-07 -5.59e-08 Cons. connections*  
patent apps 
  

 
 

 (4.08e-07) (0.000) 

Patent apps     -0.00024 -0.00001 
     (0.0003) (0.0002) 
3GPP connections 0.00797 0.0006 0.0065 0.0005 0.0203*** 0.0015 
 (0.006) (0.005) (0.006) (0.006) (0.005) (0.0009) 
Patent age -0.00143 -0.0001 0.012 0.0010 0.0632 0.0047 
 (0.064) (0.005) (0.066) (0.005) (0.067) (0.006) 
Patent quality -0.0879*** -0.0063 -0.089*** -0.0072 -0.0903*** -0.0067 
 (0.011) (0.003) (0.011) (0.004) (0.011) (0.003) 
Dummy 0/3/6/9 
Observations 
Number of groups  
LR chi2 
Prob > chi2 
Log Likelihood 

Y 
2154 
352 

427.34 
0 

-599.922 

Y 
2154 
352 

443.35 
0 

-591.919 

Y 
2154 
352 

410.89 
0 

-593.992 

Legend: * p<.05; ** p<.01; *** p<.001 
(* p<.10; ** p<.05; *** p<.01 for marginal effects) 

Notes: Dependent variable is an indicator for whether a patent was cited by an essential patent 
applied in year t. Estimation method is logit with fixed effects at the patent level. Dummy 
0/3/6/9 are nonlinear effects for patent age. 
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Regarding the types of consortia, the results confirm expectations. Both the formality and 

relationship with 3GPP of the consortium moderate the participation effect. We can see in 

Table 5 that the participation effect is positive and significant for informal consortia but 

insignificant for the formal standardization organizations of our sample. The strategic and 

technological scope of the consortium also has an impact on the intensity of the effect. The 

consortium participation effect is much stronger for consortia that are directly related to 

3GPP, and the difference is statistically significant at 0.01%. However, even though the 

coefficient is substantially lower, participation in unrelated consortia also has a positive and 

statistically significant impact on the likelihood to have a patent cited by peers in subsequent 

innovation.   

Perhaps contrary to expectations, the greater the firm’s technological innovativeness (patent 

applications), the lower the consortium participation effect on the likelihood to be cited in 

subsequent research by peers (this result is significant at 10%).  We speculate that 

representatives of firms with large technology portfolios may have a less accurate 

understanding of the potential of individual patents for peers to build on. However, we plan to 

investigate the size/technological resource effect in more detail. 

Finally, we use a natural experiment, a merger of seven consortia in 2002 to examine the 

robustness of our results. When MGIF, UMTS Forum, Wap Forum, Wireless Village, 

SyncML Initiative, LIF and MWIF merged to form Open Mobile Alliance, the consortium 

connections of the members of the seven consortia were exogenously shifted20. Using this 

exogenous event to identify the causal effect of consortium connections on patent citations, 

we dissect the participation effect according to the timing, the consortia affected by the 

merger, and their nature. The results are presented in Table 6. 

                                                
20 A list of the firms included in the control group, non-participant in one of the consortia concerned by 
the merger, is available in appendix 5 
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Table 6: Impact of the OMA merger on subsequent citations 
 

 (1) (2) (3) (4) 

 
Coef. 

 

 
Marginal 

Effect 
Coef. 

 

 
Marginal 

effect 
Coef. 

 

 
Marginal 

effect 

 
Coef. 

 
Marginal 

 effect 
CTO_OMA 
 

0.0178*** 0.0026 0.0183*** 0.0023 0.0239*** 0.0060***   

 
(0.005) (0.002) (0.005) (0.002) (0.005) (0.001)   

CTO_not_OMA 
 

0.00041 0.0001 0.00027 0.00003     

 
(0.001) (0.001) (0.001) (0.0001)     

    -0.00042 -0.0001   CTO_not_OMA 
_formal 
 
 

    (0.002) (0.0004)   

    0.00810* 0.0020**   CTO_not_OMA 
_informal 
 
 

    (0.004) (0.0009)   

CTO_OMA_after 
 

0.00911* 0.0013 0.00941* 0.0012 0.0151** 0.0038***   

 
(0.004) (0.001) (0.004) (0.001) (0.005) (0.001)   

New_co_membership
_OMA  

 

 

   1.7384* 

(0.707) 

0.1909 

(0.165) 

Old_co_membership
_OMA  

 

 

   -0.5090 

(0.260) 

-0.0241 

(0.023) 

Co_membership 

  

 

 

   3.1193*** 

(0.255) 

0.3016*  

(0.180) 

Dummy_after 
 

-3.538*** -0.4562 -3.720*** -0.4232 -4.0422*** -0.7537 -3.8756*** -0.1864 

 
(0.357) (0.288) (0.374) (0.294) (0.406) (0.112) (0.733) (0.141) 

3GPP connections 
 

  -0.0149 -0.0018 -0.0148 -0.0037 -0.0183** -0.0010 

 
  (0.009) (0.002) (0.009) (0.002) (0.007) (0.0009) 

Patent age 
 

1.128*** 0.1646 1.160*** 0.1439 1.378*** 0.3442 0.4659***  0.0255 

 
(0.161) (0.143) (0.163) (0.137) (0.192) (0.056) (0.129) (0.024) 

Patent quality 
 

-0.177*** -0.0258 -0.179*** -0.0222 -0.184*** -0.0461 -0.0958*** -0.0053 

 
(0.020) (0.020) (0.020) (0.019) (0.021) (0.005) (0.013) (0.004) 

Dummy 0/3/6/9 Y Y Y Y 
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Number of obs 2154 

Number of groups 352 

LR chi2 970.70 

Prob > chi2 0.0000 

Log Likelihood 
 

1731 

338 

667.35 

0.0000 

-330.306 

1731 

338 

670.33 

0.0000 

-328.818 

1731 

338 

675.34 

0.0000 

-326.314 -328.24092 

Legend: * p<.05; ** p<.01; *** p<.001 
(* p<.10; ** p<.05; *** p<.01 for marginal effects) 

Notes: Dependent variable is an indicator for whether a patent was cited by an essential patent 
applied in year t. Estimation method is logit with fixed effects at the patent level. Dummy 
0/3/6/9 are nonlinear effects for patent age. 

 

The variable CTO_OMA has a strong positive and statistically significant effect on citations. 

OMA and the component consortia were thus probably central venues for discussing ongoing 

innovation. In fact, the effect of connections from other consortia (CTO_not_OMA) is 

insignificant. However, when we separate informal and formal other consortia 

(CTO_not_OMA_formal and CTO_not_OMA_informal) we retain the positive and 

statistically significant effect of informal non_OMA connections. The most important 

coefficient in table 6 is that on the variable CTO_OMA_after that measures the additional 

effect of OMA-related connections after the merger. This effect is significant at the 95% level 

of confidence in all specifications, but it is particularly strong (and significant at the 99% 

level) when the non_OMA effect is separately estimated for formal and informal consortia. 

This result is rather different if we analyze the coefficients of the variables 

New_co_membership_OMA and Co_membership that are not influenced by the number of 

consortia members. This natural experiment is useful to confirm and refine the robustness of 

our results. Using the creation of OMA consortium as a source of exogenous variation, the 

change in the network of consortia caused by the merger had an impact on the strength of the 

coordination effect.  

To conclude, our main hypothesis that consortia participation facilitates coordination of firms’ 

research policies is supported. The result is robust independent of the method or the variable 

to capture the participation used. But the magnitude of the effect substantially depends on the 

nature of the consortium and (technological) size of the patent holder. The coordination effect 

is insignificant for formal consortia and strongly positive and statistically significant for 
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informal ones. Additionally, the effect is much greater when consortia are technologically or 

strategically related to 3GPP but it remains significant when consortia are unrelated to 3GPP. 

The impact is also lower when the technological innovation capacity of the firm increases. 

Finally, we note that a merger in the consortium network had a significant positive impact on 

the magnitude of the coordination effect. Exogenous changes in consortium connections 

caused by the merger positively and statistically significantly influenced subsequent citations 

by peers. 

 

5. Conclusion 

This paper analyzes the impact of firms’ participation in ICT consortia on the convergence of 

R&D strategies. In order to do that, we use data on participation in 32 ICT consortia and 

citations of essential patents filed by participants in the 3GPP standardization process. We 

also use a merger in the network of consortia as a quasi-experiment that exogenously changed 

consortium connections of members to explore the robustness of our results and refine our 

analysis. 

Our empirical analysis underlines the impact of the patent holder’s involvement in the 

consortium network on the likelihood to have its patents cited by other participants in 

subsequent research. The higher the patent holder involvement in the consortium network, the 

higher the likelihood to be cited by other contributors in subsequent patents that are declared 

essential for the UMTS standard. This result is stronger for consortia that are formally allied 

or directly related to 3GPP, whereas the result is weaker but still positive and statistically 

significant for consortia unrelated to 3GPP. Our findings suggest that informal consortia are 

an effective vehicle to coordinate standards-related research. Indeed, while participation in 

informal consortia has a positive and statistically significant impact on the likelihood to be 

cited by subsequent research, this result does not hold for more formal consortia such as other 

standard-setting organizations. To finish, we also stress that an exogenous change in the 

consortium network had an impact on the strength of this coordination effect. Thus, our main 

findings are confirmed by a difference-in-difference analysis using a merger in the network of 

consortia as a source of exogenous variation.  



21 

 

Our main result, that consortium participation facilitates coordination of firms’ R&D 

activities lends support for an earlier literature on the effects of R&D cooperation on 

managing knowledge transfer between rivals. Thus, cooperation potentially improves 

incentives for R&D because it enables the internalization of knowledge-creation externalities. 

However, in the standard-setting context our findings also raise questions. Our results 

demonstrate that standardization is no longer practiced only in formal standard-setting 

organizations but also in informal upstream consortia.   

First, transparency and openness of consortium activities is currently not ensured. Thus, it can 

be difficult for an entrant to understand who makes decisions about standardization, where, 

and through what process. Second, when standard setting is effectively distributed to dozens 

of consortia, each with substantial membership fees and frequent meeting schedules, 

participation can become prohibitively costly for smaller firms. Small firms tend to have few 

(if any) technical experts who are able to travel to standards meetings, and with dozens of 

potentially relevant consortia, this may simply not be possible. Finally, major firms have 

motivated consortia as a method of speeding up standards development. While this is an 

acceptable goal for any industry, the actual reason for accelerated outcomes from consortia 

may be exactly that smaller firms and those who disagree with industry leader(s) are not 

participating.  

We suggest that these novel results potentially call for a rethinking of standard-setting 

policies.  Innovation policymakers should no longer be interested only in formal standard-

setting organizations but also pay attention to activities in informal upstream consortia in 

which much of the coordination work is actually done. Similarly, our results show that 

innovating firms that want to commercialize new products or technologies in network 

industries must design a standard-setting strategy that involves not only formal SSOs but also 

active participation and influencing peers within informal consortia. 
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Appendix 1: Description cited patents 

 

 

 

Figure 1: Grant year of the cited patents 
 

 

 

 

Figure 2: Technological class of the cited patents 
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Appendix 2 : Description citing patents 

 

 

 
Figure 3: Grant year of the citing patents 

 

 

 

 

Figure 4: Technological class of the citing patents 
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Appendix 3 : List of consortia 

 

Consortium Name 3GPP related Affected by the OMA merger 
MET No No 
WLANA No No 
SA Forum No No 
ATIS No No 
3G Americas No No 
CDG No No 
VoiceXML No No 
IPv6 Forum Yes No 
Hiperlan 2 No No 
WiFi Alliance No No 
GSA Yes No 
TTC Yes No 
Bluetooth No No 
GPP 2 No No 
UMTS Forum Yes Yes 
T1 Yes No 
SyncML No Yes 
TTA No No 
UWCC Yes No 
WAP Forum No Yes 
Wireless Village No Yes 
3GIP No No 
ARIB Yes No 
BWIF No No 
CWTS No No 
ETSI Yes No 
GSM Association Yes No 
MGIF No Yes 
MWIF No Yes 
OMA Alliance No No 
Symbian No No 
WECA No No 
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Appendix 4 : List of cited patent holders 
id2_cited Company Name 

50020 Agere 
50040 Alcatel 
50100 ArrayComm 
50120 AT&T Wireless 
50180 Bell South 
50220 BT (British Telecom) 
50250 BULL S.A. 
50360 Cisco Systems 
50411 3Com 
50421 Infineon Technology 
50520 Ericsson 
50580 France Telecom 
50590 Fujitsu Limited 
50630 Golden Bridge Technology 
50640 Hewlett Packard 
50670 Hughes Network 
50710 ICO Global 
50750 Intel 
50760 InterDigital  
50860 LG Electronics 
50880 Lucent 
50940 Matsushita 
50950 Matra 
51000 Microsoft 
51010 Mitsubishi 
51060 Motorola 
51090 NEC 
51130 Nokia 
51140 Nortel Networks 
51200 OKI Electrics 
51280 Panasonic 
51340 Qualcomm 
51360 Racal Instruments 
51400 Rogers Wireless 
51440 Samsung 
51490 Seiko Epson 
51540 Sharp 
51560 Siemens 
51640 Sony 
51880 Texas Instruments 
51900 Thomson 
51920 Toshiba 
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Appendix 5 : Control group for the OMA merger 
 

 

 

Company Name 
 

Hughes network 

Agere 

ArrayComm 

BT (British Telecom) 

Bull S.A. 

Comneon 

Golden Bridge technology 

ICO Global 

Matra 

Racal Instruments 

Rogers Wireless 

Shanghai Be 
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Appendix 6 : Results using a random effects estimation 

 

Notes: Dependent variable is an indicator for whether a patent was cited by an essential patent 
applied in year t. Estimation method is logit with random effects. Dummy 0/3/6/9 are 
nonlinear effects for patent age. Means are computed at the cited patent level.

 
(1) 

 
(2) 

 
(3) 

 

 
Coef. 

 
Odds ratios Coef. 

 
Odds ratios Coef. 

 
Odds ratios 

Total memberships 0.139*** 1.149***     
 (0.018) (0.021)     
Mean  memberships -0.215*** 0.806***     
 (0.061) (0.049)     

  0.002*** 1.002***   Consortium connections 
   (0.0002) (0.0002)   
Mean consortium 
connections  

 
-0.002 

0.998 
 

 

   (0.001) (0.001)   
Co-membership     3.162*** 23.610*** 
     (0.168) (3.976) 
Mean  Co-membership     6.463*** 640.071*** 
     (0.645) (412.579) 
3GPP connections 0.007 1.007 0.021*** 1.021*** -0.002 0.998 
 (0.006) (0.006) (0.005) (0.005) (0.006) (0.006) 
Mean 3GPPconnections -0.037 0.964 -0.081*** 0.922*** -0.035*** 0.965*** 
 (0.023) (0.022) (0.016) (0.015) (0.010) (0.010) 
Patent age  -0.109* 0.896* -0.076 0.926 -0.039 0.962 

 (0.053) (0.048) (0.053) (0.049) (0.064) (0.062) 

Mean patent age 0.305*** 1.357*** 0.276*** 1.318*** 0.199** 1.220*** 
 (0.052) (0.070) (0.051) (0.068) (0.062) (0.075) 
Patent quality -0.068*** 0.934*** -0.067*** 0.935*** -0.074*** 0.929*** 
 (0.007) (0.007) (0.007) (0.007) (0.008) (0.007) 
Mean patent quality 0.080*** 1.083*** 0.079*** 1.082*** 0.079*** 1.082*** 
 (0.008) (0.008) (0.008) (0.008) (0.008) (0.009) 
Dummy 0/3/6/9 
Observations 
Number of groups 
Chi2 
Prob > chi2  
Log Likelihood 

Y 
6276 
1021 

418.96 
0 

-1554.269 

Y 
6276 
1021 

421.75 
0 

-1558.675 

Y 
6276 
1021 

539.77 
0 

-1142.618 
Legend: * p<.05; ** p<.01; *** p<.001 



30
 

 

 

A
pp

en
di

x 
7 

: F
ir

m
 r

es
ul

ts
 u

sin
g 

a 
fix

ed
 ef

fe
ct

s e
st

im
at

io
n 

 
Co

ef
. 

St
d.

 E
rr.

 
M

ar
gi

na
l e

ffe
ct

 
Co

ef
. 

St
d.

 E
rr.

 
M

ar
gi

na
l e

ffe
ct

 
Co

ef
. 

St
d.

 E
rr.

 
M

ar
gi

na
l e

ffe
ct

 
Co

ef
. 

St
d.

 E
rr.

 
M

ar
gi

na
l e

ffe
ct

 

co
_m

em
be

rs
hi

p 
3.

36
6*

**
 

0.
19

4 
0.

17
2 

 
 

 
 

 
 

 
 

 

co
_m

em
be

rs
hi

p_
Er

ic
ss

on
 

10
.4

98
 

95
6.

89
2 

0.
97

5 
 

 
 

 
 

 
 

 
 

du
m

m
y_

Er
ic

ss
on

 
1.

65
1 

1.
31

1 
0.

08
8 

 
 

 
 

 
 

 
 

 

co
_m

em
be

rs
hi

p 
 

 
 

2.
76

2*
**

 
0.

25
2 

0.
17

0 
 

 
 

 
 

 

co
_m

em
be

rs
hi

p_
In

te
rd

ig
ita

l 
 

 
 

-0
.3

86
 

0.
38

2 
-0

.0
12

 
 

 
 

 
 

 

du
m

m
y_

in
te

rd
ig

ita
l 

 
 

 
3.

37
9*

**
 

0.
39

0 
0.

27
8 

 
 

 
 

 
 

co
_m

em
be

rs
hi

p 
 

 
 

 
 

 
3.

39
8*

**
 

0.
19

7 
0.

17
6 

 
 

 

co
_m

em
be

rs
hi

p_
Pa

na
so

ni
c 

 
 

 
 

 
 

-1
.8

12
* 

1.
10

1 
0.

25
4 

 
 

 

du
m

m
y_

Pa
na

so
ni

c 
 

 
 

 
 

 
1.

46
6 

1.
03

3 
0.

50
1 

 
 

 

co
_m

em
be

rs
hi

p 
 

 
 

 
 

 
 

 
 

4.
00

5*
**

 
0.

25
1 

0.
38

7*
 

co
_m

em
be

rs
hi

p_
Q

ua
lc

om
m

 
 

 
 

 
 

 
 

 
 

-2
.9

31
**

* 
0.

41
7 

-0
.0

55
 

du
m

m
y_

Q
ua

lc
om

m
 

 
 

 
 

 
 

 
 

 
1.

69
9*

**
 

0.
36

4 
0.

13
9 

3G
PP

 c
on

ne
ct

io
ns

 
Y

 
Y

 
Y

 
Y

 

Pa
te

nt
 a

ge
 a

nd
 q

ua
lit

y 
Y

 
Y

 
Y

 
Y

 

D
um

m
y 

0/
3/

6/
9 

Y
 

Y
 

Y
 

Y
 

N
um

be
r o

f o
bs

  
21

54
 

21
54

 
21

54
 

21
54

 

N
um

be
r o

f g
ro

up
s 

35
2 

35
2 

35
2 

35
2 

ch
i2

 
92

6.
51

 
10

59
.8

9 
92

7.
52

 
97

6.
76

 

Lo
g 

lik
el

ih
oo

d 
 

-3
50

.3
38

 
-2

83
.6

51
 

-3
49

.8
35

 
-3

25
.2

11
 

Le
ge

nd
: *

 p
<.

05
; *

* 
p<

.0
1;

 *
**

 p
<.

00
1 

(*
 p

<.
10

; *
* 

p<
.0

5;
 *

**
 p

<.
01

 fo
r m

ar
gi

na
l e

ffe
ct

s)
 



31
 

  



The Contribution of Universities to Growth:

Empirical Evidence for Italy
by

Martin Carree
Maastricht University,  Faculty of Economics and Business Administration, P.O. Box 616, 6200 MD Maastricht,

the Netherlands, tel: +31 43 3884981,  E-mail: m.carree@maastrichtuniversity.nl

Antonio Della Malva
Maastricht University,  Faculty of Economics and Business Administration, P.O. Box 616, 6200 MD Maastricht,

the Netherlands, tel: +31 43 3883697,  E-mail: a.dellamalva@maastrichtuniversity.nl

Enrico Santarelli
University of Bologna, Department of Economics, Piazza Scaravilli, 2, I-40126 Bologna, Italy,

tel: +39 51 2098487, E-mail: enrico.santarelli@unibo.it

This draft: 20th of April, 2011

Abstract

The aim of this paper is to test the hypothesis that entrepreneurship represents an effective
mechanism to transform academic knowledge into a trigger of economic growth for the Italian
provinces between 2001 and 2006. Specifically, we evaluate three outputs of academic
activities: teaching, research and Intellectual Property Rights (IPR) activities management,
along with the ability of new ventures in transforming the mentioned outputs as sources of
improved economic performance. The main findings show that the effects of academic
outputs on provincial economic growth are appreciable when they are associated with
sustained entrepreneurial activities in the province; in particular, the academic mandate of
scientific inquiry seems to provide new ventures with valuable commercial opportunities
overseen by established companies.
Keywords:  University research · Regional growth · Entrepreneurship · Italian provinces

JEL Classifications:  I23 · O18 · O34 · R11



2

1. Introduction

How does knowledge spur growth? The theories of endogenous growth have made use

of the informational characteristics of knowledge as introduced by Arrow (1962) to explain

endogenous growth trajectories (Romer, 1986; Lucas, 1988). According to these theories, the

generation of knowledge spurs growth and such knowledge is partially appropriable as it

spills  over  into  the  hands  of  third  parties  that  in  turn  use  it  to  generate  new knowledge  and

useful ideas.

Although endogenous growth theories have predicted general patterns of growth, they

fail in explaining the several “paradoxes”  that are currently crowding decision-makers’

agendas. In fact, some scholars have contended that it is not investment in knowledge per se

that spurs growth and thus competitiveness; rather, the critical facet of the economic

relevance of knowledge is the commercialization of the results that knowledge produces (Acs

et al., 2009; Audretsch and Keilbach, 2008; Braunerhjelm et al., 2010). The above authors

posit the existence of a “knowledge filter”  between investment in new knowledge and its

economic exploitation. Such a filter results from the inherent peculiarities of knowledge, as

opposed to information itself. Knowledge generating activities produce uncertain economic

results that are associated with high degrees of asymmetries between inventors and potential

exploiters. High uncertainty and high asymmetries result in higher transaction costs among

economic agents (Audretsch, 2007).

These characteristics become even more evident when knowledge is generated in

academic laboratories. A strand of literature in the sociology and economics of science fields

stresses that the incentive system in place within the academic community would rarely lead

scientists to produce findings of immediate industrial application (Dasgupta and David, 1994;

Merton, 1973; Stephan, 1996). The recent involvement of universities in technological

development has shown that whenever academic findings show potential technological

applications, they are at an early stage of development and tend to serve a variety of industrial

purposes (Colyvas et al., 2002; Jensen and Thursby, 2001; Piergiovanni and Santarelli, 2001).

In such a context, entrepreneurship is seen as the main mechanism that ensures both

the flow of radical knowledge into the economy and the economic exploitation of the

knowledge (Audtretsch, 1995; Klepper and Sleeper, 2005; Schumpeter, 1934). Schumpeter

(1934) was the first to identify a mechanism, that he named “creative destruction”, through

which new and independent ventures bear the main responsibilities in the process of economic

growth through innovation. The main rationale underlying this argument is that large players
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would not oversee promising ventures because of being locked into existing products

(Christensen, 1997; Hill and Rothearmel, 2003; Spulber, 2010).

In this study we test the hypothesis that entrepreneurship represents an effective

mechanism to transform academic knowledge into a trigger of economic growth. Specifically,

we evaluate three outputs of academic activities: teaching, research, and Intellectual Property

Rights (IPR) activities management, along with the ability of new ventures in transforming

the mentioned outputs into improved economic performance. The analysis is carried out for

the Italian provinces between 2001 and 2006.

The study is organized as follows: Section 2 presents the existing literature on the

importance of academic activities for growth and the relevance of new ventures in

appropriating and exploiting economically academic outputs; Section 3 introduces the

estimation strategy and describes the variables used in this work; Section 4 presents and

discusses the estimation results; and Section 5 summarizes the main results in the paper.

2.  Universities, Entry and Growth

2.1  Universities and Economic Growth

The role of modern higher education institutions (universities henceforth) in the

economic performance of firms, sectors, regions and countries can be seen from different

perspectives.

Modern universities evolved from the medieval model in which they served as

repositories of knowledge and wisdom, with the preservation and transfer of existing

knowledge as their main goal. They were organized like guilds, where masters taught small

groups of students. Although in the late 18th century  the  mission  was  extended  to  produce

civil servants to fill the administrative ranks of the newly formed European states and it was

not until the mid 19th century that universities embraced a second mandate of

institutionalizing the pursuit of scientific research through rational inquiry and

experimentation. Universities then became mass-producers of students and scientific

knowledge to meet the needs of industrial sectors emerging from the second industrial

revolution. The two activities of teaching and performing basic research have been

complemented by the more recent entrepreneurial activities of universities. Universities are no

longer only suppliers of knowledge-intensive products such as students and research papers as
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they also proactively engage in research collaborations with private parties through licensing,

sponsored research and new venture creations (Etzkowitz and Leyersdorf, 1998). Whereas the

first transition in universities saw the emergence of new organizational forms such as research

laboratories, the latter transition is resulting in the creation of technology transfer offices,

university-industry research centers and incubators.

Education is the oldest contribution of academic activities to economic growth. It is

usually associated with the formation of higher levels of human capital, expressed as the

development and refinement of specific individual knowledge and capabilities. The increase

in human capital enables individuals to perform higher value-added tasks more efficiently and

quickly, which translates in higher productivity of labour and capital (Becker, 1964; Barro,

1991; Lucas, 1988). Moreover, students may act as important channels through which

knowledge is transmitted to the industry. For instance, several studies (including Nelson and

Wright, 1992; Murnmann, 2003) show that students have represented a critical conduit of the

latest techniques and theoretical know-how from academic laboratories to the corporate ones

in the chemical, mining and pharmaceutical industries. Also in the case of biotechnology, firm

performance has been driven by the supply of highly skilled graduates in life sciences, as

opposed to direct Research and Development (R&D) expenditures, which has eased both the

adoption of new process technologies and the commercialization of new products (Patel et al.,

2006). Finally, and more remarkable for the purpose of the present study, the share of adult

population with tertiary education as been shown by Sterlacchini (2008) to be the most

effective factor enhancing the growth of GDP per capita recorded during the period 1995-

2002 in the regions belonging to twelve countries of the former EU15.

Additionally, universities are the most prominent producers of fundamental

knowledge,  which  is  also  one  of  the  main  drivers  of  economic  growth.  The  theories  of

endogenous growth built upon the informational characteristics of knowledge as introduced

by Arrow (1962) suggest that the generation of knowledge would enhance the production of

more efficient processes and products and hence spur growth (Romer, 1986, 1990). However,

scholars in the economics of technical change field have long focused their attention only on

R&D activities performed in corporate laboratories to explain technology-driven growth.

Indeed, knowledge produced in academic laboratories is of a somewhat different nature than

corporate R&D. Academic scientists pursue research goals that are informed by their personal

curiosity and by the reward system in the academic community which is based on peer

recognition rather than on monetary compensations (Merton, 1973). Hence it is not surprising
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that academic findings rarely have immediate industrial applications. Rather, they expand the

theoretical pool of knowledge from which technical advances of commercial value can be

built upon (Fleming and Sorenson, 2004). Adams (1990) shows that between 1949 and 1983

it took around 20 years for scientific advancements to be absorbed and exploited by industries

and ultimately lead to productivity growth.

The time lag of academic knowledge to result in economic gains has shortened in the

last three decades or so. Three main facts highlight this convergence between science and

technology: a) the higher productivity of corporate R&D led by the increasing pervasiveness

of scientific approaches in corporate R&D as opposed to trial-and-error methods (Arora and

Gambardella, 1994); b) the rise of new science-based sectors in which the innovation process

depends mostly on developments arising from academic R&D, i.e. ICT and biotechnology, as

key sectors in industrialized countries (Orsenigo, 2003; Zucker et al, 1998a; Pisano, 2006);

and c) the increasing involvement of universities in commercialization activities such as

sponsored research, technology licensing and equity positions in academic spinoffs (Shane,

2004; Henderson et al., 1998). Yet, the interest in the role of academic R&D as driver of

growth draws largely on the examples of ICT and biotech in California and Massachusetts,

which host some of the most prolific scientific universities worldwide (Saxenian, 1994).

The link between the quality of research outputs and the likelihood of generating

technologically useful knowledge has received empirical support from a burgeoning body of

literature in the field of technology transfer. Highly productive scientists engage in

technological developments: they manage contractual agreements with industrial partners,

engage in consulting relationships and fund companies (Agarwal and Henderson, 2002;

Azoulay et al., 2009; Zucker et al., 1998b). Despite academic quality, university policies

supporting commercialization activities seem to play a role. Faculty in universities that openly

oppose any involvement in commercialization activities might exert little if any influence on

the transfer of academic knowledge (Owen-Smith and Powell, 2001; Feldman and Desroches,

2003). Feldman and Desroches (2003) provide a detailed case of how the “reluctance to allow

commercial interests to influence faculty research agendas and an abhorrence to engage in

activities that might involve proprietary restrictions on knowledge dissemination”  at the John

Hopkins University, despite its scientific eminence, slowed down the emergence of a high-

technology cluster in the Baltimore area.
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2.2 Entry, Knowledge and (Regional) Growth

From an economic standpoint, the process of entry and the dynamisms of markets

have gained vigour in the last couple of decades1. Steady flows of new businesses add new

capacities to the market; hence they represent a key process of economic growth. The

dynamic consequences of high birth rates are not univocal: large numbers of new comers

leave the market immediately after start-up but are also associated with the exit of older

incumbents. Besides the direct effects of entry on growth, indirect effects from the supply-

side can take place. High entry rates, by contesting established markets, force incumbents to

make efficient use of resources (Baumol et al., 1988), limit the effectiveness of

anticompetitive behaviours and foster incumbents’  innovativeness (Geroski and Jaquemin,

1984). Moreover, new entrants have been found to be a major mechanism of new markets

creation through the commercialization of radical innovations (Audretsch, 1995; Prusa and

Schmitz, 1991). Accordingly, new ventures seem to be fitter than incumbents in exploiting

knowledge which is characterized by high uncertainty and high information asymmetries. Acs

et al. (2009) propose a theoretical framework to account for the ability of new entrants to

exploit radical knowledge developed elsewhere (i.e. large companies and research institutes)

and transform it into economic growth. The authors posit the existence of a knowledge filter,

which hampers the commercial exploitation of the full set of knowledge developed in research

laboratories. The authors analyze the context of knowledge from corporate laboratories

finding that given the existence of sunk investments such as dedicated human capital, physical

capital and vertical relationships, the incumbents often shut down new opportunities as they

are unwilling to face the risk of implementing new products or processes. Moreover,

companies can rarely rely upon alternative mechanisms to compensate for the underexploited

knowledge, such as markets for technologies. Transaction costs are inherently high when the

technology to be traded is characterized by uncertainty about economic results and

information asymmetries between the parties involved in the transaction (Arora and

Gambardella, 2010). Yet, entrepreneurs, often former employees of incumbent firms, are

expected to have lower opportunity costs and higher expectations about returns from

commercialization of new knowledge than incumbent firms themselves2. Hence they are more

1 See Turik and Carree (2001) for a review of the determinants of the renewed economic interest in
entrepreneurship.
2 The laser industry, the disk drive industry and the tire industry experienced this kind of evolution (Klepper and
Sleeper, 2005; Buenstorf and Klepper, 2008; Agrawal et al., 2004).
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prone to start up new companies to commercialize the new knowledge that the latter have

created.

As described in the previous section, academic knowledge shares most of the

economic features of radical knowledge from corporate laboratories in that its applications are

far from evident. According to the existing literature in the economics and management of

technology transfer field, academic technologies are mainly at an early stage of development,

general in purpose, characterized by high uncertainty about their actual applications and

demand further development efforts from the buyers and inventors to be commercialized

(Colyvas et al., 2002; Jensen and Thursby, 2001; Jensen et al., 2003). Although incumbents

might possess the necessary capacity to absorb external knowledge (Cohen and Levinthal,

1990), idiosyncratic investments can restrict the range of acquirable knowledge. Hence, the

same mechanisms that bring incumbents to oversee radical opportunities from corporate

laboratories are expected to lead to underexploited academic knowledge. Evidence on the

critical role of new ventures in exploiting radical academic technologies is supported by the

case of the electronics and biotechnology industries (Bania et al., 1993; Zucker et al. 1998a).

In this study we focus on Italian provinces, a sub-regional level of government

introduced by Article 114 of the Italian constitution with only statutory, regulatory and

administrative competences, and not entitled to approve statutes or laws. The choice of this

territorial  unit  of  analysis  cannot  be  justified  in  terms  of  socio-spatial  theory,  but  is  mostly

driven by the awareness of the data constraints that would have affected our analysis if

focusing on functional spatial clusters such as the Local Labour Systems (LLS). Accordingly,

our study cannot give a complete picture of interconnections among the determinants of the

various dimensions of socio-spatial relations. Yet, it can provide useful perspectives for

assessing the role played by entrepreneurship, new knowledge and other spatially banded

characteristics in enhancing local growth.

 Two additional arguments in support of our decision to focus on administrative

provinces can be provided. First, by specifically addressing the issue of spatial

autocorrelation, we are able to explain to what extent the neighbouring province might have

an effect on growth in the focal province, therefore providing an indirect measure of the

reasonableness of the use of this administrative spatial cluster as unit of analysis. Second, the

majority of Italian provinces include the capital city of the corresponding administrative

region and these capitals are metropolitan cities, i.e. a relatively large city with the

surrounding towns closely connected to that city for economic, social, cultural, and spatial
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reasons3. As recently shown in a study performed for the European Commission (Europe

Innova, 2010), the largest concentrations of entrepreneurial activities with favorable

perspectives of growth in Europe are major urban areas, which attract the most talented

workers.

3. Estimation Strategy: Methods, Data and Variables

3.1 Methods

In order to test the hypothesis that newly established ventures are critical in the conversion of

academic knowledge into economic growth, we propose the following models that we

estimate for 99 Italian provinces (NUTS3)4, indexed by i, between 2001 and 2006 (index t):

a) Growth(i,t) = a + b Entry(i,t) + c University(i) + d Entry(i,t)*University(i) + f Z(i,t-1)

+ ˽(i,t)

We model growth in the province as a function of business entry in the same year and

of the set of academic outputs described in section (2). The measures of business entry and

academic outputs are interacted to capture the contribution to growth of new ventures via the

exploitation of the academic knowledge-base in the province. The set of variables Z controls

for additional factors that can contribute to economic growth and will be detailed later in this

section.

The economic treatment of units of analysis with spatial attributes presents some

estimation challenges (Anselin, 1988; Glaeser and Kerr, 2009). Traditional linear estimation

techniques might lead to estimation biases as they do not take into account that observations

can  be  spatially  dependent.  A  strand  of  literature  in  spatial  econometrics  has  proposed  two

classes of models as solutions for this problem: spatial error models (SEM) and spatial

autoregressive models (SAR). SEM models extend the equation to be estimated by

decomposing the error term into one component that is spatially independent and another

component that accounts for spatially dependent unobservables. The assumption behind SER

3 Law n. 142 of 1990 has officially identified nine metropolitan cities displaying such characteristics: Torino,
Milano, Venezia, Genova, Bologna, Firenze, Bari, Napoli, and Reggio Calabria.
4 Due to a substantial reorganization of the provinces located in Sardinia, we have excluded the provinces
located in the region. Hence we are left with 99 provinces which represent the remaining 19 Italian regions in
2001.
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models is that a general model might fail to account for spatial heterogeneity and error terms

can be correlated over space. SAR models consider that economic activities in nearby regions

can exert positive externalities. To account for it, SAR models include a spatially weighted

measure of the dependent variable among the regressors.

So, by following Elhorst (2003), we extend the model (a) to account for spatial

interdependence and additionally estimate the following two models

b) Growth(i,t) =  a  +  g  W*Growth(j,t) + b Entry(i,t) + c University(i) +  d

Entry(i,t)*University(i) + f Z(i,t-1) + ˽(i,t)

c) Growth(i,t) = a + b Entry(i,t) + c University(i) + d Entry(i,t)*University(i) + f Z(i,t-1) +

h W* ȗ(j,t)+ ȣ(i,t)

where W is 99x99 weighting matrix, which is calculated either as 1, if two provinces share a

border, and 0 otherwise or a contingency matrix using distances between the main cities of the

provinces within a 250 kilometer range. As the two matrixes bear the same results, we show

only the results obtained with the contingency matrix.

From an economic perspective, Italian provinces present a rather attractive spatial

structure because they have a capital city that is usually the main economic engine and is

mostly located in the center of the territory. This feature should reduce the biases due to

spatial interdependence. Therefore, we will compare the results of model (a), obtained by

Ordinary  Least  Square,  with  those  of  models  (b)  and  (c),  estimated  with  Maximum

Likelihood to observe the magnitude of the estimation bias due to spatial interdependence.

3.2 Data and Variables

We  employ  two  measures  of  economic  growth.  The  first  one  represents  a  crude

approximation of the competitiveness of restricted industry (manufacturing, mining, and

energy) in the province and is measured as the relative rate of growth of value added in the

restricted industry.

1. ¨VA_ISS(i,t) = (ISS_VA(i,t) –  ISS_VA(i,t-1)) / ISS_VA(i,t-1)

The second variable reflects the overall economic performance of a local economy and

is calculated as the relative rate of growth of value added per province.
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2. ¨VA(i,t)  = (VA (i,t) –  VA (i,t-1)) / VA(i,t-1)

 We include the one-period lagged dependent variable to account for cumulative

causations (¨VA_ISS(i,t-1) and ¨VA(i,t-1)).

We measure entry rate differently for the two specifications. In the model for the

restricted industry, we calculate entry as the gross number of new registrations in the

manufacturing sector each year (t ranging between 2001 and 2006) divided by the total labour

force in the restricted industry in the province (i indicates 99 provinces).

1. Manu_E(i,t) = new registrations in Manufacturing (i,t) / ISS_Labor(i,t)

Entry in the model for the overall economy is calculated as the gross number of new

registrations in the manufacturing sector and in the service sector, divided by the total labor

force in the province.

2. E(i,t) = new registrations in Manufacturing and Services (i,t) / Employment (i,t)

The two specifications of gross rate of entry (Manu_Ei,t and  Ei,t)  are  used  to

accommodate for the direct short-run impact of the entrepreneurial activities carried out in the

province on economic growth. We also account for the share of new businesses in innovative

industries to allow for considering potential growth premia stemming from high-technology

initiatives, namely businesses driven by ‘opportunity’  rather than ‘necessity’. The measures

used are the share of high-tech manufacturing (HIGH_SHARE)5 in the restricted industry

specification and the share of high-tech manufacturing, knowledge-intensive services and

technology-intensive services in the total growth specification. Information about entry in

Italian provinces was retrieved from the database Movimprese, provided by UnionCamere, the

Italian Association of Chambers of Commerce. It contains yearly new registrations and

cancellations at each provincial chamber of commerce. Data are further organized per 2-digit

NACE sector.

Three indicators of academic outputs are included in the analysis. First, we measure

the educational mandate of universities as the share of Science and Technology (S&T)

graduates over the local population (STUDS). There are at least two effects of the presence of

large teaching universities with respect to growth. Firstly, they signal the extent to which

high-quality human capital is present in the province. Yet, large portions of students per

5 We  follow  the  sectors  aggregation  used  in  EUROSTAT.  Although  four  classifications  are  proposed  –  high,
medium high, medium-low and low tech –  we grouped the first two in high-tech and the remaining in low-tech.
This is due to the fact that our data are aggregated at the two-digit NACE sector aggregation.
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resident population can hamper economic growth as their spending power may be limited as

compared to that of workers. Moreover, we interact STUDS with our measures of entry

(Manu_E and E) to control for the ability of new ventures to exploit the economic potential of

human capital embedded in university graduates. We do not expect the latter variable to have

any influence on economic growth as new ventures may prefer to hire experienced workers to

make use of their social capital. Information on the number of students was retrieved from the

statistical office of the Ministry of Higher Education and Research6. It reports the number of

graduates from each university, the faculty, the location of the teaching activities and whether

the students attained vocational education. We retrieved data on graduates in 2000 (excluding

vocational degrees) and aggregated according to the location of the university which issued

the degree as larger institutions have delocalized teaching activities in adjacent provinces to

meet the local demand for education during the last two decades (Piergiovanni et al., 2011).

The second measure of academic output is related to scientific research (PUBS). We

accounted for the internationally recognized scientific production in Science and Technology

fields. The scientific productivity of the academic personnel (PUBS) may represent a crude

proxy of the quality of the knowledge produced in academic laboratories. The implications for

growth remain unclear. Scientific productivity has been found to be a good predictor of

technological solutions as theoretical advancements might either improve existing

technologies or require new ones to tackle new scientific challenges (Fleming and Sorenson,

2004; Franzoni, 2007). For academic knowledge to translate in economic growth it needs to

be brought to the marketplace. We hence interact PUBS and E to control for the diffusion of

scientific knowledge via new ventures. We expect new ventures to introduce solutions of

greater economic impact as compared to established companies. Data about scientific

production was collected by Breno et al. (2002) and provided by the Institute for Scientific

Information (ISI). The authors report all articles between 1985 and 1999 with at least one

author affiliated to Italian universities. Data were then aggregated at provincial level, when

necessary. The long timeframe aims at considering the potentially useful accumulated stock of

scientific knowledge produced by institutions. Moreover, it discerns between those

institutions that obtained the legal status of universities in the late 1990s and universities with

longer tradition. Finally, we divided the number of ISI publications by the number of

researchers in science and technology disciplines at Italian universities in 2000.

6 www.mur-statistica.it
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Thirdly, the direct involvement of universities in technological activity is included

(UNI_PATS). Given the limited extent of the direct involvement by universities in IPR-

related issues, it can hardly have a direct effect on growth. However, technological activities

at academic laboratories may indicate the orientation of academic research towards industrial

applications and the propensity to collaborate with external partners. This can become

beneficial for established companies and new ventures which may not find institutional

frictions. We interact UNI_PATS and entry to assess the effects of pro-active IPR policies by

universities on the economic contributions of new ventures. We divided the number of

national patent applications from universities between 1985 and 2000 over the total number of

scientific articles in the same years. Information about university patenting was obtained from

Patjunkie, a web-based patent search engine realized by the Bologna University based

research group IRIS7. We are aware that this measure is strongly biased downward as Italian

academic professors tend to leave ownership of their inventions to companies (Lissoni et al.,

2008). However, the main focus of our analysis is to account for the orientation of university

policies towards commercialization.

We control for the provincial industrial structure as it can affect the growth rate of

local economies and the extent to which agglomeration economies emerge. We use three

measures to account for industrial composition and innovativeness of the regional (provincial)

economies. Due to data constraints, as a proxy of the presence of manufacturing (ISS) in the

province we use the share of the labor force in the whole restricted industry sector (source:

ISTAT). Furthermore, the ability of the secondary sector to absorb and exploit knowledge

ultimately depends on its current innovative performance (Cohen and Levinthal, 1990). We

hence control for the degree of innovativeness of the industrial sector (PAT_ISS). This

measure is defined as the number of national patents granted per 1000 employees in the

restricted industry sector and it is lagged by one year (UMBI).  A widespread presence of the

business  service  sector  indicates  to  a  rough  extent  the  level  of  development  of  the

manufacturing sector and the existence of agglomeration economies due to diversification.

We include for this purpose the share of workforce employed in the business service sector

(BUS_SER). Finally, we control for the logarithm of the one-year lagged level of value added

per capita (L_VAPC). The latter variable controls for the heterogeneity of productivity and

income across Italian provinces.

7 http://www.evpat.net/patjunkie/search.asp
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Table 1 presents summary statistics (i.e., mean, standard deviation, minimum, and

maximum) for all variables included in the empirical analysis, whereas the corresponding

correlation matrix can be found in Tables 2 and 3. No variable has a stronger correlation than

0.572.

The reader might have noticed that the variables concerning academic outputs are time

invariant and measured in the pre-sample period. The rationale behind this choice is twofold.

First of all, academic outputs hardly vary significantly over time. Larger universities issue

more degrees than smaller ones and the number of degrees remains quite stable over time; in

turn, scientific production is rather consistent over short time periods. On the other hand,

technological production in academic laboratories is subject to high levels of disturbance in

the short run. Secondly, for academic knowledge to bear its economic fruits, it needs to

diffuse. It is reasonable to consider a long time period between the generation of academic

knowledge and its economic implications.

We finally estimate the following equations:

a.1) D_VAISS(i,t) = a + b Manu_E(i,t) + c1 STUDS(i) + c2 PUBS(i)  + c3

UNI_PATS(i)  + d1 Manu_E(i,t)*STUDS(i) + d2 Manu_E(i,t)*PUBS(i) + d3

Manu_E(i,t)*UNI_PATS(i) + f1 D_VAISSS(i,t-1) + f2 ISS(i,t-1) + f3 PAT_ISS(i,t-1)

+ f4 BUS_SER(i,t-1) + f5 L_VAPC(i,t-1) + ˽(i,t)

a.2) D_VA(i,t) = a + b E(i,t) + c1 STUDS(i) + c2 PUBS(i) + c3 UNI_PATS(i) + d1

E(i,t)*STUDS(i) + d2 E(i,t)*PUBS(i) +  d3  E(i,t)*UNI_PATS(i) + f1 VA(i,t-1) + f2

ISS(i,t-1) + f3 PAT_ISS(i,t-1) + f4 BUS_SER(i,t-1) + f5 L_VAPC(i,t-1) + ˽(i,t)

b.1) D_VAISS(i,t) = a + g W D_VAISS(j,t) + b Manu_E(i,t) + c1 STUDS(i) + c2

PUBS(i) + c3 UNI_PATS(i) + d1 Manu_E(i,t)*STUDS(i) + d2 Manu_E(i,t)*PUBS(i)

+ d3 Manu_E(i,t)*UNI_PATS(i) + f1 ISS(i,t-1) + f1 ISS(i,t-1) + f2 PAT_ISS(i,t-1) +

f3 BUS_SER(i,t-1) + f4 L_VAPC(i,t-1) + ˽(i,t)

b.2) D_VA(i,t) = a + g W D_VA(j,t) +  b  E(i,t) + c1 STUDS(i) + c2 PUBS(i)  + c3

UNI_PATS(i) + d1 E(i,t)*STUDS(i) + d2 E(i,t)*PUBS(i) + d3 E(i,t)*UNI_PATS(i) +

f1 VA(i,t-1) + f2 ISS(i,t-1) + f3 PAT_ISS(i,t-1) + f4 BUS_SER(i,t-1) + f5 L_VAPC(i,t-

1) + ˽(i,t)
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c.1) D_VAISS(i,t) = a + b Manu_E(i,t) + c1 STUDS(i) + c2 PUBS(i)  + c3

UNI_PATS(i)  + d1 Manu_E(i,t)*STUDS(i) + d2 Manu_E(i,t)*PUBS(i) + d3

Manu_E(i,t)*UNI_PATS(i) +  f1  ISS(i,t-1) + f1 ISS(i,t-1) + f2 PAT_ISS(i,t-1) + f3

BUS_SER(i,t-1) + f4 L_VAPC(i,t-1) + h W* ȗ(j,t) + ȣ(i,t)

c.2) D_VA(i,t) = a + b E(i,t) + c1 STUDS(i) + c2 PUBS(i) + c3 UNI_PATS(i) + d1

E(i,t)*STUDS(i) + d2 E(i,t)*PUBS(i) +  d3  E(i,t)*UNI_PATS(i) + f1 VA(i,t-1) + f2

ISS(i,t-1) + f3 PAT_ISS(i,t-1) + f4 BUS_SER(i,t-1) + f5 L_VAPC(i,t-1) + h W* ȗ(j,t) +

ȣ(i,t)

Table 1: Summary Statistics

Variable Obs Mean Std. Dev. Min Max
DVAISS 594 0.019 0.048 -0.117 0.182
DVA 594 0.044 0.031 -0.049 0.142
Manu_E 594 7.135 3.575 2.565 26.963
High_Share 594 0.168 0.064 0.036 0.387
E 594 8.378 1.964 5.114 22.655
KI_Share 594 0.223 0.065 0.084 0.596
STUDS 594 0.712 1.092 0 5.471
PUBS 594 2.055 3.092 0 20.547
UNI_PATS 594 0.001 0.002 0 0.011
BUS_SER 594 0.119 0.025 0.072 0.23
PAT_ISS 594 0.13 0.073 0 0.623
ISS_LAG 594 0.222 0.094 0.06 0.442
L_VAPC 594 3.897 0.112 3.561 4.149
DVAISS_LAG 594 0.023 0.054 -0.117 0.225
DVA_LAG 594 0.047 0.031 -0.049 0.142



Table 2: Correlation Matrix for Growth in Restricted Industry
1 2 3 4 5 6 7 8 9 10 11

1 DVAISS 1
2 Manu_E 0.096 1
3 High_Share -0.061 -0.336 1
4 STUDS -0.051 -0.143 0.064 1
5 PUBS -0.016 -0.135 0.071 0.56 1
6 UNI_PATS 0.017 0.024 -0.087 0.367 0.324 1
7 BUS_SER -0.079 -0.167 0.245 0.397 0.214 0.165 1
8 PAT_ISS 0.013 -0.181 0.303 0.379 0.309 0.22 0.374 1
9 ISS_LAG -0.122 -0.572 0.251 -0.014 0.041 -0.093 0.047 0.14 1

10 L_VAPC -0.061 -0.498 0.502 0.136 0.051 -0.015 0.369 0.373 0.326 1
11 DVAISS_LAG 0.114 0.082 0.016 -0.063 -0.053 0 -0.108 -0.046 -0.038 -0.126 1

Table 3: Correlation Matrix for Growth in All Secotrs
1 2 3 4 5 6 7 8 9 10 11

1 DVA 1
2 E 0.141 1
3 KI_Share 0.06 -0.187 1
4 STUDS -0.063 -0.126 0.125 1
5 PUBS -0.009 -0.103 0.114 0.56 1
6 UNI_PATS -0.017 -0.03 -0.078 0.367 0.324 1
7 BUS_SER -0.106 -0.033 0.315 0.397 0.214 0.165 1
8 PAT_ISS -0.022 -0.184 0.327 0.379 0.309 0.22 0.374 1
9 ISS_LAG -0.035 -0.108 0.563 -0.014 0.041 -0.093 0.047 0.14 1

10 L_VAPC -0.128 -0.313 0.451 0.136 0.051 -0.015 0.369 0.373 0.326 1
11 DVA_LAG 0.158 0.07 -0.004 -0.052 -0.023 0.003 -0.055 -0.034 -0.018 -0.092 1



4 Results

Table 4 reports the results from the estimation of the growth equations in the restricted

industry sector (Equations a.1 and b.1 and c.1). Table 5 reports the estimation outputs of the

growth  equations  for  the  whole  economy  (Equations  a.2,  b.2  and  c.2).  The  first  column  of

each table illustrates the estimates for the basic model; column 2 adds the interactions of the

measures of academic activities with business entry. The models for economic growth in the

manufacturing sector have weaker explanatory power than the models for total economic

growth.

4.1  Economic Growth in the Restricted Industry Sector

The results in table 4 indicate that productivity gains have spatial interdependences in

the context of the restricted industry. The coefficients associated with the spatially lagged

dependent variables and spatial error component are all positive and significant, indicating

that productivity gains in the restricted industry tend to spill over and influence the rate of

growth of nearby economies. The measures of new business formations bear a negative role in

the growth of value added. In the first place, business entry shows negative effects on the rate

of growth of value added. Furthermore, the share of new businesses in the high-tech sector

proves to be negatively correlated with our growth measure. These findings contradict the

existing evidence on the direct effects of entry on economic growth in the short-run (Fritsch

and Mueller, 2008), which predicts an immediate positive impact of entry on economic

growth. These results can have two interpretations. Firstly, entry in the restricted industry in

Italian provinces might be mainly driven by necessity, rather than opportunity. This

interpretation is barely plausible as necessity entrepreneurship is mainly observable through

lower exit rates (Santarelli et al, 2009). Secondly, the indirect effects of entry might prevail on

the direct ones. New ventures push inefficient existing capacities out of the market and are

responsible for market turbulence. This explanation seems to be the most reasonable as high

shares of high-tech ventures may be responsible for a process of sectoral transformation8. The

presence of universities per se does not foster faster growth in the restricted industry. The

coefficients related to the scientific production and commercial orientation of research are all

8 Quatraro (2009) details the process of structural change that occurred in Italian regions between 1980 and
2000. The author documents a process of de-industrialization in the early-industrialized Northwest regions with
consequent transformation to a service-based economy, and an increasing specialization in manufacturing
activities in the Northeast and Central regions focused on traditional sectors. Furthermore the author shows that a
process of recent industrialization is occurring in the developing South.



17

nonsignificant. The presence of graduates is negatively correlated with value added growth in

the restricted industry. The coefficient becomes nonsignificant when the model is estimated

with spatial techniques, suggesting that provinces with large fractions of universities tend to

be clustered with provinces that experienced slower growth rates in value added in the

restricted industry. Yet, the measures of scientific and technological activities become

negatively and positively significant, respectively, when their interactions with business entry

are added to the model. We observe that business entry in provinces hosting scientifically

productive universities is associated with faster growth. This effect is only significant in

centers of scientific excellence, like Pisa and Trieste. Active involvements by Italian

universities in IPR management seem to exert a positive effect on growth when we control for

the entrepreneurial regime in the province, the latter bearing negative implications in terms of

value added growth. The size of the coefficients however raises some concerns for its

economic interpretation. Provinces with an overwhelming presence of manufacturing

activities witness lower growth rates in value added. The innovative intensity of the

manufacturing industry in the province is positive and significant. The presence of business

services has no impact on the growth rate of value added in the manufacturing sector. Overall,

the growth rate in the restricted industry is homogeneous throughout the country with the

coefficient for value added per capita being nonsignificant.

4.2 Economic Growth in the Province

Table 5 reports the results for the total growth rate of value added at the provincial

level. We will mention here only the differences with the estimates performed at the sector

level.

The regressions for value added growth across all sectors show a better goodness of fit

(R-squared around 52%) than those for value added growth in the restricted industry (R-

squared around 13%). Unlike the results for the restricted industry, the growth rate of value

added does not show significant spatial interdependences: the coefficients for the spatial error

and the spatial lag of the dependent variable are not significant. This result is not surprising

for two reasons. Firstly, the service sector covers almost ¾ of the Italian GDP (ISTAT, 2009)

and services tend to serve local markets. Secondly, the spatial peculiarity of Italian provinces,

as stated in section 3.1, minimizes the existence of interregional productivity gains. We will

hence only describe the results for the pooled OLS.
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Contrary to what we observed for the restricted industry, entry in manufacturing and

services never shows any significant impact on economic growth. Moreover, there is not any

sign of growth premia from knowledge-based entry. Large fractions of graduates in science

and  technology  disciplines  tend  to  slow  down  the  growth  rate  of  value  added.  Rather  than

capturing the presence of human capital in the local economy, which has possible

implications from the supply side of the economy, our measure of educational mandate of

universities highlights the consequences coming from the demand side: large fractions of

graduates indicate large presence of students, with low spending power. Scientific knowledge

is found to contribute to provincial value added growth. Involvement in IPR management

does not show any effect on the rate of growth in value added. The interaction between entry

and the outputs of academic activities confirms the positive impact of sustained

entrepreneurial regimes for the economic exploitation of scientific knowledge in its traditional

form. Like for the restricted industry, the effect is significant for provinces hosting

universities at the forefront in the production of scientific knowledge.

Patenting, which was found to significantly accelerate value added growth in restricted

industry, does not affect total value added growth in the provinces. The outcome is mainly

explained by the decreasing relevance of manufacturing activities as the tertiary sector, which

does not make use of patents, represents the largest share of the whole economy. Provinces

with higher than average value added per capita, mostly located in the more developed North

and Center of the country, grow at faster rate. This result indicates that the economic divide

between the developed areas of the country and the South has increased during the period of

analysis.
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Table 4: Growth in value added in the restricted industry.

1 2
OLS SEM SAR OLS SEM SAR

Manu_E -0.006** -0.006** -0.006** -0.007*** -0.007** -0.007**
-0,003 -0,003 -0,003 -0,002 -0,003 -0,003

High_Share -0.064** -0.066* -0.063* -0.066** -0.069* -0.066*
-0,03 -0,035 -0,035 -0,03 -0,035 -0,035

Studs -0.004** -0,003 -0,003 -0,007 -0,009 -0,008
-0,002 -0,002 -0,002 -0,006 -0,01 -0,01

Pubs 0.000 0.000 0.000 -0.005** -0,005 -0,005
0,001 0,001 0,001 -0,002 -0,004 -0,004

Uni_pats 0,21 -0,717 -0,162 6.396*** 6.808* 6.698*
0,549 -1,16 -1,178 2,21 3,966 4,036

Studs*Manu_E 0,003 0,005 0,004
0,004 0,007 0,007

Pubs*Manu_E 0.003** 0,003* 0,003*
0,001 0,002 0,002

Uni_pats*Manu_E -4.774** -5.961* -5.326*
-1,982 -3,087 -3,124

bus_serv -0,101 -0,068 -0,084 -0,073 -0,034 -0,052
-0,092 -0,083 -0,085 -0,092 -0,089 -0,09

pat_iss 0.062** 0.062** 0.063** 0.065** 0.066** 0.067**
0,027 0,03 0,029 0,027 0,03 0,029

iss_lag -0.045* -0.045* -0.041* -0.051** -0.052** -0.048**
-0,025 -0,025 -0,023 -0,025 -0,025 -0,023

l_vapc_lag 0,012 0,013 0,015 0,017 0,017 0,02
0,019 0,024 -0,023 -0,02 -0,024 -0,023

dvaindss_lag 0,058 0,049 0,052 0,054 0,043 0,047
0,043 0,036 0,036 0,043 0,036 0,035

Spatial Error 0.248*** 0.260***
0,053 0,053

W Dep_Var 0.244*** 0.250***
0,052 0,052

Constant 0,013 0,005 -0,01 -0,007 -0,011 -0,031
-0,073 -0,09 -0,084 -0,077 -0,09 -0,085

Times Dummies Yes Yes Yes Yes Yes Yes
R-squared 0,134 0,142 0,190 0,136  0,141 0,195
Log-likelihood 1032.99 1027,20 1035.21 1029,27
N 594 594 594 594 594 594

Significance at the 1%, 5%, and 10% level is indicated by ***, **, and *, respectively.
Standard errors, reported below coefficients, are robust to heteroskedasticity and clustered around provinces.
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Table 5: Growth in value added in all sectors.

1 2
Dep Var: DVA OLS SEM SAR OLS SEM SAR
E 0,001 0,001 0,001 0.000 0.000 0.000

0,001 0,0001 0,0001 0,001 0,001 0,001
KI_Share 0.000 0.000 0.000 0,000 0.000 0.000

0.000 0.000 0.000 0,000 0.000 0.000
Studs -0.003*** -0.036*** -0.036*** 0,006 -0.036*** -0.036***

-0,001 -0,01 -0,01 0,006 -0,01 -0,01
Pubs 0.001* -0.003** -0.003** -0.005*** 0,006 0,006

0 -0,001 -0,001 -0,002 0,009 0,009
uni_pats -0,034 0000 0.000 0,434 -0,005 -0,005

-0,395 0.000 0.000 2,116 -0,003 -0,003
Studs*E -0,001 -0,001 -0,001

-0,001 -0,001 -0,001
Pubs*E 0.001*** 0,001* 0.001*

0.0001 0.0001 0.0001
Uni_Pats*E -0,058 -0,063 -0,06

-0,213 -0,288 -0,289
bus_serv -0,044 0,002 0,002 -0,045 0,002 0,002

-0,031 0,003 0,003 -0,031 0,003 0,003
pat_iss 0,005 -0,041 -0,043 0,007 -0,041 -0,044

0,012 -0,042 -0,042 0,012 -0,042 -0,042
iss_lag -0.036*** 0,005 0,005 -0.036*** 0,008 0,008

-0,01 0,014 0,014 -0,01 0,014 0,014
l_vapc_lag 0.041*** 0.041*** 0.041*** 0.045*** 0.045*** 0.045***

0,01 0,011 0,011 0,01 0,011 0,011
dva_lag 0,014 0,013 0,013 0,015 0,014 0,015

0,038 0,038 0,038 0,038 0,038 0,038
Spatial Error 0,054 0,049

0,059 0,06
W Dep_Var. 0,052 0,05

0,058 0,058
Constant -0.119*** -0.125*** -0.124*** -0.139*** -0.138*** -0.138***

-0,038 -0,041 -0,04 -0,039 -0,041 -0,041
Time Dummies Yes Yes Yes Yes Yes Yes
R-squared 0,511  0,521  0,525 0,511  0,525 0,528
Log-likelihood 1450.43 1450.42 1451.98 1453.06
N 594 594 594 594 594 594

Significance at the 1%, 5%, and 10% level is indicated by ***, **, and *, respectively.
Standard errors, reported below coefficients, are robust to heteroskedasticity and clustered around provinces.
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5 Concluding Remarks

In the transformation to a knowledge based economy, universities stand as key players

as they are the ultimate locus of knowledge production. Yet, for knowledge to contribute to

economic growth, it needs to spill from academic institutions into the economy in the form of

new entrepreneurial ventures. This work has tested the hypothesis that new business entrants

are critical in the economic exploitation of academic knowledge and its contribution to

economic growth. This hypothesis has been derived from the theoretical framework proposed

by Acs et al. (2009) and Braunerhjelm et al. (2010), which extend traditional models of

endogenous growth by accounting for knowledge transmission channels. According to the

authors, new business entrants are critical conduits of radical knowledge, like academic

knowledge, into economic outcomes as they face lower opportunity costs than incumbent

firms when confronted with radical opportunities.

We have measured the contribution of three main outputs of academic mandates,

namely teaching, research and technological development, to the rate of growth in value

added for 99 Italian provinces between 2001 and 2006, both in the restricted industry and

across all sectors. Controlling for several characteristics of the economic structure of the

provinces, we have found that academic knowledge, in whatever form, yields nonsignificant

effects on the growth rate of value added in the restricted industry. On the contrary, we found

a significant association between scientific outputs and growth across all sectors. The effects

of academic outputs are appreciable when they are associated with sustained entrepreneurial

activities in the province. In particular, the traditional mandate of scientific inquiry seems to

provide new ventures with valuable commercial opportunities overseen by established

companies. However, the presence of high entry rates proves to be detrimental to value added

growth in the restricted industry.

Our findings suggest that neither entrepreneurship nor academic knowledge alone

contribute  to  sustained  economic  growth  in  the  case  of  Italian  provinces.  It  is  only  when

entrepreneurs have access to scientific knowledge that their ventures significantly stimulate

growth. Thereby, new ventures appear to be effective conduits of scientific knowledge into

economic outcomes.
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1 Introduction

China’s economic success over the past three decades has been widely regarded as the result of
its ability to produce manufactured goods at low cost, building on the availability of cheap labour
and scale economies, while relying on existing (albeit in part advanced) technologies of production.
China’s ability to upgrade its technology-base and its moving up the value-chain has been widely
regarded as hampered by weak (intellectual) property rights enforcement (Zhao, 2006). More re-
cently, however, there has been increasing evidence to support the argument that China is catching
up fast in terms of scientific and technological innovation.1 The number of domestic invention
patents filings with the Chinese patent office has increased at an average annual rate of 35% from
around 15,600 to over 122,000 during the period 1999-2006.2 This catching-up process is paired
with strengthened statutory intellectual property rights protection (Park, 2008) and an increased
interest by policymakers in the role of intellectual property in fuelling domestic innovation by in-
creasing foreign technology transfer and providing domestic firms with incentives to invest in R&D.
Accordingly, the recently formulated National Patent Development Strategy (2011-2020) envisions
an increase in the number of annual patent applications, including invention and utility patents
as well as designs, from about 1.2 million in 2010 to 2 million in 2015. The plan also foresees a
doubling of the number of patent applications filed by Chinese applicants overseas in the same time-
frame. These ambitious targets reflect a boisterous mood and overall positive outlook for Chinese
innovation in parts of the academic literature (e.g. Fischer and von Zedtwitz, 2004).

At the same time, there is evidence to suggest that most of the innovation in China is of merely
incremental nature and hence the corresponding patents protect ‘small inventive steps’ rather than
substantive new technologies (Puga and Trefler, 2010). While such incremental innovation may still
be valuable and in fact account in large part for China’s growth success (Breznitz and Murphree,
2011),3 the concern is that the recent strong increase in domestic patent applications is produced
overwhelmingly by low quality inventions which are driven by the incentives put in place by the
Chinese government to encourage patenting directly rather than indirectly through the promotion
of innovation (The Economist, 14th October 2010).4

Our analysis focuses on the recent ‘explosion’ in the number of patent applications by manufac-
turing firms registered in China with the domestic State Intellectual Property Office of China (SIPO)
as well as the US Patent and Trademark Office (USPTO), and investigates the drivers of this de-
velopment. Instead of relying on standard measures of patent quality, such as citations, we infer
information on underlying inventions by assessing where companies seek patent protection: only
domestically with SIPO or also with the USPTO. Not only are the direct and indirect costs associated
with obtaining patent protection higher in the US, but inventions are required to overcome a higher
novelty hurdle in the patent examination with the USPTO compared to SIPO during our sample
period (see Section 3). These differences suggest that a comparison of patents taken out with the
USPTO and SIPO reveals information on the underlying invention and the corresponding patentees.

1According to OECD data, the number of full time equivalent R&D workers has nearly tripled between 1998 and 2008
reaching almost 2 million. Zhou and Leydesdorff (2006) point to China’s rapid increase in terms of scientific publications.
See also Section 2.1.

2WIPO Statistics Database, January 2011.
3Breznitz and Murphree (2011) argue that the successful process and logistics innovation (and not “the fabled creature

of true [novel product] ‘innovation”’) of the last decades has equipped China with “ultra mass-flexibility production”
capabilities and thus put it into a uniquely strong position within the global network that represents manufacturing
production today.

4The Economist reports of tax rebates, research awards, and a link to the allocation of government contracts. See also
The New York Times, 1st January 2011.
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To conduct our analysis, we construct a novel firm-level dataset that combines patent data and
company financials. We match both SIPO and USPTO patents filed between 1985 and 2006 to a
subset of about 20,000 firms contained in China’s Annual Survey of Industrial Enterprises (ASIE)
compiled by the National Bureau of Statistics of China (NBS) for the period 1999-2006. The pe-
riod covered by our sample represents perhaps the most interesting period in state innovation and
intellectual property policy as well as enterprise innovation activity in China, combining aggressive
opening up to FDI, policy commitments related to WTO-entry in 2001, strong increase in exporting,
an amendment of the patent law, support for indigenous entrepreneurs, a swelling tide of Chinese
returnees equipped with US PhDs and an accelerated pace of privatisation of or quasi-private spin-
offs from government research institutions (Fischer and von Zedtwitz, 2004; Naughton, 2007; Hu
and Mathews, 2008).

Our results show that a tiny number of private Chinese companies, concentrated in the elec-
tronics industry, accounts for the largest share of the dramatic increase in USPTO patents held by
Chinese residents. This selection also concerns the underlying technologies which are mostly related
to electronics and semiconductors. The highly select group of Chinese firms seeking patent protec-
tion in the US also accounts for the overwhelming share of domestic SIPO patents despite there
being a relatively larger number of companies across a wider range of industries obtaining patent
protection with SIPO.

Our objective is thus to analyse whether this small group of firms responsible for the dramatic
increase in Chinese patenting represents the spearhead of a larger group of Chinese companies,
poised to lead the Chinese economy to a wider technological take-off; or whether it merely reflects
an exceptional, highly select group of firms, potentially supported by public policy, that is unlikely to
represent a broader underlying technological leap among Chinese companies. Our analysis, there-
fore, informs on the broader debate over China’s innovative prowess and potential development
path, which may be based either on a ‘Red Queen’ run, which regards Chinese firms’ ability to stay
close to the world technology frontier and to improve upon and adapt existing innovation as key
to its continued growth (Breznitz and Murphree, 2011), or the need for the domestic development
of genuinely novel product innovation that pushes the global technology frontier to avoid getting
caught in a ‘middle income trap’ (The Economist, 25th June 2011).

Analysing the patenting decision and patent productivity for a sub-sample of years we find that
there is a significant difference in the firm characteristics associated with patenting an innovation
with both SIPO and USPTO in comparison with merely patenting with SIPO. We find that firms
which fall into the former category tend to be younger, considerably more export-oriented and
larger than their peers which only patent in China. This result is evident in both the analysis of the
decision to patent in any one year as well as in that of the patent count. We interpret our findings
as evidence for the patent explosion being largely the result of increased patenting by very few
companies in the information technology equipment industry. These relatively young companies
managed to grow extremely fast in size within few years and succeeded placing themselves into
leading positions in global production chains. Our analysis of their patented inventions indicates
that these companies are undertaking a myriad of different innovative activities, including product
innovation albeit of a relatively low-tech character. These companies also account for the lion’s
share in domestic patenting with SIPO, despite there being a much broader range of companies in
a number of different industries patenting domestically. Our analysis, therefore, suggests that the
patent explosion does not reflect a general technological take-off, but the success of an extremely
small group of firms within a single industry.
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The remainder of this paper is organized as follows. Section 2 briefly reviews the existing liter-
ature on government innovation policy and patenting in China and charts recent innovation effort.
Section 3 discusses institutional differences of the patent systems in China and the US which have
a bearing on firms’ decisions to patent in these jurisdictions. Section 4 discusses the construction
of our dataset. Section 5 explains our empirical strategy. Sections 6 and 7 discuss some descriptive
evidence and our analytical results respectively. Section 8 offers some brief concluding thoughts.

2 Literature & Background

In this section, we cover innovation policy in China, provide some descriptives on broad measures of
innovation effort over the past decade and discuss the existing empirical literature on patenting ac-
tivity by Chinese firms, distinguishing aggregate economy, provincial-level and firm-level data. The
latter has thus far been hampered by difficulties arising from matching Chinese firm-level data with
official patent data, effectively limiting analysis to self-reported patent applications — a problem we
overcome in the present study.

2.1 Innovation Policy

The analysis here is undertaken against the background of a pro-active innovation policy on behalf
of the government of a developmental state. As is well-documented (Fischer and von Zedtwitz,
2004; Naughton, 2007; Hu and Jefferson, 2008), China’s state-driven innovation policy began with
a relatively high ‘technology effort’ (relatively high R&D to GDP ratio) during the socialist period,
albeit one which supported ‘episodic’ prestige innovations with limited economic relevance (e.g.
the development of nuclear weapons or the successful launch of a man-made satellite). Following
the pro-market reforms of the late 1970s, it was not until the mid-1980s that a more sophisticated
government innovation system, which allocated research funding based on competitive tender, was
introduced (the so-called ‘86-3 program’). Among the stated aims of this policy was the intention
“to achieve ‘leap-frog’ development in key high-tech fields” (MOST, 2011a). Around the same time
research institutes were actively encouraged to collaborate with business enterprises and spin-off
successful ventures into quasi-private entities — a process which created some of the foremost tech-
nology firms in China today (e.g. Founder, Tongfang, Legend). Subsequent technology and innova-
tion policy expanded the focus to cover ‘basic research’ and reflects the recognition that successful
innovation is necessarily built on a substantial talent base (so-called ‘97-3 program’; MOST, 2011b).
The 97-3 program is at least in part responsible for the improvements in the human capital base,
which saw the number of university graduates in engineering roughly double between 1999 and
2005, although these courses are not all comparable to undergraduate degrees in the US or Europe.
In general terms the innovation policy described thus far focused primarily on state-owned entities,
and in particular research institutes and universities — business enterprises (state-owned, foreign
or private domestic) did not feature prominently (Naughton, 2007; Hu and Mathews, 2008).

As a striking reminder of the distance China’s economic development has covered over a rela-
tively short period of time, it was not until the late 1990s that any state support related to technology
and innovation was extended to private firms and startups (Naughton, 2007: 361). Thus this period
represents the first instance in China’s recent economic history when state-owned and private enter-
prises enjoyed a level playing field in terms of state support for technology and innovation (e.g. tax
breaks, subsidised credit). Crucially, the equal treatment of enterprises in innovation policy was ef-
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fectively extended to foreign-invested enterprises operating in the Middle Kingdom around the same
time (Naughton, 2007: 366). Private property rights for homeowners and businesses were not fully
guaranteed by the law until October 2007, on the one hand forcing entrepreneurs into complex
private-public or foreign joint ventures in order to conduct business legally while on the other fos-
tering a concentration on short-run profits, to the detriment of time-consuming innovation efforts
(Breznitz and Murphree, 2011). Even in the present day the laws surrounding investment are said
to be murky and the The Economist magazine concludes that “[o]wnership is rarely straightforward
in China” (9th July, 2011).

An explicit desire among the central government officials to transform the country from an imi-
tator to an innovator economy was stated in the 2006-2010 5-year plan, which targeted 2015 as the
year in which to achieve this goal (Hu and Jefferson, 2008: 288). As a result local governments,
which jostle with each other for increased domestic and foreign investment, are argued to act un-
der the impression that “virtually any action they take in support of high-technology industry and
technological development will be acceptable” (Naughton, 2007: 368).

2.2 Innovation Effort

Simple aggregates for R&D expenditure by sector indicate how the late 1990s became a game-
changer for Chinese innovation effort: in 1997, 42.7% of the national R&D expenditure was spent
by business enterprises, in subsequent years this share rose to 44.7% (1998), 49.7% (1999) and
60.2% (2000), reaching 69.1% by 2006 (MOST, various).

In Figure 1 we provide some macro evidence for the rapid changes apparent in China’s inno-
vation effort over our sample period. Apart from China, we highlight the US, Japan, Korea as
representative OECD countries which China aims to emulate in terms of innovation activity. The top
graph for 1999 indicates that among 71 developing and developed countries China’s R&D intensity
(around 0.8%) was relatively unremarkable, somewhat above countries at a similar level of devel-
opment but certainly not an outlier.5 The graph for 2007 (for 74 countries) indicates that a mere
8 years later the picture has changed quite substantially, with R&D intensity at 1.5% equivalent to
that in countries twice her average per capita income.

A second shift in China’s innovation activity can be seen in Table 1, where we report the above-
mentioned share of national R&D expenditures accounted for by business enterprises, again for the
years 1999 and 2007. As a means of comparison we provide data for a number of OECD countries
as well as emerging economies, but (this is particularly important with regard to the ‘ranking’)
the choice of countries covered is not meant to be representative of all OECD and/or emerging
economies. In 1999, around half the R&D expenditure in China was accounted for by business
enterprises, putting them toward the bottom of this group of 11 countries, alongside with Turkey,
Argentina and Mexico. By 2007 the business share had risen to over 70%, thus placing China firmly
in line with top OECD innovators such as Japan, Korea, the US or Germany. Note that with the
exception of Mexico the figures for other emerging economies remained relatively stable over this
time period.

In conclusion, whether or not this effort has resulted in a boost to domestic innovation (of the
novel product type) the above numbers plot an impressive sea-change in China’s innovation activity
between the late 1990s and the present day.

5We stress again that China’s development was unusual in that the R&D to GDP ratio was substantially higher during
the socialist period ending in the late 1970s. Although a relatively high level of innovative effort was maintained during
the early 1980s the R&D to GDP ratio eventually came down to ‘standard’ developing country levels around the mid-1990s.
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2.3 Patenting

The existing literature on patenting in China is surprisingly sparse. While there are some studies
at the aggregate (Hu and Mathews, 2008), industry (Hu, 2010) and province level (Sun, 2000;
Cheung and Lin, 2004; Yueh, 2009), there is little work at the firm-level (Hu and Jefferson, 2009).
Moreover, the existing work at the firm-level relies on firms’ self-reported patents due to a lack of
actual patent information (Hu and Jefferson, 2009). The existing literature, so far, has focused
mostly on the effect of technology transfer on the performance of Chinese firms (Hu et al., 2005)
as well as the patenting activity of foreign relative to domestic firms in China (Hu, 2010; Liang and
Xue, 2010). The scarcity of empirical evidence on Chinese firms’ patenting activities at the firm-level
stands in stark contrast to a vast literature on trade and FDI at the firm-level in China (e.g. Hu and
Jefferson, 2002; Chuang, Y.-C. and Hsu, 2004; Girma et al., 2009; Hale and Long, 2011).

At the aggregate economy-level Hu and Mathews (2008) split the total number of USPTO patents
by Chinese residents into different groups of patentees to show that the most dramatic surge in
patenting with the USPTO occurred among private domestic companies since 2001 when China
joined the WTO. Hu and Mathews (2008) also point to the significant contribution of public research
institutes in increasing the number of USPTO patents held by Chinese assignees. The authors provide
some evidence that USPTO patents held by private firms receive more forward citations and have
more backward cites than those held by other groups, such as state-owned companies. The larger
number of forward citations is interpreted as an indicator of a higher value whereas the higher
number of backward cites is interpreted to indicate private companies’ superior ability to build on
existing knowledge.

Hu (2010) analyzes patent data at the industry-level to investigate the strong increase in patent-
ing by foreign firms in China, which amounted to over 30% per year between 1995-2004. Since
Hu does not have patents matched to firm-level data, he relies on a concordance table produced
by the OECD to allocate patents across industries. Using this concordance table, he finds ISIC 29
(machinery), 24 (chemicals), and 32 (telecommunications equipment) to have by far the largest
number of patents in China. Patenting by foreign residents in China is found to be driven by import
competition, that is, foreign patenting is positively correlated with the amount imported by China
from technologically similar industries of other foreign countries. This finding is corroborated by
the fact that over 90% of patent applications by foreign firms claim a foreign priority.

An early study on the spatial concentration of patenting by Sun (2000) investigated province-
level data for 1985-1995 — the period before FDI or private enterprise made substantial impact on
Chinese development in general and with regards to innovation activities in particular. It is thus not
surprising that the output from collective and state-owned enterprises was found to be an important
force in innovation output and overall the relative level of provincial development seeming to drive
the empirical results.6 All R&D activity measured for this study was limited to universities and
‘government R&D institutes’, again a reflection of the scarcity of business enterprise R&D at the
time. Employing provincial data from 1995 to 2000, Cheung and Lin (2004) find that by the late
1990s the presence of FDI can be found to have a robust positive impact on patenting by ‘domestic
innovators’, with R&D inputs also positive and significant but export volumes insignificant.7 Yueh
(2009) explores the determinants of aggregate patent counts across 29 Chinese provinces for the
period 1991-2003 uncovering substantial differences in patenting activity across provinces, which is

6This is reinforced by the finding that export volumes seem to be a good predictor of patenting activity.
7At least parts of these stark differences between Sun (2000) and Cheung and Lin (2004) are down to the different

empirical methods employed.
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not surprising given the heterogeneity in economic progress between the Eastern Seaboard and the
central provinces.

Finally, Hu and Jefferson (2009) conduct their analysis at the firm-level exploiting a large dataset
assembled by the NBS and focusing on domestic patenting with SIPO during 1995-2001. The main
limitation of the analysis is that only firms’ self-reported patent counts are available (see Section 4 for
more details). Moreover, firms only report an aggregate patent count, not distinguishing between
innovation, utility and design patents. Since only innovation patents require an examination by
SIPO, utility and design patents are likely to protect innovations characterized by a lower inventive
step and thus embody little technological progress. Hu and Jefferson (2009) explain the recent
increase in firms’ patenting activity in China by the presence of FDI, the change in the patent law and
the anticipation of China’s WTO accession in 2001. The authors also find the patents-R&D elasticity
to be higher for domestic than for foreign-owned companies, which they explain by suggesting
that foreign firms conduct R&D in China primarily to adapt existing products and patent existing
inventions. In addition, Hu and Jefferson (2009) find the amendment of the patent law in 2000,
which became effective only in 2001, to have had a major impact on patenting; yet, given that their
sample extends only up to 2001, it remains unclear to which degree the year-dummy variable used
to capture the reform reflects firms’ (lagged) response to the policy change.8

3 USPTO vs SIPO

This section examines differences between the patent systems in the US and China which may
have implications for the ability and motivation of Chinese firms to seek patent protection in each
country. Since our analysis focuses on invention (SIPO) and utility (USPTO) patents, our discussion
here is limited to this type of patents.9 Sorell (2002), Yang (2008), and Lin and Connor (2008)
offer detailed comparisons of the two systems where Yang (2008) particularly focuses on potential
differences in the way domestic and foreign applicants are treated in both countries.

China’s first patent law came into force in 1985 and was since amended three times (in 1992,
2001, and 2009). Given that only the second amendment falls into the time period covered by our
regression analysis, we omit a discussion of the other two. The second comprehensive amendment
of the patent law, adopted on 25 August 2000 and effective from 1 July 2001, was necessary to
bring China’s patent law in line with the WTO Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPS), which China adopted with WTO entry in November 2001 (Yu, 2001). For
our purposes, an important change brought about by the amendment regards the deletion of the
requirement to obtain official (government) permission before a Chinese resident is allowed to file
for patent protection abroad.Another important change was equal treatment of state- and privately-
owned companies as well as the introduction of preliminary injunctions in case of infringement.

Regarding the application process, a fundamental difference is the first-to-file rule applied by
SIPO compared to the first-to-invent rule at the USPTO.10 In addition, the USPTO has a one-year
grace period to determine prior art, i.e., an invention may still be patentable despite having been

8More generally, their analysis of innovation activity in private enterprises is somewhat hampered by the time period
under analysis, 1995-2001: it is argued elsewhere that many of the incentives for technology development and innovation
were not extended to private enterprises and start-ups until 1999 (Naughton, 2007: 361), such that their analysis only
captures one or two years of the ‘level playing field’ between state-owned and private enterprises.

9USPTO ‘utility’ patents correspond to SIPO invention patents and must not be confused with SIPO utility patents. A
SIPO utility patent is not subject to substantive examination.

10In the US, whoever demonstrates to have invented the invention first is entitled to the patent whereas in China, the
individual that files the patent application first is entitled to the patent.
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published for example in a trade journal during the 12 months preceding the patent application,
while there is no such provision in China. Moreover, until recently, SIPO granted patents for in-
ventions that were not necessarily ‘new-to-the-world’: before the third amendment to the Chinese
Patent Law in 2009, Article 22.2 defined prior art excluding inventions known to the public or in
public use outside of China. For example, while a patent publication in the US did represent prior
art preventing the granting of a patent in China, if in contrast the invention had been known or used
by someone other than the inventor (without obligation of secrecy) in the US, it would still have
been patentable in China.

Yang (2008) points out that in the examination process, different emphasis is put on the ‘indus-
trial applicability’ criterion. That is, whereas the USPTO has a broad interpretation of the potential
practical purpose an invention might serve, SIPO requires some form of demonstrable industrial
applicability. This is related to a broader issue regarding patentable subject matter. The US patent
system has been criticized for allowing a broad range of inventions to be patented that may contain
only limited technological advance, including software, business models and even DNA segments
(Gallini, 2002; van Pottelsberghe, 2010). SIPO in contrast, applies a narrower definition of what
constitutes patentable subject matter, more in line with the stance of the European Patent Office
(EPO). There are also some differences in the legal provisions in case an application is rejected
and the applicant wishes to request re-examination, but these appear to be of less relevance to our
analysis and are therefore not discussed here. Similarly, there are considerable differences in patent
enforcement and validity disputes between the US and China, which are not discussed here (for
more details see Sorell, 2002). Of more direct relevance is the fact that the US does not require for-
eign applicants to have a patent agent in the US, whereas SIPO requires foreign applicants without
residence in China to rely on a domestic patent agent designated by SIPO to handle the applica-
tion process. Foreign applicants for patents in the US may nevertheless be compelled to rely on
the services of a US patent attorney because there usually is a considerable amount of exchange of
information between an applicant (or his patent attorney) and the USPTO during the examination
process.

From an empirical point of view, Yang (2008) finds no difference in pendency between domestic
and foreign applicants in the US and grant times to be shorter in China than the US (on average two
as opposed to three years). In addition, she finds the ratio of grants to applications to be higher in
the US than China, while the grant rate is considerably higher for domestic applicants in both China
and the US.

The fee structure also differs between the USPTO and SIPO. In China, an application costs CNY
900 (The exchange rate between 2002 and 2005 is around US$ 1=8.27 CNY, so this amounts to
around US$ 110), there is an additional examination fee of CNY 2,500 (US$ 300) and maintenance
fees of CNY 300 (US$ 35) every five years. At the USPTO the basic application fee is US$ 330
and examination fees amount to US$ 220.11 At the USPTO, renewal fees are not payable annually:
at 3.5 years, the maintenance fees due amount to US$ 980, at 7.5 years to US$ 2,480 and at
11.5 years to US$ 4,110.12 Additional costs for Chinese firms arise from the need to translate the
patent application into English. If a Chinese applicant relies on the services of a US patent attorney,
although not formally required by the USPTO, substantial additional costs arise. Hence, the numbers
suggest that obtaining and maintaining patent protection in the US is considerably more expensive
in the US than China. However, the largest difference in the cost of obtaining patent protection in

11Fees for small firms are half the normal fee. See http://tinyurl.com/66xb774 (USPTO website).
12Small entities pay half the standard fee.
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the US for Chinese firms stems from the need to translate the patent application and to potentially
hire a US patent attorney who administers the patent application.

4 Data

A number of firm-level datasets have been used in the existing literature on innovation, R&D, and
patents in China. Lin et al. (2010) use a cross-section of firms contained in the 2003 World Bank
business environment and enterprise performance survey. A more comprehensive dataset for patent-
ing analysis has been assembled by Jefferson et al. (2003) on large and medium sized enterprises
for the period 1995-1999 from an annual survey conducted by the NBS and used in Hu et al. (2005)
and Hu and Jefferson (2009). Hu et al. (2005) use a subset of about 10,000 companies from this
dataset and Hu and Jefferson (2009) extend its coverage to the period 1995-2001, which yields
about 22,000 firms.

With regard to patents, to the best of our knowledge, we are not aware of any existing large-scale
dataset that contains actual patent holdings at the firm-level. Other studies on patenting in China
have, for example, relied on industry-level patenting by employing a correspondence table that maps
patents’ sectoral classification (IPC) into firms’ standard industrial classification (Hu, 2010).13 Hu
and Jefferson (2009) use firm-level data, but patents are self-reported by firms and no distinction
can be made between invention, utility and design patents. It is difficult to gauge how reliable
firms’ self-reported patent counts are, but experience with similar data suggests very substantial,
potentially non-random mis-reporting.14

The data used for our analysis consists of three components. The first component contains our
firm-level information, the second component consists of USPTO and SIPO patent data and the
third component is a ‘bridge’ that links the firm-level data with the patent information. These three
components are discussed in turn below.

4.1 Firm-level Data

Our firm-level data come from China’s Annual Survey of Industrial Enterprises (ASIE) compiled by
the NBS. Firms contained in ASIE include the whole population of state-owned firms as well as all
non-state-owned companies with annual sales above CNY 5 million (around $600,000). On average,
more than 200,000 firms are included each year and they account for around 95% of total Chinese
industrial output and 98% of industrial exports, covering 39 two-digit industries, of which 30 belong
to manufacturing industries, spread across all 31 provinces and municipalities.

The available data cover the period 1999-2006, including more than 2 million observations
from about 590,000 firms.15 The key variables relevant to our study include a unique firm identifier,
R&D expenditure (limited coverage), exports, type of ownership registration, the structure of paid-
in capital distinguished by investor types (government; foreign investors excluding Hong Kong,

13The International Patent Classification (IPC), established by the Strasbourg Agreement 1971, provides for a hierarchi-
cal system of language independent symbols for the classification of patents and utility models according to the different
areas of technology to which they pertain (WIPO, 2011).

14For example the UK Community Innovation Survey 3 (2001) contains the following question ‘How many patents, if
any, did your enterprise apply for during the period 1998 to 2000?’ The question refers to a three-year range, which
makes it difficult to allocate patents into specific years to match annual firm-level data. In any case, cross-checking firms’
responses to this question with their actual patent holdings indicates that only about 30% of firms that report to have
applied for a patent actually did so.

15Other previous studies using different versions of this dataset include Brandt et al. (2011), Girma et al. (2008),
Girma et al. (2009), Hsieh and Klenow (2009), Lu et al. (2009), and Yu (2011).
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Macao, and Taiwan; investors from Hong Kong, Macao, and Taiwan; legal entities; individuals; and
collective investors), output, sales, employment, fixed assets, and industry affiliation.16

4.2 Patent Data

The patent data come from the European Patent Office’s (EPO) Worldwide Patent Statistical Database
(PATSTAT) version October 2010.17 We extract patents filed by Chinese residents at the US Patent
and Trademark Office (USPTO) and those published directly by the State Intellectual Property Office
of China (SIPO).18 Our analysis focuses on the application date of a patent. However, patent data
are only visible after a patent has been published which implies that although we use the application
date, our sample of patents is limited to patents that have already been published. Given the usual
18-month delay between application and publication date at both USPTO and SIPO,19 this implies
that we have patent data up to March 2009 at best. This is not restricting our analysis given that
our firm-level data is only available to 2006.20

4.3 Matching

Due to the absence of a unique identifier shared by the firm-level and patent data, the main problem
in constructing our dataset consists in matching patents to firms. This is generally challenging for a
number of reasons outlined in detail in Helmers et al. (2011). However, in the case of Chinese firms
and patents, it is even more difficult because of the different ways in which Chinese firm names can
be recorded: (a) using Chinese characters, (b) using pinyin transcription into the Latin alphabet, (c)
a translation of the Chinese names into English, and (d) any mix of (a)-(c).

The Chinese census data contain only (a) firm names using Chinese characters whereas PATSTAT
contains (b), (c) and (d). In principle, this means that in order to match patents to firms, we would
have to either transcribe firms’ names contained in the ASIE census or the assignee names contained
in PATSTAT. We have opted for an alternative solution: the Oriana database provided by Bureau
Van Dijk Electronic Publishing (BvDEP) offers a firm-level dataset reporting balance sheet and profit
& loss information for individual companies in countries in the Asia-Pacific region.21 The Oriana
version available to us contains firm-level data for about 23,000 Chinese firms for the period 2000-
2005. The advantage of using Oriana is that it reports firm names using the Latin alphabet as well
as firms’ unique identification number. This allows us, on the one hand, to link Oriana to the census
through the unique identifier and on the other, to use Oriana firm names to match with assignee
names contained in the patent documents. Note that we only use Oriana to bridge the census and
patent datasets. Oriana’s coverage of firm-level variables is far less comprehensive than the ASIE

16All variables are available for all years except R&D expenditure, which is only reported for the years 2001, 2002,
2005, and 2006.

17PATSTAT combines patent information from several sources: DocDB (the EPO master bibliographic database contain-
ing abstracts and citations), PRS (the patent register for legal data), EPASYS (the database for EP patent grant procedure
data), and the EPO patent register as well as the USPTO patent database for names and addresses of applicants and
inventors.

18This includes patents filed with the World Intellectual Property Organization (WIPO) through the PCT route.
19The USPTO may not automatically publish an application 18 months after its priority date if requested by the applicant

provided the invention disclosed in the application has not and will not be the subject of an application filed in another
country or under a multilateral international agreement, that requires publication of applications eighteen months after filing
(35 U.S.C. 122(b) and §1.211). Hence, if a Chinese applicant patents an invention with the USPTO that he also patents
with SIPO, the application will be published within 18 months

20Note that we have patent data since 1985, but firm-level information is only available since 1999. The patent data
preceding 1999 is used in our descriptive analysis as well as to construct patent stocks.

21See http://www.bvdinfo.com/Products/Company-Information/International/ORIANA.aspx
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data; for example, Oriana does not report firms’ R&D expenditure nor ownership structure (in terms
of paid-in capital contributed by different types of investors following Guariglia et al., 2011).

While this approach allows us for the first time to match patent data to Chinese firms, it also has
some limitations. First, Oriana only contains a subset of the firms contained in the census. However,
given that Oriana is a subset of ASIE, we can test for differences between the distributions of our
variables of interest between Oriana and the full ASIE sample (see Section 4.4). Second, names
in PATSTAT as well Oriana might nevertheless differ according to whether names have simply been
transcribed using pinyin or (partly) translated. The main challenge in matching the two datasets,
therefore, consists in creating an automated matching algorithm that copes with this difficulty as
manual matching is unfeasible due to the large number of Chinese patents. Due to the similarity
of firm names,22 probability-based matching does not seem appropriate in the present context due
to the relatively higher risk of obtaining a large number of ‘false positive’ matches, i.e., patents
erroneously matched to firms.23 Instead we clean and standardize firm names in both datasets
to a maximum possible to avoid the occurrence of ‘false negatives’. We also cross-check matched
USPTO and SIPO patents using ‘equivalents’: we verify whether for example a given matched USPTO
patent has a SIPO equivalent for the same innovation to ensure that the SIPO equivalent is allocated
to the same company.24 In addition, in the case of USPTO patents, we checked all matched and
unmatched firms manually. Due to the dramatically larger number of SIPO patents, we only checked
a subsample of matched and unmatched patents.25 In case we found ‘false negatives’, we amended
the corresponding standardisation code of our matching algorithm in order to ensure our match is
easily reproducible.26 An Appendix explains the matching algorithm in more detail (see also Table
3).

4.4 Data Cleaning

The merged ASIE-Oriana sample contains 143,458 firm-year observations from 23,915 individual
firms spanning the period of 1999-2006. There are 1,467 firms that are contained in Oriana but
not in ASIE with most of these firms in non-manufacturing industries. For these firms, we only have
information in the period 2000-2005, hence, they enter the sample only in 2000 and drop out in
2006. Given that Oriana provides only a limited a number of variables, for example it does not
contain R&D expenditure, we dropped firms not covered by ASIE from our sample. This leaves a
sample of 135,086 observations from 20,448 firms. We clean the dataset further by dropping firms
in non-manufacturing industries contained in ASIE (two digit GBT code >43 or <13). Given the
importance of innovation effort for patenting, our regression analysis is constrained by the R&D
expenditure measure which is only available in four years, namely 2001, 2002, 2005 and 2006.
The sample used in the regression analysis therefore contains 64,652 firm-year observations from
19,956 firms (see Table 2). All variables employed in the regression analysis are discussed in detail
in Section 5 below. Note that for our descriptive analysis of patenting in Section 6, we make use of

22Chinese firm names frequently contain the city or province in which the firm is located. Furthermore, detailed
description of the firm status (co. ltd. is often written out in detail as youxian gongsi or even youxian zeren gongsi) adds
to the sense of similarity. Finally, the Chinese language only contains around 400 syllables which further hinders reliable
matching by name.

23See Thoma et al. (2010) for a recent review of probabilistic matching.
24We verify whether the equivalent found in this way contains the same assignee name as the matched patent.
25In the case of USPTO patents, this meant searching for approximately 1,370 unmatched assignee names manually

in Oriana and in the case of SIPO patents, we searched for about 10% of the approximately 22,500 unmatched Oriana
names among the approximately 145,000 unmatched SIPO assignee names.

26In case of USPTO and SIPO patents, we found a share of only about 2% of ‘false negatives’ in the assignee names.
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the entire data span for which we have patent data which covers the period 1985 to 2006.
Finally, in order to verify potential sample selection issues due to the use of ASIE companies that

are contained in Oriana, we ran some empirical tests to analyse the differences between the wider
ASIE sample excluding firms in our sample (around 780,000 observations) and the ASIE-Oriana
sample (around 65,000 observations). The results are summarised in Table TA-VI.

5 Empirical Strategy

In the present paper we investigate two main research questions employing our integrated dataset:
(i) ‘What drives the recent ‘explosion’ in patent applications from firms registered in China?’ ( :
patenting versus not patenting), and (ii) ‘Are there any differences in the determinants of Chinese
firms’ patent productivity between the US and China?’ ( : patenting productivity). We will endeav-
our to provide support for the results from the descriptive analysis in Section 6 through a number
of alternative empirical models.

We begin with the patenting question, , whereby we essentially disregard the number of
patents taken out by a firm and focus merely on the prevalence of patenting. We first employ a
multinomial logit model, which allows us to analyse the ‘discrete choice’ over patenting alternatives
(do not patent, in China/US only, in both countries — the former is the omitted alternative in the re-
gression) and to investigate the firm characteristics that influence this choice across the alternatives
(Agresti, 1990; Cameron and Trivedi, 2005). Following estimation we evaluate the model by com-
paring predicted and empirical frequencies across alternatives, by investigating the null hypothesis
that coefficients for each covariate are zero across all four alternatives and furthermore by analysing
LR tests for combination of alternatives (i.e., asking for instance whether we can combine the ‘patent
in China only’ with the ‘patent in both China and the US’ alternative). Finally we interpret the results
using percentage changes in the odds across different alternatives.27 In this and all of the following
empirical models we use a standard set of characteristics/determinants — see below for a detailed
discussion of these covariates.

Next we employ a bivariate probit model to analyse two dichotomous outcomes, namely patent-
ing with USPTO and patenting with SIPO. The joint outcomes can then be analysed using a simple
correlation coefficient (ρ) between the two outcomes; the statistical significance of ρ may either
reflect the jointness of the decision to patent in both countries or unobserved factors common to
both decisions (Anand and Khanna, 2000), i.e., model misspecification. Furthermore we test the
hypothesis that separate probit models fit the data better than the joint model and conduct param-
eter homogeneity testing across the two equations, which can potentially indicate differences in the
impact of covariates on the patenting decision. Perhaps the most interesting element of the bivari-
ate probit analysis is the visual comparison of predicted probabilities: here we first compute the
predicted probabilities for each of the four possible outcomes28 and then plot them against various
covariates of interest (firm size, export-sales ratio, firm age) using fractional polynomial regression
to indicate the general tendency. Our focus here is on the firms which only patent in China con-

27The interpretation of these results is as follows: by how many percent will the odds of having a patent alter when
increasing the x variable by one unit. The comparison with the omitted base outcome ‘no patent’ can just be interpreted
as simple changes in the odds for a unit increase in the covariate, whereas in the comparison of the alternative outcomes
the percent changes are relative. This multinomial logit analysis is conducted making extensive use of the routines and
examples provided in Long and Freese (2006).

281: no patents, 2: patents in China only, 3: patents in the US only, 4: patents in both the US and China.

12



trasted with those which also patent in the US.29 We further provide a set of descriptive statistics
relating to firm characteristics and sectoral characteristics of the observations making up the four
different outcomes.

A final set of results then moves on to analyse patenting productivity, , using count data models
by estimating standard patent production functions which relate the patent count (the ‘product’) to
a vector of firm-level characteristics (the ‘inputs’). In a single cross-section the work by Bound et al.
(1984) provides a comparison of multiple empirical implementations using OLS, Poisson, Negative
Binomial and Nonlinear Least Squares. In empirical practice the choice between these different
approaches is primarily driven by the well-known ‘overdispersion’ problem for the Poisson estimator
(e.g. Cameron and Trivedi, 2006; Hilbe, 2011), which represents a violation of the assumed equality
between mean and variance of the count variable.30

More recent applications have further concerned themselves with the issue of ‘excess zeros’ in
count data, although this phenomenon is intimately linked to overdispersion given that both may
arise from unobserved heterogeneity (Cameron and Trivedi, 2006). In order to distinguish the ‘in-
novating firms’ which chose not to patent in year t from firms which never innovate and therefore
never patent (these are labelled ‘certain zeros’) ‘zero-inflated’ versions of the Poisson (ZIP) and Neg-
ative Binomial (ZINB) estimators (Lambert, 1992; Winkelmann, 2003) first estimate a nonlinear
(logit or probit) model for ‘certain zeros’ and then analyse those observations which are predicted
not to be ‘certain zeros’ in a count regression model (Poisson or Negative Binomial).31 Since the
estimation approach is maximum likelihood-based each of the two steps is iterated until the respec-
tive ‘best fit’ is achieved. In the present data context the large number of zero patents and thus the
use of the ‘zero-inflated’ versions of count data estimators is arguably more important than in the
standard approaches using US or OECD data (Hu and Jefferson, 2009): for the USPTO data we have
a mere 68 non-zero observations (0.11% of the sample), whereas for the SIPO data the figure is 922
(1.43%). Given the uncertainty over any differences in the determinants of the patenting decision
(‘inflation’ equation) and the patenting productivity (‘count data’ equation) we follow the standard
in the literature by including the same covariates in both equations (Lambert, 1992; Winkelmann,
2003).

In a panel context the standard count data modelling approach is to follow Hausman et al.
(1984) by adopting a fixed or random effects Poisson regression, rather than the above ‘cross-section’
estimators, since the former allow for unobserved time-invariant heterogeneity. In the present case
of China, however, the use of dedicated panel estimators accounting for unobserved heterogeneity
at the firm-level would dramatically reduce the sample size, since only firms with at least one patent
over the sample period could be considered. We therefore treat our panel as repeated cross-sections,
in the spirit of previous work on China by Hu and Jefferson (2009).

We follow the suggestion in Trivedi and Munkin (2010) and employ a number of diagnostic
tools to compare ‘fit’ across different empirical count models. Prime amongst these is a frequency
comparison for 0 to 9 patents between the various count regression models and the observed em-
pirical frequency. Furthermore we employ a number of formal ‘goodness-of-fit’ tests and statistics,
including Greene’s (1994) variant of the Vuong (1989) model comparison test (Poisson vs. ZIP, Neg-

29Note that using data for firms that only patent in the US reduces the sample to a handful of firms.
30Overdispersion is manifest in many count data models whereby the variance of the count variable is often substantially

larger than its mean.
31Note that the inflation model defines the logit regression in reverse (‘certain zero’=1, not ‘certain zero’=0) to a

standard logit model (no patent=0, some patents=1), such that we can expect the reverse signs in the former compared
with the latter.
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Bin vs. ZINB), as well as various information criteria discussed in Long and Freese (2006). Patent
production function results for SIPO and USPTO patents are relegated to a technical appendix — in
the main section we present our preferred estimates from the Negative Binomial model, where we
estimate the equations for USPTO and SIPO in a seemingly unrelated regression (SUR) framework.
This allows us to conduct parameter homogeneity tests across models akin to the analysis in the
bivariate probit model (we refer to this as ‘correlated NegBin’).

In the following we briefly discuss the choice of covariates employed in the empirical analysis.
The firm-level characteristics considered in this analysis follow the suggestions in Hall and Ziedonis
(2001), namely measures for R&D expenditure (innovation effort), firm size, firm age, as well as
some characteristics with particular relevance for China, namely firm ownership type and export
orientation (export-sales ratio). We employ R&D expenditure deflated by employment (in logs),
adding a dummy variable for firms with no data on R&D expenditure (about 1.7% of observations)
and a dummy for firms with zero R&D expenditure (about 70% of observations); in both cases we
set log R&D per worker to zero. We chose this specification to avoid confounding the R&D effect
with that of the size of the firm (Hall and Ziedonis, 2001), which is measured by employment (in
logs) and meant to capture possible economies of scale in the production of patents. Log R&D
expenditure per worker is entered as linear and squared terms to allow for firms at different tails of
the distribution to impact patenting decisions and patent count differentially. Firm age is computed
from data on the year the company was founded. In an OECD country context this variable is
intended to capture the experience of older firms in the management of the patent application
process (Hall and Ziedonis, 2001), however in a China emerging from a planned economy, this is
an indicator for state-owned enterprises founded during the socialist period prior to 1978 and this
variable therefore indicates a socialist period legacy. Ownership types include private enterprises,
as well as two types of foreign-invested enterprises (FIEs) in a distinction which is commonly made
between those from Hong Kong, Macao and Taiwan (HMT) and from elsewhere (other). We further
distinguish Private, State-Owned (SOEs), Collective and Other firms, whereby our designation is
based on the proportion of paid-in capital in excess of 50%, following Guariglia et al. (2011). Given
China’s strong reliance on manufacturing for export we include export orientation constructed as
annual export value over total sales in our regressions. With the exception of dummy variables all
of the above are in logarithms. Finally, we add year dummies to all our models which will allow us
to chart the increase in patenting both with USPTO and SIPO, accounting for any unobserved effects
that impact all firms in our sample such as the 2001 amendment to the Chinese patent law.

Note further that our empirics concentrate primarily on ‘consistency’ (in the plain English sense
of the word) in the sign and statistical significance of these covariates across the different empirical
models tested. In all empirical models we cluster standard errors at the firm-level.32

6 Descriptive Evidence

Tables 4 and 5 list the Top 10 companies patenting with the USPTO and SIPO respectively. These
tables are constructed using the entire integrated dataset to provide as complete a picture as possible
and are thus not restricted to firms and industries included in the regression sample.

Table 4 illustrates the strong concentration of USPTO patents in the hands of very few compa-
nies: the top 10 assignees account for over 85% of all USPTO patents. Interestingly, three companies,

32Note that most of the diagnostic tests carried out, however, have to be constructed from the standard regression
residuals.
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Hongfujin (1), Fuzhun (3) and Futaihong (6), are subsidiaries of the same Taiwan-owned multina-
tional company Foxconn Technology Group that is the world’s largest contract manufacturer in 3C
(Computer, Communication, Consumer electronics) products. For example, Hongfujin was founded
by Foxconn in Shenzhen in 1998, mainly producing high-tech key components and system products
for companies such as Apple, HP, Dell, Cisco, IBM, and Acer. Some of the most renowned prod-
ucts they make/assemble include Apple’s iconic ipod , iphone and ipad. In 2006, Hongfujin earned
nearly US$ 20 billion and employed around 20,000 workers in Shenzhen. Similarly, Fuzhun and
Futaihong were also established by Foxconn in Shenzhen in 1998 and 2002, respectively. Fuzhun’s
main products include computer equipments such as heat sinks and coolers, supplying consumer
electronics giants such as Sony, Fujitsu, Siemens, and Samsung. Futaihong specialises in wireless
communication equipment for clients such as Nokia and Motorola. These three Foxconn subsidiaries
account for around 40% of total USPTO patents, and with Huawei these four companies alone ac-
count for over 60% of USPTO patents in our matched dataset. As shown in the last column of Table
4, with the exception of Sinopec, China International Marine and BYD, all Top 10 USPTO companies
are in the 3C industry (with 2 digit GB/T industry code 40).33 Table 5, shows a similar picture for
SIPO patent holdings with the top 10 companies accounting for about 75% of all patents. In the
case of SIPO patents, the dominant player is Huawei, which holds more than a third of SIPO patents,
whereas only one Foxconn company, Hongfujin, is among the Top 10. Similarly to the USPTO Top
10, with the exception of Sinopec, BYD and Baoshan Iron & Steel, all companies listed in Table 5 are
in the electronics/communications equipment industry. Note that there is a significant overlap of
companies in Tables 4 and 5; six companies appear in both lists, with four of these in 3C industries.

It is also noteworthy that these top patenting companies are very large and most of them highly
export oriented. Going through the profiles of the companies listed in Tables 4 and 5, we find that,
apart from two companies (LG Shanghai and Inventec) in Table 5, all companies employ more than
3,000 workers, with some gigantic companies such as Sinopec, Baoshan Iron & Steel and Huawei
employing more than 100,000 workers. It is also not very surprising that most of the firms turn
out to be heavily engaged in exporting. According to the Ministry of Commerce, except for three
companies (BYD, LG Shanghai and Fuzhun), all of the companies in Tables 4 and 5 are among the
top 100 Chinese exporters in 2006.34 Indeed, two Foxconn companies, Hongfujin and Futaihong are
ranked 1st and 8th largest exporter respectively in China, with export revenues around US$ 18.4
billion and US$ 4.7 billion in 2006. Huawei is ranked 17th with an export revenue of nearly US$ 3
billion, whilst Lenovo and Sinopec are ranked 12th and 15th with export revenues of US$ 3.9 and
US$ 3.1 billion, respectively.

To summarise, Chinese companies’ patents in China and especially in the US are highly concen-
trated in a handful of very large, highly export-oriented firms in the computer, communication and
consumer electronics industry. In particular, Taiwan-owned contract manufacturer Foxconn emerges
as a major player in patenting with the USPTO, whilst two indigenous firms Huawei and ZTE play a
leading role in domestic patenting.

Apart from asking who patents, the question of what is patented is equally important. We
classify USPTO and SIPO patents according to the type of innovation that they protect:35 product

33Apart from the three Foxconn subsidiaries, the other four companies in the 3C industries are Huawei, ZTE, SMI, and
Lenovo.

34See “China’s top 200 exporters 2006” available at http://zhs.mofcom.gov.cn/aa/aa.html.
35We read each patent’s claims to determine whether it protects a product or process innovation or both. We thank Max

Ernicke for his advice on the identification of innovation types in patent claims.
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or process innovation or a combination of both.36 In the case of USPTO patents, we read all 1,912
patent documents, whereas in the case of SIPO patents we rely on a subsample of 980 patents
due to the fact that claims are not readily available but must be retrieved from the original patent
documents which are available only in Chinese. Table 6 shows a breakdown of USPTO and SIPO
patents according to the innovation type that they protect. For USPTO patents, Table 6 shows that
nearly half of all patents filed by Chinese residents cover product innovations. Only about 20% of
patents cover process innovations. The pattern looks different in the case of SIPO patents (excluding
USPTO equivalents): nearly 37% of patents protect process innovations and slightly less than 30%
cover product innovations. The share of patents protecting both product and process innovations
remains approximately the same as for USPTO patents. The last two columns of Table 6 show the
distribution of innovation type when we add USPTO equivalents to the SIPO patents.37 We use
sample weights in computing shares to reflect the small proportion of SIPO patents with USPTO
equivalents (2.5%) among all SIPO patents. The results change very little relative to the distribution
when looking only at SIPO patents. In brief, Table 6 suggests that inventions that are patented in
China but not simultaneously in the US are more likely to protect process innovations. With regard
to USPTO patents, the results indicate that the share of patents protecting product innovations is
in fact substantial. The list of such USPTO ‘product patents’ included in our sample covers a wide
range of innovations. It includes low-tech products such as a ‘computer enclosure’ (i.e., a metal box)
or a ‘refrigerator with a foldable table’ (i.e., an almost standard refrigerator that can be (mis)used
as a table); the list also includes a relatively limited number of potentially more valuable product
innovations such as a hydrocarbon conversion catalyst, fuel cells, or a foldable mobile telephone
(this was in fact novel in 2004 which is the patent’s priority year). Nevertheless, in our reading,
product innovations covered by USPTO patents are mostly related to mechanical innovations related
to the ICT equipment industry embodying relatively modest innovative content. In contrast, USPTO
patents covering processes/methods and the combination of process & product innovations appear
to be of more innovative character. The overwhelming share of these patents protect ICT-related
innovations, such as central process units or data processing/transmission methods. When we look
at the inventive content of SIPO patents, a somewhat similar picture emerges despite the difference
between USPTO and SIPO patents in their relative shares of product and process innovations. SIPO
patents protecting product innovations are also mostly related to mechanical inventions in the ICT
equipment industry, covering inventions such as a ‘turbofan for air conditioner’ (i.e., a fan). At
the same time, SIPO ‘product patents’ appear to cover a wider range of products including steel and
rubber products, pharmaceuticals (especially related to traditional Chinese medicine), and foodstuff.
Similar to USPTO patents, it appears that process patents and those protecting both products and
processes related to the ICT sector are of more innovative character.

Finally, Tables 7 and 8 contain information on the sample of firms used in our regression analysis.
As previously discussed, due to the limited availability of R&D data, the sample collapses to about
64,500 firm-year observations. Table 7 provides some basic descriptive statistics regarding firms’
patenting activities. The table shows the patent explosion for both USPTO and SIPO patents. The
number of USPTO patents increased from 18 to 716 whereas SIPO patent filings increased from 780
to over 11,300 between 2001 and 2006. The table underscores our findings from Tables 4 and 5,

36An example for a product innovation is a chemical compound whereas a process innovation protects for instance the
method to produce the compound. This example also illustrates how a patent can protect both a product and process
innovation: it covers both the compound and its production method.

37This means we add those USPTO patents that have a SIPO equivalent for which we have not examined the claims.
This assumes, that equivalents protect the same innovation type, which may not necessarily hold in all cases.
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that is, the overwhelming share of patents is filed by companies in the ICT equipment industry where
few companies account for most patents as indicated by the standard deviation and maximum. Table
8 offers descriptive statistics for the variables used in our regression analysis which is discussed next
in Section 7.

7 Results

It should be noted from the onset that the present data poses fundamental challenges to the empiri-
cal estimators typically employed in patent decision and patenting productivity analysis: in particu-
lar for the analysis of USPTO patents, where we only have a minute share of firm-years which have
non-zero observations (amounting to 0.11% of observations). We rely in parts on the predictive
power of the models (compared with the true outcomes observed) and employ various tests and
robustness checks. Specifically in order to address the low share of non-zero observations we em-
ploy ‘rare events’ methods (King and Zeng, 2001a,b) in a technical appendix and find no evidence
to suggest that our models investigating the patenting decision ( ) are substantially distorted by
this data property. In order to address the same issue in the patenting productivity analysis ( ) we
employ a number of ‘zero-deflated’ count regression models which in terms of diagnostics however
seem to be somewhat inferior in to the Negative Binomial model presented below (in the ZINB case
this is inferiority is arguably marginal). All of our empirical analysis is, therefore, in the spirit of
trying to paint a broad brush picture of the differences in the patenting decision and factors that
seem to correlate with high patenting count arising from all the below regressions whilst not relying
too heavily on any single empirical method employed.

7.1 Patenting decision

We begin our discussion with the empirical results for the patenting decision, , for which we
provide analysis from a multinomial logit model in Table 9 and from a bivariate probit model in
Table 10, together with plots for predicted probabilities and various descriptive statistics in Figure 2
and Tables 11 and 12.

Table 9 shows estimates for patenting in China only (column [1]), in the US only ([2]) and
in both countries ([3]) in comparison to the omitted reference alternative not to patent at all.
The predicted probabilities for each of the three alternatives, presented at the bottom of the ta-
ble, are close to the observed probabilities while the tests for combination of any of the above
categories/alternatives, also presented toward the bottom of the table, rejects in all cases at the
1% level of significance — this provides some indication that we can distinguish these alternatives
empirically and that the empirical model has a certain goodness of fit. The independence tests pre-
sented in the column to the right of the three equation results suggest that with the exception of
firm-ownership none of the covariates are zero across all three equations, thus indicating our set
of covariates has explanatory power in the patent decision analysis. In the right half of the table
we present the percentage changes in the odds by moving between groups — here we only present
results for differences between alternatives which are statistically significant at the 10% level. As
we will show below, the group of firms patenting with ‘USPTO only’ is very small whilst merely ac-
counting for a handful of patents. We therefore focus primarily on the results comparing the groups
of firms patenting in China only and patenting in both China and the US ([3] vs. [1]).

Investigating the empirical estimates for the three equations more closely we can see that R&D
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expenditure has a consistent positive effect on patenting, convex with regards to the ‘SIPO only’
and ‘both’ alternatives, thus suggesting that firms with very large R&D intensity populate both of
these groups. The relationship seems much stronger for the group of firms that patent in both China
and the US, as is also confirmed by our ‘Changes in the Odds’ analysis. Firm size seems to boost
patenting propensity in all three groups. Export intensity has a particularly divisive effect, whereby
firms with higher export-sales ratio have a higher propensity to patent in the US — whether they
also patent in China or not. A doubling of the export-sales ratio implies a 75% increase in the odds
to patent in both countries relative to in China alone. Focusing just on the firms which exclusively
patent in China, a doubling of the export-sales ratio will reduce the odds to patent by 11%. With
regards to firm age it can be seen that older firms are less likely to patent in the US. Finally, while
the patent explosion is clearly discernable for the ‘China only’ group the difference to the bulk of the
remaining firms which do patent (most of which are contained in the ‘both’ group) is not found to
be statistically significant at the 10% level except for the final year.

A first tentative conclusion from this analysis is that differences in the R&D intensity, firm age
and in particular export intensity seem to drive firm’s decisions to patent abroad vis-à-vis exclusively
in China. Surprisingly, firm ownership as defined here does not seem to have any discernable impact
on the patenting choice.

Table 10 reports results for a bivariate probit regression, analysing the patenting decisions of
firms (simple dummy variable) in a joint empirical model. For the USPTO equation we have around
0.11% of observations with patents, for the SIPO equation around 1.43%. With regard to the regres-
sion results, we limit ourselves to discussing the signs and statistical significance of covariates, as
well as the result from cross-equation parameter homogeneity tests. The latter are carried out both
for individual variables (column marked ‘Indiv.’) and groups of variables (‘Joint’, with the symbols
indicating variable groupings). We furthermore compute predicted probabilities and correlate these
with some of the key covariates of interest, using nonlinear (fractional polynomial) regression (95%
confidence intervals are indicated): this analysis is presented in Figure 2, where the left plot always
refers to the predicted probability of patenting only in China, whereas the right plot refers to the
predicted probability of also patenting in the US. In all plots we limit the analysis to firms which
do have a patent in either China or the US — results are much more precise if we used the entire
sample of firms but we prefer to compare firms that do patent to highlight the difference in their
characteristics.

Analysing the results in some more detail, a test for independence between the two probit equa-
tions rejects emphatically, indicating a high level of correlation between the decision to patent in
the US and in China. Parameter homogeneity tests indicate a marginally significant difference in
R&D intensity (R&D expenditure per worker, in logs, and its square term) between the USPTO and
SIPO patenting decisions, with both indicating a statistically significant positive and convex rela-
tionship. As the first row of plots in Figure 2 indicates this is a minor difference in the shape of the
innovation effort-patenting relationship between the ‘SIPO only’ and ‘both countries’ groups. For
firm size (workers, in logs), we find an increased propensity to patent with size in both equations,
although more so for the USPTO equation, hence the rejection in the parameter homogeneity tests
— as our second set of plots in Figure 2 indicates this is again a minor difference in degrees, rather
than a fundamental difference between the two patenting decisions. The results with regard to
export orientation are much more pronounced: the bivariate probit coefficients are negative signif-
icant for SIPO and positive significant for USPTO. The suggested importance of export orientation
for the patenting decision is illustrated rather starkly when we compare the predicted probabilities
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in the third row of Figure 2: with increasing export-intensity the propensity of patenting only in
China decreases markedly, whereas the propensity of patenting in both countries rises steadily be-
fore a turning point at around 60% export intensity. Related to this, the dummy variable indicating
zero exports (around 43% of observations) is positive significant (albeit marginally so) in the SIPO
equation. The homogeneity test for firm age (in logs) rejects at the 1% level, with the variable in-
significant for the SIPO and negative significant for the USPTO equations, respectively. Although the
plots in the bottom row of Figure 2 show some noise in the tails of the age distribution of firms, it
is nevertheless indicative that age seems to be positively related with patenting exclusively at SIPO,
whereas the relationship appears unrelated or even negative for the USPTO patenting predictions.
Interestingly, firm ownership does not differentiate the patenting decision, whether analysed jointly
of for individual ownership types. Finally, the comparison of the year dummies quite clearly shows
the ‘explosion’ in patenting at SIPO over the sample period, whereas this effect is much less marked
in the USPTO equation.

In Tables 11 and 12 we present descriptive statistics and details on sector of operation for each of
the four patenting ‘groups’ (SIPO only, USPTO only, no patents, both SIPO and USPTO) respectively.
We discuss group medians except for the binary variables where we use the mean. From the top
right panel of firm characteristics in Table 11 it is quite clear that the ‘USPTO only’ group is a very
marginal one, made up of only 32 firm-year observations during our 4 sample years; the ‘patent
stock’ statistics indicate that these firms previously had submitted patents to SIPO, just not in our
four sample years. We therefore concentrate on the comparison of the three other groups, beginning
with the ‘China only’ versus the ‘China and US’ group in the top left and bottom right panels of the
table respectively. The latter group is made up of 150 firm-year observations, whereas the former
amounts to 2,200. Firm-level characteristics for the ‘China and US’ group are noticeably different:
R&D per worker is double that for the ‘China only’ group, export intensity a staggering 7 times,
while the firm size is around 70% larger; median age is 14 years for ‘China only’ versus 9 years for
‘China and US’ groups. Foreign as well as state-owned enterprises are represented more prominently
in the ‘China and US’ group. Comparing the ‘China only’ with the ‘never patent’ group in the bottom
left panel, it can be seen that the latter group’s median R&D per worker is zero while that for the
former is CNY 700 per worker, with median firm size the only other characteristic which differs
substantially: ‘China only’ firms are roughly double the size of ‘never patent’ firms.

Table 12 lists the Top-10 sectors for each of the four groups (Top-6 for ‘US only’), based on the
share of overall SIPO patents (for ‘China only’ group) and/or USPTO patents (for ‘US only’ and
‘China and US’ groups). The picture emerging is rather stark: amongst the firms patenting only
in China the ‘Communications equipment and Computers’ (SIC 40) and ‘Instruments and Office
Machinery’ (SIC 41) sectors dominate, accounting for around 15% of all SIPO patents. The same
two industrial sectors in the group of firms patenting in both countries account for almost 77%
of SIPO patents. For USPTO patents the picture is even more extreme38 with the same two ICT
equipment sectors mentioned accounting for almost the entire balance of USPTO patents. This
reiterates the suggestion above that the patent ‘explosion’ of Chinese firms is driven by a very small
number of ICT equipment firms — Huawei and various subsidiaries/affiliates of Foxconn — which
account for 97% of all USPTO patents and almost 80% of all SIPO patents.

In summary, this analysis confirms our previous finding that patenting with USPTO relative to
SIPO in our regression sample is primarily associated with younger, more export-oriented firms and

38As suggested before the ‘US only’ group is rather insubstantial (less than 2% of all USPTO patents).
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to a lesser extent with firm size. While R&D investment clearly matters for patenting, there does
not seem to be a substantive difference here between the two patenting decisions, while (as in the
previous analysis) ownership type does not seem to impact the patenting choice.

7.2 Patent productivity

We now turn to the empirical analysis of patenting productivity, , which is analysed using count
regression models. Detailed results for USPTO and SIPO patenting from a number of alternative
estimation methods are presented in Tables TA-II to TA-III in a technical appendix with predicted
probabilities for all count data models detailed in Table TA-V. For our discussion here we focus
on results for the Negative Binomial model which received favourable diagnostics in comparison
to rival approaches.39 Table 13 details results for the USPTO and SIPO equations, which were
estimated as seemingly unrelated regression equations so as to construct a joint variance covariance
matrix. In the right part of the table we then present parameter homogeneity tests for individual or
groups of variables across the two equations. We begin our discussion of the results by noting the
LR-test results with regard to the θ parameter which allows for different means and variances in
the count data — as can be seen the test emphatically rejects insignificance for both the USPTO and
SIPO equations. Note that the sum of absolute deviations of observed and predicted values for the
Negative Binomial model is around one tenth and one fiftieth of that of a Poisson model for USPTO
and SIPO equations respectively, thus indicating the substantially improved fit of the former over
the Poisson alternatives.

Turning to the covariates employed in both models, parameter homogeneity tests suggest that
the R&D effort is not associated differentially with patenting with USPTO and SIPO — in both
cases the relationship between patenting and R&D intensity is suggested to be convex. Firm size is
positive significant in both equations, however the parameter homogeneity test suggests that size
matters more for USPTO patenting — this is not surprising, given that our above discussion has
revealed that the vast majority of USPTO patents are taken out by a small number of very large
global ICT equipment manufacturers. The results for export intensity follow the same pattern as our
analysis of the patenting decision: USPTO patent productivity is positively associated with export
intensity whereas the correlation is negative for SIPO patenting, with a parameter homogeneity test
rejecting emphatically. Firm age is negatively correlated with patent count in both equations, but
the association is stronger in the USPTO case, leading to a rejection of parameter homogeneity at
the 5% level. In contrast to the previous analysis of the patenting decision firm ownership type is
now found to be statistically different in its impact on patent productivity with USPTO and SIPO.
Closer analysis however establishes that this result is primarily driven by the ‘Other’ category, such
that we do not attach too much attention to this finding. It is, however, notable that foreign-invested
firms, both from Hong Kong, Taiwan and Macao as well as from other countries, are significantly
positively associated with the patent count, indicating that foreign firms may be more ‘productive’
conditional on all other factors. An alternative interpretation would suggest that these firms benefit
from additional R&D facilities owned by the multinational and can thus not be compared like for
like with indigenous firms. Another simpler explanation would be that the HMT foreign-ownership
variable captures a ‘Foxconn effect’. Finally, the joint analysis of parameters on the year dummies
suggests no statistically significant difference between SIPO and USPTO patenting ‘explosions’ — as
can be seen, the failure to reject any difference is primarily driven by the large standard errors of

39Table TA-IV presents results for the ‘correlated’ Zero-Inflated Negative Binomial (ZINB) regression model.
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the USPTO equation estimates, with homogeneity tests for individual years marginally statistically
significant for 2002 and 2005.

In summary, this second analysis focused on patent productivity has revealed very similar pat-
terns to our earlier study of the patenting decision. In broad terms, we have found a number of
standard covariates statistically significantly associated with higher patent counts. In terms of our
comparison of patenting in China and patenting in the US we found the export intensity, firm age and
firm size of particular importance in distinguishing USPTO patent count from SIPO patent count.
This analysis suggests that firms associated with USPTO patenting are larger, younger and more
export-oriented than their peers associated with SIPO patenting. Caution is however needed in ar-
guing for the robustness of these results: while broadly speaking qualitatively similar to the results
just discussed (in terms of signs and magnitudes) the ‘correlated ZINB’ count regression equation
could not establish statistical significance in the difference of many of the covariates between the
USPTO and SIPO equations, due to the imprecision of estimates in the former.

8 Conclusion

What is behind the recent Chinese patent explosion? Is China transitioning fast from imitating
technology to producing genuine innovation? What impact does the patent explosion have on the
Chinese economy and on the rest of the world?

While answers to these questions are of immediate concern to policy makers in China and be-
yond, their empirical investigation has to date been severely hampered by data limitations: there
were no data available for Chinese firms that included companies’ actual patents filings. We over-
come this constraint and construct a dataset that contains domestic (SIPO) as well as US (USPTO)
patent filings by about 20,000 manufacturing firms registered in China. We employ the data to
investigate the factors behind the Chinese patent explosion during the period 1999-2006.

Our answer to the first question is unambiguous: a handful of companies in the ICT equip-
ment sector account for the overwhelming share of patents, where this high concentration is even
more pronounced in USPTO filings. These companies are very large, relatively young, more R&D
intensive, and strongly export oriented, in short, true global players. For these companies, a sub-
stantial share of patents covers product innovation albeit of relatively low-tech character. Process
innovations and combinations of product and process innovation covered by patents held by these
companies appear to be technologically more innovative and potentially valuable. Hence, our re-
sults tentatively suggest that these few, highly patent-active companies are not merely ‘innovation
castles in the air’ inflated by Chinese public policy directed at increased patenting, but (at least to
some extent) innovative companies highly integrated into the global economy.

Does this imply, there is evidence for wider technological take-off among Chinese companies?
Our analysis suggests that the answer is most likely negative; patenting is concentrated in very
few industries and even within these few industries undertaken by very few albeit highly active
companies. Yet, this conclusion is subject to the caveat that our sample covers only about 20,000
manufacturing companies. Referring back to our introductory remarks on the ‘Red Queen Run’ vs.
the ‘Middle Income Trap’ arguments, our analysis suggests that reality most likely lies between these
two extremes. Contrary to a genuine ‘Red-Queen Run,’ a number of Chinese companies appear to be
truly innovative, potentially even pushing the technology frontier beyond China. At the same time,
there are very few such companies, and some of the most active among them are foreign-invested.
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Most companies are thus likely to concentrate on incremental process innovation rather than the
generation of ‘new-to-the-world’ innovation.

What is the likely impact of the patent explosion? In our view, it points to China becoming an
economy that competes not only on cheap labour and sheer scale, but also in terms of innovation.
However, not unlike other successful Asian economies, there are very few such companies driving
this development.
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Figure 1: R&D intensity (in % of GDP) across countries (1999, 2007)

Notes: We plot gross domestic expenditure on R&D (in percent) against the level of development (proxied by GDP pc, in
logarithms). These data come from the UNESCO UIS and the Penn World Table 7.0 (Heston et al, 2011), respectively.
For the latter we employed ‘China Version 2’, a ‘non-official’ version of China’s economic size. The plots use data from 71
(1999) and 74 (2007) countries.
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Table 1: Business Share (in %) of national R&D expenditures

1999 Rank 2007 Rank Change

Japan 70.7 3 77.9 1 10.2
Republic of Korea 71.4 2 76.2 2 6.7
China 49.6 8 72.3 3 45.8
United States 74.2 1 72.2 4 -2.7
Germany 69.8 4 70.0 5 0.3
United Kingdom 66.8 5 63.4 6 -5.1
France 63.2 6 63.2 7 0.0
Czech Republic 62.9 7 61.9 8 -1.6
Mexico 25.5 11 47.4 9 85.9
Turkey 38.0 9 41.3 10 8.7
Argentina 28.3 10 30.3 11 7.1

Notes: These data come from the UNESCO UIS. The selection of countries is meant to represent a number of OECD
economies as well as emerging economies. Change indicates the relative (percentage) change (taking base year values
into account).

Table 2: Oriana-ASIE dataset

Oriana Oriana-ASIE Share Sample
Year # observations % # observations % % # observations %
1999 12,542 8.74 11,694 8.66 93.24
2000 14,017 9.77 13,078 9.68 93.30
2001 16,969 11.83 15,857 11.74 93.45 14,295 22.11
2002 18,972 13.22 17,618 13.11 92.86 15,929 24.64
2003 20,066 13.99 18,674 13.83 93.06
2004 21,713 15.14 20,290 15.03 93.45
2005 20,729 14.45 19,320 14.30 93.20 17,618 27.25
2006 18,450 12.86 18,450 13.66 100 16,810 26.00
Total 143,458 100.00 135,086 100.00 64,652 100.00

Table 3: Benchmarking the matching outcome (1985-2006)

Assignee names Patents
Raw♮ Cleaned§ # Matched # Equivalents Match # Patents # Matched # Equivalents Match
Data Data Corrected Success Corrected Success

SIPO 168,359 146,333 1,219 1,220 0.83% 405,180 44,344 44,968 11.09%
USPTO 3,580 1,475 112 117 7.93% 4,541 1,880 1,912 42.11%
Oriana 23,858 23,714 1,229 1,229 5.18%

Notes: SIPO and USPTO patents extracted from PATSTAT version October 2010.
♮ The data contain patent applications between 1985 and 2006.
§ Only for-profit companies are kept in the sample.
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Table 4: USPTO — Top 10 companies (1985-2006)

Rank Company #Patents Share Main Industry affiliation♮

1 Hongfujin Precision Industry (Foxconn) 513 26.42% Electronic computer (404)
2 Huawei Technology 399 20.55% Communications equipment (401)
3 Fuzhun Precision Industry (Foxconn) 215 11.07% Electronic computer (404)
4 China Petroleum Chemical (Sinopec) 161 8.29% Crude Petroleum and Natural Gas Exploration (079)
5 Semiconductor Manufacturing International 126 6.49% Electronic apparatus (405)
6 Futaihong Precision Industry (Foxconn) 100 5.15% Communications equipment (401)
7 ZTE 61 3.14% Communications equipment (401)
8 Lenovo 38 1.96% Electronic computer (404)
9 BYD 33 1.70% Automobiles (372)
10 China International Marine Containers 18 0.93% Containers and metallic packages (343)

Other 278 14.32%
Total 1,942 100.00%

Note: ♮ Chinese GB/T 3 digit industry code in brackets.

Table 5: SIPO — Top 10 companies (1985-2006)

Rank Company #Patents Share Main Industry affiliation♮

1 Huawei Technologies 15,603 34.09% Communications equipment (401)
2 ZTE 4,594 10.04% Communications equipment (401)
3 LG Electronics Appliances Tianjin 4,244 9.27% Household electrical apparatus (395)
4 Hongfujin Precision Industry (Foxconn) 3,710 8.11% Electronic computer (404)
5 China Petroleum Chemical (Sinopec) 1,977 4.32% Crude Petroleum and Natural Gas Exploration (079)
6 Lenovo 1,137 2.48% Electronic computer (404)
7 BYD 835 1.82% Automobiles (372)
8 LG Electronics Shanghai 775 1.69% Communications, computers & other electronic equipment (400)
9 Baoshan Iron & Steel 756 1.65% Ferrous metal smeltering and rolling (320)
10 Inventec Shanghai 711 1.55% Communications, computers & other electronic equipment (409)

Other 11,423 24.96%
Total 45,765 100.00%

Note: ♮ Chinese GB/T 3 digit industry code in brackets.

Table 6: Product vs. Process Innovation (1985-2006)

Innovation USPTO SIPO
Type Share #Patents Share #Patents Share #Patents

Excl. US Equivalents Incl. US Equivalents♮

Product 46.81% 895 29.90% 293 29.89% 634
Process 20.35% 389 36.94% 362 36.71% 697
Product & Process 32.85% 628 33.16% 325 33.40% 799
Total 100% 1,912 100% 980 100% 2,130

Notes: Patent classified by reading patent claims.
♮ Equivalents with the USPTO and SIPO patents are weighted with the respective sample share.
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Table 7: R&D Sample — Chinese and US Patents (2001/2, 2005/6)

USPTO
ALL SECTORS ICT EQUIPMENT ALL SECTORS

year firms patents firms patents mean median sd min max
2001 14,295 18 2,152 13 0.001 0 0.066 0 5
2002 15,929 31 2,393 25 0.002 0 0.098 0 10
2005 17,618 401 2,559 391 0.023 0 1.439 0 146
2006 16,810 716 2,448 710 0.043 0 2.696 0 263
Total 64,652 1,166 9,552 1,139 0.018 0 1.568 0 263

SIPO
ALL SECTORS ICT EQUIPMENT ALL SECTORS

year firms patents firms patents mean median sd min max
2001 14,295 780 2,152 641 0.055 0 3.497 0 394
2002 15,929 2,604 2,393 2,397 0.163 0 10.081 0 1,015
2005 17,618 7,761 2,559 7,194 0.441 0 30.362 0 3,781
2006 16,810 11,341 2,448 10,509 0.675 0 51.855 0 6,570
Total 64,652 22,486 9,552 20,741 0.348 0 31.275 0 6,570

Notes: n= 64, 652 observations for N = 19,956 firms, average T = 3.3 with minimum T = 1 and maximum T = 4. The
columns marked ‘ICT equipment’ refer to the subsample of 2,831 firms (n= 9,552 observations) in Sectors 40 and 41
(Communications Equipment & Computers; Instruments & Office Machinery) which dominates the USPTO patent count.
The data covers the years for which R&D expenditure is available (2001, 2002, 2005, 2006).

Table 8: R&D Sample — Descriptive Statistics (2001/2, 2005/6)

variable type obs mean median sd min max

Patents

USPTO patents count 64,652 0.018 0 1.568 0 263
SIPO patents count 64,652 0.348 0 31.275 0 6,570
USPTO Stocks count 64,652 0.031 0 2.680 0 461
SIPO Stocks count 64,652 0.705 0 61.466 0 13,003

Innovation effort

R&D per worker continuous 63,553 1.386 0 17.377 0 2,434
Missing R&D dummy 64,652 0.017 0 0 1
Zero R&D dummy 64,652 0.698 1 0 1

Firm characteristics
Export/Sales continuous 64,576 0.319 0.040 0.406 0 1
US Export/Sales continuous 33,470 14.759 0.002 54.291 0 2,837
Zero Exports dummy 64,652 0.430 0 0 1
Labour continuous 64,652 1,154 580 2,759 1 147,722
Age continuous 64,652 18 12 16 1 179

Ownership type
FIE (Other) dummy 64,652 0.166 0 0.372 0 1
FIE (HMT) dummy 64,652 0.153 0 0.360 0 1
Private dummy 64,652 0.464 0 0.499 0 1
SOE dummy 64,652 0.125 0 0.330 0 1
Collective dummy 64,652 0.076 0 0.265 0 1
Other dummy 64,652 0.024 0 0.153 0 1

Notes: n= 64, 652 observations for N = 19,956 firms, average T = 3.2 with minimum T = 1 and maximum T = 4.
pw — per worker. The 1.7% missing observations for ‘R&D pw’, amounting to 1,099, make up the balance for the full
sample with 63,553 observations for which ‘R&D pw’ is zero or positive (we set ‘ln R&D pw’ to zero and add the ‘R&D
missing’ dummy to the regressions below). R&D pw is reported in thousands of real RMB 2000 values. Ownership type
uses majority paid-in capital, not official registration, following Guariglia, Liu and Song (2011).
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Table 9: R&D Sample — Multinomial Logit regression (2001/2, 2005/6)

SIPO USPTO both Changes in the Odds of Patenting†
only only Ind‡ Raw coefficient, %age change for unit increase in x

[1] [2] [3] (p) [1]v.[0] [2]v.[0] [3]v.[0] [2]v.[1] [3]v.[1] [3]v.[2]

log R&D pw 0.326 0.589 0.639 242.70 38.5% 80.3% 89.5% 36.8%
[0.027]*** [0.175]*** [0.098]*** (.00)

(log R&D pw)2 0.019 -0.047 0.098 32.59 1.9% 10.3% 8.3% 15.6%
[0.008]* [0.062] [0.016]*** (.00)

log Workers 0.588 0.627 1.567 426.10 80.0% 87.2% 379.1% 166.3% 156.0%
[0.048]*** [0.223]** [0.161]*** (.00)

log Exp/Sales -0.118 1.696 0.444 40.98 -11.1% 445.4% 55.8% 513.7% 75.3% -71.4%
[0.025]*** [0.494]*** [0.157]** (.00)

log Firm age -0.061 -0.711 -0.593 12.81 -50.9% -44.8% -47.8% -41.3%
[0.055] [0.271]** [0.234]* (.01)

FIE (other) 0.041 -0.072 1.213 4.43 236.3% 222.6%
[0.166] [1.147] [0.450]** (.22)

FIE (HMT) -0.016 0.162 1.244 3.85 246.9% 252.6%
[0.182] [0.983] [0.572]* (.28)

Private 0.073 -0.066 0.338 0.88
[0.122] [0.889] [0.454] (.83)

Collective -0.472 0.473 -0.785 4.65 -37.7%
[0.286] [1.294] [0.661] (.20)

Other 0.143 0.818 1.099 2.40
[0.246] [1.294] [0.781] (.49)

R&D missing 0.472 -28.672 1.240 8.83 - - - - - -
[0.296] [0.677]*** [1.089] (.03)

R&D zero -1.290 -1.686 -0.164 81.73 -72.5% -81.5% 208.4% 385.4%
[0.101]*** [0.671]* [0.420] (.00)

Exports zero 0.171 -1.676 0.178 102.71 -81.3% -84.2% 538.4%
[0.110] [0.949] [0.525] (.00)

2002 0.437 0.272 0.455 4.90 54.8%
[0.144]** [0.730] [0.522] (.18)

2005 1.234 0.449 0.704 207.23 243.4%
[0.148]*** [0.714] [0.522] (.00)

2006 1.382 -0.153 0.428 10.00 298.5% -78.5% -61.5%
[0.147]*** [0.745] [0.545] (.02)

Constant -8.772 -8.880 -18.665
[0.428]*** [2.572]*** [1.545]***

Combine χ2 ♮ 44.0 133.1 1584.9 35.7 51.6 320.7
p-value (.00) (.00) (.00) (.00) (.00) (.00)

Pred Prob (%) 1.350 0.029 0.076
Obs Prob (%) 1.350 0.029 0.076

Notes: n= 64, 652 observations for N = 19,956 firms. The omitted category is [0]— no patents (98.53% predicted
probability, 98.53% true probability). † We only report the differences between alternatives which are statistically
significant at the 10% level. Each column head indicates which two alternatives are tested. We report the %age change
for a unit increase (for dummy variables discrete change) in the independent variable (%age change from moving
between alternatives, e.g. [1]v.[0] from group without patents to group with patents at SIPO). Note that we do not
report the results for missing R&D. ‡ Wald test for the effect of independent variables, which has the H0 that all
coefficients associated with a given variable are zero. Here we also tested (in separate tests) the R&D expenditure, the
ownership type and year dummy variables variables jointly, which rejected the null for all four tests at the 1% level
(ownership type at the 5% level). ♮ LR test for combining alternatives, which has the H0 that all coefficients (except for
the intercept) associated with a pair of alternatives are 0 (i.e. the two alternatives could be combined). The data covers
the years for which R&D expenditure is available (2001, 2002, 2005, 2006).
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Table 10: R&D Sample — Bivariate Probit regression (2001/2, 2005/6)

[1] [2] Homogeneity Testing
dep. var. 1USPTO 1SI PO Individual Group Joint

log R&D pw 0.190 0.159 1.33 (.25) × 5.10 (.08)
[0.027]** [0.011]**

(log R&D pw)2 0.025 0.014 3.24 (.07) ×
[0.007]** [0.003]**

log Workers 0.397 0.271 11.26 (.00)
[0.041]** [0.022]**

log Exp/Sales 0.286 -0.052 29.28 (.00)
[0.063]** [0.011]**

log Firm age -0.213 -0.040 8.74 (.00)
[0.060]** [0.023]

FIE (other) 0.204 0.055 0.68 (.41) ⋄ 2.27 (.81)
[0.182] [0.067]

FIE (HMT) 0.244 0.041 1.57 (.21) ⋄
[0.168] [0.074]

Private 0.123 0.043 0.34 (.56) ⋄
[0.136] [0.051]

Collective 0.071 -0.171 0.94 (.33) ⋄
[0.247] [0.111]

Other 0.280 0.111 0.59 (.44) ⋄
[0.217] [0.104]

‘Missing R&D’ 0.020 0.137 0.18 (.67)
[0.276] [0.116]

‘Zero R&D’ -0.303 -0.479 2.28 (.13)
[0.117]** [0.039]**

‘Zero Exports’ -0.231 0.092 4.29 (.04)
[0.162] [0.045]*

2002 0.082 0.150 0.26 (.61) ◃ 11.85 (.01)
[0.128] [0.053]**

2005 0.211 0.463 3.44 (.06) ◃
[0.131] [0.053]**

2006 0.092 0.525 9.05 (.00) ◃
[0.140] [0.054]**

Constant -5.375 -4.201
[0.422]** [0.188]**

Obs 64,652 64,652
Non-zero obs 0.11% 1.43%
ρ (st.error) .733 (.034)
Wald (ρ = 0) 165.2 (.00)
LL -4257

Notes: n= 64, 652 observations for N = 19,956 firms. *, ** indicate statistical significance at the 1% and 5% level
respectively. ρ indicates the interrelatedness of the two probit models estimated jointly. Note that the bivariate probit
model (SUR) assumes that the model is correctly specified — a model misspecification (omitted variable in both
equations) may cause the interrelatedness evident in a statistically significant ρ. We test the null of parameter
homogeneity across the two probit regressions, with results presented in the column marked ‘individual’. Joint tests for
groups of variables are indicated by the same symbol with results reported in the final column. The omitted base year is
2001, the omitted ownership category ‘state-owned’. The data covers the years for which R&D expenditure is available
(2001, 2002, 2005, 2006).
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Figure 2: Predicted Patenting Probabilities

Notes: Plots in the left column graph the predicted probability of patenting in China but not in the US against the
variable indicated; plots in the right column are for firms patenting in both China and the US. 95% confidence intervals
of a fractional polynomial regression line are indicated in gray. We only use data for firms which do have a patent in the
US and/or in China (post-1986, thus overwhelmingly SIPO patents) — these amount to 1,937 observations from 849
firms (around 3% of all firms in our sample). The data covers the years for which R&D expenditure is available (2001,
2002, 2005, 2006). 34



Table 11: Firm Characteristics — by patenting behaviour (2001/2, 2005/6)

FIRM ALWAYS PATENTS IN CHINA FIRM ONLY PATENTS IN THE US
obs mean median sd min max obs mean median sd min max

Patents

USPTO 2,198 0 0 0 0 0 32 0.500 0 1.136 0 6
SIPO 2,198 2.322 0 24.526 0 686 32 0 0 0.000 0 0
USPTO Stock 2,198 0.014 0 0.121 0 1.622 32 1.004 0.850 1.201 0 6.000
SIPO Stock 2,198 5.967 0.850 87 0 3,018 32 0.610 0 0.952 0 2.782

Innovation Effort

R&D pw 2,129 5.889 0.723 16.249 0 245.309 32 2.551 0.458 4.380 0 14.426
R&D missing 2,198 0.031 0 0 1 32 0.000 0 0 0
R&D zero 2,198 0.294 0 0 1 32 0.375 0 0 1

Firm characteristics

Exp/Sales 2,197 0.197 0.041 0.298 0 1 32 0.795 0.918 0.255 0 1
Exports zero 2,198 0.313 0 0 1 32 0.031 0 0 1
Labour 2,198 3,130 1,063 8,687 8 147,722 32 1,028 630 1,083 59 4,948
Firm Age 2,198 24.487 14 23 1 154 32 8.688 8.5 4 3 18

Ownership type

FIE (other) 2,198 0.144 0 0 1 32 0.156 0 0 1
FIE (HMT) 2,198 0.091 0 0 1 32 0.219 0 0 1
Private 2,198 0.507 1 0 1 32 0.594 1 0 1
State 2,198 0.199 0 0 1 32 0.000 0 0 0
Collective 2,198 0.039 0 0 1 32 0.000 0 0 0
Other 2,198 0.034 0 0 1 32 0.031 0 0 1

FIRM NEVER PATENTS FIRM PATENTS IN BOTH CHINA AND THE US
obs mean median sd min max obs mean median sd min max

Patents

USPTO 62,272 0 0 0 0 0 150 8 0 32 0 263
SIPO 62,272 0 0 0 0 0 150 116 1 634 0 6,570
USPTO Stock 62,272 0 0 0.019 0 3 150 13 0.850 54 0 461
SIPO Stock 62,272 0 0 0.083 0 5 150 214 2.831 1,217 0 13,003

Innovation Effort

R&D pw 61,246 1.169 0 17.110 0 2,434 146 26.468 1.496 62.115 0 540
R&D missing 62,272 0.016 0 0 1 150 0.027 0 0 1
R&D zero 62,272 0.713 1 0 1 150 0.313 0 0 1

Firm characteristics

Exp/Sales 62,197 0.323 0.040 0.409 0 1 150 0.428 0.272 0.404 0 1
Exports zero 62,272 0.435 0 0 1 150 0.267 0 0 1
Labour 62,272 1,067 566 2,058 1 135,438 150 8,235 1,783 17,563 43 131,864
Firm Age 62,272 17.466 12 16 1 179 150 15.240 9 16 1 81

Ownership type

FIE (other) 62,272 0.167 0 0 1 150 0.287 0 0 1
FIE (HMT) 62,272 0.155 0 0 1 150 0.207 0 0 1
Private 62,272 0.463 0 0 1 150 0.320 0 0 1
State 62,272 0.122 0 0 1 150 0.087 0 0 1
Collective 62,272 0.077 0 0 1 150 0.047 0 0 1
Other 62,272 0.024 0 0 1 150 0.053 0 0 1

Notes: Descriptive statistics are reported for each of the four groups of firms, where group affiliation is determined by
patenting in the four years that make up the sample period for our regressions above. The patent stock variables indicate
that some of these firms had patents in previous/other years (other than 2001, 2002, 2005, 2006). Around 3.7% of
observations (n= 2, 380) in our sample are for the 810 firms which took out a patent in the sample period, whereas
96.3% are for the 19,238 firms that did not patent. The data covers the years for which R&D expenditure is available
(2001, 2002, 2005, 2006).
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Table 12: Sector distribution — by patenting behaviour (2001/2, 2005/6)

Firm Always Patents in China

Sector Obs Share ISIC2 SIPO Share USPTO Share
Communications Equipment, Computers 234 0.36% 40 2,349 10.45%
Instruments and Office Machinery 284 0.44% 41 1,141 5.07%
Transport Equipment 189 0.29% 37 230 1.02%
Pharmaceuticals 291 0.45% 27 208 0.93%
Chemical Materials and Chemical Products 194 0.30% 26 182 0.81%
Ferrous metal smelting and pressing 96 0.15% 32 177 0.79%
General-purpose Equipment 118 0.18% 35 123 0.55%
Non-ferrous metal smelting and pressing 68 0.11% 33 120 0.53%
Special Equipment 100 0.15% 36 85 0.38%
Manufacture of Chemical Fibers 51 0.08% 28 62 0.28%
Other 573 0.89% 427 1.90%

Firm Always Patents in United States

Sector Obs Share ISIC2 SIPO Share USPTO Share
Instruments and Office Machinery 8 0.01% 41 8 0.69%
Plastic products 6 0.01% 30 2 0.17%
Fabricated metal products 6 0.01% 34 2 0.17%
Communications Equipment, Computers 6 0.01% 40 2 0.17%
Pharmaceuticals 2 0.00% 27 1 0.09%
Handicraft 4 0.01% 42 1 0.09%
Other industries 0 0.00% 0 0.00%

Firm Never Patents

Sector Obs Share ISIC2 SIPO Share USPTO Share
Textiles 5,397 8.35% 17
Instruments and Office Machinery 4,488 6.94% 41
Communications equipment, Computers 4,446 6.88% 40
Textile and garment, footwear 4,383 6.78% 18
Transport Equipment 4,024 6.22% 37
Non-metallic mineral products 3,851 5.96% 31
Chemical Materials and Chemical Products 3,629 5.61% 26
General-purpose Equipment 2,853 4.41% 35
Leather, fur 2,476 3.83% 19
Food processing 2,375 3.67% 13
Other industries 24,350 37.66%

Firm Patents in China and the United States

Sector Obs Share ISIC2 SIPO Share USPTO Share
Instruments and Office Machinery 61 0.09% 41 16,898 75.15% 1,033 88.59%
Communications equipment, Computers 25 0.04% 40 353 1.57% 96 8.23%
Educational and Sports 8 0.01% 24 6 0.03% 5 0.43%
Pharmaceuticals 16 0.02% 27 21 0.09% 5 0.43%
Fabricated metal products 8 0.01% 34 4 0.02% 3 0.26%
non-ferrous metal smelting and pressing 8 0.01% 33 68 0.30% 2 0.17%
Food Manufacturing 4 0.01% 14 3 0.01% 1 0.09%
Beverage 4 0.01% 15 3 0.01% 1 0.09%
Textile and garment, footwear 4 0.01% 18 15 0.07% 1 0.09%
Ferrous metal smelting and pressing 4 0.01% 32 3 0.01% 1 0.09%
Other industries 8 0.01% 8 0.04% 2 0.17%

Notes: We report the top (ten) industrial sectors for each of the four groups defined by their patenting behaviour. In total
we have 64,652 firm-years (3.2 per 19,956 firms), 1,166 USPTO patents and 22,486 SIPO patents in the sample years
(2001/2, 2005/6). Each ‘Share’ is expressed with reference to these overall counts.

36



Table 13: R&D Sample — Correlated NegBin estimation (2001/2, 2005/6)

Negative Binomial Model

Homogeneity Testing

USPTO SIPO Individual Group Joint

log R&D pw 0.730 0.605 0.60 (.44) × 0.60 (.74)
[0.160]*** [0.046]***

(log R&D pw)2 0.034 0.046 0.08(.77) ×
[0.038] [0.018]***

log Workers 1.906 1.064 15.04 (.00)
[0.219]*** [0.160]***

log Exp/Sales 1.019 -0.144 21.55 (.00)
[0.250]*** [0.071]**

log Firm age -0.971 -0.414 4.79 (.03)
[0.235]*** [0.137]***

FIE (other) 1.988 1.445 0.32 (.57) ⋄ 34.32 (.00)
[0.915]** [0.427]***

FIE (HMT) 2.101 1.160 1.81 (.18) ⋄
[0.753]*** [0.537]**

Private 0.352 0.083 0.14 (.70) ⋄
[0.671] [0.263]

Collective -0.626 -0.174 0.15 (.70) ⋄
[1.011] [0.593]

Other 3.671 1.475 9.56 (.00) ⋄
[0.898]*** [0.610]**

R&D missing 0.341 0.056
[1.024] [0.382]

R&D zero -1.220 -1.118 0.04 (.84)
[0.430]*** [0.261]***

Exports zero 0.331 0.672 0.53 (.47)
[0.566] [0.300]**

2002 -0.341 0.616 2.62 (.11) ◃ 3.74 (.29)
[0.585] [0.174]***

2005 0.503 1.541 2.46 (.12) ◃
[0.645] [0.246]***

2006 0.926 1.621 1.05 (.31) ◃
[0.672] [0.229]***

Constant -18.441 -10.975
[1.897]*** [1.328]***

lnθ 5.285 4.290
[0.322]*** [0.128]***

Obs 64,652 64,652
Non-Zero Obs 0.11% 1.43%
Firms 19,956 19,956
LL -560 -6261
Vuong (p)
LR-Test θ = 0 (p) 3000.44 (.00) 59,000 (.00)
Σ| ŷi − yi | 0.061 0.12
AIC 0.018 0.194
BICR -714,816 -703,414
McFadden R2

ad j 0.191 0.130

Notes: NegBin regressions for SIPO and USPTO patents were combined using seemingly unrelated regression, which
yields the same parameter coefficients as in individual regressions but a joint variance-covariance matrix (clustering at
the firm-level). We then test parameter homogeneity in count equations indicated, reporting p-values for the H0 of
parameter homogeneity across models. We also tested groups of variables (grouping indicated by the symbols) jointly,
with results for the H0 of joint homogeneity reported. See Table TA-II for further details on estimation and diagnostics.
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APPENDIX

A Matching of patent data

The Oriana dataset contains 23,714 unique firm names which are matched with the assignee names
of SIPO and USPTO patents. The SIPO and USPTO patent files contain 168,359 and 3,580 unique
assignee names respectively. The assignees contains a large range of different assignee types, in-
cluding private individuals, police, military, universities, and public research institutes (e.g., Chi-
nese Academy of Sciences). As a first step in the matching process, we attempt to keep only private
and state-owned companies (or some hybrid form) because none of the other assignee types is
contained in Oriana. After dropping any assignees that are not private or state-owned companies,
cleaning/standardizing assignee names, and keeping only patents applied for between 1985-2006,
we obtain 146,333 and 1,475 unique names in the SIPO and USPTO patent files respectively. These
two files are then matched with the 23,714 names contained in Oriana. Table 3 shows the resulting
matching rates. In a third step, we define equivalent groups.a We then verify whether the matched
sample contains the corresponding equivalents; for example, if a SIPO patent was matched and we
find it to have a USPTO equivalent, we check whether the USPTO patent was also matched. If it
was not matched, we verify the USPTO patent’s assignee name and add it to the matched sample if
it coincides with the assignee name of the SIPO patent. This third step ensures consistency between
the USPTO and SIPO matches and adds a number of patents to our matched sample (see Table 3).

aWe apply a definition that assigns patents into the same equivalent group if patents share the same priority documents.
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TECHNICAL APPENDIX

Table TA-I: R&D Sample — Rare Events Logit (2001/2, 2005/6)

Bivariate Probit Logit RELogit Logit RELogit
[1] [2] [3] [4] [5] [6]

1USPTO 1SI PO 1USPTO 1SI PO

log R&D pw 0.190 0.159 0.554 0.509 0.340 0.338
[0.027]** [0.011]** [0.086]** [0.086]** [0.026]** [0.026]**

(log R&D pw)2 0.025 0.014 0.071 0.079 0.025 0.026
[0.007]** [0.003]** [0.017]** [0.017]** [0.007]** [0.007]**

log Workers 0.397 0.271 1.247 1.235 0.641 0.640
[0.041]** [0.022]** [0.141]** [0.141]** [0.048]** [0.048]**

log Exp/Sales 0.286 -0.052 0.647 0.610 -0.105 -0.105
[0.063]** [0.011]** [0.167]** [0.167]** [0.026]** [0.026]**

log Firm age -0.213 -0.040 -0.635 -0.633 -0.085 -0.085
[0.060]** [0.023] [0.194]** [0.194]** [0.055] [0.055]

FIE (other) 0.204 0.055 0.864 0.827 0.119 0.119
[0.182] [0.067] [0.473] [0.473] [0.161] [0.161]

FIE (HMT) 0.244 0.041 0.960 0.926 0.061 0.063
[0.168] [0.074] [0.490] [0.490] [0.184] [0.184]

Private 0.123 0.043 0.290 0.247 0.091 0.090
[0.136] [0.051] [0.406] [0.406] [0.120] [0.120]

Collective 0.071 -0.171 -0.105 0.077 -0.462 -0.445
[0.247] [0.111] [0.758] [0.758] [0.279] [0.279]

Other 0.280 0.111 1.004 1.099 0.174 0.184
[0.217] [0.104] [0.664] [0.664] [0.243] [0.243]

Missing R&D 0.020 0.137 0.250 0.673 0.508 0.526
[0.276] [0.116] [1.009] [1.009] [0.288] [0.288]

Zero R&D -0.303 -0.479 -0.607 -0.624 -1.233 -1.231
[0.117]** [0.039]** [0.375] [0.374] [0.100]** [0.100]**

Zero Exports -0.231 0.092 -0.400 -0.355 0.176 0.177
[0.162] [0.045]* [0.515] [0.515] [0.112] [0.112]

2002 0.082 0.150 0.350 0.322 0.435 0.432
[0.128] [0.053]** [0.397] [0.396] [0.137]** [0.137]**

2005 0.211 0.463 0.508 0.463 1.210 1.205
[0.131] [0.053]** [0.423] [0.423] [0.142]** [0.142]**

2006 0.092 0.525 0.109 0.068 1.342 1.336
[0.140] [0.054]** [0.459] [0.458] [0.141]** [0.141]**

Constant -5.375 -4.201 -14.645 -14.386 -9.079 -9.062
[0.422]** [0.188]** [1.384]** [1.384]** [0.426]** [0.426]**

Obs 64,652 64,652 64,652 64,652 64,652 64,652
Non-zero obs 0.11% 1.43% 0.11% 1.43% 0.11% 1.43%

Notes: n= 64, 652 observations for 19,956 firms. *, ** indicate statistical significance at the 1% and 5% level
respectively. We reprint the Bivariate (SUR) probit estimates from Table 10 in the main section of the paper and add
standard logit and ‘rare events’ corrected logit (following King and Zeng, 2001a,b) for USPTO and SIPO patenting,
respectively. Focusing exclusively on sign and statistical significance of covariates, we conclude that the rare events
correction confirms the results of the standard logit approach.
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Table TA-II: R&D Sample — US Patent Production Functions (2001/2, 2005/6)

Poisson NegBin ZIP ZINB
[1] [2] [3] [4]

logit Poisson logit Neg Bin
dep var USPTO USPTO USPTO USPTO USPTO USPTO

log R&D pw 0.685 0.730 -0.550 -0.020 -0.634 -0.085
[0.105]*** [0.160]*** [0.117]*** [0.257] [0.216]*** [0.451]

(log R&D pw)2 0.101 0.034 -0.052 0.053 -0.071 0.019
[0.030]*** [0.038] [0.026]* [0.039] [0.052] [0.127]

log Workers 2.151 1.906 -0.957 0.935 -0.510 1.682
[0.166]*** [0.219]*** [0.187]*** [0.088]*** [0.499] [0.654]**

log Exports/Sales 1.518 1.019 -0.038 1.443 -0.327 0.837
[0.293]*** [0.250]*** [0.517] [0.794]* [0.642] [0.691]

log Firm age -1.077 -0.971 0.645 -0.121 -0.172 -1.765
[0.322]*** [0.235]*** [0.258]** [0.360] [0.763] [1.195]

FIE (other) 0.927 1.988 -1.435 -1.223 0.631 2.659
[0.568] [0.915]** [1.723] [3.816] [2.068] [3.320]

FIE (HMT) 1.354 2.101 -0.958 0.630 1.228 3.892
[0.521]*** [0.753]*** [1.655] [4.119] [2.329] [3.388]

Private -0.463 0.352 -0.428 -0.181 1.404 2.930
[0.643] [0.671] [1.504] [3.697] [1.777] [2.696]

Collective -0.088 -0.626 -0.615 -0.949 1.708 2.916
[0.889] [1.011] [1.790] [3.912] [3.021] [5.173]

Other 3.309 3.671 -0.753 1.267 1.466 5.057
[1.071]*** [0.898]*** [1.575] [3.951] [2.625] [4.871]

R&D missing 0.349 0.341 0.004 0.362 -0.123 0.382
[1.164] [1.024] [1.239] [1.194] [1.498] [2.428]

R&D zero 0.271 -1.220 0.537 -0.263 -0.557 -2.465
[0.372] [0.430]*** [0.415] [0.371] [1.233] [2.079]

Exports zero -0.693 0.331 -0.083 -1.167 1.579 2.361
[0.871] [0.566] [0.543] [0.825] [1.594] [2.397]

2002 0.291 -0.341 -0.243 0.157 -0.908 -0.991
[0.405] [0.585] [0.816] [1.074] [0.926] [1.418]

2005 1.566 0.503 0.189 1.659 -0.814 -0.310
[0.821]* [0.645] [0.822] [1.150] [0.967] [1.353]

2006 1.521 0.926 0.776 2.617 0.752 2.154
[0.806]* [0.672] [0.814] [1.173]** [1.383] [2.401]

Constant -20.915 -18.441 11.861 -6.571 7.537 -11.884
[2.123]*** [1.897]*** [2.482]*** [4.171] [4.449]* [4.837]**

lnθ 5.285 1.705
[0.322]*** [1.287]

Non-Zero Obs 0.11% 0.11% 0.11% 0.11% 0.11% 0.11%
LL -2060 -560 -700 -511
Vuong (p) 2.32 (.01) 4.36 (.00)
LR-Test θ = 0 (p) 3000.44 (.00) 377.31 (.00)
Σ| ŷi − yi | 0.61 0.06 0.09 0.07
AIC 0.064 0.018 0.023 0.017
BICR -711827 -714816 -714359 -714726
McFadden R2

ad j 0.792 0.191 0.712 0.236

Notes: n= 64, 652 observations for 19,956 firms. Dependent variable in all count models is USPTO patent count.
Standard errors (in parentheses) clustered at the firm-level. ‘Non-Zero Obs’ indicates the share of firm-years for which
the dependent variable is not zero. The omitted base year is 2001, the omitted ownership category ‘state-owned’. The
data covers the years for which R&D expenditure is available (2001, 2002, 2005, 2006). The Vuong test compares the
Poisson/NegBin models (H0) with the ZIP/ZINB versions — this test is conducted using unclustered standard errors. The
LR-test compares the Poisson/ZIP (H0) with the NegBin/ZINB model. Σ| ŷi − yi | reports the summed absolute deviations
for average count-predictions of each model relative to the observed frequencies (0 to 9 patents separately, above 9
patents as single category — see Table TA-V. For ZIP and ZINB we also report the ‘inflation’ equation which predicts
being in the ‘always zero’ group (vis-a-vis patenting) via logit regression. AIC is 1/n that reported by Stata, see Long and
Freese (2006: 112). Other measures of fit from countfit routine (Freese & Long, 2006) are also reported.
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Table TA-III: R&D Sample — Chinese Patent Production Functions (2001/2, 2005/6)

Poisson NegBin ZIP ZINB
[1] [2] [3] [4]

logit Poisson logit Neg Bin
dep var SIPO SIPO SIPO SIPO SIPO SIPO

log R&D pw 0.724 0.605 -0.209 0.401 -0.313 0.329
[0.068]*** [0.046]*** [0.061]*** [0.116]*** [0.067]*** [0.062]***

(log R&D pw)2 0.096 0.046 -0.008 0.074 -0.003 0.079
[0.015]*** [0.018]*** [0.014] [0.028]*** [0.016] [0.026]***

log Workers 1.686 1.064 -0.290 1.050 -0.438 0.756
[0.128]*** [0.160]*** [0.103]*** [0.123]*** [0.067]*** [0.089]***

log Exports/Sales 0.607 -0.144 0.641 0.869 0.308 0.188
[0.124]*** [0.071]** [0.138]*** [0.168]*** [0.073]*** [0.074]**

log Firm age -0.377 -0.414 -0.012 -0.336 -0.097 -0.386
[0.218]* [0.137]*** [0.122] [0.225] [0.136] [0.195]**

FIE (other) 1.074 1.445 -0.253 0.200 0.678 1.998
[0.468]** [0.427]*** [0.285] [0.564] [0.384]* [0.705]***

FIE (HMT) 1.323 1.160 0.020 0.943 0.585 1.723
[0.453]*** [0.537]** [0.276] [0.503]* [0.361] [0.664]***

Private 0.051 0.083 -0.115 0.070 -0.100 0.047
[0.384] [0.263] [0.228] [0.381] [0.248] [0.299]

Collective 0.910 -0.174 0.807 1.131 1.064 0.965
[0.418]** [0.593] [0.361]** [0.577]* [0.418]** [0.447]**

Other 0.680 1.475 -0.055 0.575 -0.286 0.386
[0.826] [0.610]** [0.451] [0.949] [0.701] [0.749]

R&D missing -0.250 0.056 -0.513 -0.238 0.383 1.203
[0.511] [0.382] [0.381] [0.534] [0.436] [0.559]**

R&D zero -0.610 -1.118 1.235 0.122 1.784 0.785
[0.624] [0.261]*** [0.283]*** [0.632] [0.231]*** [0.284]***

Exports zero -0.124 0.672 -0.648 -0.720 -0.499 -0.307
[0.445] [0.300]** [0.206]*** [0.458] [0.224]** [0.297]

2002 0.958 0.616 -0.228 0.401 -0.401 0.062
[0.447]** [0.174]*** [0.207] [0.348] [0.264] [0.300]

2005 0.838 1.541 -1.193 0.057 -1.138 0.489
[0.418]** [0.246]*** [0.231]*** [0.408] [0.253]*** [0.321]

2006 0.448 1.621 -1.529 -0.404 -1.223 0.714
[0.562] [0.229]*** [0.296]*** [0.578] [0.264]*** [0.340]**

Constant -14.935 -10.975 6.962 -5.448 5.666 -6.249
[1.517]*** [1.328]*** [0.867]*** [1.520]*** [0.899]*** [1.294]***

lnθ 4.290 2.376
[0.128]*** [0.384]***

Non-Zero Obs 1.43% 1.43% 1.43% 1.43% 1.43% 1.43%
LL -35763 -6261 -19232 -5855
Vuong (p) 7.14 (.00) 9.89 (.00)
LR-Test θ = 0 (p) 59,000 (.00) 26,754 (.00)
Σ| ŷi − yi | 6.21 0.12 0.43 0.38
AIC 1.107 0.194 0.596 0.182
BICR -644,422 -703,414 -677,295 -704,038
McFadden R2

ad j 0.797 0.130 0.774 0.184

Notes: n= 64, 652 observations for 19,956 firms. Dependent variable in all count models is SIPO patent count. See
Table TA-II for further details on estimation and diagnostics.
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Table TA-IV: R&D Sample — Correlated ZINB estimation (2001/2, 2005/6)

Zero-Inflated Negative Binomial Model

logit Homogeneity Testing NegBin Homogeneity Testing

USPTO SIPO Indiv. Group Joint USPTO SIPO Indiv. Group Joint

log R&D pw -0.634 -0.313 (.14) × (.01) -0.085 0.329 (.36) × (.00)
[0.216]*** [0.067]*** [0.451] [0.062]***

(log R&D pw)2 -0.071 -0.003 (.20) × 0.019 0.079 (.64) ×
[0.052] [0.016] [0.127] [0.026]***

log Workers -0.510 -0.438 (.88) 1.682 0.756 (.17)
[0.499] [0.067]*** [0.654]** [0.089]***

log Exp/Sales -0.327 0.308 (.32) 0.837 0.188 (.34)
[0.642] [0.073]*** [0.691] [0.074]**

log Firm age -0.172 -0.097 (.92) -1.765 -0.386 (.26)
[0.763] [0.136] [1.195] [0.195]**

FIE (other) 0.631 0.678 (.98) ⋄ (.20) 2.659 1.998 (.84) ⋄ (.03)
[2.068] [0.384]* [3.320] [0.705]***

FIE (HMT) 1.228 0.585 (.78) ⋄ 3.892 1.723 (.52) ⋄
[2.329] [0.361] [3.388] [0.664]***

Private 1.404 -0.100 (.40) ⋄ 2.930 0.047 (.28) ⋄
[1.777] [0.248] [2.696] [0.299]

Collective 1.708 1.064 (.83) ⋄ 2.916 0.965 (.71) ⋄
[3.021] [0.418]** [5.173] [0.447]**

Other 1.466 -0.286 (.51) ⋄ 5.057 0.386 (.33) ⋄
[2.625] [0.701] [4.871] [0.749]

R&D missing -0.123 0.383 0.382 1.203
[1.498] [0.436] [2.428] [0.559]**

R&D zero -0.557 1.784 (.06) -2.465 0.785 (.12)
[1.233] [0.231]*** [2.079] [0.284]***

Exports zero 1.579 -0.499 (.19) 2.361 -0.307 (.27)
[1.594] [0.224]** [2.397] [0.297]

2002 -0.908 -0.401 (.60) ◃ (.07) -0.991 0.062 (.47) ◃ (.27)
[0.926] [0.264] [1.418] [0.300]

2005 -0.814 -1.138 (.75) ◃ -0.310 0.489 (.57) ◃
[0.967] [0.253]*** [1.353] [0.321]

2006 0.752 -1.223 (.17) ◃ 2.154 0.714 (.55) ◃
[1.383] [0.264]*** [2.401] [0.340]**

Constant 7.537 5.666 -11.884 -6.249
[4.449]* [0.899]*** [4.837]** [1.294]***

lnθ 1.705 2.376
[1.287] [0.384]***

Obs 64,652 64,652 64,652 64,652
Non-Zero Obs 0.11% 1.43% 0.11% 1.43%
Firms 19,956 19,956 19,956 19,956
LL -511 -5855
Vuong (p) 4.36 (.00) 9.89 (.00)
LR-Test θ = 0 (p) 377.31 (.00) 26,754 (.00)
Σ| ŷi − yi | 0.074 0.380
AIC 0.017 0.182
BICR -714726 -704,038
McFadden R2

ad j 0.236 0.184

Notes: ZINB regressions for SIPO and USPTO patents were combined using seemingly unrelated regression, which yields
the same parameter coefficients as in individual regressions but a joint variance-covariance matrix (clustering at the
firm-level). We then test parameter homogeneity in count equations (and the excess zero/inflation equation in the ZINB
case) indicated, reporting p-values for the H0 of parameter homogeneity across models. We also tested groups of
variables (grouping indicated by the symbols) jointly, with results for the H0 of joint homogeneity reported.
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Table TA-V: R&D Sample — Predictions for USPTO and SIPO models

PANEL A: USPTO models

Patents 0 1 2 3 4 5 6 7 8 9 >9 Σ|ŷi − yi|

Observed 99.890 0.060 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.040

Poisson 99.601 0.286 0.047 0.020 0.011 0.006 0.003 0.002 0.001 0.001 0.022
| ŷi − yi | 0.289 0.226 0.037 0.020 0.011 0.006 0.003 0.002 0.001 0.001 0.018 0.614

NegBin 99.895 0.062 0.015 0.007 0.004 0.003 0.002 0.001 0.001 0.001 0.010
| ŷi − yi | 0.005 0.002 0.005 0.007 0.004 0.003 0.002 0.001 0.001 0.001 0.030 0.061

ZIP 99.896 0.033 0.016 0.010 0.007 0.005 0.004 0.003 0.002 0.002 0.022
| ŷi − yi | 0.006 0.027 0.006 0.010 0.007 0.005 0.004 0.003 0.002 0.002 0.018 0.090

ZINB 99.898 0.045 0.015 0.008 0.005 0.004 0.003 0.002 0.002 0.001 0.018
| ŷi − yi | 0.008 0.015 0.005 0.008 0.005 0.004 0.003 0.002 0.002 0.001 0.022 0.074

PANEL B: SIPO models

Patents 0 1 2 3 4 5 6 7 8 9 >9 Σ|ŷi − yi|

Observed 98.570 0.720 0.270 0.120 0.050 0.050 0.030 0.030 0.020 0.020 0.120

Poisson 95.464 3.130 0.580 0.234 0.128 0.080 0.054 0.038 0.029 0.022 0.241
| ŷi − yi | 3.106 2.410 0.310 0.114 0.078 0.030 0.024 0.008 0.009 0.002 0.121 6.21

NegBin 98.574 0.707 0.237 0.118 0.071 0.047 0.034 0.025 0.020 0.016 0.152
| ŷi − yi | 0.004 0.013 0.033 0.002 0.021 0.003 0.004 0.005 0.000 0.004 0.032 0.12

ZIP 98.602 0.522 0.250 0.145 0.093 0.064 0.046 0.035 0.027 0.022 0.195
| ŷi − yi | 0.032 0.198 0.020 0.025 0.043 0.014 0.016 0.005 0.007 0.002 0.075 0.43

ZINB 98.605 0.566 0.234 0.130 0.083 0.058 0.042 0.032 0.026 0.021 0.204
| ŷi − yi | 0.035 0.154 0.036 0.010 0.033 0.008 0.012 0.002 0.006 0.001 0.084 0.38

Notes: For each estimator we compute the average predicted outcome/frequency for zero to nine patents and over nine
patents (reported in %). The deviations from the observed frequencies (at the top of each panel) are reported in the
lines marked | ŷi − yi |, ‘Sum’ simply adds up these absolute deviations.
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Table TA-VI: Testing Sample Representativeness

Sample Full Full ICT sector only Full: Random sample Full
[1] [2] [3] [4] [5]

Equality test Conditional Conditional Conditional Conditional Unconditional
coeff ×sample coeff ×sample coeff ×sample coeff ×sample coeff ×sample

log R&D pw 0.125 0.073 0.115 0.056 0.118 0.046 0.130 0.007 -0.033 -0.085
[0.002]*** [0.004]*** [0.002]*** [0.004]*** [0.004]*** [0.009]*** [0.002]*** [0.006] [0.001]*** [0.003]***

(log R&D pw)2 0.012 0.007
[0.001]*** [0.001]***

log Workers 0.668 0.114 0.668 0.113 0.737 0.108 0.752 -0.005 4.592 1.879
[0.001]*** [0.004]*** [0.001]*** [0.004]*** [0.004]*** [0.012]*** [0.001]*** [0.004] [0.001]*** [0.004]***

log Exp/Sales -0.161 -0.039 -0.162 -0.040 -0.082 -0.046 -0.183 -0.001 -0.245 -0.464
[0.002]*** [0.004]*** [0.002]*** [0.004]*** [0.005]*** [0.011]*** [0.002]*** [0.006] [0.001]*** [0.004]***

log Firm age -0.058 -0.037 -0.058 -0.039 -0.095 -0.075 -0.056 0.002 2.071 0.453
[0.001]*** [0.005]*** [0.001]*** [0.005]*** [0.006]*** [0.017]*** [0.001]*** [0.005] [0.001]*** [0.004]***

FIE (other) 0.427 -0.025 0.427 -0.014 0.254 0.184 0.464 -0.045 0.068 0.098
[0.009]*** [0.025] [0.009]*** [0.025] [0.030]*** [0.071]*** [0.009]*** [0.031] [0.000]*** [0.001]***

FIE (HMT) 0.174 -0.361 0.173 -0.355 -0.104 -0.150 0.137 -0.068 0.072 0.081
[0.009]*** [0.025]*** [0.009]*** [0.025]*** [0.030]*** [0.072]** [0.009]*** [0.031]** [0.000]*** [0.001]***

Private -0.718 0.324 -0.716 0.329 -0.860 0.298 -0.678 -0.061 0.672 -0.208
[0.009]*** [0.026]*** [0.009]*** [0.026]*** [0.031]*** [0.078]*** [0.009]*** [0.031]** [0.001]*** [0.002]***

Collective 0.128 -0.287 0.127 -0.283 -0.088 -0.063 0.087 -0.039 0.098 -0.022
[0.008]*** [0.023]*** [0.008]*** [0.023]*** [0.028]*** [0.069] [0.008]*** [0.028] [0.000]*** [0.001]***

Other 0.108 -0.267 0.107 -0.261 -0.014 -0.368 0.056 -0.048 0.078 0.046
[0.008]*** [0.027]*** [0.008]*** [0.027]*** [0.030] [0.083]*** [0.008]*** [0.030] [0.000]*** [0.001]***

R&D missing -0.297 -0.069 -0.343 -0.100 -0.260 -0.109 -0.405 -0.012 0.891 -0.193
[0.012]*** [0.036]* [0.011]*** [0.036]*** [0.039]*** [0.099] [0.011]*** [0.041] [0.000]*** [0.001]***

R&D zero -0.312 -0.105 -0.358 -0.139 -0.263 -0.170 -0.431 -0.014 0.741 -0.312
[0.005]*** [0.011]*** [0.004]*** [0.010]*** [0.011]*** [0.025]*** [0.004]*** [0.013] [0.001]*** [0.002]***

Exports zero 0.156 0.285 0.157 0.287 0.085 0.214 0.182 -0.011 0.011 0.003
[0.003]*** [0.010]*** [0.003]*** [0.010]*** [0.012]*** [0.031]*** [0.003]*** [0.012] [0.000]*** [0.000]***

y4 0.070 0.009 0.070 0.009 0.040 0.018 0.079 -0.015
[0.004]*** [0.012] [0.004]*** [0.012] [0.013]*** [0.033] [0.004]*** [0.014]

y7 0.469 -0.190 0.469 -0.187 0.365 -0.174 0.453 -0.009
[0.003]*** [0.012]*** [0.003]*** [0.012]*** [0.012]*** [0.033]*** [0.004]*** [0.013]

y8 0.609 -0.233 0.610 -0.228 0.503 -0.224 0.588 -0.007
[0.003]*** [0.012]*** [0.003]*** [0.012]*** [0.012]*** [0.033]*** [0.003]*** [0.013]

Constant 6.519 0.361 6.563 0.393 6.631 0.406 6.300 0.088
[0.012]*** [0.041]*** [0.011]*** [0.041]*** [0.040]*** [0.115]*** [0.011]*** [0.041]**

Obs 841,394 841,394 68,189 841,394 841,394 (each)

Notes: Results presented in columns [1]-[4] represent the regression coefficients from pooled regressions of log sales on
all covariates listed. In each case (with exception of column [4], see below) the result in the left column marked ‘coeff’
represents the coefficient for the 780,000 ASIE observations not contained in our matched ASIE-Oriana data, while the
result in the right column marked ‘×sample’ represents the coefficient for the 65,000 observations in our ASIE-Oriana
matched sample (implemented via an interaction term × the covariate). It can be seen that for the vast majority of
covariates the latter term is statistically significant: the ASIE-Oriana matched sample is not representative of the wider
ASIE database. In column [4] we conduct a counterfactual experiment, at random selecting 65,000 observations to
make up the ‘pseudo’ ASIE-Oriana matched sample. As can be seen for the vast majority of covariates the interaction
terms are statistically insignificant, as one would expect from random sampling. Finally, in column [5] we simply regress
each variable on an intercept (result in left column) and a dummy for the ASIE-Oriana matched sample (right column)
— thus each reported line represents a separate regression of 841,394 observations. We term these regressions as
‘unconditional’ equality tests, whereas the results in the previous columns represent conditional equality tests.
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Abstract: the analysis of technological paradigms emphasizes the weakness of the selection 
of technological directions at a pre-market stage. In order to improve the understanding of 
this stage the aim of this work is to focus on the time and space determinants of the science-
technology relations in patents. In order to do so a peculiar technological paradigm – 
nanosciences and nanotechnologies – is studied. With the use of an aggregate study of 
citations of scientific journal articles in patents related to several nanotech items, a study on 
the chronological distance between citing and cited, and on the endogeneity of cited 
literature, is performed. Nanotech items show a common behaviour, with a (relatively) 
short time lag between patents and cited literature, and a high concentration of endogenous 
literature; nevertheless also in a high knowledge-intensive paradigm endogenous patents 
are more cited than endogenous scientific products. A strategy combining spatial and 
chronological results is suggested, as well as further paths of development for the research. 

 

In the last decades of the 20th century the studies on the relations between the production of knowledge, 

the protection of the deriving intellectual property and its exploitation for practical purpose have grown in all 

areas of social sciences. This is mainly due to the increasing economic importance of knowledge-generated 

externalities (Dasgupta and David, 1994). Karl H. Marx has probably been the first to describe the 

importance of invention and innovation as determinant drivers for economy (Rosenberg 1974; Rosenberg 

1976; Rosenberg 1980; Rosenberg 2011). In particular, he was the first to ask the question on the characters 

of the technologies allowing application of scientific knowledge to the sphere of production. For Marx the 

principles of science have to be incorporated in the impersonal characters of machines, and technological 

change can’t be understood properly only examining the contribution of single individuals: history needs the 

presence of a single name besides an invention, but what is called into question is a process of accumulation 

of useful knowledge to which many people give basic contribution. Science, in Marx’s vision, is a 

fundamental factor for the growth in resource productivity. 

After Marx the role of Joseph Schumpeter is universally recognized, starting from the idea of innovation 

as a new recombination of existing elements, accounting for the cumulative character of technology and 

technical know-how, and from the central role of the entrepreneur. Schumpeter marks the difference between 

invention (purely technological or scientific) and innovation, consisting in “doing something new” in the 

economic and productive system. Innovation may or may not spring out of invention, as “innovation is 

possible without a corresponding invention” (Schumpeter 1928). Schumpeter describes innovation as the 

fundamental engine of realization of profits (Schumpeter 1942). In the same years Vannevar Bush, in his 

Report to the President of the United States of America “Science, the endless frontier” made evident the 

connection between all the stages of scientific research, technology and innovation (Bush 1945). 



 2 

Dosi (1982) defines the nature of “technological paradigms”, describing the path of the evolution of 

knowledge into innovation. In his fundamental article he stresses “the general weakness of market 

mechanisms in the ex ante selection of technological directions especially at the initial stage of the history of 

an industry” (p. 155). According to this idea it is then important to explore this ex ante stage – involving the 

steps connecting basic science to innovation – in order to improve its understanding and to help decisional 

processes related to its deployment. 

This work aims at contributing to this exploration, clarifying some mechanisms of the relations between 

scientific production and patenting of knowledge, with the study of the relations occurring between the two 

sets of facts in time and space. This area – as will be shown in the theoretical framework below – is still 

widely unexplored and, thus, deserves great attention in order to contribute to elucidate the above described 

mechanism of technological selection. 

In order to explore this relation a good option is the use (as an interpretative framework) of a highly 

knowledge-intensive field which may have fallout over several industries and production. Thus it was chosen 

to use as the main object of the analysis of this work a new and emerging scientific-technological sector, that 

of nanosciences and nanotechnologies (NST). NST are in strong growth in all the trajectory going from non-

targeted research to innovation. This interdisciplinary and trans-disciplinary wide area is gaining autonomy 

in its main character of a set of techniques pooled by the common aim of intervening on the matter at the 

scale of nanometres (One millionth of millimetre). NST are considered nowadays a fundamental type of 

approach towards the matter and the materials and an important key point for the future development of 

science, technology and innovation. Thus the exploration – under the economic and organizational points of 

view – of how the actors involved in NST behave and relate between them, and of how NST evolve with 

time and space, is a theme of prime importance. In fact the implications this analysis might have for policy, 

industrial economics, management of scientific research and Technology Transfer are of foremost 

magnitude. In particular the study of the relations between scientific production, technological application 

and innovation in NST is a key subject and deserves a deepening of the character of such relations. 

NST are an ideal subject for the analysis aim of this work, given their novelty and the characters of the 

scientific production and patenting in the field. NST are a revolutionary, fluid and cross-bordered sector 

(Bozeman et al., 2007) at the convergence of several scientific and technological fields (Avenel et al., 2007), 

such as physics and chemistry (Leydesdorff and Zhou 2007). Public understanding of NST is studied on 

population samples by Waldron et al. (2006) in the US and by Caputo et al. (2009) in Italy, with similar 

findings: the general knowledge and state of public understanding on the topic is very low and regardless of 

education. Finally, Coccia et al. (2011), Islam and Miyazaki (2010) and Huang et al. (2011) studied the 

growth of nanotechnologies and the interrelation between different areas in the world in performing research 

on the topic. 

In parallel with the key case study a parallel case – the Technological trajectory of Polymers – has been 

studied. Polymers, differently from NST, are a much older scientific/technological area that has generated a 

wide and differentiated (set of) industry(es). The rationales for this parallel work are the possibility to 
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compare results (obtained with the same methodology) for two areas with a strongly different past, and the 

widening of the vision consequent of the double work. 

The research question at the basis of this work is: is it possible to study and evaluate the time and space 

relations existing between scientific production and patenting, using as a case study the specific 

technological and scientific “paradigm” of NST? In practice, this work tries to calculate: the distance in time 

between the publication of a scientific paper (used as a proxy of the outcome of scientifc knowledge 

production) and the registration of a patent citing the paper (intended as a proxy of the technological 

exploitation of such knowledge); the overlap (in terms of science-technology-knowledge producing body) 

between the production of cited knowledge and of citing technology. 

The present article is structured as follows. The first section contains a description of the two studied 

items, NST and Polymers. The second section contains a theoretical background on the studied themes. 

Third section describes the methodology used for data mining of the three sets of data, followed by some 

general data on the research topic obtained with such strategy. Fourth and last section contains description of 

results and conclusions. 

1. NST and polymers: overview 

Nobel Prize Laureate Richard P. Feynman, in a speech held on December 1959, pronounced the 

sentence “There is plenty of room at the bottom” describing the possibilities for science and technology 

given by their expansion towards the scale of nanometers (Feynman, 1960). Key points of the evolution of 

NST are: the invention of Scanning Tunnelling Microscopy (STM) at IBM laboratories in Zurich by G. K. 

Binnig and H. Rohrer (1986 Nobel Prize for Physics) (Binnig and Rohrer, 1986); discovery of 

Buckminsterfullerene in 1985 by H. Kroto, R. Curl and R. Smalley (1996 Nobel Prize for Chemistry) (Kroto 

et al., 1985); discovery of Cabon nanotubes in 1991 by S. Iijima at NEC Corporation (Iijima, 1991). 

The working definitions of NST given by American National Nanotechnology Initiative1 states 

“Nanoscience involves research to discover new behaviours and properties of materials with dimensions at 

the nanoscale which ranges roughly from 1 to 100 nanometres (nm). Nanotechnology is the way discoveries 

made at the nanoscale are put to work. Nanotechnology is more than throwing together a batch of nanoscale 

materials — it requires the ability to manipulate and control those materials in a useful way”. Balzani 

describes different NST approaches (the top-down approach typical of physicists and engineers, the bottom-

up approach typical of chemists) (Balzani, 2005). Also, NST can be roughly divided into three main areas – 

nanomaterials, nanoelectronics, bio-nanotech – that share the common approach and the common 

dimensional belonging. 

Polymer sciences are instead much older. Some key points of their history are: 

- the exploitation of natural polymers like Caoutchouc (rubber) at the beginning of the 19th century; 

- rubber vulcanization (1839, C. Goodyear), probably the first industrial process on polymers; 

- first man-made polymer created in 1907 by Leo Bakeland; 

                                                 
1  http://www.nano.gov/ , accessed july 2010. 
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- plasticization of PVC (PolyVinylChloride) by W. L. Semon in 1927; 

- industrial exploitation of Polystirene (accidentally discovered one century before) in 1931; 

- commercialization of Nylon Polyammide at the beginning of World War II, discovered by W. 

Carothers at DuPont; 

- production of Polyethylene (its synthesis was accidentally discovered in 1933 at ICI) in the same 

years; 

- discovery of a polymerization in 1951 at Phillips Petroleum; 

- K. Ziegler catalyst for Polyethylene (based on Titanium halides and Organoaluminum composites) in 

1953; 

- discovery of Isotactic Polypropylene in 1954 by the Italian chemist Giulio Natta, who used a catalyst 

derived from Ziegler catalyst to produce a stereo regular polymer. Their work on high polymers 

gained them 1963 Nobel Prize for chemistry; 

- Development of  Kevlar® in 1965 at DuPont. 

This two short descriptions are aimed at showing the differences between the two scientific-

technological areas studied in this work in terms of age, development, industrial importance. 

2. Theoretical background 

This section addresses the topic of patent citation analysis with a reasoned selection of past literature, 

and concentrates in the second part on specific works on NST. The analysis also makes evident the lack of 

literature on the themes of time and space analysis, thus supporting the rationale for performing the present 

analysis. 

Patent citation analysis 

Criscuolo and Verspagen (2008) try to investigate patent citations as indicators of potential knowledge 

spillovers. USPTO citations are considered incomplete measures of knowledge flows as they only capture 

flows useful for patenting: the level of noise is thus very high. EPO citations, on the contrary, can be 

assumed scrutinized by the patent examiner (who also can add citations) in relation to prior art, and can thus 

be considered closer to the patent in time and content. Thus the study was performed on EPO patents with an 

econometric approach. Results show the difference between EPO and USPTO patents, and the negative 

influence of geographic and cognitive distance on spillovers. 

Bacchiocchi and Montobbio (2009) select patents from some countries and sectors, published between 

1978 and 1998, in order to show the knowledge diffusion (from university and public research patents) in 

Europe. Results show that knowledge “incorporated” in patents coming from Public Research Organizations 

is more cited than that present in corporate patents. This fact is truer for the US in some sectors (Chemical, 

Drugs & Medical and Mechanics) and less true for EU countries. 

Breschi and Catalini (2010) try to trace the links between science and technology via an empirical 

analysis of journal articles cited in patents, analyzing the presence of researchers in both networks of 

scientists and technologists. Authors affirm that the two communities are largely intertwined, and that certain 
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single individuals play an important role interconnecting the two communities (p. 24). 

Science-technology relation via patent analysis is described on a quantitative basis by Schmoch (1993), 

who distinguishes the different types of citations in EPO procedures. The different types of linkage to the 

patent, which are not necessarily strong, are assessed, and so for the different causes a non-patent citation is 

made. His analysis of non-patent citations in patents did not reveal clear results under the point of view of 

assessing new R&D management tools, but according to his statements “there exists only plausible support 

for the hypothesis that a high number of non-patent citations can be considered as an indicator for a strong 

science interface” (p. 210). 

The methodology assessed by Schmoch (1993) has been exploited by Meyer (2000) who describes the 

role of citations and their different types in describing 10 case studies in order to assess science links, the 

direction of the flow of knowledge and possible national differences. Results (p. 426) show: the general 

science-technology connection, together with the fact that citations hardly represent a direct link between 

cited journal article and citing patent; the fact that scientific findings represent an important background for 

patents, but links established by citations have a mediated character. Nevertheless, patent citations of 

scientific references can indicate the intensity of science – technology interrelation, albeit indirectly, for 

different fields; one should not make comparisons on the effectiveness of knowledge transfer amongst fields. 

The study of the interactions between science and technology is performed by Meyer (2006) using data 

on patents and journal articles from Finland. The author uses both journal article citation in patents and 

university-produced journal articles as indicators of science-technology links; findings show differences 

between different fields in the behaviour of indicators. Also a survey on academic inventors shows 

differences, together with the importance of the personal role in Transfer of Knowledge. The work suggests 

no single appropriate indicator can track interactions comprehensively. 

Sternitzke (2010) uses citations retrieved in patents in order to assess the characters of innovation in 

pharmaceutical industry, particularly on the differences existing between radical and incremental innovation, 

and between technological and market breakthroughs. Nevertheless his use of citations does not imply a 

work on time analysis. 

Several authors perform the study of aggregate data with particular respect to the analysis of NST as in 

the present article. For instance Hu et al. (2007) and Li et al. (2007; 2007a) exploited aggregate patent data 

studying citations in NST patents. So did Leydesdorff (2007) and Leydesdorff and Zhou (2007) with USPTO 

class 977 and WIPO class Y01N (nanotechnology) patents. Also Schultz and Joutz (2010) did use aggregate 

data of nanotech USPTO data in order to assess the character of General Purpose Technology of NST. 

Studies on NST 

Journal articles citations in nanoscience and nanotechnology patents were studied by Meyer (2001). His 

database is small as it considers patents issued from 1976 to 1999 and journal articles written between 1991 

and 1996, thus at a very early stage for NST. At that historical point evidences did support the idea that in the 

studied field science and technology were mostly separate activities, whose relation was much mediated: the 

vision supported was that of a two-branched structure (p. 181). 
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A further investigation on journal article citations in patents in NST has been performed by Hulmann 

and Meyer (2003) who did study different journal article categories (and comparing with the total “nano” 

scientific production), provenance of patents and journal articles in terms of organization and geographic 

area, and the science-technology linkage. The exploited sample is again very small (data were collected in 

the 1991-2000 period); nevertheless findings show a limited level of interaction between nanoscience and 

nanotechnology. 

A reverse study has been performed by Glänzel and Meyer (2003) who did study journal articles 

indexed in the 1996-2000 annual volumes of the Science Citation Index retrieving citations of patents (in 

particular those cited in the USPTO database). The most striking finding is the high share of patent citations 

in chemistry journals if compared to other scientific sectors. 

Li et al. (2007) studied several types of patent citations networks in NST with a network analysis 

methodology on a sample of USPTO nanotech patents retrieved with a “full text” query. The topological 

analysis of patent citations show that US citations are the most numerous, that citation networks show a very 

large core component occupying most part of the nodes, that different national networks have different 

knowledge transfer efficiencies and tend to form local citation clusters. 

Li et al. (2007a) compare USPTO patents with EPO and JPO patents in NST retrieved via keyword 

analysis. Findings show: a quasi-exponential growth of nanotech patents; a similar behaviour of countries (in 

terms of number of filed patents) in both USPTO and EPO repositories, while this behaviour differs much in 

terms of patenting institutions and of importance of patents (measured with the number of citations); many 

overlapping but also several differences between technology fields. 

In a longitudinal study of NST patent citations Hu et al., (2007) analyze patent citations to academic 

literature in order to evaluate their impact on technological innovation. Two main fields – 

chemical/pharmaceutical and material/semiconductor – have bee identified as more relevant according to 

citations. Few journals accounted for the majority of citations. Article citations retrieved in patents provide 

information that can be used in order to assess the impact of academic research on innovation, especially in 

an emerging area such as nanotechnology. 

Wang and Guan (2010) study the role of NST patenting among researchers and its effects towards 

scientific production. Their study, performed via the use of a Poisson model, shows the positive impact of 

patenting towards publications. 

This theoretical framework shows the lack of literature based on the study of time and space relations 

between patents and scientific products. In particular the field of NST is still highly untouched: hence the 

interest towards the analysis performed in the present work. 

3. Methodology and results 

Practical aims of the present work are: 

- the measure of the time lag existing between the filing of a patent and the scientific literature it cites, 

regardless if the citation has been made by the patent examiner or by the author; 

- the measure of the fraction of cited literature endogenous to the group of institutions producing citing 
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patents. 

Journal articles and patents respectively proxy the production of knowledge and its pre-applicative use, 

being the most important output of the two activities. Patents are not intended to proxy also true innovative 

activity, given the fact that no data on patent exploitations are used. 

The data mining methodology used is based on citations of scientific journal articles in patents. The 

instrument used for collecting data is SCI Finder Scholar (described in Appendix 1) because of the 

completeness of encompassed data and its restriction to the sole fields of interest of this work. The trade-off 

implies some restriction in the search-and retrieve instruments. 

Three series of data were retrieved in the data mining procedure: 

- data on the time distance between citing patents and cited journal articles for NST; 

- data on the time distance between citing patents and cited journal articles for Polymers; 

- data on the spatial origin of citing patents and cited journal articles for NST. 

The study has been performed starting from specific items related in different way2 to NST and from 

names of Polymers, using several meaningful search terms for each item, in order to explore in the widest 

possible way the feature of the explored areas. Search terms are listed in Table 1 

Description of data mining procedure is presented in Appendix 2. 

 

TABLE 1: SEARCH TERMS FOR SCI FINDER QUERIES 
Queries on nanostructured materials or nanotechnology related items 

AFM, Atomic Force Microscopy, Atomic force Microscope 
Biosensor, Bio Sensor 
Fullerene 
Mesoporous, Mesopore 
Nanoparticle, Nano particle 
Nanotube, CNT 
STM, Scanning Tunneling Microscopy, Scanning Tunneling Microscope 

Queries on polymers 
Acrylonitrile butadiene styrene, ABS 
Polytetrafluoroethylene, PTFE 
Polyvinyl chloride, PVC 

 

Time analysis of NST items and polymers 

Data on citations (number of journal article citations in patents for each item-patent filing year-article 

publication year) present in patents were treated as follows for the time analysis: 

1. Numbers of citations were averaged on the number of citing patents, and the averages were summed 

up according to the time distance in years between issuing of the citing patents and publication of the 

                                                 
2  Types of studied items are: fundamental nanostructured materials (Fullerene, Nanoparticle, Nanotube); the 

nanostructured form of a material (Mesoporous for Mesoporous Silica); study techniques typical of NST (AFM - 
Atomic force microscopy, STM - Scanning tunneling microscopy); the nano-pertinent term Biosensor (Porter et al. 
2008). 
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cited journal. 

2. Time lag series were calculated starting from 0 (cited journal article and citing patent published in the 

same year) to -20 (cited journal article published 20 years before citing patent) in order to have a time 

series sufficiently long to follow the evolution of the studied items with time. The year of application 

was thus considered “year 0” for each year from 1998 to 2006 taken in account, and obtained averages 

were summed up according to the time lag (all “year 0” averages summed together, all “year -1” 

averages summed together and so forth). 

3. When data mining was performed for more than one keyword for a single item, figures of cited journal 

articles and citing patents were summed up before averaging. 

Describing more analytically: 

for each item (either NST or polymers), given a = 1998 to 2006, PATa = number of patents issued in 

year a. Given b = 0 to 20 then CITJOUa-b = number of journal articles cited in PATa and published in year a - 

b.  

From here we calculate 

a

ba
ba PAT

CITJOUAVG −
− =  

and then for each value of b 

∑
=

−− =
2006

1998a
bab AVGSUM  

At this point it is possible to plot SUM –b versus –b which is our final result. 

If the plots show a maximum for year - b = - B, then, for each specific item, - B is considered the most 

significant time lag between citing patents and cited journal articles, taken as a measure of the time lag 

between first knowledge codification for (journal publication) and knowledge codification for practical 

purpose (patent filing): the shorter is - B the closer in time are the two steps. 

Figures 1 shows SUM –b versus - b for NST items. Graphs of data on Polymers do not show meaningful 

maxima such as for NST. 

Spatial analysis 

The study on endogeneity of cited documents was performed on patents registered in year 2006 (the last 

studied year) for each NST search term. Data on applicant institution of patents and on author affiliation of 

Journal articles where retrieved in SCI Finder. It was preferred to use affiliations rather than names of 

authors/inventors in order to bypass possible problems due to the presence of homonyms. For each applicant 

institution, producing the patents retrieved with the above described data mining procedure, data on applicant 

institution of cited patents and on affiliations of authors of cited journal articles were retrieved. It must be 

noted that, because of the constraints of the SCI Finder database search-and-retrieve system, it was not 

possible to collect full records of patents and journal articles. 

From the obtained data percentages of endogeneity of documents were calculated, so as percentages of 

applicants/affiliations producing endogenous documents. Data are reported in Table 3. 
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Citations can either be added by authors or by Patent Office. When citations are added by authors we 

can assume that institutions/authors producing patents tend to cite their own scientific/technological 

knowledge. In this case calculated percentages give us a measure of the origin of the cited knowledge: the 

highest the percentage, the highest the quantity of endogenous knowledge cited (and thus feasibly used) in 

the NST subfield. In the other case (citations added by Patent Office) the relation is less direct. Nevertheless 

we can assume that the knowledge present in the cited document(s) is strictly connected with the knowledge 

present in the citing journal article. 

Some general data on NST and on Polymers 

In order to provide a further rationale for the choice of NST for this work two series of data are 

presented in Figures 2 and 3. 

Figure 2 shows the number of items (Patents plus Journal articles) registered/published for each year 

from 1980 to 2006 for the different items of the data mining strategy. Numbers show a continuous growth for 

all the NST search terms. 

Figure 3 shows the average number of journal article citations per patent for the NST items. Values 

show that in NST patents a Journal article citation is present in (around) half of the cases. Values for 

Polymer patents are always zero or almost zero. 

4. Experimental results, discussion and conclusions 

Time analysis 

In order to evaluate the time lag the meaningful chosen data are the values of the first and second 

maxima (the highest and the second value in ordinate) for each studied item, given the fact that values in 

abscissa are discrete values (time span of citation lag in years) while ordinates are not. 

Table 2 reports such values. For NST items six out of seven first maxima have an abscissa of -3 or -4 

years distance back from patent. This is true again for five out of seven of the second maxima. Remaining 

values of abscissa are -2 in one case, -5 in two cases and -7 in one case. Thus from our study the most 

common time lag between citing patents and cited journal articles resides in the time area of 3-4 years3. 

Ordinate values range for first maxima from 0.63 to 1.28, and for second maxima from 0.55 to 1.15. 

Polymers do not present shaped maxima like NST. Data reported in table 2 show much longer time 

spans and much lower ordinate values. Plots look more like a background noise rather than a well shaped 

curve. 

                                                 
3  It must be noted that this time lag is that between the two publication years, meaning that the time span of 

knowledge flow could even be shorter. 
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TABLE 2: VALUES OF 1ST AND 2ND MAXIMA  

Item 1st Maxima 2nd Maxima 

 X (time lag in years) Y (sum of averages) X (time lag in years) Y (sum of averages) 

AFM -3 1.28 -5 1.15 

Biosensor -3 0.88 -4 0.73 

Fullerene -7 0.63 -3 0.55 

Mesoporous -4 1.07 -3 0.79 

Nanoparticle -4 0.65 -3 0.62 

Nanotube -3 0.98(4) -2 0.98(1) 

STM -5 1.01 -4 0.7 

     

ABS -6 0.17 -18 0.14 

PTFE -6 0.09 -9 0.07 

PVC -9 0.15 -6 0.14 
 
Spatial analysis 

The spatial analysis was aimed at measuring the fraction of cited documents endogenous to the set of 

patenters, and the fraction of patenters who also produced cited documents. Results are reported in table 3. 

Percentages of endogenous cited articles are equal or over 30 in three cases, right below 20 in two cases 

and below 10 in 2 cases. Percentages of affiliations producing endogenous cited articles can give an insight 

of the concentration of the production of such articles. Data for endogenous patents go from 12.7 to 71.2, and 

the average is well above that of journals (31.2 vs. 20.9 %). This means that, in general, also in a highly 

knowledge intensive technological paradigm such as NST patenters tend to cite own patents rather than own 

journal articles. 

The most meaningful result is, nevertheless, the fact that endogeneity of cited documents is high, and in 

part account for the (shorter) time lag of NST items. This fact can also be interpreted as both a driver of 

science-technology relations (scientists tend to patent and cite what they study and publish) and a further 

indicator of stronger relations between science and technology/innovation in the field. 

 

TABLE 3: DATA ON SPATIAL ANALYSIS 

Keyword (data for each field in 2006) % endog. art. % affil. prod. 
endog. art. % endog. pat. % affil. prod. 

endog. pat. 
AFM 32.6 18.3 24.5 15.8 
Biosensor 8.0 5.7 22.2 13.9 
Fullerene 18.4 16.3 34.9 23.2 
Mesoporous 18.8 12.2 20.2 15.7 
Nanoparticle 32.7 22.1 32.7 18.9 
Nanotube 30.0 32.6 71.2 62.8 

STM 5.6 6.3 12.7 9.9 

AVERAGE 20.9 16.2 31.2 22.9 
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Possible paths of further development  

The results of the two above described analyses (time and space) have been tentatively combined in 

order to obtain a further insight of the studied subject, combining various data of the two studies. Up to now 

it has not been possible to describe any meaningful relation between the two sets of data. Points are scattered 

in a similar way in all the plots made. Moreover, given the small number of points no regressions have been 

performed. 

Further developments of the present work might go deeper in the space analysis of the phenomenon. In 

particular the paths to be addressed could be: a distinction between actors of different origin (research 

institutions vs. enterprises); the overlap between the two groups (“endogenous publishers” vs. “endogenous 

patenters”) (one could argue that – as research institutions tend more to publish than to patent – “endogenous 

publisher” could present a higher presence of research institutions than the other group); the distinction 

between different geographic area, in particular – given the relatively short time lag existing in NST between 

publication of cited articles and filing of citing patents – deepening the effects of grace year in e.g. the 

U.S.and Japan. 

 

Conclusions 

The answer to the research question object of this work is that experimental data obtained in this work 

show that: 

1. NST items present a common behaviour regarding the time distance between publication of 

scientific articles (and thus codification of scientific knowledge) and citations into patent (and 

thus being incorporated into a technical application), with the most typical time lag being 

around 3 – 4 years; 

2. a technologically different sector (polymers) shows a totally different behaviour: thus the time 

lag might be peculiar of NST; 

3. spatial analysis show a high endogeneity of cited journal articles, and an even higher 

endogeneity of cited patents; 

4. a preliminary essay of relating the space and time analysis has not led to meaningful results. 

 

APPENDIX 1 – DESCRIPTION OF SCI FINDER SCHOLAR 

SCI Finder Scholar is a ordinary instrument for Chemists and Materials scientists, and is published by 
the Chemical Abstract Service (CAS) of the American Chemical Society. Since 1907 the CAS collects and 
publishes data – abstracts and full bibliographic reference – of any journal article, patent, congress 
contributions etc. related to chemistry and materials. Data are fully indexed. The full list of journals collected 
in CAS in not made public, but more than 1500 journals (the most important ones) are reported within the 
database before 7 days from the publication. Patent data are collected from 61 patenting authorities around 
the world, and patents from the 9 most important authorities – Canadian Intellectual Property Office (CIPO), 
European Patent Office (EPO), French Patent Office (INPI - Institut National de la Propriete Industrielle), 
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German Patent Office (DPMA), Japanese Patent Office (JPO), Russian Patent Office (ROSPATENT - 
Russian Agency for Patents and Trademarks), United Kingdom Intellectual Property Office (UK-IPO), 
United States Patent & Trademark Office (USPTO), World Intellectual Property Organization (WIPO) – are 
reported within 2 days from their issuance. 

This database has been made available on line and accessible via a software client allowing on line 
search. Given the characters of the instrument monetary costs are high, and availabillity per person is often 
reduced. Subscription costs for SCI Finder Scholar are of several tens of thousand Euros for each single 
access for one year. This means that if two persons need to access SCI Finder Scholar at the same time from 
two computers in the same institution (e.g. library) the fee is doubled. 

APPENDIX 2 – DESCRIPTION OF DATA MINING PROCEDURE 

1. Assessment and choice of keywords; 
2. Use of the “Explore” option in the SCI Finder’s initial mask (an option with “Locate” and 

“Browse”); 
3. Use of “Research Topic” in the same mask (an option with “Author Name”, “Company 

Name/Organization”, “Chemical Structure”, “Molecular Formula” and “Reaction Structure”); 
4. Filtering of document type (with the choice of “Patents”) with the search tags; 
5. Data mining with the use of keywords, choosing “As entered” (the alternative being “Concept”) 

as option. In this way all the patents present in the SCI Finder database and containing the 
chosen keyword were retrieved4; 

6. Division of patent according to the registration year with the “Analyze/refine” instrument, 
considering patents registered between 1998 to 2006, (SCI Finder records contain no data on 
citations in documents published before 1998); 

7. Retrieval of cited reference for each group of patents (keyword-year) with the “Find related-
Cited references” instrument was applied; 

8. Use of “Analyze/refine” instrument on each set of “Cited references” relative to each patent 
group: division of references according to their kind (Patents, Journals), choice of “Journal 
articles” and further division according to the year of publication; 

9. This procedure renders a series of aggregate numbers of citations, which are the meaningful 
data; 
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4  in this and all the subsequent steps the option “Remove duplicates” was constantly used 
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1 Introduction

Taking the direction towards a world free of any sort of Green House Gases (GHG) emissions
is now presented as an urgent issue by many international institutions. Political leaders are
increasingly aware of this message. Finding solutions that would allow for a strong growth with
a limited environmental impact has now become a top priority on the political agenda. As a
result, scholars and researchers are getting involved in the debate and designing policy recom-
mendations to achieve a green growth has also become a top priority on the research agenda of
many scientists. A green growth is understood here as an economic growth with a level of GHG
emissions that would imply no radical changes for the environment.

Since the core of the debate is centered around economic growth, growth theories are likely
to provide much of the answers needed to define adequate policies. Exogenous and endogenous
growth theories o↵er two possible frameworks of analysis. However, as it is recognized that
endogenous technological change is a crucial feature to evaluate correctly the costs of economic
growth on the environment policy (Grbler & Messner (1998), Carraro et al. (2003), Aghion &
Howitt (2009)), exogenous growth models do not seem to be an option anymore.

On the policy implications side, Acemoglu et al. (2010) make interesting recommendations
regarding industrial policy on innovation. In their model, a final good is produced with two in-
puts, namely a dirty input whose use damages the environment and a clean input whose use has
no consequences for the environment. Compared to the clean input sector, it is more profitable
for a researcher to innovate in the dirty input sector1. As a result, innovation takes place only in
the latter and a productivity gap progressively increases between the two sectors. This process
implies a more intense use of the dirty input and under a laissez-faire policy, an environmental
disaster will eventually occur. Acemoglu et al. (2010) have modeled this observation with a
Schumpeterian growth model. It constitutes a starting point for any theoretical work that aims
at designing optimal industrial policies for environmentally sustainable growth.

Acemoglu et al. (2010) conclude that a subsidy for research in the clean sector should be
introduced to redirect technical change and to close the productivity gap between the dirty and
the clean sector. Nonetheless, their model is a one-country framework and nothing is said about
industrial policy in a multi-country framework. Aghion et al. (2009a) suggests that green tech-
nologies will spread across countries from developed towards developing economies. As a result,
developed economies should act as leaders and unilateral intervention should be su�cient to
avoid an environmental disaster. However, no solid analytical framework has so far been set up
to validate such a statement. The purpose of the present paper is to fill this void.

In a world where developed and developing countries interact, technology di↵usion mech-
anisms among countries will play a fundamental role for climate change mitigation. One can
think that two types of technology are available. First, a dirty technology with which we pro-
duce dirty inputs that imply GHG emissions. Second, a clean technology with which we produce
clean inputs that has no negative impact on the environment. We can fairly assume that the
world technology frontier is defined by the most advanced technology of the developed coun-
tries, namely the dirty technology. If technical change (i.e. innovation) is redirected towards the
clean technologies sector, this would imply a transition period during which clean technologies
are catching up with dirty technologies since no innovation would occur on the latter. In other
words, the world technology frontier would stand still for this transition period. As developing

1This is precisely due to a market size e↵ect, a price e↵ect and a direct productivity e↵ect.
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countries are converging towards developed countries by (at least partially) copying their tech-
nology, there is a risk that developing countries imitate the best available technology, namely
the dirty one. Therefore, we must consider the question of whether it is necessary to implement
mechanisms that would prevent this situation.

To approach this question, we propose a framework in which a country evolves within a world
technology frontier that might be defined by the technology of an (imaginary) more advanced
country. Acemoglu et al. (2006) have shown how a backward country could converge to the world
technology frontier, either by copying the technology of the leader or by innovating on its own
technology. Considering this result, we argue that redirecting research towards the clean sector
only in the leader country might lead to mitigated results for the environment. This statement
is intuitive. If during the transition period, the backward country is copying, it will choose the
best available technology, that is, the dirty one. If it is innovating on its own technology, the
latter will be dirty since there would be no intervention to redirect innovation. In a worst case
scenario, the backward country would become the technological leader with dirty technology and
an environmental disaster could occur. Therefore, it might be that redirecting research towards
clean technologies in the backward country will be necessary as well in order to avoid such an
environmental disaster.

Finally, we will focus on the energy sector case. Energy turns out to be a very intriguing
case since it is both an essential input for global production and a primary cause for Green
House Gases (GHG) emissions. Indeed, emissions related to energy (power production and use
in other sectors such as industry or transport) represent 65% of total GHG emissions (Stern,
2007, 2008). On the other hand, since they are perfectly substitutable with carbon and fossil
energies (dirty energies hereafter), renewable energies (clean energies hereafter) such as wind,
solar and hydraulic powers constitute a very promising opportunity to reduce GHG emissions.
Consequently, the way in which energy sector is planned, designed, managed and maintained is
a key determinant for climate change mitigation.

Therefore, in our model we will assume that a final good can be produced by two interme-
diate goods that are perfectly substitutable, namely the clean and the dirty energy. The results
we find in this paper arise only because we assume the intermediate goods to be substitutable.
Consequently, the policy implications we will conclude cannot be extended to a more general
framework. Nevertheless, as we motivated above, the energy sector case constitutes in itself a
very intriguing and important issue that is worth looking at more closely.

The remaining of the paper is organized as follows. The next section provides a review of the
literature related to the topics we cover. The third section describes the model and solves for its
equilibrium. We distinguish between the cases when no innovation is possible in the backward
country and when innovations are possible in the backward country. As we shall see, these two
cases lead to very di↵erent results. The fourth section analyzes the environmental impact of the
possible scenarios. The fifth section derives the policy implications. Finally, the sixth section
contains our final remarks.

2 Review of the Literature

‘The Economics of Climate Change’ written by Nicholas Stern (2007) o↵ers a comprehensive
view about how economic activity has an impact on environment. His conclusions are subject
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to controversies mostly because the implicit discount rate is found to be too low (see Nordhaus,
2007). Without interfering in a very complex debate, we would like to highlight one argument
defended by Stern. Although the predictions about climate change consequences are not cer-
tain, it will always be worth to act now rather than to wait for more precise forecasts. ‘If (as

is unlikely) the risks of high concentrations turn out to be low and we have taken actions, we

would still have purchased a cleaner, more biodiverse, and attractive world at modest cost. If our

actions are weak and the central scientific estimates are correct, we will be in very dangerous

circumstances from which it may be impossible, or very costly, to recover’ (Stern, 2008). We
take it for granted and therefore we will develop a model in which economic activity damages
the environment when using technologies based on natural resources that implies GHG emissions.

On the theoretical side, our paper calls on two important topics of macroeconomics. First,
the directed technical change that was developed in Acemoglu (1998, 2002). Although the idea
of directed technical change is not new, Acemoglu (1998) was the first to model it in order to
explain wage inequalities between low skill and high skill workers over the past 60 years in U.S.
A good baseline model of directed technical change is found in Acemoglu (2009). Regarding
the climate change issue and, more precisely, the energy sector, Popp (2002) provides evidence
that changes in energy prices have an impact on innovation. That is, as energy prices increase,
innovations that allow for energy savings increase as a response to this change. Therefore, it
can be concluded that innovation e↵ort is redirected (See Aghion & Howitt (2009) for a good
summary of this paper). Furthermore, as well documented in Aghion et al. (2009b), there is
a clear lack of R&D investments on green technologies in order to overcome the challenge of
considerably reducing GHG emissions. In other words, research is not directed towards the
clean technologies. To mention only one figure, the electricity generation and distribution sec-
tor represents less than one percent of the total world R&D expenditures by the business sector2.

Besides, Acemoglu et al. (2010) are the very first ones to have provided a growth model that
takes into account damages on the environment and that allows the technological progress to
be endogenous. They formalize the idea that innovations are, under a laissez-faire policy, di-
rected towards the most productive sector, that is, in the case of energy, the dirty energy sector.
Therefore, an intervention is needed in order to avoid an environmental disaster. As highlighted
in Grbler & Messner (1998), endogenous technological change is a crucial feature to explain the
shape of emission trajectories. The costs of environmental regulation are generally overstated
when directed technical change is not considered (Aghion & Howitt, 2009). Consequently, we
will base mainly our analysis on the framework developed by Acemoglu et al. (2010). In other
words, this contribution can be seen as our starting point to go further in the understanding of
the relationship between economics and environment.

The second topic of macroeconomics that we address is the technology di↵usion theory.
Howitt & Mayer-Foulkes (2005) o↵ers a comprehensive framework of analysis. Indeed, they
describe the conditions according to which the growth rate of a backward country would con-
verge to the one of a technologically more advanced country. A central assumption is that
the technology developed in the advanced country might not be completely appropriate for the
backward country in the sense that it requires an adaptation process. This adaptation process
is inversely proportional to the distance from the world technology frontier. That is, the further
the backward country from the world technology frontier, the higher its convergence rate to this
world technology frontier. In other words, absorbing new technologies is increasingly di�cult.
This is what Gerschenkron (1952) called the ‘advantage of backwardness’. Technology transfer

2According to the OECD dataset on private R&D expenditures by economic sector in Aghion et al. (2009b)
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acts as a force for convergence but ‘as the global technology frontier advances and becomes more
complex a country needs to keep increasing its skill levels just in order to keep pace with the
frontier’ (Howitt & Mayer-Foulkes, 2005).

Another important source of inspiration for our model was Acemoglu et al (2006). They de-
scribe the convergence of a technologically backward country to an advanced country that defines
the world technology frontier. Firms in developing countries are allowed to choose between imi-
tation of the advanced technology and innovation on their own technology. It is shown that when
far from the world technology frontier, firms in developing countries maximize their profits by
imitating technology of the advanced country. Nonetheless, when arrived at a su�ciently short
distance from this frontier, they maximize their profits by innovating on their own technology
rather than imitating3. This feature is particularly interesting and has strong implications as we
shall see later in our model.

3 The model

3.1 General Setting

We consider an economy in which a unique final good is produced competitively using a “dirty”
and a “clean” input which are perfect substitutes. As we shall see later, the use of the “dirty”
input negatively a↵ects the environment whereas the use of the “clean” input does not a↵ect the
environment. Time is discrete and production of the final good is given by

Y

t

= I

d,t

+ I

c,t

(1)

where Y

t

denotes the final good produced at time t, I
d,t

and I

c,t

are the quantities of dirty and
clean inputs respectively. As we consider the energy case, clean and dirty inputs are perfectly
substitutable since there is no di↵erence between one unit of energy produced from a clean source
and one unit of energy produced from a dirty source. This assumption is central to our model
since, as we shall see later, it will be determinant for our final results.
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3This is so when no moral hazard is allowed in the model.
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where p

j,t

is price of input j 2 {c, d} at time t. x
j,t

(⌫) is found by solving equation (3):
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Machines in both sectors are produced as in a classical Schumpeterian framework. We follow
the model presented in Aghion & Howitt (2009) which is a simplified version of Aghion & Howitt
(1992).We assume that there exists a large pool of researchers. At the beginning of every period,
any researcher has to decide to direct her research either towards the clean or the dirty sec-
tor. Thereafter, the researcher is randomly allocated to at most one machine. If the researcher
succeeds to innovate on the machine she is allocated to, she subsequently obtains a one-period
patent on this (new) machine and therefore an ex post monopoly power. If she fails to innovate,
monopoly power of this machine will be granted to another researcher chosen at random who
will produce this machine.

Therefore, after having innovated, a researcher (monopolist) producing machine ⌫ at time t

in sector j face the following maximization problem

argmax
[pj,t(⌫)]⌫2[0,1]

x

j,t

(⌫) (p
j,t

(⌫)�  ) (5)

where  is the marginal cost of producing machine ⌫ at time t. This marginal cost is assumed to
be constant across machine lines ⌫, across sectors j 2 {c, d} and throughout production. Solving
for equation (5) (see mathematical appendix) gives
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and the profit of the monopolist is given by

⇡

j,t

(⌫) = (1� �)A
j,t

(⌫)L
j,t

p

1
1��

j,t

(8)

Consequently, the production of input j is given by
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where A
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=
R 1
0 A
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(⌫)d⌫ is the aggregate productivity of sector j at time t. Moreover, as final
output is produced competitively, it must be that inputs are sold at their marginal product.
That is, p

j,t

= 1 at any time t. As a result we have
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and equation (8) can be written
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3.2 Research Arbitrage

This section describes the process that generates innovation. For each machine ⌫ in sector j,
a researcher may invest a certain amount of final output in R&D in order to innovate on this
machine. We denote this amount by R

j,t

(⌫). This investment in R&D aims at increasing the
probability of innovating on a machine. More specifically, when investing an amount R

j,t

(⌫) on
machine ⌫ in sector j, there is a probability µ to succeed in reaching the target productivity A

⇤
j,t

that might vary over time. Formally, we have
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where � is a parameter that reflects the productivity of the research sector and � is an elasticity
that lies between 0 and 1. We see that the higher the productivity target A⇤

j,t

, the higher R
j,t

(⌫)
in order to keep the probability to innovate constant.

Thus, researchers have to decide how much they will spend in R&D given that this investment
will increase the probability of innovating. In other words, they will choose R

j,t

(⌫) in order to
maximize their expected profits
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(see mathematical appendix)
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and we see that no matter to which machine line ⌫ is allocated the researcher, she will always
spend the same amount of final output in R&D (for a given productivity target A

⇤
j,t

). We
can then write R

j,t

(⌫) = R

j,t

. We can also think of this maximization problem as to set the
probability µ that maximizes expected profits. As a result, the optimal probability will be given
by

µ = �

 
R

j,t

A

⇤
j,t

!
�

= �

1
1�� (�(1� �)L

j,t

)
�

1�� (16)

In sum, for a given target productivity A

⇤
j,t

, entrepreneurs will spend R

j,t

in order to obtain
the probability µ to innovate. The latter maximizes their expected profits and is constant
whatever A⇤

j,t

since there is one to one relation between A

⇤
j,t

and R

j,t

.

3.3 Labor Allocation and Directed Technical Change

Labor in sector j at time t can be derived by the following first-order condition of equation (3)

!

j,t

=
1� �

�

p

j,t

✓Z 1

0
A

j,t

(⌫)1��

x

j,t

(⌫)�d⌫

◆
L

��

j,t

(17)

which, together with (7) and the fact that p
j,t

= 1, implies

!

j,t

=
1� �

�

✓Z 1

0
A

j,t

(⌫)1��

A

j,t

(⌫)�L�

j,t

d⌫

◆
L

��

j,t

=
1� �

�

A

j,t

(18)
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Then at equilibrium, it must be that wages in sector c equal wages in sector d which implies
that A

c,t

= A

d,t

. As this is a very particular case which is unlikely to occur, at equilibrium, only
the input with the higher productivity will be produced. Formally, if we set L

c,t

+ L

d,t

= 1, at
equilibrium we have

A

c,t

> A

d,t

, L

c,t

= 1 , I

c,t

=
1

�

A

c,t

(19)

A

c,t

< A

d,t

, L

d,t

= 1 , I

d,t

=
1

�

A

d,t

(20)

Equations (15) and (16) imply that expected profits in sector j at time t are given by

E(⇡
j,t

) = µ(1� �)A⇤
L

j,t

�R

j,t

(21)

Since at the beginning of every period, researchers have to decide the sector they will direct
their research to, all the research will be directed towards the most productive sector. Indeed,
we have

A

c,t

> A

d,t

, L

d,t

= 0 , E(⇡
d,t

) = 0 (22)

A

c,t

< A

d,t

, L

c,t

= 0 , E(⇡
c,t

) = 0 (23)

Thus, given some initial conditions A

c,0 and A

d,0, only the most productive input will be
produced and all the research will be directed towards the most productive sector. Under a
laissez-faire policy, the productivity of the latter will grow forever4 whereas the productivity of
the other sector will remain constant.

Finally, all these results together imply that

�Y

t

= �I

j,t

= �A

j,t

(24)

where j is the sector that is more productive at time t. This means that the growth rate of the
economy is determined by the technology growth rate of the most productive sector. To fully
characterize the equilibrium of this economy, we need to define A

⇤
j,t

at any time t.

3.4 World Technology Frontier

We assume that the economy which is at stake evolves behind what we call the world technology
frontier. That is, there exists (initially) a more productive technology available in both, clean
and dirty sectors. We could think of our country as being a backward country compared to an
advanced country whose technologies would define the world technology frontier in both sectors.
This defines the multi-country framework on which we will base our analysis.

As said in the introduction, Acemoglu et al. (2010) is our starting point. They conclude
that a subsidy for research in the clean sector should be introduced in order to redirect technical
change and avoid an environmental disaster. We take it for granted and we assume that research
in the clean sector is subsidized in the (imaginary) country that defines the world technology
frontier so that no technical change occur in the dirty sector.

4as long as A⇤
j,t � Aj,t where j is initially the more productive sector
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In other words, the world technology frontier of the clean sector increases whereas the world
technology frontier of the dirty sector remains constant. If we denote the world technology
frontier of sector j at time t by Ā

j,t

, these assumptions imply the following equations

Ā

d,t

= Ā

d

(25)

Ā

c,t

= (1 + ⇢

c

)Ā
c,t�1 (26)

where ⇢
c

is the rate at which productivity of the world technology frontier of the clean sector
evolves5.

3.5 Equilibrium when no innovation is possible

We assume (for now) that no innovation is possible. That is, the only research activity is adapt-
ing the technology available from the world technology frontier to local conditions. As discussed
earlier, some resources will have to be devoted to this activity as technological knowledge is tacit
and circumstantially specific (Evenson & Westphal, 1995).

The target productivity becomes A

⇤
j,t

= Ā

j,t

and the aggregate productivity in sector j at
time t will evolve according to

A

j,t

=

⇢
µĀ

j,t

+ (1� µ)A
j,t�1 if research is undertaken in sector j

A

j,t�1 otherwise
(27)

and we see that the further the economy from the world technology frontier, the faster its growth
rate. This captures the essence of the well-known Gerschenkron (1952)’s ‘advantage of backward-
ness’. The intuition behind is that even though the most developed technology is freely available,
it is not totally appropriate for backward countries. In other words, developing countries should
adapt most advanced technology to their own peculiarities which requires some time and some
e↵orts. We then translate this idea through the fact that there is only a probability µ that a
researcher working on a machine is successful in imitating the most advanced technology. At the
aggregate level, a proportion µ of researchers will imitate properly the most advanced technology
while a proportion (1� µ) will fail in doing so. Equation (27) describes this process.

We turn now to proposition 3.1

Proposition 3.1 Let us assume that Ā

c,0 < Ā

d,0 and A

c,0 < A

d,0. Then, there exists a time

t

⇤
< 1 for which E(⇡

d,t

⇤)  E(⇡
c,t

⇤). Consequently, for any time t > t

⇤
research (imitation)

will occur in the clean sector.

Proof Since A

c,0 < A

d,0, we have that E(⇡
c,0) < E(⇡

d,0). Therefore, imitation starts occurring
in the dirty sector only. Besides, it can be shown (see mathematical appendix) that

A

d,t

= A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤
(28)

On the other hand, for the all the research being redirected towards clean technologies at
time t, it must be that A

c,t

> A

d,t

. In our setting, this implies

µĀ

c,t

+ (1� µ)A
c,t�1 > A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤

µĀ

c,0(1 + ⇢

c

)t + (1� µ)A
c,0 > A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤ (29)

5Please bear in mind that this growth rate is not exogenous per se. It results directly from Acemoglu et al.
(2010) who explain how this growth rate is defined at equilibrium.
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As

lim
t!1

µĀ

c,0(1 + ⇢

c

)t + (1� µ)A
c,0 = 1 (30)

lim
t!1

A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤
= Ā

d

< 1 (31)

there must exists a t

⇤
< 1 for which A

c,t

⇤ � A

d,t

⇤ . For any t < t

⇤, we have A

c,t

< A

d,t

. For
any t > t

⇤, we have A

c,t

> A

d,t

.

As a result,

E(⇡
c,t

) < E(⇡
d,t

) for any time t < t

⇤ and research occurs in the dirty sector only

E(⇡
c,t

) � E(⇡
d,t

) for any time t � t

⇤ and research occurs in the clean sector only

⇤

Figure 1 illustrates the dynamics of the world frontier productivity in dirty and clean sectors
and the productivity of the dirty sector in the backward country. Intuitively, the clean technology
frontier becomes so high at some point that it becomes more profitable for researchers to adapt
it instead of the dirty technology frontier.

t

Ā

d

A

d,t

Ā

c,t

t

⇤

Figure 1: Dynamics of Productivity when No Innovation is Possible

Taking into account the last proposition, it turns out that only dirty input will be produced
before t⇤ and only clean input will be produced after t⇤. As a result, the growth path equilibrium
of the economy is given by

�Y

t

=

⇢
�A

d,t

if t < t

⇤

�A

c,t

if t � t

⇤ (32)

3.6 Equilibrium when innovation is possible

Let us assume now that innovation is possible. That is, researchers have to choose between
adapting technology from the world technology frontier and making an innovation on their own
technology. When researchers succeed in innovating on their own technology, they increase the

10



productivity of machine ⌫ by a factor (1+�) whatever the sector. Therefore, when innovating, the
productivity target of a researcher working on machine ⌫ becomes A

⇤
j,t

(⌫) = (1 + �)A
j,t�1(⌫).

Consequently, when researchers are innovating in sector j, the aggregate productivity of this
sector will evolve deterministically according to

Z 1

0
A

j,t

(⌫)d⌫ = A

j,t

= µ(1 + �)A
j,t�1 + (1� µ)A

j,t�1

= µA

j,t�1 + µ�A

j,t�1 +A

j,t�1 � µA

j,t�1

= (1 + �µ)A
j,t�1

(33)

Given a sector j, researchers will start innovating as soon as their expected profits will be
bigger than expected profits when imitating technologies. That is,

µ(1� �)(1 + �)A
j,t�1 � (1 + �)A

j,t�1�̃ � µ(1� �)Ā
j,t

� Ā

j,t

�̃

h
µ(1� �)� �̃

i
(1 + �)A

j,t�1 �
h
µ(1� �)� �̃

i
Ā

j,t

(1 + �)A
j,t�1 � Ā

j,t

(34)

where �̃ = �

�
1�� (�(1� �))

1
1�� . We see that once the productivity target of innovating (that is,

(1+�)A
j,t�1) becomes bigger than the productivity target of imitating (that is, Ā

j,t

), it becomes
more profitable for the researcher to innovate rather than to imitate. This implies an important
result which is summarized in the following lemma.

Lemma 3.2 Let us assume that (1 + �)A
j,0  Ā

j,0, j 2 {c, d}. Then, when researchers decide

to redirect their research towards a sector, they will always start imitating in the latter.

Proof Let us assume that A

c,0 < A

d,0. Then, the dirty sector is more profitable and all the
research will be directed towards the latter. As (1 + �)A

j,0  Ā

j,0, researchers will be imitating
in the dirty sector until (1 + �)A

d,t

� Ā

d

.

At any time t, it might be that researchers have an interest to redirect their research towards
the clean sector. For this, it must be that either

A

d,t

 µĀ

c,t

+ (1� µ)A
c,0 (35)

and they will start imitating in the clean sector, either

A

d,t

 (1 + �µ)A
c,0 (36)

and they will start innovating on clean technologies.

As (1 + �)A
c,0  Ā

c,0 by assumption, we have that

(1 + �)A
c,t

 Ā

c,t

(37)

since Ā

c,t

= (1 + ⇢

c

)tĀ
c,0 > Ā

c,0 and A

c,t

= A

c,0. Consequently, researchers will always start
imitating rather than innovating on clean technologies when redirecting their research from dirty
to clean sector. The proof is similar when A

c,0 > A

d,0.

⇤

We turn now to the main result of the paper.
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Proposition 3.3 Let us assume that A

c,0 < A

d,0 and that (1 + �)A
d,0  Ā

d

. When innovation

is possible, it might be that researchers will never redirect their research towards the clean sector.

This happens when researchers do not have any interest to adapt clean technologies before to start

innovating on their own dirty technologies and when ⇢

c

< �µ.

Proof As A

c,0 < A

d,0, research will be initially directed towards the dirty sector. Researchers
will start imitating since (1+�)A

d,0  Ā

d

. Insofar as A
c,t

< A

d,t

, A
d,t

is monotonically increasing
over time. Then, there must be a t

⇤ such that

Ā

d

 (1 + �)A
d,t

⇤ (38)

In words, from t

⇤ on, researchers will innovate on dirty technologies.

Considering this, researchers will redirect their research towards the clean sector at time
t > t

⇤ if and only if
A

d,t

 µĀ

c,t

+ (1� µ)A
c,0 (39)

since they will start imitating in the clean sector (see Lemma 3.2). In other words, we have

A

d,t

⇤(1 + �µ)t�t

⇤
 µĀ

c,t

+ (1� µ)A
c,0

Ã(1 + �µ)t  µ(1 + ⇢

c

)tĀ
c,0 + (1� µ)A

c,0

(40)

where Ã = A

d,t

⇤(1 + �µ)�t

⇤
.

We see that
�
⇣
Ã(1 + �µ)t

⌘
= �µ (41)

and
�
�
µ(1 + ⇢

c

)tĀ
c,0 + (1� µ)A

c,0

�
= ⇢

c

(42)

Therefore, if at time t

⇤ we have

µ(1 + ⇢

c

)t
⇤
Ā

c,0 + (1� µ)A
c,0  A

d,t

⇤ (43)

and,
⇢

c

< �µ (44)

it follows that at time t

⇤, researchers will start innovating on dirty technologies and the latter
will start growing faster than the world technology frontier of the clean sector. As a result,
researchers will never redirect their research towards the clean sector since equation (40) will
never hold.

⇤

Figure 2 illustrates the dynamics of the productivity of the dirty sector when innovation is
possible. At some point, researchers start innovating on their own (dirty) technologies as it be-
comes more profitable compared to adapting foreign technology. From that point, if productivity
of the dirty sector increases faster than the clean technology frontier, we see that research will
never be redirected towards the clean sector.
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t

Ā

d

A

d,t

Ā

c,t

t

⇤

⇢

c

�µ

Figure 2: Dynamics of productivity when innovation is possible

4 Environmental Impact

This section presents how the environment is impacted by the use of the dirty input energy.
As we mentioned above, we assume that dirty energies produce GHG emissions that negatively
a↵ect the environment. Still following Acemoglu et al. (2010), the quality of the environment at
time t+ 1, S

t+1, evolves according to the following di↵erence equation

S

t+1 = �⇠I
d,t

+ (1 + �)S
t

(45)

where ⇠ represents the rate of environmental degradation resulting from the use of the dirty input
and � represents the rate at which the environment regenerates. We can define an environmental
disaster as a situation in which environmental quality is so deteriorated that it is impossible to
produce anymore. This situation refers to a radical transformation of the planet earth that is
likely to occur if average temperature of the globe increases more than 5�C (Stern, 2008). This
situation also represents a “no return point”, that is that once an environmental disaster has
occurred, it is not possible for the environment to regenerate anymore.

Thus, environmental quality should evolve between an upper bound that represents such
a quality absent of any human pollution and a lower bound that represents an environmental
disaster. Let S

t

= S̄ be this upper bound and S

t

= 0 be this lower bound. Then, equation (45)
becomes

S

t

=

8
<

:

S̄ if S

t

� S̄

�⇠I
d,t�1 + (1 + �)S

t�1 if 0 < S

t

< S̄

0 if S

t

 0
(46)

We see that the rate at which the use of the dirty input evolves will be determinant for the
environment. Indeed, if the latter is too high so that the environment cannot regenerate, an
environmental disaster will eventually occur. This rate is determined by the form that I

d,t

takes
which is di↵erent if researchers innovate or imitate dirty technologies. Let us now analyze under
which conditions, an environmental disaster will occur.
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4.1 Environmental Disaster when no innovation is possible

From proposition 3.1, we know that there exists a time t

⇤ such that for any t � t

⇤, research
will be redirected towards the clean sector. Therefore, for any t � t

⇤ we have that I

d,t

= 0
and environment will regenerate progressively. Consequently, for any t � t

⇤, an environmental
disaster is avoided.

However, it might that an environmental disaster occurs before time t⇤. Indeed, for any t  t

⇤

we have

S

t+1 � (1 + �)S
t

= �⇠I
d,t

= �⇠ 1
�

A

d,t

= �⇠ 1
�

�
A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤�
(47)

Then, an environmental disaster that occurs at time t implies that S

t+1 = S

t

= 0. This
happens if and only if

0 = �⇠ 1
�

�
A

d,0(1� µ)t + Ā

d

⇥
1� (1� µ)t

⇤�
(48)

From equation (48), it is possible to retrieve at what time the environmental disaster will
exactly occur. This time t

0 is given by

t

0 =
ln(1� µ)

ln(Ā
d

)� ln(Ā
d

�A

d,0)
(49)

Thus, an environmental disaster is likely to occur even though innovation is not possible.
This is so if and only if the quality of the environment degenerates so fast that it gets to 0 at
time t

0 before research (adaptation) activities are redirected towards the clean sector at time t

⇤.
Formally, we have the following proposition

Proposition 4.1 Let t

⇤
be the time at which the clean sector becomes productive enough so that

all the research is redirected towards this sector. Let t

0
be the time at which S

t

= 0. Then, if

t

0  t

⇤
, an environmental disaster occurs.

Proof The previous discussion constitutes the proof of the proposition.

⇤

4.2 Environmental disaster when innovation is possible

As in the subsection 4.1, an environmental disaster might occur if innovation is possible. But
this time the risk is even more important since research is likely to never be redirected towards
the clean sector. In this latter case, an environmental disaster will occur anyway.

Consequently, there is an additional condition (compared to the previous case) so that an
environmental disaster is avoided. It must be that if innovating on dirty technologies, researchers
have to redirect their research towards the clean sector at some point. This has to occur before
the quality of the environment has totally degenerated. This statement is summarized in the
following proposition.
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Proposition 4.2 The conditions that would allow to avoid an environmental disaster are the

following

1. t

⇤  t

0
(using the same notation as in proposition 4.1)

2. If researchers have started innovating on dirty energies (instead of copying), then it must

be that �µ < ⇢

c

Proof The discussion in subsection 4.1 as well as Proposition 3.3 constitute the proof of the
proposition.

⇤

5 Policy Implications

Policy makers that want to avoid an environmental disaster have two basic options. First,
speeding up the rate at which productivity of the clean world technology frontier increases. In
this case, we aim at reducing the length of the period during which the clean world technology
frontier is catching up with the dirty technology frontier. Indeed, in the backward country,
research will be redirected towards the clean sector at time t if and only if

µĀ

c,0(1 + ⇢

c

)t + (1� µ)A
c,0 � A

d,t

(50)

where A
d,t

= A

d,0(1�µ)t+Ā

d

[1� (1� µ)t] if researchers are imitating and A

d,t

= (1+�µ)A
d,t�1

if researchers are innovating on dirty technologies. We see that the higher ⇢
c

, the faster the world
clean technology frontier catches up with the dirty technology frontier and therefore the shorter
the catching-up period. This option has the advantage that the economy will not su↵er from
any output loss. Indeed, Y

t

keeps increasing monotonically to infinity. However, environmental
quality will keep degenerating for the catching-up period. Figure 3 illustrates the e↵ect of in-
creasing ⇢

c

on the length of the catching-up period.

t

Ā

d

A

d,t

Ā

c,t

t

⇤
t

⇤0

Figure 3: E↵ect of increasing ⇢
c

on the length of the catching-up period
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Second, granting a subsidy for research in the clean sector in order to make expected profits
bigger in the latter than in the dirty sector. All research will then be redirected towards the
clean sector. As a result, productivity of the dirty sector will remain constant. If subsidy is
introduced at time t = 0, then production of the dirty input will stop when

µĀ

c,0(1 + ⇢

c

)t + (1� µ)A
c,0 � A

d,0 (51)

Like with the first option, the length of the transition period is reduced. Basically, instead of
increasing the left-hand side of the equation, we decrease the right-hand side. However, in this
case, there is a net cost in terms of production. Indeed, for any t within the catching-up period
we have

A

d,0  A

d,t

(52)

and therefore output is lower with the second option than with the first one. Moreover, there is
no economic growth since �Y

t

= �I

j,t

= �A

j,t

= 0. Nonetheless, this economic cost is compen-
sated with a gain for the environment. Indeed, as �I

j,t

= 0, �S

t

increases. Figure 4 illustrates
the e↵ect of granting a subsidy on the catching-up period.

t

Ā

d

A

d,t

= A

c,0

Ā

c,t

t

⇤
t

⇤0

Figure 4: E↵ect of granting a subsidy on the length of the catching-up period

6 Final Remarks

This paper o↵ers a comprehensive analytical framework about how technology di↵usion mech-
anisms among countries influence climate change mitigation. It is far from obvious that green
technologies would spread from developed countries to developing countries. The main reason
is that clean technologies in the developed world take time to become as productive as dirty
technologies. As a result, during this catching-up period (i.e. transition period), developing
countries keeps directing its research towards the best available technology, namely the dirty one.

In our model, the manifestation of an environmental disaster is mainly a function of the
length of this catching-up period. Once clean technologies have become as productive as dirty
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technologies, the risk of an environmental disaster falls to zero because dirty inputs will not
be produced anymore. Therefore, if environment quality does not degenerate to is lower bound
during this catching-up period, an environmental disaster will be avoided. However, if innovation
is possible in the developing countries, it might be that this catching-up period lasts forever and
that an environmental disaster occurs anyway. This is so when researchers started innovating on
dirty energies and that the productivity of the latter evolves faster than the productivity of the
clean technologies.

Two policies may be undertaken in order to avoid such an environmental disaster. Both aims
at reducing the length of the catching-up period. The first one consists in speeding up the growth
rate of the world clean technology frontier. The second one consists in stopping the productivity
growth of the dirty sector. Further research should consist in evaluating accurately the economic
costs of these interventions in order to design what is the best policy to be implemented.
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A Mathematical appendix

A.1 Solution for equation (3)

The first order conditions of (3) with respect to any ⌫ at time t are given by
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A.3 Solution for equation (15) and (16)

FOC are given by
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A.4 Solution for the clean sector productivity di↵erence equation
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A.4.2 Particular Solution

If A
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= Bm

t is proposed as a particular solution, it follows that,
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A.5 Solution for equation (28)
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A.5.1 Homogeneous Solution

Again we have that
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d

C = A

c,0 � Ā
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ABSTRACT 

A central concern in the strategy and innovation management domain is the question to what extent firms can 

appropriate the returns from introducing innovations (e.g. Teece, 1986; Katila, Rosenberger, & Eisenhardt, 2008; 

Ceccagnoli, 2009). Most theoretical and empirical models attest that the degree of appropriation is typically 

incomplete (Arrow, 1962; Mansfield, Schwartz, & Wagner, 1981; Harabi, 1995). Knowledge has inherent 

characteristics of public goods which challenge firms to manage incoming and outgoing knowledge flows 

simultaneously. Knowledge can easily “spill over” to competitors allowing them to free-ride on a firm’s research 

and development (R&D) investment by imitating novel products, processes or services (Teece, 1998). Imitation 

has a negative effect on the rents a firm can generate from having at least a temporary monopoly based on the 

uniqueness of its innovative product. A low degree of appropriability thus means that firms might “under-invest” 

into R&D (Arrow, 1962). 



In this regard, literature is narrowly focused on a firm’s own R&D investment decisions given certain 

degrees of appropriability. The extant innovation literature has however recognized for a long time that a firm’s 

innovation performance does not only depend on internal R&D activities but instead on a skilled bundling of 

internal and external knowledge resources (e.g., Rosenkopf & Nerkar, 2001; Katila, 2002; Cassiman & 

Veugelers, 2006). In fact, many firms have opened up their innovation processes and search deliberately for 

external knowledge from sources such as customers, suppliers, competitors or universities (Chesbrough, 2003). 

Surprisingly little is known how different degrees of appropriability affect the decision of firms to search for 

knowledge externally. In this paper, the primary concern of our investigation is heterogeneity in appropriability 

degrees at the country level. Governments set institutional rules in a country for what type of innovation can be 

legally protected from imitation (e.g. defining a necessary degree of novelty), for which period of time, at what 

cost and how easily these rights can be enforced (Encaoua, Guellec, & Martinez, 2006). The most prominent 

form of legal knowledge protection is a country’s patent system. We thus deviate from the broad terminology of 

an appropriability regime introduced by Teece (1986) and use the term intellectual property rights (IPR) regime 

to emphasize the country level. 

In this paper, we will argue that a firm’s decision on its own R&D investment as well as its search for 

external knowledge is at least partly (all other factors being held equal) a function of the stringency of the IPR 

regime of its country. Both decisions are not independent from one another as firms require at least a certain 

level of internal R&D to identify and absorb external knowledge (Cohen & Levinthal, 1990, 1989). Moreover, 

we will suggest that firms can increase the effectiveness of their own R&D for achieving innovation 

performance if they select a configuration of external knowledge sources that reflects the stringency of the IPR 

regime. In other words, firms’ R&D is most effective in a less stringent IPR regime when the search targets 

those external knowledge sources with a low risk of misappropriation like, for example, universities and public 

research institutes compared to other knowledge sources like competitors. 



The empirical part of our paper is based on cross-sectional data from the third European Union 

Community Innovation Survey (CIS-3), providing representative information on the innovation processes of 

firms in ten European countries. The data offer the unique opportunity to study differences in IPR stringency in 

the developed Western European market economies Belgium, Germany, Spain, Greece and Portugal and the 

former Central and Eastern European (CEE) command economies Lithuania, Estonia, Hungary as well as the 

Czech and Slovak Republics, which have been in transition since the collapse of the Soviet Union in 1991.  

We find that the stringency of the IPR regime is indeed positively related to a firm’s R&D investments, 

supporting the argument that firms invest more if they can expect to appropriate the returns from their 

investment to a higher degree. Moreover, we find a negative relationship between the stringency of the IPR 

regime and a firm’s search for external knowledge which indicates, on the one hand, a substitution of external by 

internal knowledge generation. On the other hand, knowledge that has been available as a “free” spillover under 

a low stringency IPR regime becomes attractive to trade at markets for technology which reduces a firm’s search 

intensity. Regarding the configuration of knowledge sources a firm chooses we find that those placing higher 

emphasis on knowledge acquisition from universities and public research institutes are associated with higher 

firm performance in countries with low IPR stringency. This finding suggests that firms seek knowledge 

particularly from those sources where the risk of misappropriation is lower. 

Our paper makes several contributions to existing literature. We integrate knowledge appropriation 

theory (e.g. Teece, 1986; Katila, et al., 2008; Ceccagnoli, 2009) with knowledge search theory (e.g. Katila, 2002; 

Laursen & Salter, 2006) to investigate the impact of a country’s IPR regime on firms’ knowledge generation, 

both internally and externally. Our results provide implications for managers on how to adjust innovation 

strategies depending on the degree of IPR stringency. Moreover, while policymakers are well aware that a move 

towards more stringent IPR rules may lift internal firm R&D, our research demonstrates that the IPR regime also 

affects firms’ search for external knowledge. The eventual outcome of an IPR policy change may consequently 

not necessarily be increased innovation performance. Apart from this, since firms typically bundle resources 



before they are deployed (e.g., Black & Boal, 1994), we explore how firms can select a configuration of external 

knowledge sources that increases the effectiveness of their own R&D, depending on the stringency of the IPR 

regime. In this respect, we extend existing literature by identifying the external sources of knowledge that firms 

are actually using in combination to leverage performance. Finally, our findings based on firm behavior in 

European market and transition economies offer important insights into other contexts where IPR regimes are in 

flux, i.e. in emerging or developing countries. 
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Abstract 
This Article scrutinizes experiences with the national and international technical standards for 
several generations of mobile telephony in Europe, Far East Asia and the United States with 
the focus on the recent internationalization of standard-setting process in this field, 
geographical distribution of essential patents under individual standards, and the development 
of intellectual property rights policies applicable to standard-setting processes for mobile 
telephony on the national, regional and international levels. The Article suggests, as an 
efficient way of preventing abuses of essential patents under technical standards, to create an 
environment where several technical standards can compete against each other. It also argues 
that the competition between several technologies is also one of precondition for guaranteeing 
the technological progress in a sustainable way. 
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INTRODUCTION 
 
Over the last few decades, the proprietary technologies protected by the intellectual property 
rights have become to be regularly incorporated into technical standards.1 The change has 
occurred on the national, regional, as well as international level of technical standardization.2 
The use of proprietary technologies in technical standards frequently allows the holders of 
intellectual property rights3 to exercise a considerable power in technical standardization, 
especially when obtaining of license to their intellectual property rights is essential for the 
standard’s implementation.4 This often leads to the strategic uses of essential intellectual 
property rights in favor of their right holders. It is therefore not surprising that the intellectual 
property rights related issues regularly cause tensions and frictions between the concerned 
stakeholders. The tensions and frictions are even more severe when some of important 
stakeholders have not been involved in the standardization process. Despite the fact that any 
standardization process is a very technical activity accessible only to a limited group of 
technicians, there have already been a number of highly publicized disputes concerning the 
intellectual property rights related issues under technical standards within, as well as between, 
several countries over the last two decades.5 

During developing of technical standard, the intellectual property rights covering 
proprietary technologies which are essential for the adoption and implementation of drafted 
standard can allow their holders to significantly shape the standard’s scope and content. The 
right holders’ influence on a standard-setting process can have several forms of opportunistic 
activities which can range from an inclusion of their proprietary technologies into, or an 
exclusion of other proprietary technologies from, the scope of drafted standard, to a 
temporary or permanent holdup of entire standardization process.6 

                                                 
1 See, e.g., Rudi Bekkers and Isabelle Liotard, European Standards for Mobile Communications: The Tense 
Relationship between Standards and Intellectual Property Rights, (1999) EUR. INTELL. PROP. REV. 110, 120-122 
(outlining how the conditions for the incorporation of proprietary technologies into the European standard for the 
second generation of mobile telephony have changed over the time). 
2 For an outstanding empirical analysis of intellectual property rights policies adopted by various standard-
setting organizations, see Mark A. Lemley, Intellectual Property Rights and Standard-setting Organizations, 90 
CAL. L. REV. 1889, 1904-1906 (2002). For the history and current situation of intellectual property rights policy 
governing the use of essential patents under the GSM (global system for mobile communications) and UMTS 
(Universal Mobile Telecommunications System) standards, see, e.g., Bekkers and Liotard, supra note 1, at 120-
122 (outlining the history of adopting the intellectual property rights policy by the European Conference of 
Postal and Telecommunications Administrations (CEPT) and the European Telecommunications Standards 
Institute (ETSI), the two bodies responsible for setting technical standards for telecommunications in different 
time periods in Europe); Rudi Bekkers and Joel West, The Limits to IPR Standardization Policies as Evidenced 
by Strategic Patenting in UMTS, 33 TELECOM. POL’Y 80, 81, 93 (2009) (presenting the development of ETSI’s 
intellectual property rights policy and attempts to improve it with regard to experiences from setting and 
implementing the UMTS standard). 
3 In the case of information and communication technologies, the affected intellectual property rights can be 
composed of various exclusive rights, such as those covered by copyrights, patents or designs. 
4 See, e.g., Rudi Bekkers, Geert Duysters and Bart Verspagen, Intellectual Property Rights, Strategic Technology 
Agreements and Market Structure: The Case of GSM, 31 RES. POL’Y 1141 (2002) (analyzing the situation under 
the Global System for Mobile Communications (GSM) standard for the second generation of mobile telephony); 
Bekkers and West, supra note 2 (analyzing the situation in case of setting international standards for the third 
generation of mobile telephony). 
5 See, e.g., Dell Computer, 121 F.T.C. 616 (1996); Broadcom Corp. v. Qualcomm Inc., 501 F.3d 297 (3d Cir. 
2007); Rambus Inc. v. Fed. Trade Comm’n, 522 F.3d 456 (D.C. Cir. 2008). For the outline of trade disputes and 
negotiations concerning technical standards between the U.S. and China, see, e.g., An Baisheng, Intellectual 
Property Rights in Information and Communications Technology Standardization: High-Profile and Potential 
for Collaboration Between the United States and China, 45 TEX. INT’L L.J. 175, 177-82 (2009). 
6 See, e.g., International Telecommunication Union, ITU Warns That CDMA-Based RTT Proposals for IMT-
2000 Could Be Excluded from Further Consideration if IPR Stalemate Is Not Resolved by the Year End, 
http://www.itu.int/newsarchive/press_releases/1998/34.html (last visited Jun. 20, 2010). 



INTERNATIONAL TECHNICAL STANDARDS AND ESSENTIAL PATENTS 

3 

Even once an agreement is reached with all the holders of essential intellectual 
property rights, further tensions and frictions can reemerge after the adoption of technical 
standard incorporating proprietary technologies. The strategic licensing of essential 
intellectual property rights and the terms and conditions under which they are licensed can 
have a significantly impact on the standard’s implementation, the market structure, even the 
technological progress in a particular field. For instance, several court litigations 7  and 
competition authorities’ investigations8 have been initiated in many jurisdictions around the 
world with regard to Qualcomm’s practices of licensing its portfolio of essential patents for 
the implementation of technical standards for the third generation of mobile telephony. 

The proliferation of proprietary technologies in technical standards has not only 
brought tension between leading companies in their fields of technologies. It has also brought 
a further type of tensions which affect international trade between developed countries and 
emerging economies, such as China, South Korea or Taiwan. As the national technical 
standards can create non-tariff barriers to international trade, the Agreement on Technical 
Barriers to Trade (hereinafter as “TBT Agreement”)9 requires the World Trade Organization 
(WTO) members to use international standards as a basis for their national technical 
regulations10 and standards.11 The problem occurs when an international standard incorporates 
proprietary technologies controlled by entities which do not provide their technologies free of 
charge. It is often the case of many international standards for high technologies, which are 
controlled mainly by companies from developed countries. The burden to clear all intellectual 
property rights which are essential for the implementation of such international standards is 
perceived by a number of emerging economies as too burdensome. 

To change the current status quo, China has adopted an ambitious plan to play a more 
important role in international standardization than it has played until now.12 The plan expects 
that more international technical standards will be based on the Chinese indigenous 
technologies in the future than at the present. Hence, several Chinese companies work on 
developing and improving technical standards, which could be exported worldwide and would 
be based on indigenous technologies developed by Chinese companies alone or in cooperation 
                                                 
7  See, e.g., LawyersandSettlements.com, Qualcomm Settles Patents and Royalties Suit for $891 Million, 
available at http://www.lawyersandsettlements.com/settlements/13403/qualcomm-patent-litigation-lawsuit-
qaulcomm-royaly.html (last visited Nov. 14, 2009) (announcing the settlement between Qualcomm and 
Broadcom Corp.). 
8  See, e.g., Richmond Times-Dispatch, South Korean Regulator Fines Qualcomm Record $208 million, 
http://www2.timesdispatch.com/rtd/business/technology/article/south_korean_regulator_fines_qualcomm_record
_208_million/281696/ (last visited Nov. 14, 2009); Japanese Fair Trade Commission, Cease and Desist Order 
against Qualcomm Incorporated (Tentative Translation), http://www.jftc.go.jp/e-
page/pressreleases/2009/September/090930.pdf (last visited Nov. 14, 2009). 
9 Agreement on Technical Barriers to Trade, Apr. 15, 1994, Marrakesh Agreement Establishing the World Trade 
Organization, Annex 1A, Agreements on Trade in Goods [hereinafter TBT Agreement]. 
10 TBT Agreement, supra note 9, art. 2.4. Pursuant to TBT Agreement, supra note 9, annex 1(1), the compliance 
with technical regulation is mandatory. 
11 TBT Agreement, supra note 9, annex 3(F). Pursuant to TBT Agreement, supra note 9, annex 1(2), the 
compliance with technical standard is not mandatory. 
12 See, e.g,  Richard P. Suttmeier and Xiangkui Yao, China’s Post-WTO Technology Policy: Standards, Software, 
and the Changing Nature of Techno-Nationalism, NBR SPECIAL REPORT (2004); Richard P. Suttmeier, A New 
Technonationalism? China and the Development of Technical Standards, 48(4) COMMUNICATIONS OF THE ACM 
35 (2005), available at http://china-us.uoregon.edu/pdf/newTechnNatChina.pdf (last visited Jun. 20, 2010); 
Richard P. Suttmeier, Xiangkui Yao and Alex Zixiang Tan, Standards of Power? Technology, Institutions, and 
Politics in the Development of China’s National Standards Strategy, NBR SPECIAL REPORT (2006); available at 
http://www.inmetro.gov.br/qualidade/comites/CBN_paises/china.pdf (last visited Jun. 20, 2010); Scott Kennedy, 
Richard P. Suttmeier and Jun Su, Standards, Stakeholders, and Innovation: China’s Evolving Role in the Global 
Knowledge Economy, NBR SPECIAL REPORT No. 15 (2008); available at http://china-
us.uoregon.edu/pdf/StandardsStakeholders.pdf (last visited Jun. 20, 2010); Cong Cao, Denis Fred Simon and 
Richard P. Suttmeier, China’s Innovation Challenge, 11 INNOVATION: MANAGEMENT, POLICY & PRACTICE 253 
(2009), available at http://china-us.uoregon.edu/pdf/chinasInnovationchallenges.pdf (last visited Jun. 20, 2010). 
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with their foreigner partners. At the present, quite a few Chinese standards for various high 
technologies have been developed or are in high stages of their development.13 They range 
from high-definition optical disc 14  and compression technology for audio and video 
recordings15 to mobile telephony16 and other communication technologies.17 

As the main aim of Chinese initiative in the field of technical standardization is to 
challenge the hegemony of U.S., European and Japanese companies which control huge 
portfolios of essential patents for numerous technical standards adopted by various standard-
setting organizations or private consortia, the situation in China is carefully monitored with its 
main trading partners. Several developments concerning the Chinese national standards have 
already caused trade disputes on various levels of trade negotiations between the U.S. and 
China.18 

The abovementioned cases together with other cases of abusing essential intellectual 
property rights under technical standards 19  show that the proliferation of proprietary 
technologies under technical standards brings multilayered tensions between the concerned 
stakeholders within and between many countries. To solve the tensions, several studies on the 
use of intellectual property rights in technical standards on the national, regional, as well as 
international level have been conducted by scholars, 20  standard-setting organizations, 21 
national competition authorities,22 as well as international organizations, such as the World 
Intellectual Property Organization (WIPO),23 the United Nations Conference on Trade and 
Development (UNCTAD),24 as well as the WTO.25 

                                                 
13 See Suttmeier, Yao and Tan, supra note 12, at 29 (chart containing several Chinese standard initiatives); 
Indrajit Basu, China and the Art of (Standards) War, ASIA TIMES ONLINE, Apr. 13, 2006, available at 
http://www.atimes.com/atimes/China_Business/HD13Cb05.html (last visited Jun. 20, 2010). 
14 See, e.g., Leo Lewis, China Blue High-Definition Disc (CBHD) Launches as Challenge to Blue-Ray, The 
Times Jul. 30, 2009 (the CBHD (China Blue High-Definition Disc) standard), available at 
http://business.timesonline.co.uk/tol/business/markets/china/article6732410.ece (last visited Jun. 20, 2010). 
15 See, e.g., Suttmeier, Yao and Tan, supra note 12, at 19-24 (outlining the history of developing the AVS 
(Audio Video Coding Standard of China) standard); Wen Gao, Why China Wants Its Own Digital Video 
Standard, IEEE SPECTRUM June 2007, available at http://spectrum.ieee.org/consumer-
electronics/standards/why-china-wants-its-own-digital-video-standard (last visited Jun. 20, 2010). 
16 See, e.g., Suttmeier, Yao and Tan, supra note 12, at 17-19 (outlining the history of developing the TD-CDMA 
(Time Division-Synchronous Code Division Multiple Access) standard). 
17 See Suttmeier, Yao and Tan, supra note 12. 
18 See, e.g., Baisheng, supra note 5, at 177-82. 
19 See, e.g., Dell Computer, 121 F.T.C. 616; Rambus v. FTC, 522 F.3d 456. 
20 See, e.g., Carl Shapiro, Navigating the Patent Thicket: Cross Licenses, Patent Pools, and Standard Setting, in 
INNOVATION POLICY AND THE ECONOMY VOL. 1 119 (Adam B. Jaffe, Josh Lerner and Scott Stern eds., 
Cambridge, MA: MIT Press, 2000); Joseph Farrell, John Hayes, Carl Shapiro and Theresa Sullivan, Standard 
Setting, Patents, and Hold-Up, 74 Antitrust L.J. 603 (2007); STANDARDS AND PUBLIC POLICY (Shane Greenstein 
and Victor Stango eds., Cambridge: Cambridge University Press, 2007). 
21  See, e.g., ITU Telecommunication Standardization Sector, TSB Director’s Ad Hoc Group on IPR, 
http://www.itu.int/ITU-T/othergroups/ipr-adhoc/ (last visited Jun. 20, 2010), ETSI, Standards, IPRs and 
Competition, EU-China Symposium, Oct. 31, 2007, available at 
http://www.etsi.org/WebSite/NewsandEvents/IPRSymposium/IPRSymposiumHome.aspx (last visited Jun. 20, 
2010)  
22  See, e.g., U.S. Department of Justice and the Federal Trade Commission, Antitrust Enforcement and 
Intellectual Property Rights: Promoting Innovation and Competition (Apr. 2007), available at 
http://www.ftc.gov/reports/innovation/P040101PromotingInnovationandCompetitionrpt0704.pdf  (last visited 
Jun. 20, 2010); Federal Trade Commission, Federal Trade Commission, Department of Justice, and U.S. Patent 
and Trademark Office to Hold Workshop on Promoting Innovation, available at 
http://www.ftc.gov/opa/2010/05/ipworkshop.shtm (last visited Jun. 20, 2010). 
23 WIPO, Standing Committee on the Law of Patents, Standards and Patents, SCP/13/2 (Feb. 18, 2009). 
24 UNCTAD-ICTSD, Addressing the Interface between Patents and Technical Standards in International Trade 
Discussions, POLICY BRIEF NO. 3, Feb. 2009, available at http://www.unctad.org/en/docs/iprs_pb20093_en.pdf 
(last visited Jun. 20, 2010). 
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This Article scrutinizes several adopted or proposed strategies to prevent abuses of 
essential patents and other shortcoming related to the inclusion of proprietary technologies 
into technical standards. Contrary to conventional views in this field, it puts forward that the 
government and law should interfere with technical standardization and conditions under 
which proprietary technologies are incorporated into technical standards as less as possible. If 
the national governments are to interfere with technical standardization, they should restrict 
their interference to two possible ways. First, the government can stimulate technological 
progress and thus development of technical standards by providing funds for research and 
development of new technologies. However, the funds should be provided on a competitive 
basis in order to prevent market distortions. Second, the government can efficiently initiate a 
standardization process, but it should refrain to obtain any control over a standardization 
process. On the other hand, a government should create a necessary legal framework to 
guarantee competition of technical standards based on different, competing technical 
solutions. Accordingly, the Article suggests, as an efficient way of preventing various 
opportunistic activities related to technical standards and use of proprietary technologies 
incorporated into technical standards, to level the playing field for competition of different 
technical standards. 

In order to provide a broader perspective on studied controversies, Section I outlines 
the relationships between network industries, technical standards, proprietary technologies 
and international trade. Section II then examines the history of employing proprietary 
technologies in the telecommunication standards. Section III scrutinizes the experiences with 
the inclusion of proprietary technologies into the technical standards for individual 
generations of mobile telephony. It points out opportunistic activities from the side of national 
governments or private entities, such as strategic standardization and patenting, and the ways 
of how to minimize their negative impacts on national markets and international trade. Based 
upon the experiences with technical standardization for individual generations of mobile 
telephony, Section IV argues that various opportunistic activities related to technical 
standardization, such as royalty stacking, standard and patent holdups or other abuses of 
essential patents, can be minimized or even prevented by creating an environment where 
several technical standards based on different technical solutions can efficiently compete 
against each other. Accordingly, the main aim of TBT Agreement should not be the use of 
single international standards worldwide, but it should be the creation of environment where 
several international standards can be adopted in a transparent, open and impartial way and 
with the consensus within the industry on the national, regional and international level. The 
Article thus concludes that the competition between different technical solutions is essential 
for the future technological progress and is beneficial for all the concerned stakeholders. 

 
 

1. NETWORK INDUSTRIES, STANDARDS AND INTERNATIONAL TRADE 
 
The standards can play different roles ranging from setting minimum quality and safety 
requirements to achieving compatibility and interface between interoperating technologies.26 
As this Article focuses on information and communication technologies used in a variety of 
communication networks, its analysis mainly concentrates on the compatibility and interface 

                                                                                                                                                         
25 See, e.g., WTO, World Trade Report 2005: Exploring the Links between Trade, Standards and the WTO 
(2005), available at http://www.wto.org/english/res_e/booksp_e/anrep_e/world_trade_report05_e.pdf (last 
visited Jun. 20, 2010); WTO, Committee on Technical Barriers to Trade, Summary Report of the TBT Workshop 
on the Role of International Standards in Economic Development, 16-17 March 2009, G/TBT/W/310 (May 20, 
2009). 
26 See, e.g., Knut Blind and Andre Jungmittag, The Impact of Patents and Standards on Macroeconomic Growth: 
A Panel Approach Covering Four Countries and 12 Sectors, 29 J. PROD. ANAL. 51, 52 (2008). 
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standards which guarantee the smooth operation of communication networks built by 
combining various information and communication technologies provided by diverse 
manufacturers. 

To unravel the foundations of above-described tensions and frictions concerning the 
use of proprietary technologies in technical standards, this Section enquires into the role of 
technical standards and proprietary technologies under technical standards in information and 
communication technologies. The technical standards are sources of codified knowledge, 
which guarantee fast and efficient diffusion of new technologies by knowledge spillovers, 
which can be beneficial not only for the companies participating in the standard-setting 
process, but also for other competitors and the entire field of industry.27 However, there are 
several factors affecting this function of technical standards, such as the restrictions on the 
participation in technical standardization and the incorporation of local indigenous knowledge 
into technical standards. Both factors can considerably restrict the accessibility of technical 
standards and their codified knowledge to companies excluded from standardization process 
or foreign companies. Accordingly, the Section starts by outlining the types of technical 
standards and their use in information and communication technologies. It then examines (a) 
the conditions under which a company is willing to participate in an open standardization 
organized by a public standard-setting organization and under which it gives preference to a 
standardization conducted by various private consortia with restricted participation; and (b) to 
what extent the technical standards can affect international trade and business activities of 
companies from developed and developing countries. 

 
1.1. Standards and Information and Communication Technologies 

 
The information and communication technologies heavily rely on network effects.28  The 
broader the information and communication network is, the stronger the network effects are. 
The network size affects the supply side, as well as the demand side of market with 
communication technologies. The more people use a particular communication technology, 
the more valuable the technology becomes for its users, since they can communicate with 
more users. In addition, the network size induces new users to start using such communication 
technology. On the other hand, the sufficient size of demand gives necessary incentives to 
other manufacturers to enter into the market by providing a particular communication 
technology. It brings a higher and more severe competition between individual manufacturers 
as to prices, quality or additional functions, features or services. 

In addition to the abovementioned direct network effects, further network effects can 
occur, when consumers are provided with complementary goods or services to the main 
communication devices, such as eBooks, music or movies for downloading to mobile phones. 
In this way, the users of mobile phones are provided with additional benefits of using mobile 
phones. The provision of complementary goods or services also induces other individuals to 
acquire a particular communication technology. It thus creates so-called indirect network 
effects on demand and supply sides. 

To achieve the necessary network effects and economies of scale, the compatibility 
between individual devices, components or systems is essential. It is accomplished by setting 
technical standards, which attain necessary compatibility on several levels. On the level of 
components, the technical standards ensure the components’ minimal quality and main 

                                                 
27  See G. M. Peter Swann, The Economics of Standardization: Final Report for Standards and Technical 
Regulations Directorate Department of Trade and Industry, at 15-19 (2000), available at 
http://www.dti.gov.uk/files/file11312.pdf (last visited Jun. 20, 2010). 
28 For an outline of network effects, see, e.g., Joseph Farrell and Paul Klemperer, Coordination and Lock-In: 
Competition with Switching Costs and Networks Effects, in HANDBOOK OF INDUSTRIAL ORGANIZATION VOL. 3 
1967 (2007). 
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features. The standards allow that the component suppliers can compete as to quality, price 
and additional functions or features of their components, while their goods remain compatible. 
The manufacturers of final devices can then benefit from high competition between producers 
of individual components, which are mutually substitutable. 

On the other hand, the compatibility on the system level allows interoperability 
between different devices. In cases of mobile telephony, it guarantees that handsets can 
smoothly communicate with base stations and switching facilities designed and manufactured 
by other suppliers. In addition, it allows developing and marketing of complementary services 
or products which are built upon the main system. If the formats for eBooks, music or videos 
are set and therefore supported by systems of individual handsets, the complementary services 
providing a variety of entertainment content for downloading to handsets can be developed. 
They can considerably increase the value of mobile communication services and handsets for 
individual users. 

The technical standards can be set in several ways. They can be adopted de facto, de 
iure or in other formal way. The first, the de facto standards are standards which are adopted 
by individual entrepreneurs and which have achieved the level of wide recognition within the 
industry. It can often be the result of first mover effect. When an entrepreneur enters into the 
market with a new technology before other competitors, it can acquire a considerable part of 
market or even can completely dominate it. The technology can therefore become the 
standard within the industry due to its position on the market and the respective network 
effects. For instance, Microsoft’s operation systems Disk Operating System (MS-DOS)29 and 
Windows have become the standards used for the operation systems of personal computers as 
a result of their dominance in the field of operation systems for personal computers the world 
around. 

The de facto standards are habitually proprietary and their adoption by the industry 
gives a considerable market power to the companies owning the essential intellectual property 
rights for their implementation. In the past, more than a few cases can be found, where several 
main competitors competed with each other to establish their technologies as de facto 
standards,30 such as in case of Betamax-VHS format war,31 Netscape and Internet Explorer 
browser war,32 or more recently the war between HD-DVD and Blu-ray standards. 

Contrary to de facto standards, the de iure and other formal standards require for their 
adoption a formal process which can be open to a broad public discussion within the industry 
and with other concerned stakeholders. The degree to which the actual standardization process 
is open depends upon a particular standard-setting procedure. The de iure standards are set as 
binding standards by a public authority. While they were quite common in the past, nowadays 
they are more an exception than the rule. 

Due to the deregulation movement in the last thirty years, the recent trends in 
standardization is to move from de iure standards to other formal standards which are adopted 
by private consortia or public standard-setting organizations. The technical standards of this 
kind are adopted in a broad cooperation with affected manufacturers and other stakeholders 
active in the concerned market segment. In principle, the standards adopted by private 

                                                 
29  See, e.g., Neil Gandal, Shane Greenstein and David Salant, Adoptions and Orphans in the Early 
Microcomputer Market, 47 J. IND. ECON. 87 (1999) (analyzing the reasons why MS-DOS has become de facto 
standard for operation systems of personal computers). 
30 See, e.g., JEFFREY H. ROHLFS, BANDWAGON EFFECTS IN HIGH-TECHNOLOGY INDUSTRIES (Cambridge, MA: 
MIT Press, 2001). 
31 See, e.g., JAMES LARDNER, FAST FORWARD: HOLLYWOOD, THE JAPANESE, AND THE VCR WARS (New York, 
NY: W.W. Norton & Company, 1987); Hiroshi Ohashi, The Role of Network Effects in the US VCR Market, 
1978-1986, 12 J. ECON. & MANAG. STRAT. 447 (2004). 
32  See, e.g., Timothy F. Bresnahan and Pai-Ling Yin, Standard-setting in Markets: The Browser War, in 
STANDARDS AND PUBLIC POLICY 18 (Shane Greenstein and Victor Stango eds., Cambridge: Cambridge 
University Press, 2007). 
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consortia or public standard-setting organizations are voluntary. They can become binding, 
when an individual manufacturer decides to manufacture its products in compliance with the 
standard. Another option is that legislation or other regulation adopted by a public authority in 
charge expressly refers to a standard as binding for a particular type of products. 

 
1.2. Standards and Proprietary Technologies 

 
The standardizations conducted by public standard-setting organizations and private consortia 
are voluntary. There are several factors affecting the willingness of individual companies to 
participate in the voluntary standardization, such as the costs of, and benefits from, the 
participation, the market structure and dynamics, and the company’s market position. The 
willingness to participate and the actual participation in individual voluntary standardizations 
therefore vary from a company to another. 

In sectors which highly depend on the R&D activities, the size of company’s 
intellectual property rights portfolio is a good indicator of company’s willingness to 
participate in a voluntary standardization. The relationship between the essential patent 
portfolio and the willingness to participate in any voluntary standardization has the shape of 
reverse U-shape function.33 Put more bluntly, the willingness to participate in a voluntary 
standardization process increases, until a certain point, with the possession of proprietary 
technology which is essential for a particular technical standard. The companies which do not 
control any substantial share of proprietary technologies necessary for a drafted technical 
standard prefer to participate in standardizations conducted by public standard-setting 
organizations and broad private consortia. The open standardization process allows them to 
secure their interests better than the closed standardization process dominated with a few 
leading companies in the field. 

The situation changes when an entity acquires a substantial share of proprietary 
technology in a field. From this tipping point, the company’s willingness to participate in a 
voluntary standardization decreases. The company starts to prefer to participate in 
standardization processes conducted by small private consortia to those done by any public 
standard-setting organizations. 

At the end of spectrum are companies able to independently and fully develop their 
own technical solutions which can succeed on the market in becoming recognized as de facto 
standards within the industry. These companies are rarely willing to participate on any formal 
standardization process, be it conducted by a standard-setting organization or a private 
consortium. 

 
1.3. Standards and International Trade 

 
The national technical standards can raise barriers to importing goods manufactured by 
foreign companies. Any imported communication device which is incompatible with the 
national mandatory standard is worthless in that country despite the fact that it can be 
technologically superior to comparable devices available on the market. It is especially 
applicable in case of mobile phone handsets and technical standards for mobile telephony.  

To make easier for manufacturers to place their production on foreign markets, the 
trade barriers in form of different national technical standards, in addition to other tariff and 
non-tariff barriers, are deemed to be necessarily removed. While the larger international 
market allows individual producers to benefit from economies of scales, it also exposes them 
to more severe competition. It does not only force producers to rationalize their production 

                                                 
33  See Knut Blind and Nikolaus Thumm, Interrelation between Patenting and Standardisation Strategies: 
Empirical Evidence and Policy Implications, 33 RES. POL’Y 1583 (2004). 
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and to exploit more efficiently their limited resources, but it creates an environment in which 
consumers can benefit from higher variety of goods as to their quality, utilities and prices. 

The harmonization of technical standards is therefore seen to be essential for 
international trade. The TBT Agreement thus requires the WTO members to use international 
standards as a basis for their technical regulations34 and standards.35 The WTO members are 
required not only to use existing international standards, but also the international standards, 
the completion of which is imminent.36 The duty’s strength is ameliorate in cases where the 
“international standards or relevant parts would be an ineffective or inappropriate means for 
the fulfillment of the legitimate objectives pursued, for instance because of fundamental 
climatic or geographical factors or fundamental technological problems.”37 However, this 
restriction is interpreted very narrowly that it is applicable only in exceptional circumstances. 

The scattered empirical studies on the role of technical standards in international trade 
do not, however, clearly support the full harmonization of technical standards. It applies 
especially to the studies which examine the impact of technical standards on the economic 
growth of individual countries. Although the studies prove that technical standards together 
with patents play an important role in the economic growth of individual countries, they 
discovered that only national technical standards together with the stocks of national patents 
have contributed to the national economic growth.38 On the other hand, the regional and 
international standards have much lower and in some countries even no impact on national 
economic growth.39 There are several possible explanations of these findings. 

As technical standards are sources of codified knowledge, the national technical 
standards codify the technical knowledge characteristic for a particular country. Such codified 
knowledge can then be more suitable and accessible for domestic than foreign companies. On 
the one side, such technical standards are very suitable for the dissemination of technical 
knowledge codified in the standards within a particular geographical area. On the other side, 
they actually build a barrier for foreign companies, since they are less accessible to foreign 
than domestic companies. They can thus be beneficial for domestic companies and harmful 
for foreign competitors. 

In this regard, the companies from developing countries are in a worse position than 
those from developed ones. The empirical studies focusing on the impact of national 
standards on the export of developing countries show that harmonized standards are more 
beneficial for developing countries than the regional and national technical standards. 40 

                                                 
34 TBT Agreement, supra note 9, art. 2.4. 
35 TBT Agreement, supra note 9, annex 3(F). 
36 TBT Agreement, supra note 9, art. 2.4 (concerning the technical regulations) and annex 3(F) (concerning the 
technical standards). 
37 See id. 
38 See, e.g., Andre Jungmittag, Knut Blind and Hariolf Grupp, Innovation, Standardisation and the Long-Term 
Production Function: A Cointegration Analysis for Germany 1960-96, 119 ZEITSCHRIFT FÜR WIRTSCHAFTS- 
UND SOZIAL-WISSENSCHAFTEN 205 (1999); Paul Temple, Robert Witt and Chris Spencer, Institutions and Long-
Run Growth in the UK: The Role of Standards, in THE EMPIRICAL ECONOMICS OF STANDARDS: DTI ECONOMICS 
PAPER NO. 12, at 39 (2005), available at 
http://www.dius.gov.uk/assets/biscore/corporate/migratedd/publications/f/file9655.pdf (last visited Jun. 20, 
2010). 
39 See Blind and Jungmittag, supra note 26, at 57-58. 
40  See, e.g., Benjamin J. Taylor and John S. Wilson, Harmonized International Standards Do Matter to 
Developing Country Exports (2008), available at 
https://www.ptb.de/lac/fileadmin/redakteure/dokumente/WB__2008__Harmonized_International_Standards_Do
_Matter_to_Developing_Country_Exports.pdf (last visited Jun. 20, 2010); Witold Czubala, Ben Shepherd, and 
John S. Wilson, Help or Hindrance? The Impact of Harmonised Standards on African Exports, 18 J. AFR. ECON. 
711 (2009). 
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Conversely, the regional standards do not present too considerable barriers for multinational 
enterprises from developed countries.41 

At the same time, it should be pointed out that individual national technical standards 
can vary as to their impact on sales of companies from a particular exporting country. For 
instance, the study on the impact of national color TV broadcasting standards on individual 
color TV set markets shows that the market share of Japanese companies was higher in the 
United States than in the European countries.42 The study explains this difference by the use 
of several different national standards on the concerned markets. While the U.S. used the 
NTSC standard which was also used in Japan, the European countries employed two different 
standards—PAL developed in Germany and SECAM developed in France. The differences in 
market shares held by the Japanese manufacturers in individual markets might also be 
explained by the strong position of local manufacturers of TV sets on main European markets, 
especially in France and Germany. 

A further interesting insight into the role of standards and intellectual property rights 
in the economic growth provided by an empirical study conducted by Knut Blind and Andre 
Jungmittag is that the role of standards have been considerably decreased over the last few 
decades in main European economies, such as Germany, United Kingdom and Italy. 43 The 
trend is not so strong only in France.44 Blind and Jungmittag show that while the standards 
play an important role in the low- and medium-tech industries, in the high-tech industries the 
stock of intellectual property rights and especially patents has a several-times higher impact 
on the economic growth than the stock of national technical standards.45 

 
 
2. TELECOMMUNICATION TECHNOLOGIES, STANDARDS AND ESSENTIAL PATENTS 

 
Patents play an important role in guaranteeing, to inventors and their investors, the possibility 
to commercially exploit their competitive advantages, which are achieved by inventing new 
technologies satisfying all the patentability requirements, against other competitors. 46 
Although it might be expected that due to their character and importance, patents have played 
the same role in innovation processes within the information and communication technology 
sector over long time period,47 the opposite is true. The role of patents and their impact on 
designing new technologies and technical standards in the telecommunications field have 
considerably changed over the time.48 
 
                                                 
41 See Silja Baller, Trade Effects of Regional Standards Liberalization: A Heterogeneous Firms Approach, 
POLICY RESEARCH WORKING PAPER NO. 4124, at 24 (Washington, DC: World Bank, 2007). 
42 See Neil Gandal, Quantifying the Trade Impact of Compatibility Standards and Barriers: An Industrial 
Organization Perspective, in QUANTIFYING THE IMPACT OF TECHNICAL BARRIERS TO TRADE: CAN IT BE DONE? 
137, 145-47 (Keith E. Maskus and John S. Wilson eds., Ann Arbor: University of Michigan Press, 2001). 
43 See Blind and Jungmittag, supra note 26, at 55-56. 
44 See id., at 56-57. 
45 See id., at 55-57. 
46 For obtaining a patent to any invention, the invention must satisfy the requirements of patentability. It must 
belong to one of patentable subject matters, it must be novel, and it must have the character of inventive step 
with necessary utility. 
47 For more details on the history of telecommunications worldwide, see, e.g., ROBERT J. CHAPUIS, 100 YEARS 
OF TELEPHONE SWITCHING: PART 1 MANUAL AND ELECTRO-MECHANICAL SWITCHING (1978-1960S) (Amsterdam: 
IOS Press, unrev. 2nd ed., 2003) (1982); ROBERT J. CHAPUIS AND AMOS E. JOEL, 100 YEARS OF TELEPHONE 
SWITCHING: PART 2 ELECTRONICS, COMPUTERS AND TELEPHONE SWITCHING (1960-1985) (Amsterdam: IOS 
Press, unrev. 2nd ed., 2003) (1990); ANTON A. HUURDEMAN, THE WORLDWIDE HISTORY OF 
TELECOMMUNICATIONS (Hoboken, NJ: John Wiley & Sons, 2003); ELI M. NOAM, TELECOMMUNICATIONS IN 
EUROPE (New York, NY: Oxford University Press, 1992). 
48 For a historical outline of the role played by patents in innovation processes in the telecommunication field, 
see, e.g., Bekkers and Liotard, supra note 1, at 115. 
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2.1. Changing Role of Patents and Standards in the History of Telecommunications 
 
At the advent of telecommunications sector when the commercial use of early communication 
technologies such as telegraphy and telephony was still only emerging, the patents played a 
crucial role. The holders of patents essential for the commercial exploitation of protected 
technologies were able to considerably restrict other competitors for necessary time by the 
strategic use of these powerful tools in order to gain emerging markets. For instance, the 
patents allowed the American Bell Telephone Company (currently, AT&T Inc.) to acquire 
and concentrate its market power in telecommunications in the United States at the end of 
nineteenth century so that it could keep its position on the market until the present. 

The situation considerably changed after the major growth and consolidation of 
telephone systems in individual countries. The role of patent rights in telecommunication 
technologies gradually declined. The operators which dominated individual national markets 
often developed necessary technologies by themselves or in cooperation with a few selected 
dominant domestic manufacturers of telecommunication systems, equipments and other 
devices. Many main and then often only national operators, such as AT&T, Nippon Telegraph 
& Telephone (NTT) or British Telecommunications (BT), conducted a huge amount of R&D 
activities in the telecommunications field49 or conducted joint R&D activities with closely 
related companies or subsidiaries.50 Many of them or their subsidiaries were thus also main 
holders of essential intellectual property rights to various telecommunication technologies. If 
they decided not to develop necessary technologies by themselves, they solved the issues 
related to the patent rights in their procurement contracts. In that case, the technology 
providers were required to provide the operators with necessary licenses and guaranties. They 
had to guarantee that the provided technology was not infringing any patent held by the third 
parties. In addition, they were often required to undertake to indemnify the operators for 
liability in case of any patent infringement caused by the procured technology and its use. 

The situation has been altered during the last few decades. The liberalization of 
national markets and the establishment of global mobile phone networks have brought 
profound changes in the organization and operation of telecommunications markets. In many 
countries, the then dominant and often only operators of national telecommunications 
networks have been reorganized or even completely dismembered. For instance, the Japanese 
national telecommunications operator, NTT, was reorganized and dismembered 
geographically between NTT East and NTT West as to regional services, and functionally 
between NTT Communications (long-distance services), NTT DoCoMo (mobile phones) and 
NTT Data. 51  These organizational and structural changes were designed to create a 
competitive market by preventing the use of cross-subsidies between different services 
provided by the then incumbent dominant national telecommunications operators. In this way, 
the barriers to entrance of new operators into the national telecommunications markets were 
to be at least partially dismantled.  

Depending upon a country, the aim of liberalizing the national telecommunications 
markets has been either partially or completely achieved. Although the original dominant 
national operators have stayed to play important roles on their respective national 
telecommunications markets, their dominant positions in designing and developing 
information and communication technologies in individual countries have been substantially 
                                                 
49  See, e.g., Masako Wakui, R&D and Intellectual Property in a Changing Japanese Telecommunications 
Market, in JAPANESE TELECOMMUNICATIONS: MARKET AND POLICY IN TRANSITION 150, 153 (Ruth Taplin and 
Masako Wakui eds., Abingdon: Routledge, 2006) (presenting R&D ranking in telecommunications services in 
2003-2004). 
50 See id., at 151-54 (describing the relationship between Nippon Telegraph and Telephone Corporation (NTT), 
the leading telecommunications network operator in Japan and so-called “NTT family”—NEC, Hitachi, Fujitsu 
and Oki—leading manufacturing companies cooperating with NTT). 
51 See id., at 151-52. 
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reduced. The liberalization of national telecommunications markets has also been facilitated 
by the adoption of global mobile phone standards. The global standards allowed easier 
entrance of foreign or start-up telecommunication equipment companies into national markets 
of individual countries. The result is the entrance of new local or global players into national 
markets with information and communication services and technologies. 

The change of telecommunications markets can be clearly observed on the 
development of mobile telephony and the rising importance of patents under communication 
technical standards between individual generations of mobile telephony. Until recently, the 
International Telecommunication Union (ITU) Telecommunication Standardization Sector 
(ITU-T)52 mainly adopted international standards ex post. Only the standards which prevailed 
amongst national telecommunications networks were habitually adopted as international 
standards. But this approach was inapplicable anymore to the adoption of international 
standards for global wireless networks. Accordingly, the ITU-T’s practice has moved from 
adopting technical standards ex post to developing international standards ex ante also in the 
telecommunications sector. 

At the same time, the role of intellectual property rights, especially patents, has 
considerably changed in the regional, as well as international technical standardization over 
the last few decades. The main reason is that the modern wireless communication 
technologies are more technologically sophisticated than previous communication 
technologies. The change in the role of intellectual property rights under technical standards 
in the telecommunications sector allowed several companies to acquire a considerable market 
share and to shape the organization of market with communication technologies by their 
strategic patenting activities during the adoption and implementation of individual technical 
standards.53 The change has occurred gradually over a longer time period and therefore it has 
had different consequences under individual generations of mobile telephony. 

 
2.2. First Generation of Mobile Telephony and Closed, Proprietary Standards 
 

Due to the considerable concentration of national markets and the lack of fully developed 
international market with telecommunications services until 1990s, the first generation of 
mobile telephony was characterized by the non-existence of any global technical standard 
which would be used worldwide. Individual countries adopted diverse, often proprietary and 
closed technical standards which were developed directly by their national 
telecommunications network operators or in cooperation with one or a few domestic 
manufacturers of telecommunication systems, equipments or other devices. It was the case of 
MCS standard in Japan,54 C-Netz in Germany,55 Radiocom 2000 in France56 or RTMS2000 in 
Italy.57 

The first move toward regional standardization for mobile telephony was the initiative 
of Nordic countries which adopted a single Nordic Mobile Telephone (NMT) standard. 
Contrary to the abovementioned standards, the NMT standard was free and open. The main 
reason was that the drafters of NMT specification tried to avoid the inclusion of proprietary 
technology into the standard. In addition, the used technology was already available and well-
known at that time. 

                                                 
52 Since its origin in 1865, one of main tasks performed by International Telecommunication Union (ITU) was to 
promote international coordination between expanding domestic telephone networks. 
53 See generally, e.g., Bekkers et al., supra note 4; JEFFREY L. FUNK, GLOBAL COMPETITION BETWEEN AND 
WITHIN STANDARDS: THE CASE OF MOBILE PHONES (Basingstoke: Palgrave, 2002). 
54 See FUNK, supra note 53, at 55-56. 
55 See id., at 60-62. 
56 See id. 
57 See id., at 61-62. 
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In the United States, the Federal Communications Commission (FCC) also adopted a 
free and open standard. The U.S. Advanced Mobile Phone System (AMPS) standard was 
based on the combination of technologies originally developed by AT&T and Motorola. Both 
companies provided their technologies freely for the use in the AMPS standard. One of 
reasons was that AT&T was in a special position at that time. AT&T faced an antitrust 
litigation which was initiated by the U.S. Department of Justice and led to the breakup of 
AT&T at the end.58 Accordingly, several stakeholders demanded that AT&T should not be 
allowed to operate mobile phone networks. Another reason for the relaxed position of AT&T 
and Motorola with regard to the use of their technologies for the AMPS standard was that the 
AMPS standard was quite simple and narrow. It set only air interface contrary to the NMT 
standard which also provided specifications for various other aspects of NMT system such as 
base stations, automatic dialing as well as international roaming. This difference between the 
U.S. and Nordic approach to technical standardization in the field of mobile telephony later 
affected the differences in approaches to the standardization for the second and third 
generation of mobile telephony in the U.S. and Europe. 

The main advantage of both NMT and AMPS standards was that they were free and 
open. It created a necessary environment for the competition between several manufacturers 
which led to the reduction of prices for telecommunication systems and equipments. The 
variety and low prices of available devices provided by numerous manufacturers from 
different countries were the spurs for spreading of both standards to other countries within 
their regions and also to other continents. Despite the fact that the first commercially used 
network of first-generation mobile telephony was launched by the NTT in Japan, the 
penetration of its and other abovementioned closed standards within the countries where they 
were developed was much lower than in case of NMT and AMPS standards. 59  Their 
spreading to other countries was even less limited.60 

A further crucial factor for exporting a technical standard to other countries is the size 
of market on which it is used. Although the NMT standard in the early years of its 
commercial use was the most used mobile phone technology in the world, it was soon overrun 
by the AMPS standard, together with its modified version in the form of UK Total Access 
Communication System (TACS) standard.61 The reason was that the U.S. market was much 
larger than the markets of Nordic countries. Moreover, the adoption of single open standard in 
the U.S. allowed that the U.S. market became one of most developed first-generation mobile 
phone markets in the world.62 Accordingly, the late comers preferred to adopt the U.S. AMPS 
or UK TACS standards contrary to the other abovementioned standards.63 

The division of European market into several national or regional standards caused 
that the European market was heavily underdeveloped comparing to the U.S. market. Even 
the individual national markets, except for those in the Nordic countries and the countries 
which adopted the TACS standard, were characterized by a very low level of mobile phone 
penetration.64 The use of different standards often created significant barriers for foreign 
manufacturers and operators to enter into individual national markets. The potential new 
entrants were considerably limited, since they had experiences with using the technologies 
developed for their main domestic markets. In addition, to develop a new product line 
compatible with a competing technical standard is quite costly and time consuming. 

 

                                                 
58 See id., at 57. 
59 See id., at 56 and 61-62. 
60 See id., at 56 and 62. 
61 See id., at 55 and 57-58. 
62 See id., at 57-58 and 63. 
63 See id., at 57-58 and 62. 
64 See id., at 62. 
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2.3. Second Generation and Partially Open Proprietary Standards 
 

In order to avoid the experience with the first generation of mobile telephony and to support 
competitiveness of European companies against the U.S. and Japanese ones, the European 
institutions, as well as the national governments of individual European countries, perceived 
the setting of European standard for the second generation of mobile telephony as an 
important issue. The task was seen as crucial for the future of European telecommunication 
industry, especially after the failure of Unidata computer project—the European attempt to 
compete with the leadership of IBM in the computer sector.65 Accordingly, contrary to the 
previous international standards in the telecommunications sector, the European technical 
standard for the second generation of mobile telephony was supposed to be ex ante technical 
standard and not ex post one anymore. 

Until 1986, several competing proposals for setting a standard for the second 
generation of mobile telephony in Europe were made. On the one side, four Franco-German 
proposals stemming from the government-subsidized research projects were based on the then 
relatively new code division multiple access (CDMA) or hybrid technologies. They were 
optimized for high-traffic communication systems. On the other side, four Scandinavian 
narrowband proposals using the time division multiple access (TDMA) technologies were 
designed for low-traffic communication systems. Accordingly, it was very difficult to reach 
an agreement on picking up any of them as a basis for setting a technical standard for the 
second generation of mobile telephony for entire Europe. While the German and French 
governments wanted to support only one of their joint designs, the other countries feared that 
those designs were too proprietary to allow creating the dominance of French and German 
industries in mobile telephony on the European market. 

The deadlock’s solution was found when Ericsson entered into cooperation with the 
German company Siemens and later also with a French company Laboratoire Central de 
Télécommunications (LCT). Both strategic alliances allowed the narrowband design 
supported by Ericsson to be adopted as the basis for setting the Global System for Mobile 
Communications (GSM, originally Group Spécial Mobile) standard for the second generation 
of mobile telephony by the European Conference of Postal and Telecommunications 
Administrations (CEPT)—the body then responsible for the European standardization in the 
field of telecommunications—in February 1987. Soon after, the standard’s development was 
transferred to a newly established European Telecommunications Standards Institute (ETSI), 
where the technical details of GSM specifications were laid down between 1988 and 1991. 

The adoption of GSM standard is generally considered as a huge success. As there 
was no international standard for the second generation of mobile telephony adopted at that 
time, the early adoption and openness of European GSM standard, together with the size of 
European market, created an opportunity to export the standard to the countries on other 
continents—Africa, Asia, Australia and even America, which was traditionally dominated by 
the U.S. technical standards. The GSM standard was exported to many countries outside 
Europe, including the U.S. where it covered around 20% of market for the second generation 
of mobile telephony. Contrary to the situation with the first generation of mobile telephony 
when the European market was underdeveloped, comparing with the U.S. market, the 
situation completely changed with the introduction of European single standard—GSM 
standard. While the European market developed quite fast by using the single standard, the 
situation in the U.S was completely opposite. 

The U.S. did not adopt any single standard. It adopted only technical specifications of 
air interface allowing an adoption of different technical standards by individual mobile phone 
operators. At the end, the three standards using two different channel access methods were 

                                                 
65 See, e.g., Bekkers and Liotard, supra note 1, at 111. 
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used on the U.S. market. On the one hand, the GSM standard and the Digital Advanced 
Mobile Phone System (D-AMPS) standard developed in the U.S. were based on the TDMA 
technology. On the other hand, Qualcomm’s Interim Standard 95 (IS-95)—also known as 
cdmaOne—employed CDMA technology. 

The use of several technical standards by individual operators caused that the 
development of U.S. market with the second generation of mobile telephony was not as 
smooth as in Europe or Japan.66 Nevertheless, the U.S. approach allowed competition and 
ongoing development of different technical standards at the same time. It prevented confining 
prematurely technological progress to the technical solution codified in a single technical 
standard. In the long run, the CDMA technology developed and marketed by Qualcomm 
acquired the dominance on the U.S. market, although it was previously rejected as too 
complicated for adopting it as a technical standard for the second generation of mobile 
telephony in the late 1980s and the early 1990s in several countries. Furthermore, the 
experiences with, and the large patent portfolio on, the CDMA technology allowed 
Qualcomm to play an important role in setting international standards for the third generation 
of mobile telephony which is based on the CDMA technology. 

 
2.4. Third Generation and Competing International Standards 

 
The early works on the third generation of mobile telephony started in many main worldwide 
leading economies in the early 1990s even before launching the commercial use of second-
generation mobile phone networks, but the process was largely ignored by many network 
operators who focused at that time on increasing the number of subscribers to their existing 
second-generation networks. 67  In general, there were two streams of designing 
communication technology for the third generation of mobile telephony. One focused on the 
CDMA technology and the other on advancing the TDMA technology. 

In 1995, the European Union established the Universal Mobile Telecommunications 
System (UMTS) task force. This gave an impetus to many companies to join the UMTS 
standardization efforts. In 1996, Japan’s Ministry of Post and Telecommunications set up a 
group to study Japan’s contribution to the standardization of third-generation mobile 
telephony. Before any actual tangible result could be achieved, NTT DoCoMo placed an 
order with ten vendors for an experimental third-generation network and announced 
aggressive schedule for beginning its commercial operation of third-generation mobile phone 
network. The winning standard adopted by NTT DoCoMo was the design supported by Nokia 
and Ericsson and based on the wideband CDMA (W-CDMA) technology.68 

The adoption of NTT DoCoMo’s choice by the Association of Radio Industries and 
Businesses (ARIB), the Japanese standard-setting organization in the telecommunications 
field, also spurred the development of UMTS standard in Europe. However, there were two 
competing technological solutions proposed to be adopted as the UMTS standard at that time. 
In addition to the technical solution supported by Nokia and Ericsson, the two other leading 
European manufacturers—Alcatel and Siemens—advocated for their hybrid solution which 
combined time division and CDMA technology (TD/CDMA). As the ETSI’s members were 
                                                 
66 In Japan, NTT DoCoMo has adopted its own PDC (Personal Digital Cellular) standard, which was designed 
better for the high traffic in the Asian highly populated areas than the original version of GSM standard before 
its modification for the purposes of its usage in Asia. However, the PDC standard has played almost no role 
outside Japan. The PDC standard’s failure to spread to other countries is often assigned to the fact that 
comparing to the GSM standard, the PDC standard was not so open. Furthermore, to avoid the dependence on 
NTT DoCoMo, the Japanese second largest operator KDDI has switched from the PDC standard to Qualcomm’s 
IS-95 standard. 
67  See, e.g., GARRY A. GARRARD, CELLULAR COMMUNICATIONS: WORLDWIDE MARKET DEVELOPMENT 478 
(Norwood, MA: Artech House, 1990). 
68 See, e.g., Bekkers and West, supra note 2, at 82; FUNK, supra note 53, at 207. 
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unable to pick up one of proposed technological solutions between 1997 and 1998, a 
compromise was made to base the UMTS standard on the combination of both technical 
specifications—to incorporate the TD/CDMA elements into the W-CDMA technology. The 
solution was later endorsed by the Japanese industry. The ETSI, together with the ARIB, 
jointly founded the Third-Generation Partnership Project (3GPP) which would be 
responsible for setting the UMTS standard. The respective standard-setting organizations 
from China, South Korea and the U.S. also became the 3GPP members. 

Further hurdles to overcome on the way to the adoption of UMTS technical standard 
based on W-CDMA technology were a dispute between Ericsson and Qualcomm over their 
intellectual property rights and an opposition of Qualcomm, which owned the dozens of 
essential patents on the CDMA technology, to the W-CDMA standardization. Qualcomm 
supported its own CDMA2000 standard developed by the consortium set up by Lucent 
Technologies, Motorola, Nortel and Qualcomm in 1997. Qualcomm’s opposition to the W-
CDMA standardization thus led to a hold-up of entire W-CDMA standardization almost for a 
year, until the solution was found in 1999. The compromise between the concerned parties 
allowed 3GPP to complete the first draft of specification for the UMTS standard based on the 
W-CDMA technology by the end of 1999.69 

In addition to the two abovementioned standards—one supported by the U.S. 
companies and the other by the European and Asian companies—the third international 
standard has also been adopted. It is the Time Division-Synchronous Division Multiple 
Access (TD-SCDMA) standard developed by the Chinese companies in cooperation with 
Siemens. Although the TD-SCDMA standard will be employed by the largest Chinese mobile 
phone operator in its network which is also the largest third-generation network in the world, 
the main disadvantage of TD-SCDMA standard is its late commercialization. While the main 
network operators in the world have already started the operation of their third-generation 
networks using either the CDMA2000 or W-CDMA standards, the TD-SCDMA standard has 
only recently been tuned for its commercial use. 

Although it was originally planned to set a single international standard for the third 
generation of mobile telephony, several competing international standards have been adopted 
at the end. From the beginning, the adoption of several international standards has been seen 
as a failure. Some commentators blame Qualcomm for its position in the international 
standardization for the third-generation mobile telephony. Qualcomm did not want to 
compromise its CDMA2000 standard in any way for long time. Furthermore, it publicly 
criticized the W-CDMA standard for including technologies which did not improve 
Qualcomm’s original CDMA technology in any way and were not essential for improving the 
operation of mobile phone networks in Qualcomm’s view. On the other hand, some 
commentators suggest that the European and Asian companies have designed the W-CDMA 
standard in order to gain the leverage for cross-licensing negotiations with other holders of 
essential patents—especially, to reduce Qualcomm’s strong position in the third-generation 
mobile telephony. 

As the result of international standardization is the adoption of several competing 
standards, the question arises whether and to what extent the adoption of several international 
technical standards is beneficial or harmful to the industry, consumers, technological progress 
and international trade on national, regional and global level. Would an adoption of a single 
international standard be a more beneficial or harmful option in short or long term? The 
following analysis of experiences with the technical standards for individual generations of 
mobile telephony tries to shed light on these questions. 

 
 

                                                 
69 See, e.g., Bekkers and West, supra note 2, at 82; FUNK, supra note 53, at 208-13. 
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3. STRATEGIC STANDARDIZATION AND PATENTING 
 

The adopted of several international standards is deemed as an outcome of opportunistic 
activities from the side of national governments or private entities with various stakes in an 
adoption of particular technical standard. The tensions around the adoptions of CDMA2000 
and W-CDMA standards have sometimes been seen as the clash between the U.S. companies 
on the one side and the European and Asian companies on the other. In addition, the TD-
SCDMA standard was strongly supported by the Chinese government which was seeking to 
adopt the Chinese standard as an international standard for the third generation of mobile 
telephony in order to export the Chinese indigenous technologies worldwide. Accordingly, 
the analysis in this Section is divided into two lines. The first examines what role a 
government can play efficiently in technical standardization and where the limits of 
government’s involvement in technical standardization are. The second enquires into the 
experiences with an incorporation of proprietary technologies into technical standards for 
mobile telephony, including the development of intellectual property policies for technical 
standardization and their operation in practice, such as the strategic uses of essential patents 
and their impact on standardization process and market structure, and geographical 
distribution of essential patents. 

 
3.1. The Role of Government in Standardization 

 
One of main phenomena characteristic for the international standardization of third-generation 
mobile telephony is the rise of importance played by China and other emerging economies in 
the international standardization. The increasing significance of Chinese economy has ignited 
strong interests of Chinese government and companies in participating at various international 
fora setting technical standards. One of possible explanations is that the Chinese government 
and companies attempt to search for leverage against strong intellectual property rights 
positions held by leading European, U.S. and Japanese companies under many international 
technical standards.70 

In the last two decades, there have been several attempts to design and adopt the 
Chinese standards which would play a more important role not only on the Chinese market, 
but also worldwide. The achievements of individual endeavors vary from case to case. While 
some standards supported by the Chinese government have been adopted as international 
standards such as the TD-SCDMA standard for the third generation of mobile telephony, the 
others such as the WAPI standard have been heavily opposed by a range of stakeholders on 
the international level. 

Consequently, the role of government and the success of its intervention into 
standardization depend on several variables. By analyzing differences in the adoption of 
WAPI standard in China and WIPI (wireless Internet platform for interoperability) standard in 
South Korea, Heejin Lee and Sangjo Oh point out that “the government role of a facilitator is 
more effective in standard setting than that of a controller”.71 Hence, the main disadvantage of 
WAPI standard was that it was closed and controlled by the Chinese government. The access 
to the standard’s specification was restricted only to a limited number of selected Chinese 
companies. The limitation of accessibility to this mandatory standard caused a huge 
opposition from the side of leading multinational enterprises in the field, as well as several 
national governments, especially, the U.S. administration. The opponents feared that the 

                                                 
70 For more details, see Christopher S. Gibson, Globalization and the Technology Standards Game: Balancing 
Concerns of Protectionisms and Intellectual Property in International Standards, 22 BERKELEY TECH. L. J. 1403 
(2007). 
71 See Heejin Lee and Sangjo Oh, The Political Economy of Standards Setting by Newcomers: China’s WAPI 
and South Korea’s WIPI, 32 TELECOM. POL’Y 662, 669 (2008). 
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restricted access to the standard’s specification would allow those few Chinese company via 
cross-licensing agreements to access to valuable proprietary technologies of foreign 
companies who would want to enter into the Chinese market. Furthermore, many worldwide 
leading manufacturers considered the standard as outdated and possibly restricting the further 
technological progress in the field. All these features led to a heavy opposition against its 
adoption as an international standard by numerous stakeholders. 

Lee and Oh thus argue that the government can play an important role in 
standardization mainly in the early stages of drafting a new standard72 and with a broad 
participation by main stakeholders within the concerned industry. In the case of WAPI 
standard, the WIFI standard was already in a high stage of development and was supported by 
leading manufacturers within the industry at the time when the WAPI standardization process 
was initiated. At that time, many important stakeholders already heavily invested in 
developing and improving the WIFI standard, which was an open standard developed with a 
broad participation of numerous leading companies within the industry. 

In a bit different situation was the South Korean government when it wanted to adopt 
its WIPI standard as a national standard to create a uniform platform for the domestic industry. 
As individual mobile operators used different mutually incompatible platforms, the adoption 
of uniform platform was seen as the way of how to reduce the costs of entities providing 
complementary goods and services for smartphones. In addition, the government expected to 
export the standard abroad, since several South Korean handset manufacturers, such as 
Samsung and LG, are the leaders on the global mobile phone market. 

Contrary to the WAPI standard, the South Korean government has succeeded in the 
adoption of WIPI standard by ITU-T as an international standard. One of main differences 
between both cases was that the South Korean government was more open to adjust the 
standard’s specifications to attract its broader acceptance within the industry and to achieve 
its usage together with other platforms.73 A further difference was that no single international 
standard was already in high stages of development at that time. 

The openness of technical standardization and the cooperation with domestic as well 
as foreign stakeholders have also led to the successful international recognition of Chinese 
TD-SCDMA standard for the third generation of mobile telephony. The TD-SCDMA 
standard was developed in cooperation with Siemens, one of leading manufacturers of mobile 
communication technologies at that time. In addition, there was no single international 
standard adopted or at least in high stages of adoption at the time of drafting the TD-SCDMA 
standard. Conversely, two other competing standards were drafted at that time—CDMA 2000 
and W-CDMA standards. 

In addition to the technology cycle and the government capability in standardization, 
Jaesun Wang and Seoyong Kim suggest that the market structure and the market prospects for 
technology also matter.74 Based on the adoption of the technical standards for the second and 
third generations of mobile telephony in South Korea, they show that there was a significant 
difference in the speed of adopting individual standards by the industry in both cases. The 
adoption of CDMA technology for the second generation of mobile telephony was strongly 
supported by the leading companies within the South Korean industry. As the main South 
Korean private stakeholders did not possess sufficient knowledge and technologies at that 
time, the South Korean government could play a crucial role in giving the necessary impetus 
for the initiation of technical standardization. At the time of setting the standard for the third 
generation of mobile telephony, the main South Korean manufacturers were already the 

                                                 
72 See id. 
73 See id., at 668. 
74 See Jaesun Wang and Seoyong Kim, Time to Get in: The Contrasting Stories about Government Interventions 
in Information Technology Standards (the Case of CDMA and IMT-2000 in Korea), 24 GOVERNMENT 
INFORMATION QUARTERLY 115 (2007). 
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worldwide leading companies and possessed proprietary technologies essential for the third-
generation standards based on the CDMA technology. Accordingly, the South Korean 
government faced problems to get its technical solution through the standardization process 
and to persuade the industry to adopt its standard. 

Accordingly, the national governments can play an important role in technical 
standardizations as their initiators, but should be cautious to acquire and exercise the control 
over any standardization process—especially not against the interests of main stakeholders 
within the industry. The impetus for starting any standardization process by a national 
government can be done by providing necessary funds for R&D activities which would lead 
to developing particular technologies. For instance, the E.U. institutions, together with the 
national governments of several leading European countries, provided necessary funds for the 
R&D activities in the early stages of developing technologies for individual generations of 
mobile telephony. This allowed them to play a crucial task in the development of technical 
standards for individual generations of mobile telephony. 

 
3.2. Inclusion of Proprietary Technologies under the FRAND Terms 

 
The reduction of government’s role in technical standardization and its movement to public 
standard-setting organizations and private consortia allowed a broad participation of 
concerned private entities in technical standardization and a possibility of incorporating 
proprietary technologies in technical standards. This has brought a question whether and to 
what extent proprietary technologies can be included into formal standards. One option is to 
exclude any inclusion of proprietary technologies into public standards. As mentioned above, 
the drafters of NMT standard heavily relied on already-known technologies. They avoided 
any inclusion of proprietary technology into the NMT standard. On the other hand, the 
inclusion of proprietary technologies can be allowed under certain conditions. One of such 
conditions can be that the proprietary technologies are provided freely to anyone who 
implements the technical standard. For instance, AT&T and Motorola freely provided their 
technologies for the use under the AMPS standard. 

The development of technical standards for advanced high technologies which would 
not be outdated already at the time of their adoption is very difficult without an inclusion of 
proprietary technologies. But, not all concerned right holders would agree to freely provide 
their proprietary technologies for the purpose of technical standardization. It was also the case 
of setting the technical standard for the second generation of mobile telephony in Europe. As 
several competing stakeholders were involved in the standardization, the conditions under 
which proprietary technologies could be incorporated into the standard caused several 
tensions and frictions between the concerned stakeholders. To change the traditional approach 
to standardization which rejected any inclusion of proprietary technologies with payment of 
any license fees for their use thus took some time. 

From its beginning, the traditional approach to the patent rights and their role in 
formal technical standards heavily affected the position of national telecommunications 
operators in the entire process of setting the GSM standard. Their position was especially 
crucial, because they played an important role in the entire standardization process. The 
CEPT—the body responsible for the European standardization in the field of 
telecommunications at that time—was composed mainly from national telecommunications 
operators. Therefore, it was not surprising when the CEPT announced in the early 1980s that 
it would be mandatory for the entities owning essential patents for the implementation of 
drafted standard to freely license them.75 The announcement met an objection especially from 
the side of U.S. manufacturers involved in the project. The pressure was so strong that the 
                                                 
75 See, e.g., S.L. Wilkinson, They’Re Stealing Our Diamonds: The Standards Assaults on Patents, 8(2) CAN. 
INTELL. PROP. REV. 193, 197 (1991); Bekkers and Liotard, supra note 1, at 120. 
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CEPT had to revoke its approach. It changed its policy by allowing the inclusion of patented 
technologies into a technical standard under the condition that the public interests and the 
private interests of patent holders were well-balanced. 

Some commentators suggest that the change in CEPT’s approach to the intellectual 
property rights is heavily influenced by the need to create an environment for building a 
strong European industry’s position on the global market with wireless communication 
systems and devices. The adoption of open standard which would be free of any intellectual 
property rights would create an opportunity for the Japanese and other Asian manufacturers to 
expose the European manufacturers to tough competition. As there was no international 
standard for the second generation of mobile telephony adopted at that time, the early 
adoption of European standard would create a chance to export the standard to other countries 
and continents. It would be possible due to the size of European market and the network 
effects caused by the adoption of such standard worldwide. The global recognition of 
European standard with the strong presence of proprietary technologies controlled by the 
European industries would allow the European manufacturers to gain a strong position on the 
global market with wireless communication technologies by protecting their intellectual 
property rights incorporated into the standard. 

From the beginning of developing the European standard for the second generation of 
mobile telephony, several manufacturers agreed that they would license their patents under 
the fair, reasonable and non-discriminatory (FRAND)76 terms. Some of them even made their 
intellectual property rights available freely. For instance, Philips freely provided the speech 
coder used within the standard. On the other hand, the approach of several U.S. manufacturers 
toward the intellectual property rights was a bit different. The different attitude was caused by 
the rising importance of intellectual property rights in the U.S. during the 1980s. For example, 
Kilby patent allowed Texas Instruments to demand high royalty fees from companies 
manufacturing integrated circuits and thus to play an important role in the semiconductor 
industry. Similarly, Kodak had to pay almost US$1 billion as damages for infringing 
Polaroid’s patents covering instant-film cameras. The outcome was that Kodak was actually 
barred from any manufacturing of instant-film cameras and therefore from entering this then 
newly emerging market segment. The experiences with the rising importance of intellectual 
property rights considerably influenced the position of Motorola—the leading manufacturer in 
the mobile communication industry at that time—in protecting and using its intellectual 
property rights essential for the implementation of European technical standard for the second 
generation of mobile telephony. 

By the time, when the European entities planning to operate the second-generation 
mobile phone networks started their procurement procedures for obtaining necessary 
technologies for building their networks, it was clear that many of patents essential for the 
implementation of GSM standard were held by Motorola which was very reluctant to license 
its intellectual property rights under the FRAND terms to other than a few companies 
carefully selected by Motorola. Accordingly, the operators adopted the approach that all of 
them would demand the contractors in their procurement procedures to license their essential 
patents to other manufacturers of telecommunication systems and equipments under the 
FRAND terms. As Motorola rejected to sign any arrangement which would not be directly 
related to a particular purchase contract, it did not receive many contracts. But Motorola 
controlled the largest share of patents essential for the implementation of the GSM standard 
and between 1990 and 1993 only four companies (Alcatel, Ericsson, Nokia and Siemens) 
were able to obtain necessary licenses to those essential patents by entering into cross-
licensing agreements with Motorola. 

                                                 
76 The term FRAND is used mainly in Europe. In the U.S., the term RAND (reasonable and non-discriminatory) 
is employed. 
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In this environment, the ETSI adopted its IPR Policy and Undertaking in 1993. 
Although the ETSI is a more representative organ than the CEPT,77 its approach to the 
intellectual property rights under technical standards was heavily influenced by the CEPT’s 
one and by the situation caused by Motorola’s position with licensing its essential patents. 
The adopted intellectual property rights policy was therefore based on the opt-out approach. 
The ETSI’s individual members were obliged to sign the Undertaking where they undertook 
to license its intellectual property rights to the other ETSI members under the FRAND terms. 
Moreover, a licenser was obliged to inform the ETSI in advance on maximum license fees it 
would request for licensing of its essential patents. Although the IPR Policy allowed the ETSI 
members to withhold their licenses, it set up strict restrictions for doing so and severe 
sanctions for breaching the Undertaking. A licenser had to notify the ETSI on withholding its 
license within 180 days from putting the relevant draft standard on the ETSI Technical 
Assembly’s program. The members who would reject to sign the Undertaking were supposed 
to be expelled from the ETSI.78 In addition, if a member violated its Undertaking, the other 
members could refuse to grant their licenses or could terminate already granted licenses to 
that member. 

Although the 1993 IPR Policy and Undertaking tried to balance the public interests 
and the interest of intellectual property right holders in a better way than previously proposed 
drafts, it provoked a huge criticism especially from the side of U.S. manufacturers. Their 
strong opposition against the Policy led to filing the formal complaint for violations of then 
Articles 85 and 86 of Treaty Establishing the European Community (the present Treaty on the 
Functioning of the European Union) with the Commission. As response, the ETSI annulled 
its original 1993 IPR Policy and adopted a new less ambitious interim IPR Policy in 1994. 
Under the new regime, the ETSI’s director is obliged to request a right holder to license its 
intellectual property rights under the FRAND terms, when its intellectual property rights are 
identified as essential for implementing a draft standard. If the right holder refuses to do so, 
the director is to ask the right holder to revise its position or to inform the director on its 
reasons for the refusal. 

To find a compromise between diverging interests of individual stakeholders in 
technical standardization, the FRAND license is conventionally deemed as solution to 
possible holdups of technical standards. The empirical studies of intellectual property policies 
of various standard-setting organizations and open private consortia show that the majority of 
them have adopted the requirement to license the essential intellectual property rights under 
the FRAND terms.79 A few exceptions are represented by the entities setting standards for 
Internet communication and applications, where the rule is that the intellectual property rights 
should be provided freely when any proprietary technology is incorporated into a standard 
with the consent of its holder. There are also several other exemptions in certain specific 
fields of technologies. 

Although the FRAND license deemed to work efficiently in many cases, the actual 
application of FRAND licenses under the technical standards for several generations of 
mobile telephony has brought quite a lot of tensions and frictions between the concerned 
entities. The tensions and frictions are caused by the way of, and the conditions under which, 
a few key players license their essential patents to others. This divide concerned stakeholders 
into two groups: (a) entities holding essential patents or other important intellectual assets or 
proprietary technologies, and (b) entities without them. 

                                                 
77 Its membership is much broader than the CEPT’s membership. Its members are also manufacturers and some 
research institutions amongst other concerned stakeholders. 
78  To put this measure into force, the ETSI planned to amend its Statutes and Rules of Procedure. The 
amendment has never been adopted. 
79 See Mark A. Lemley, Intellectual Property Rights and Standard-Setting Organizations, 90 CAL. L. REV. 1889 
(2002). 
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(a) Those Who Have and Strategic Licensing 

 
The experiences with licensing essential patents for the implementation of GSM standard 
show that licensing practices based on demanding royalties or cross-licensing play a two-fold 
role. Those who hold considerable portfolios of essential patents often attempt (a) to 
strategically license their proprietary technologies in order to obtain necessary proprietary 
technologies from the other holders of essential patents, and (b) to maximize the revenues 
from licensing their proprietary technologies to those who do not possess any proprietary 
technologies of their interest. Accordingly, the holders of essential patents are often able to 
enter among themselves in cross-licensing agreements, which allow them to acquire necessary 
technologies at low and often no costs. On the other hand, the companies without patent 
portfolios for entering into cross-licensing agreements with the holders of essential patents 
have to pay considerable amounts of royalties to all holders of essential patents. This can put 
especially new entrants into a disadvantageous position comparing to the incumbents with 
their large portfolios of essential patents. 

Consequently, the intellectual property rights and strategic technology agreements can 
fundamentally affect the structure of affected market. By examining all 14080 essential patents 
held by 23 companies under the GSM standard, Rudi Bekkers, Geert Duysters and Bart 
Verspagen found out the relationship between the strong position on the GSM market on the 
one side and the ownership of essential intellectual property rights or strategic technological 
networking. 81  They explained how Motorola was able to considerably shape the actual 
situation on, and the structure of, GSM market. Motorola could do so only because it held the 
largest group of essential patents under the GSM standard and entered into strategic contracts 
with other key manufacturers. 

At the time of completion of their study by Bekkers et al. in 2002, the five leading 
companies—Ericson, Nokia, Siemens, Motorola and Alcatel—shared above 85% of the total 
GSM market. One possible explanation of why these five leading companies dominated the 
GSM market at that time is that Ericson, Nokia, Siemens and Alcatel were the only 
companies with which Motorola concluded cross-licensing agreements between 1990 and 
1993. The five companies could therefore benefit from the first mover effect, since other 
competitors could not market their products without obtaining the necessary license from 
Motorola. It was especially the case of many Asian manufacturers, whose entrance into the 
GSM market was postponed for approximately 5-6 years partly due to delays in obtaining 
necessary licenses to GSM essential patents—particularly those held by Motorola. 
Accordingly, Motorola’s strong position concerning the essential patents under the GSM 
standard and its strategic behavior noticeably affected the situation and structure of GSM 
market. The question then arises why Motorola concluded the cross-licensing agreements 
between 1990 and 1993 exactly with the above-mentioned four manufacturers. 

As Motorola was the most important holder of essential patents, its position allowed 
Motorola to strategically license its intellectual property rights to a limited number of entities. 
Motorola did not license its essential patents to any manufacturer. It carefully selected its 
partners in order to obtain through cross-licensing the technologies necessary for Motorola to 
market its own products. As Bekkers et al. put forward, Motorola chose its parties, “because 
their IPRs were valuable to Motorola (not only essential patents, but also others), or because 
their product line complemented that of Motorola.”82 

                                                 
80 See Bekkers et al., supra note 4, at 1148 (reducing the number of essential patents under the GSM standard 
from original 380 to 140 due to double count of identical patents issued in different jurisdictions). 
81 See Bekkers et al., supra note 4. 
82 Id., at 1160 [emphasis added]. 
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The conclusion of cross-licensing agreements between Motorola, Nokia and Alcatel 
can then be explained by their strong position in holding essential patents for the 
implementation of GSM standard. The three companies are the largest holders of essential 
patents under the GSM standard—Motorola (27 essential patents), Nokia (19) and Alcatel 
(14). Together with Philips (13), they hold more than a half of all essential patents for the 
implementation of GSM standard.83 Although it might be expected that Philips should also 
play an important role on the GSM market. It was not so in 2002. Philips was far behind the 
top three holders of essential patents. It occupied only the tenth position on the GSM market 
at that time with a very low market share. According to Bekkers et al., Philips’s position on 
the GSM market was the result of Philips’s decisions to pull out from the mobile 
communication market in the early 1990s and to reenter the market in the late 1990s when the 
other main competitors had already established their strong positions on the market.84 

With regard to Siemens, it should be noted that Siemens did not hold any large 
portfolio of GSM essential patents like Nokia or Alcatel. As the reason why Motorola entered 
into the cross-licensing agreement with Siemens, Bekkers et al. put forward that Siemens had 
experiences and a strong position in technologies which complemented Motorola’s ones. 
Siemens traditionally specialized in switching and held a strong position on the market.85 
Although Motorola “had strong experience in developing base-station products and mobile 
terminals, … [it] did not have a switching platform on which GSM switching products could 
be based.” 86  Pursuant to Bekkers et al., Siemens was therefore the perfect partner for 
Motorola, when it planned to offer a complete system on the market. 

However, the puzzle still remains why Motorola entered into the cross-licensing 
agreement with Ericson. Ericson did not have any strong position in holding GSM essential 
patents, and could not offer technology complementing Motorola’s like Siemens. To explain 
the riddle, Bekkers et al. point at Ericsson’s networking activities. Ericsson was already at 
that time the major manufacturer of telecommunication systems and equipments. Furthermore, 
the strategic coalitions with German and French companies allowed Ericsson to push its 
technological solution through the entire European standardization process up to its adoption 
as the basis for the GSM standard. By analyzing strategic alliances in the telecommunications 
sector, Bekkers et al. found out that Ericson, together with Nokia and Motorola, and contrary 
to Siemens and Alcatel, had “a central position in the network of strategic technology 
agreements in mobile communications.”87 

So far, we could see how Motorola strategically picked up its partners and thus 
affected the structure of main competitors on the GSM market. Motorola’s activities have 
decisively shaped the GSM market so that the five leading companies (Ericson, Nokia, 
Siemens, Motorola and Alcatel) could gain above 85% share of global GSM market and the 
entrance of other potential competitors on the GSM market could be delayed for several years. 

 
(b) Essential Patents and Those Who Don’t Have 

 
The effect of licensing essential patents on the GSM market does not end with the impact of 
cross-licensing practices on the market. The companies, which had no extensive patent 
portfolios allowing them to bargain with the holders of GSM essential patents, had to pay 
considerable fees for obtaining the necessary licenses. The actual extent of individually 
agreed license fees is not publicly available and is often held confidential. Hence, there are no 

                                                 
83 See id., at 1149. 
84 Id., at 1153, 1156-57 and 1159. 
85 Id., at 1143 (presenting the shares of main manufacturers on the total GSM market and market segments with 
particular type of technology—switching, base stations and mobile terminals). 
86 Id., at 1159. 
87 Id. 
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exact data on rates of demanded license fees on the GSM market. The only thing which is 
publicly known is that the total amount of license fees for all essential patents is not a single-
digit rate. Individual estimates widely differ. They vary from 10% to roughly 30% of the price 
of handsets.88 The situation has not changed considerably under the technical standards for the 
third generation of mobile telephony. 

The duty to pay high license fees for patents which are essential for the 
implementation of technical standard can create an insurmountable barrier to enter the market 
for new entrants and companies without sufficient patent portfolios to conclude any cross-
licensing arrangements with the main holders of essential patents. As their products are 
subject to payments of considerable license fee rates, it is harder for them to be competitive 
with the products produced by the main holders of essential patents under the concerned 
technical standard or by the entities which entered with the holders of essential patents into 
cross-licensing agreements allowing to substantially reduce the costs of acquiring the 
necessary proprietary technologies under the technical standard. 

With regard to the composition of entities holding essential patents, it is interesting to 
note that while the telecommunications operators have taken the lead in development of 
mobile phone standards and have often controlled the entire standardization process, they 
hold only a minority of essential patents. For instance, AT&T, BT and NTT have only around 
4% of all GSM essential patents—slightly more than 2 patents—each. In case of France 
Telecom, Vodafone and Nortel, each hold only one patent.89 It is so despite the fact that they 
have huge R&D facilities and spend yearly several times higher budgets on the R&D 
activities than many manufacturers of telecommunication systems and equipments. 90  A 
possible explanation as to the behavior of AT&T and NTT is that they were not genuinely 
interested in the GSM standard at the time of its development, since they were individually 
working on their own standards which were to be used in the U.S. (D-AMPS standard) or 
Japan (PDC standard), respectively. However, this explanation does not seem to be very 
persuasive when the current situation under the technical standards for the third generation of 
mobile telephony which is quite similar to, if not even worse than, the situation under the 
GSM standard is taken into account. 

 
3.3. Emergence of Technology Licensing Firms as Important Players 

 
The tensions and frictions concerning the incorporation of proprietary technologies into 
technical standards and the strategic use of essential patents during their implementation have 
been even magnified under the technical standards for the third generation of mobile 
telephony. Some commentators argue that it is due to the emergence of new powerful players 
on the global level—technology licensing firms such as Qualcomm or InterDigital. This 
phenomenon is characteristic for the entire international standardization of third-generation 
mobile telephony. Although the technology licensing firms were important players already in 
setting the technical standards for the second generation of mobile telephony in the U.S., they 
appeared on the global level only in case of setting standards for the third generation of 
mobile telephony. Contrary to the conventional players in standardization in the 
                                                 
88 See, e.g., Bekkers and Liotard, supra note 1, at 124 (“Unconfirmed sources report U.S.$50 paid for the licence 
fees needed to produce a GSM terminal. For a product that is sold for an average price of about U.S.$150, the 
licence fees for non-IPR owners represent the highest single cost in this industry.” [footnotes omitted]); Bekkers 
et al., supra note 4, at 1147 (“Our own research has indicated that the cumulative fee paid for GSM handset 
licenses is very high, and this was recently confirmed by the actor director of the ETNO, who revealed that 
royalty fees make up to 29% of the costs of GSM handset.” [footnotes omitted]); Bekkers and West, supra note 
2, at 81 (“royalty rates for non-cross-licenses estimated at 10-13%”). 
89 See Bekkers et al., supra note 4, at 1149. 
90 See, e.g., Wakui, supra note 49, at 153 and 153 (presenting R&D spending ranking in telecommunications 
services and information technologies hardware in 2003-2004). 
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telecommunications field, such as telecommunications operators and manufacturers of 
telecommunication systems, equipments and other devices, the new group of players is 
composed of technology licensing companies specializing in the R&D activities and licensing 
their vast patent portfolios to the third parties. For instance, in case of the W-CDMA standard, 
the two of four main holders of essential patents are technology licensing firms—Qualcomm 
and InterDigital. In addition, many essential patents are held by individuals who set up those 
firms, such as Donald Schilling of InterDigital (225 EPO patents) and Klein Gilhousen (312) 
and Paul Jacobs (220), both of Qualcomm.91 

Accordingly, with regard to the intellectual property rights under the W-CDMA 
standard, there are three main groups of stakeholders with often contravening interests in 
technical standardization and use of essential intellectual property rights under technical 
standards. The first group is composed of technology licensing firms. As they rarely produce 
any downstream products, they can strongly push for high license fees for the commercial 
exploitation of their intellectual property rights in order to maximize their income streams 
from their license agreements. The increase in license fees leads to a problem of so-called 
royalty stacking,92 which has not been previously fully observed in setting technical standards 
for earlier generations of mobile telephony. 

The second group consists of manufacturers who concentrate on manufacturing 
equipments and other devices. They attempt to reduce the amount of paid license fees for 
essential patents to other patent holders and to maximize the income from selling individual 
devices. Before the emergence of technology licensing firms, the manufacturers built their 
business models on cross-licensing. It allowed them to acquire necessary proprietary 
technologies without paying high or often any license fees to other patent holders. 

The third group is composed of telecommunications operators. The operators are 
mainly interested in reducing the costs of acquiring the technologies necessary for building 
and operating their telecommunications networks and thus for providing their 
telecommunications services. They therefore attempt to prevent any holdups of technical 
standards which could negatively affect building and operating of their communications 
networks as well as the costs of their services. 

As the interests of individual stakeholders in using the intellectual property rights 
essential for the implementation of technical standards in the telecommunications field often 
clash or even contravene each other, the occurrence of standard holdups is nothing surprising. 
The problem with a holdup of technical standard occurs when a holder of essential patents 
under a technical standard rejects to license them or demands high license fees for the 
implementation of technical standard with the same effect. The situation mainly happens 
when the standard is in high stages of development or is even adopted by a standard-setting 
organization. In early stages of technical standardization, there are always several technical 
solutions or even ways of developing a technical standard around problematic proprietary 
technologies. But, the situation completely changes, when several companies invest extensive 
resources into designing their downstream products and preparing their production upon a 
draft technical standard in expectations of its early adoption, since they become locked-in to 
that technical solution. 

This kind of investment represents sunk costs and it deeply affects the companies’ 
negotiation position and willingness to settle any lawsuits concerning essential patents under 
such standard. One of several reasons for their willingness to find an agreement to solve the 
problem of standard holdup even on their own expenses is that the standardization is a time 

                                                 
91 See Bekkers and West, supra note 2, at 83 n.5 (“Schilling was the founder of SCS Mobilecom, one of two 
firms combined in 1992 to create InterDigital. Gilhousen was one of the cofounders of Qualcomm, while Jacobs 
was the son of Qualcomm’s first CEO who himself became CEO in 2005.”). 
92 See, e.g., Mark A. Lemley and Carl Shapiro, Frontiers of Intellectual Property: Patent Holdup and Royalty 
Stacking, 85 TEX. L. REV. 1991 (2001). 
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and resources consuming process. It takes several years to adopt a technical standard. The 
development of W-CDMA standard took over three years,93 and the development of GSM 
standard over five years.94 On the other hand, during the preparation of manufacturing process, 
the manufacturers learn how to improve the production and to reduce their production costs. 
The production-cost saving then creates an additional margin for their negotiation with a 
company which has caused the standard holdup. 

A further aspect affecting the willingness of manufacturers to settle their lawsuits 
concerning essential patents under technical standards in some jurisdictions, especially in the 
U.S., is the threat of injunction and triple damages awarded for an act of willful patent 
infringement.95 The effect of injunction is immediate. It does not apply only from the next 
generation of particular product. It affects the production of all models covered by a lawsuit. 
Despite the fact that the analyses of courts’ decision making show that a considerable amount 
of patents is found invalid by courts, it is a very powerful threat. Its strength has recently been 
reduced by the U.S. Supreme Court’s ruling in eBay, Inc. v. MercExchange, L.L.C., which 
requires the courts deciding on issuing any injunction to take into account actual 
circumstances in a case.96 Accordingly, a court does not need to issue any injunction even 
when it finds an act of patent infringement. 

However, the possibility to award triple damages in cases of willful patent 
infringements stays in force in the U.S. One study of patent infringement lawsuits shows that 
the plaintiffs claim for willful patent infringements in overwhelming 92% majority of cases.97 
In many of those cases, the defendants do not directly copy any proprietary technical 
solutions nor have any actual knowledge of litigated patents at the time of adopting their 
technical solutions.98 The abuse of litigating acts of willful patent infringement can have a 
negative impact on the willingness of many manufacturers to make any searches for essential 
or other patents held by other competitors in order to prevent any possibility to be sued for an 
act of willful patent infringement. 

Consequently, the threats of patent holdups can be very serious and powerful. For 
instance, Qualcomm held up the entire W-CDMA standardization process almost for one year. 
In addition, many manufacturers of telecommunication systems and equipments currently 
complain that the license fees claimed by Qualcomm are too high and far from any FRAND 
terms. Even several competition authorities have recently initiated antitrust proceedings 
against Qualcomm for its practices with licensing its intellectual property rights to different 
types of manufacturers and competitors.99 

At the first glance, the impression about the current situation with the use of 
intellectual property rights and strategic patenting under the W-CDMA standard can be that 
the rising importance of technology licensing companies is just the result of their 
opportunistic behavior to patent as much as possible and to incorporate their proprietary 
technologies into the technical standard. The view might be buttressed by their business 
                                                 
93 See, e.g., Bekkers and West, supra note 2, at 82. 
94 See, e.g., Bekkers et al., supra note 4, at 1149-50. 
95 See Mark A. Lemley, Ten Things to Do About Patent Holdup of Standards (and One Not to), 47 B.C. L. REV. 
149, 153 (2007). 
96 eBay, Inc. v. MercExchange, L.L.C., 126 S. Ct. 1837 (2006). 
97 See Kimberly A. Moore, Empirical Statistics on Willful Patent Infringement, 14 FED. CIR. B. J. 227, 232 
(2004); Lemley, supra note 95, at 153. 
98 See, e.g., Mark A. Lemley and Ragesh K. Tangri, Ending Patent Law’s Willfulness Game, 18 BERKELEY TECH. 
L. J. 1085, 1092 (2003). 
99 See, e.g., Kim Yoo-chul, Qualcomm Fined $208 Million, THE KOREA TIMES, Jul. 23, 2009, available at 
http://www.koreatimes.co.kr/www/news/biz/2009/07/123_49002.html (last visited Nov. 15, 2009) (the Korea 
Fair Trade Commission fined Qualcomm for its unfair business practices on July 23, 2009); Qualcomm, 
Qualcomm Confirms Japan Fair Trade Commission Order, 
http://www.qualcomm.com/news/releases/2009/090930_Qualcomm_Confirms_Japan_Fair_Trade.html (last 
visited Nov. 15, 2009). 
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model. The technology licensing companies rarely manufacture any downstream products and 
they mainly focus on the R&D activities and licensing their broad patent portfolios to the 
third parties. 

Another support to this view can be found in the fact that many companies over-claim 
when they make their declarations on essential patents under a drafted standard. Several 
studies of W-CDMA essential patents show that many of claimed essential patents are not 
actually indispensable at all.100 Although the studies use different methodologies and they are 
more just indicative than comprehensive, a certain level of over-claiming does exist in 
standardization by private consortia, as well as public standard-setting organizations. For 
instance, when Nokia questioned 31 patents declared by InterDigital as essential to the W-
CDMA standard, InterDigital dropped its essentiality claims for 26 patents from them.101 

On the other hand, several empirical studies show that many essential patents cover 
significant and very valuable inventions in their fields.102 It is also proved by the empirical 
study on W-CDMA essential patents made by Bekkers and West. The study enquires, inter 
alia, into the importance of Qualcomm’s W-CDMA patent portfolio. It shows that Qualcomm 
applied for 88% of its essential patents (199 of 226) in 1996 and earlier, i.e. before starting the 
development of W-CDMA standard. Conversely, Nokia and Ericsson, the other two main 
holders of essential patents besides Qualcomm and InterDigital, reached its peak of patenting 
activities in years of 1998 and 1999. It is exactly at the time when the W-CDMA standard was 
fully developed. 

The results might be explained by the fact that contrary to Nokia and Ericsson, 
Qualcomm was not directly involved in the W-CDMA standard-setting process. At that time, 
Qualcomm concentrated its efforts on the development of its own technical standard for the 
third generation of mobile telephony—the CDMA2000 standard. Consequently, the majority 
of Qualcomm’s essential patents under the W-CDMA standard is from the time before 
designing the W-CDMA specification and before the other companies started with their 
patenting activities covering technologies included into the W-CDMA standard. 

Bekkers and West also show that Qualcomm’s essential patents are quite important 
and valuable in their fields. Pursuant to the study, only Motorola’s essential patents have more 
citations (1.9 cites per a patent) than Qualcomm’s essential patents (1.5 cites per a patent). 
Both companies have several times higher scores than the average for the entire W-CDMA 
standard (0.66 cites per a patent).103 Moreover, Qualcomm’s EPO patent No. 536,334 receives 
no less than 33 cites. None of other firms’ patents scores more than 12 cites per a single 
patent.104 The appearance of technology licensing firms might therefore be more related to the 
high specialization of those companies on the areas in which they have a comparative 
advantage to other stakeholders than to any opportunistic behavior as sometimes suggested. 

 
3.4. Geographical Distribution of Essential Patents 

 
From a generation of mobile telephony to another, the standardization process has become 
more and more international and global. The standards for the first generation were set mainly 

                                                 
100  See, e.g., David J. Goodman and Robert A. Myers, 3G Cellular Standards and Patents, available at 
http://eeweb.poly.edu/dgoodman/wirelesscom2005.pdf (last visited Jun. 20, 2010) (estimating “that nearly 80% 
of the patents declared essential are probably not essential for practicing the standards under the narrow 
definition of essential adopted by the standards organizations”). 
101 See Bekkers and West, supra note 2, at 92 n.15. 
102 See generally Marc Rysman and Timothy Simcoe, Patents and the Performance of Voluntary Standard-
setting Organizations, 54 MANAG. SCI. 1920 (2008) (“[P]atents disclosed in the standard-setting process receive 
roughly twice as many citations as a set of controls from the same technology class and application year. … 
Citations after disclosure are 19% higher in our base specification.”). 
103 See Bekkers and West, supra note 2, at 84-85. 
104 See id., at 85. 
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on the national levels with the exception of NMT standard—the regional standard adopted by 
Scandinavian countries. In case of second generation, the regional standardization on the 
European level emerged. Its result—the GSM standard—has also become the de facto global 
standard. The third generation is characteristic for its standardization conducted from the 
beginning on the international level—the ITU-T. 

The W-CDMA standard is thus a real, internationally adopted standard for mobile 
telephony. It was set up by the cooperation of five main standard-setting organizations from 
China, Europe, Japan, South Korea and the U.S. The broad geographical scope of standard-
setting organization brings expectations of the participation of stakeholders from more non-
European countries than it was in case of GSM standardization. At the same time, the broad 
geographical participation creates an environment for increasing the shares of non-European 
companies on holding the patents essential for the implementation of such standard. 

At the first glimpse, the data on W-CDMA essential patents show that the group of 
companies holding the essential patents is much broader geographically than in case of GSM 
standard. While setting the GSM standard was mainly the European initiative with the 
participation of few non-European, mainly the U.S. companies having their R&D facilities in 
Europe, the W-CDMA standardization was truly international with a strong participation of 
various leading Asian manufacturers. As mentioned above, the two main telecommunications 
operators in the U.S. and Japan, AT&T and NTT, respectively, were also involved in the 
GSM standardization process, but they did not play any more important role at that time, 
since they were working on their own standards for their national networks. This was not the 
case anymore with regard to the W-CDMA standardization. NTT DoCoMo gave a 
considerable impetus for the development and adoption of W-CDMA standard. 

The empirical data show the significant increase of W-CDMA essential patents in total, 
as well as with regard to the number of essential patents held by non-European companies. 
The number of patent holders increased three times from 23 to 72 patent holders, and the 
number of essential patents increased eight times from 140 to 1227 unique and essential 
patents, comparing with the situation under the GSM standard.105 

The significant increase of essential patents can be explained by several factors. A 
possible explanation might be that individual companies have used their patents more 
strategically than before. After experiences with Motorola’s strategic use of essential patents 
under the GSM standard and Qualcomm’s as to the W-CDMA standardization process, other 
stakeholders might attempt to acquire broad patent portfolios in order to have good positions 
for cross-licensing negotiations under the W-CDMA standard. In this regard, Qualcomm 
expressed several times its severe objections against the scope of W-CDMA standard. It 
claimed that some included patented technologies had no relation with improving the 
standard’s quality. 

On the other hand, the W-CDMA standard is more technologically advanced than the 
GSM standard ever was. It covers more advanced ways of wireless communication than the 
second generation was. Moreover, the W-CDMA standard is the result of compromising two 
competing technological solution. The merger of two technologies might also cause an 
increase in the number of essential patents. 

A further possible explanation might be that the active participation of more 
companies from non-European countries on the W-CDMA standardization process might 
positively affect the increase in the number of essential patents. Although the situation with 
the openness of standardization process also to non-European and especially Asian companies 
is much better in case of setting the W-CDMA standard than previously during the GMS 
standardization, Rudi Bekkers and Joel West found out that no substantial change occurred 
                                                 
105 Although there are 380 GSM and 6313 UMTS essential patents by individual patent holders, a considerable 
part of patents are double counts of patents issued in different jurisdictions, i.e. mainly U.S., European or 
Japanese patents; see Bekkers et al., supra note 4, at 1148; Bekkers and West, supra note 2, at 83. 
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under the W-CDMA standard with regard to the geographical distribution of essential patents. 
It is so despite the active participation of main stakeholders from Asia, Europe and the U.S. 

By analyzing data on essential patents under the W-CDMA standard, Bekkers and 
West discovered that the W-CDMA essential patents are mainly held by the European 
companies, which are followed by the U.S. companies. A small portion is held by a few 
Japanese leading manufacturers. The ownership of remaining essential patents is distributed 
between companies from Canada and some Asian countries, such as South Korea. 
Furthermore, Bekkers and West found out that the group of main patent holders is even more 
concentrated with regard to the W-CDMA standard than it was in case of GSM standard. The 
four main patent holders hold 72% of W-CDMA essential patents and together with other four 
main patent holders they hold even 91% of W-CDMA essential patents, contrary to 52% and 
73% of essential patents, respectively, in case of GSM standard.106 

The concentration in ownership of essential patents can cause a problem that the 
interests of less important patent holders can be sometimes partially or completely 
disregarded by the main holders of essential patents. One example of such disregard can be an 
exclusion of less important patent holder’s proprietary technologies from the scope of 
standard by other competitors participating on the standardization process.107 The inclusion of 
particular technology into an important technical standard often means the steady source of 
revenues from licensing fees over a long time period, even after the substitution of obsolete 
standard by new one. For instance, one of main requirements for setting the W-CDMA 
standard was that the W-CDMA mobile telephony had to be compatible with the GSM 
technology in order to allow non-disruptive and smooth switching from the second generation 
(GSM) to the third generation (W-CDMA) of mobile phone networks. Hence, when 
proprietary technology is excluded from a drafted standard, its exclusion can have a 
substantial negative effect on the concerned company. Moreover, when it is excluded from 
the standard by other competitors without the participation of affected company, the exclusion 
can be seen as oligopolistic behavior eliminating other competitors from the market. It also 
applies to an additional inclusion of proprietary technologies held by a main holder of 
essential patents in high stages of standardization process or after the adoption of technical 
standard.108 

 
 

4. FROM SINGLE STANDARDS TO COMPETITION OF TECHNICAL STANDARDS 
 

In the previous Section, several ways of opportunistic activities from the side of national 
governments and private actors have been showed. As the inclusion of proprietary 
technologies into technical standards has brought several well-publicized cases of abusing the 
essential intellectual property rights under technical standards, 109  the scholars, national 
governments, standard-setting organizations as well as concerned industries have articulated 
several proposals on how to reduce frictions and possibilities of such abuses.110 The proposals 
range from a ban on an inclusion of proprietary technologies into technical standards111 to a 

                                                 
106 See Bekkers and West, supra note 2, at 90 (“For GSM, the CR4 patent ratio (the proportion of all essential 
patent held by the four largest patent holders) equals 52%, while that same ratio for UMTS is 72%; for the CR8 
patent ratio, it is 73% for GSM and 91% for UMTS, respectively. The Hirschmann-Herfindahl-Index (HHI) 
reveals a similar pattern, rising from 0.30 to 0.38.”). 
107 See, e.g., Aija Elina Leiponen, Competition through Cooperation: The Organization of Standard-setting in 
Wireless Telecommunications, 54 MANAG. SCI. 1904 (2008). 
108 For more details, see id. 
109 See […] 
110 See […] 
111 See […] 
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disclosure of license rates in advance,112 an adoption of license fee ceilings113 or a creation of 
patent pools.114 

As showed above, the ban on the inclusion of proprietary technologies into technical 
standards in general would bring more harm than benefits. Although it can work quite well in 
certain types of industries and technologies such as the Internet communication technologies 
and applications, it would be very harmful to technological progress in other fields of 
technologies, including mobile telephony, if it was adopted in general with regard to all types 
of technologies. So far, any of such attempts has led to the strong opposition from the side of 
main leading innovators in the field, as it was in case of GSM standardization from the side of 
leading U.S. telecommunications companies. 

A further proposed solution requires the disclosure of license rate in advance.115 It 
would allow to avoid an inclusion of proprietary technologies in technical standards where the 
right holders would demand excessive license fees. The main problem of this solution is that 
it is difficult to determine the value of proprietary technologies in early stages of 
standardization. Over the time, technology can become more valuable than originally 
expected or can lose its value. Accordingly, the solution would lead to the opposite outcome. 
The individual companies would try to overvalue their proprietary technologies in early stages 
in order to keep a sufficient room for negotiations, once another company would want to use 
their proprietary technologies in order to implement the adopted technical standard. 

In addition, the companies are not very willing to disclose more than necessary in a 
particular stage of technology development. By demanding proper values for individual 
technologies, they could disclose to their competitors the ways and directions, where a 
particular technology can be developed further. This is also the reason why many companies 
in their declarations of essential patents declare all their concerned patents, although many of 
them are not essential for that technical standard at all.116 

Over the last decades, several attempts to set up ceilings for license rates have 
occurred.117 At the end of 2009, the attention of concerned stakeholders in several countries 
was attracted by a new development relating to the inclusion of patented technologies into 
national standards in China. The Standards Administration of China (SAC) issued its Draft 
Regulations for the Administration of the Formulation and Revision of the Patent-Involving 
National Standards (hereinafter “Draft Regulations”). 118  Article 9 of Draft Regulations 
proposed to prohibit an inclusion of any patented technology into national standards, unless a 
patent holder agrees to grant a license to such technology with the license fee which is 
significantly lower than the normal rate on the market.119 The proposal has immediately met 
with a severe opposition from the foreign companies and their governments. 

At the present, the discussions are ongoing about setting a ceiling on aggregate license 
fees within a one-digit rate for the fourth generation of mobile telephony. Although the 
proposal has been cheered and supported by many important telecommunications operators 
and holders of small shares of essential patents, it was fully rejected by the main holders of 
essential patents. This outcome is not surprising and is fully consistent with the findings in the 

                                                 
112 See […] 
113 See […] 
114 See […] 
115 See […] 
116 See […] 
117 See […] 
118 Available at http://www.sac.gov.cn/upload/091104/0911040916193480.PDF (last visited Jun. 20, 2010) (in 
Chinese). 
119 See, e.g., George T. Willingmyre, Take Two: China’s Proposed Regulations for Patent-Involving National 
Standards, INTELLECTUAL PROPERTY WATCH Dec. 21, 2009, available at http://www.ip-
watch.org/weblog/2009/12/21/take-two-china%E2%80%99s-proposed-regulations-for-patent-involving-
national-standards/ (last visited Jun. 20, 2010). 
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abovementioned study made by Knut Blind and Nikolaus Thumm.120 Although they studied 
the relationship between the essential patent portfolio and the willingness to participate in any 
voluntary standardization, their findings can be used by analogy to the relationship between 
the essential patent portfolio and the willingness to participate in any voluntary restrictions on 
the license fee rates. 

A further proposal with the same effect is the creation of patent pool. While the patent 
pool strategies work well with regard to technologies such as audio-visual coding (e.g., 
MPEG-2 and MPEG-4) and recording technologies (e.g., CD and DVD technology), they 
have failed under the technical standards for the second and third generation of mobile 
telephony. The main reason was that the main holders of essential patents were not willing to 
enter into proposed patent pools or did not agree with setting any ceiling for aggregate license 
fees. 

Their negative positions can be explained by the fact that there was a lack of other 
competing technical options for manufacturers, network operators and consumers, which 
would induce the holders of essential patents to behave more competitively. In case of audio-
visual coding and recording technologies, there were several competing technical platforms 
which induced the holder of essential patents to create a patent pool in order to sell their 
technology as a package and thus to achieve their recognition on the market and adoption as 
de facto standards. However, this has not been the case in the first three generations of mobile 
telephony. In case of first two generations of mobile telephony, except for the second 
generation market in the United States, only a single standard has been adopted by individual 
countries.121 Accordingly, the main holders of essential patents were not exposed to any 
competitive threats from other competing technologies based upon different technical 
standards within those countries, once the country adopted a single technical solution. 
Although the situation concerning the third generation of mobile telephony seems to be a bit 
different due to the adoption of several technical standards, it does not differ significantly 
with the previous one. All competing technical standards are based on same technology with 
certain modifications. It allows the main holders of essential patents to control considerable 
patent portfolios under all competing technical standards at the same time. 

The competition of technical standards often leads to so-called standard wars, which 
are often perceived in a negative way, especially, from the viewpoint of consumers and 
manufacturers who have chosen the standard which lost the race and therefore have to 
ultimately bear the costs of switching to the winning standard. However, the adoption of 
several competing standards based on technologies developed by different companies can be 
more beneficial in long run than the adoption of single international standard in certain fields 
of industries and technologies. The mobile telephony and other wireless communication 
technologies definitely belong to that kind of technology.   

The mobile phone markets in many developed countries are characterized by the 
competition amongst three to six main network operators. In many cases, the operators select 
the technology which is the most suitable for their networks and clients. This led several U.S. 
operators to pick up Qualcomm’s IS-95 standard for their second-generation mobile phone 
networks, although the other main operators relied on the standards using the TDMA 
technology at that time. The decision’s main reason was based on the cost-benefit analysis. 
The IS-95 standard allowed more efficient use of their networks than the standards based on 
the TDMA technology. 

Similarly, KDDI, the second largest operator in Japan, opted for Qualcomm’s IS-95 
and CDMA2000 standards in order to avoid technical dependency on NTT DoCoMo, the 
largest operator in Japan, which also significantly controlled the PDC technology at the 
Japanese market for the second generation of mobile telephony. In addition, KDDI wanted to 
                                                 
120 See Blind and Thumm, supra note 33. 
121 See […] 
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clearly get from the shadow of NTT DoCoMo, which is traditionally presented as a leading 
innovator and adopter of most advanced technologies in the field. By using different 
technology, KDDI could change its conventional image of NTT DoCoMo’s follower to a new 
image of innovator and leader in the field. Furthermore, the adoption of IS-95 standard 
allowed KDDI an easy transition from the second to third generation of mobile telephony. 
This polarization also continues with regard to the fourth generation of mobile telephony, 
where NTT DoCoMo focuses on the LTE standard and KDDI concentrates on the WIMAX 
standard. 

The selection of technologies on a competitive basis does not apply only to private 
actors on a national level, but also to an adoption of technology by countries or regions. A 
good example might be an adoption of IS-95 standard in South Korea, China or Latin 
American countries. The IS-95 standard was often picked up from several possible options. 
Although Qualcomm’s use of its essential patents under the technical standards for the third 
generation of mobile telephony is heavily criticized, the situation with regard to the second 
generation was slightly different. There has been an actual competition between technical 
standards relying on different technical solution and controlled by different entities. The 
competition between several competing technologies for the second generation of mobile 
telephony induced Qualcomm to offer those countries an efficient mobile communication 
technology under reasonable terms. Qualcomm’s main interest was in spreading its standard 
worldwide and looked for partners who would reduce the production costs of its technology 
and would develop high quality product lines of mobile phones under its standard. The South 
Korean and Chinese consumer electronics manufacturers were the ideal partners for this 
purpose. It was also one of reasons why Qualcomm provided them with beneficial terms and 
conditions in its license agreements. 

Accordingly, it seems that the adoption of two competing standards for the fourth 
generation of mobile telephony, which are based on different technologies and controlled by 
different actors, might induce competition between different technical solutions for mobile 
telephony and therefore to reduce a possibility of occurring the problems faced by the second 
and third generation, such as royalty stacking, patent holdup and standard holdup. At the time 
when proprietary technologies are conventionally incorporated into international standards, it 
is vital that there are several competing international technical standards. In this way, the 
market can decide which standard is more suitable for a particular operator, country or region. 
Furthermore, it can stimulate further technological progress, since several technical options 
are used by different companies. The market is not then locked-in to a single technical 
solution and no company can exercise substantial power over the standard through its 
essential intellectual property rights. This can give an incentive to the holders of essential 
intellectual property rights to have more reasonable and modest demands than they would 
have under a single international standard. It also prevents concentration within industries 
which could stifle the progress in designing and developing a variety of technologies and 
product lines to be offered to consumers. 

One might argue that the use of different technical standards can lead to the situation 
faced under the first two generations of mobile telephony, where different countries have 
adopted incompatible national standards. As mentioned above, the current situation is, 
however, a bit different. At the present, three to six main operators compete on national 
markets and they can decide on an adoption of technology by themselves. They often decide 
on the adoption of technology which fits their networks the most. 

As mentioned in Section I, the communication networks rely on network effects. The 
network effects also play an important role in standard wars. They often lead to an adoption 
of a single de facto standard by the market. In order to reduce a possibility that such an 
outcome occurs on mobile phone markets, the necessary interoperability between different 
standards for mobile telephony can be achieved by adopting an international standard that 
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would guarantee a certain minimal level of interoperability between networks using different 
technical solutions and standards. 

The interoperability can be guaranteed by a minimal and free interface or default 
standard. For instance, the abovementioned WIPI standard for wireless Internet platforms was 
used as a default platform. It allowed individual manufacturers of mobile devices to use a 
platform based on a different standard in addition to the default platform employing the WIPI 
standard. The providers of complementary services could then decide upon which platform 
they would build their services—either on the WIPI platform or other platforms developed by 
individual makers.  

The technical standards used for earlier generations can also be used in order to 
achieve interoperability. In case of second-generation mobile telephony in the U.S., the first-
generation AMPS standard which was free was used as the technical solution allowing the 
users of various second-generation standards to use their handsets even in the areas where the 
particular second-generation standard was not used by any available operator. Although the 
use of AMPS standard would be hardly acceptable by the users in the age of smartphones, 
even the use of lower-generation technical standards which already incorporate proprietary 
technologies could be a feasible option. Over the time, the value of proprietary technologies 
in lower generation standards is considerable reduced by the introduction of newer and more 
advanced communication technologies. 

Hence, the international standardization should not attempt to create single 
international technical standards for the entire world. But, it should create an environment 
where different international standards can be used and the market can decide which of them 
will be more broadly used. It will be beneficial for all concerned stakeholders. It will 
guarantee the sufficient protection of exclusive intellectual property rights under individual 
technical standards. At the same time, the holders of essential intellectual property rights will 
be induced to license their proprietary technologies under the FRAND terms or package deals 
created by patent pools, since the manufacturers and network operators will have other viable 
options in the form of other interoperable technical standards. In this way, the barriers to the 
international trade in form of technical standards will be minimized and the knowledge 
codified in the standards will be openly accessible to any stakeholder under the FRAND terms 
and conditions. The possibility that the manufacturers and network operators will be exposed 
to patent holdup problems will be reduced to minimum. Finally, the consumers will be 
provided with a variety of technologies, devices and communication services. 

The current law partially provides such a legal framework. The principles of 
transparency, openness, impartiality and consensus have been implemented into the regime 
under the TBT Agreement. Its main task is to eliminate the control of limited groups over the 
mandatory national regulations and standards. It is done by requiring transparency, openness, 
impartiality and consensus on each level of technical standardization. Accordingly, these 
principles are incorporated into the Code of Good Practice for the Preparation, Adoption and 
Application of Standards by Standardizing Bodies122 in case of mandatory and voluntary 
national standards, as well as into the Principles for the Development of International 
Standards, Guides and Recommendations with Relation to Articles 2, 5 and Annex 3 of the 
Agreement123 in case of international standards. Any affected stakeholder should thus have 
access to all information on ongoing technical standardization and to its individual stages. No 
company, entity, country or region should have any privilege or favor in any standardization 
process. The Principles therefore require as follows: 

 

                                                 
122 TBT Agreement, supra note 9, annex 3. 
123 WTO, Committee on Technical Barriers to Trade, Decisions and Recommendations Adopted by the WTO 
Committee on Technical Barriers to Trade since 1 January 1995, at 37, G/TBT/1/Rev.9 (Sept. 8, 2008). 
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“[The international standards] should not distort the global market, have adverse 
effects on fair competition, or stifle innovation and technological development. In 
addition, they should not give preference to the characteristics or requirements of 
specific countries or regions when different needs or interests exist in other countries 
or regions.”124 
 
The preference for open standards developed in a broad cooperation between various 

stakeholders in the field are also supported by the fact that the countries which import foreign 
technologies often try to avoid an adoption of any technology which is heavily controlled by a 
few companies from the same country. In this way, they attempt to reduce their dependence 
on small and concentrated groups of private entities from another country. 

The experiences with setting the technical standards for individual generations of 
mobile telephony show that only open standards, which are quickly adopted by a large 
economy, have been successfully exported to other countries and continents. In some cases, 
they have even become the de facto global standards, such as the AMPS standard together 
with its modification in form of TACS standard for the first generation of mobile telephony 
and the GSM standard for the second generation. 

The openness of standardization process is the main guarantee of success for the 
adopted standards on the global market. It assures that none of important stakeholders will be 
excluded. It is the reason why the open standards are very quickly adopted and spread within 
the industry, when they have support from the main stakeholders. The participation in 
standardization process is not only important for the incorporation of proprietary technologies 
into the drafted standard, it is also essential for the later implementation of standard. When a 
company fully understands the way how the standard has been drafted, it is easier for the 
company to design product lines in compliance with the adopted standard quickly and 
smoothly. The less burdensome the implementation of technical standard is for the concerned 
entities, the higher the competition between individual manufacturers and the variety of their 
products can be. 

 
 

CONCLUSION 
 
The international technical standards are seen as a good tool to remove barriers to the 
international trade, but many international technical standards in the high-tech industries have 
recently incorporated various proprietary technologies. The incorporation of proprietary 
technologies guarantees that the technical standards are not outdated and are on the edge of 
technological progress. Although the protection of intellectual property rights induces 
research and development activities, their proliferation in technical standards can create 
considerable obstacles to designing new technologies or can even completely stifle the 
technological progress for several years. The patents essential for the implementation of 
technical standards are powerful tools allowing their holders to shape the structure of entire 
market with the affected communication technologies, such as Motorola or Qualcomm have 
done with regard to the second and third generations of mobile telephony respectively. The 
experiences with the standardization of mobile telephony show how individual companies 
could shape the market and could strategically behave in order to maximize their private 
benefits. 

The foundations for such opportunistic activities in technical standardization and 
licensing intellectual property rights which are essential for the implementation of adopted 
standard can be found in the distortions of market, such as restricting access to technical 
standardization by certain stakeholders and the adoption of single standard within a particular 
                                                 
124 Id. at 39. 
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country or region. The solution can be found in creating an environment for the competition 
of several mutually substitutable technical solutions and in leaving upon the market to decide. 
The law should not ban the inclusion of proprietary technologies into technical standard, but it 
should provide clear rules of game. The law should minimize the occurrence of situations 
where the intellectual property rights can be abused on the expense of other competitors and 
consumers in technical standardization and during the implementation of adopted technical 
standards. 

Although the TBT Agreement is sometimes criticized for requiring to use the 
international technical standards as a basis for the national technical regulations and standards, 
it does not create a top-down approach leading to technical internationalism and uniformity. 
The principles adopted by the TBT Committee for adopting the international technical 
standards set up the transparency, openness, impartiality and consensus as the main 
requirements for the international standardization. However, it should be clearly pointed out 
that the term “international standard” does not mean “the single international standard”. 
Although the international harmonization is important for the international trade, it should 
create an environment for the competition of different technical solutions and not to freeze the 
technical progress by a single international standard for long time. 
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Abstract 

 
Patents owned by start-ups are an important selection criterion for venture capitalists (VCs), 

and have been shown to positively affect a start-up’s ability to attract venture capital 

financing. The role of patents in this context is two-fold. First, patents carry value in their 

original function as exclusionary rights; and second, they can serve as signals for the 

unobservable quality of a venture’s technology. Existing studies in this field are based on 

firm-level transaction data, which does not allow to disentangle the signaling effect of patents 

from their productive effect. We address this gap by means of a conjoint-based survey among 

102 European VCs. It turns out that patents have a strong impact on VC decision making, but 

only in their property rights function and not as quality signals. Instead, VCs appear to rely on 

the existence of research alliances and, to a lesser extent, management experience as signals 

of technological quality. 
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1. Introduction 

Venture capitalists (VCs) specialize in the financing of young firms with a high 

growth potential. Such investments bear a high risk due to a lack of securities and a high level 

of uncertainty. In particular the start-up itself is subject to uncertainty, since for lack of a track 

record its quality is only imperfectly observable. In evaluating a young firm, external parties 

thus have to rely on attributes that are observable at the time of assessment and presumably 

correlated with further, unobserved determinants of the start-up’s quality (Stuart et al. 1999). 

Hence, observable characteristics may, in addition to their intrinsic value as assets, serve as 

signals when the potential of young companies is being evaluated. 

For high-technology start-ups, patents are an important instance of such an observable 

characteristic. In their original function as exclusionary rights, patents help appropriate 

returns from investment in R&D and facilitate the commercialization of new technologies 

(Teece 1986, Levin et al. 1987, Cohen et al. 2000, Hall and Ziedonis 2001). And in a second 

function, patents hold informational value and may serve as a quality signal in the presence of 

uncertainty (Long 2002). In line with Spence’s (1973) definition of a signal, patents, being 

costly to obtain, may be regarded as an observable proxy for an unobservable characteristic 

such as the quality of a start-up’s technology (Conti et al. 2011). Indeed, they have long been 

recognized as a relevant selection criterion for VC investors (e.g. McMillan 1985). More 

recently, a number of studies have shown a positive relationship between the patent stock of 

high-tech start-ups and the amount of funding received from VC investors (e.g., Baum and 

Silverman 2004, Mann and Sager 2007, Hsu and Ziedonis 2007, Häussler et al. 2009, Conti et 

al. 2011).  

However, a detailed understanding of how exactly patents support start-ups in 

attracting venture capital is missing. Most existing studies in this field are based on firm-level 

transaction data, which does not allow to disentangle the signaling effect of patents from their 

productive effect (e.g., Mann and Sager 2007, Hsu and Ziedonis 2007).  

In this study, we address this gap. Drawing on value appropriation and signaling 

theory, we develop a conjoint approach to quantify the relative value of patents as property 

right and as quality signal. We conducted a survey among 102 European VCs, all invested 

into German high-tech startups. Participants completed a set of choice-based conjoint 

experiments in which the importance of patents for securing VC funding compared to two 

other observable start-up characteristics, the team’s amount of management experience and 
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the existence of alliances, was tested. To isolate the signaling effect of patents we conducted 

the experiment under two scenarios. In one scenario participants were told that the 

technological quality of the start-ups under consideration was unknown to them. In the other 

scenario, they were briefed that the firms’ technologies were known to them and equally 

good. With the collected choice data we estimate mixed-logit models to determine the value 

contribution of each start-up characteristic. Since no signaling regarding the start-ups’ 

technologies is required in the latter scenario, featuring equally good technologies, differences 

between the two scenarios can be interpreted as signaling effects of the respective 

characteristic.  

Our results are somewhat surprising. Although we find a comparatively high 

importance of patent protection for securing VC funding, we cannot identify a signaling effect 

of patents. In other words, VCs value patents highly, but only in their function as property 

rights, not as quality signal. Instead, VCs seem to rely on research alliances as signals for 

technological quality. These findings come rather unexpected in the light of conceptual 

studies on patent’s signaling value (compare e.g., Long 2002, Graham et al. 2009) and 

question received wisdom.   

This study makes several contributions to the literature. First, we add new insights to a 

recent stream of research on the role of patents in VC financing (Baum and Silverman 2004, 

Mann and Sager 2007, Hsu and Ziedonis 2007, Häussler et al. 2009, Cao and Hsu 2011, Conti 

et al. 2011). To the best of our knowledge, using a new approach this study is the first to 

isolate a patent’s signaling effect from its property rights function. Second, we contribute to 

previous literature on VC selection criteria (e.g. McMillan 1985, Hall and Hofer 1993, Franke 

et al. 2008), providing evidence on the relative importance of various observable criteria. 

Third, we extend the range of applications of conjoint analysis for managerial research (e.g. 

Shepherd and Zacharakis 1999, Fischer and Henkel 2010a) by combining it with a scenario 

approach.  

2. Theoretical background 

2.1. VC decision making 

Investing into young technology-based ventures is a high risk undertaking. On the one 

hand new organizations are confronted with many challenges and therefore highly vulnerable, 

a phenomenon which Stinchcombe (1965) termed liability of newness. With their product 
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offering still being in development phase, especially high-tech start-ups face a high technical 

and commercial failure rate (Aldrich and Fiol 1994, Tushman and Rosenkopf 1992). On the 

other hand start-ups are difficult to evaluate for investors, as their potential and quality cannot 

be assessed from outside. Reliable information such as a performance track record or even 

existing revenue streams are hardly available for young companies (Penrose 1959, Shane and 

Stuart 2002). The issue of information asymmetry between entrepreneurs and external 

evaluators, which is particularly salient if the first point of contact is the submission of the 

business plan to the VC, furthermore impedes an outside assessment by any investor (Leland 

and Pyle 1977). Despite these risks, VCs provide start-ups with capital to finance further 

development, but are well aware of the high level of uncertainty that surrounds their 

investment decision.  

Given these uncertainties VCs spend a substantial amount of time and effort on 

seeking and assessing signals of a start-up's quality and potential (Amit et al. 1990, Hall and 

Hofer 1993). Since the potential of a start-up often cannot be observed directly, venture 

capital investors search for other signs or certifications of future promise and quality (Di 

Maggio and Powell 1983, Podolny 1993). When clear measures of performance do not exist, 

external parties will have to rely on other sources of information, e.g. on available observable 

characteristics of new ventures (Stuart et al. 1999). At the same time, entrepreneurs, facing 

the challenge of securing resources for further development, invest in observable 

characteristics to signal the commercial potential of their venture (Zott and Quy 2007). By 

building up and advertising certain resources and capabilities start-up teams not only lay the 

foundation for their future business but also create signals, which are known to reduce 

information asymmetries (Spence 1973) and information cost (Long 2002). Prior research 

suggests three broad categories of observable characteristics that affect VC’s evaluation of 

technology start-ups - team, alliances, and patents – which all incorporate a productive as well 

as a signaling component. 

2.2. Team experience and alliances as investment criteria 

The management skills of the founding team are commonly reported as the most 

important evaluation criterion for VCs (Zacharakis and Meyer 2000). Practitioners widely 

share this view, as one of our interviewees, a German VC investor, states that “first and 

foremost it is about the team, the management, the people, their experience.” Several 

observable team characteristics such as educational background, industry experience, 
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entrepreneurial experience or the level of familiarity among the team members are valid 

indicators of the team’s management skills.  

Out of these indicators, experience-related attributes have in most studies shown the 

biggest performance contribution. Emphasizing the importance of entrepreneurial experience 

Gompers et al. (2006) show that founders with a previous IPO success are more likely to 

realize successful IPO exits in new ventures than are first time entrepreneurs and those who 

have previously failed. Moreover, serial entrepreneurs with a demonstrated track record 

should have increased bargaining power as they are more likely to recruit executive officers 

from their own social networks, which brings along positive evaluation consequences for 

venture capital funding (Hsu 2007). Furthermore, experienced managers founding or working 

for a start-up can provide a positive signal to VCs: for these managers, the value of the next 

best job alternative is high, which implies that they must consider the venture of good quality 

(Hsu and Ziedonis 2007).  

Proving the importance of industry experience Burton et al. (2002) find that 

entrepreneurs with prior career experience in prominent firms benefit from information and 

reputation advantages when securing external financing. Chatterji (2009) identifies a positive 

relationship between industry experience and start-up performance in the medical device 

industry due to nontechnical knowledge. Agarwal et al. (2004) provide evidence on how 

knowledge and capability transfer from the incumbent to the spin-off affects the latter’s 

probability of survival. Subsequently it is not surprising that based on a conjoint experiment 

with German and Austrian VCs Franke et al. (2008) demonstrate that VCs value industry 

experience measured in years as most important of all founder team characteristics. 

Potential existing alliances of a start-up pose another important selection criterion for 

VCs. Affiliations with other firms (not necessarily banks or investors) can have a substantial 

impact on the opportunities and constraints a new venture faces. Prior research shows that 

organizations with a reputable network of alliances benefit from collaboration and are 

therefore likely to outperform others. Alliances provide advantages associated with the access 

to complementary resources (Chung et al. 2000). For example, a downstream agreement with 

a sales partner can help a start-up in bringing its innovative product to market. Similarly, 

(Liebeskind et al. 1996) show that upstream alliances, e.g., with universities or other research 

institutes, secure valuable access to knowledge and other assets. Such assets can enable a new 

venture to develop technological knowledge which it could not have generated by itself 

(Santoro and Gopalakrishnan 2000). 
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Alliances may also serve as legitimation for the new venture (Baum and Oliver 1991, 

Miner et al. 1990) and consequently facilitate the acquisition of other resources such as 

venture capital. This holds particularly true for downstream relationships with sales partners 

or pilot customers that serve as external acknowledgments for a company’s product or 

technology offering. Correspondingly, upstream alliances with reputable research institutions 

may constitute a reference for high-quality technology development. According to Stuart et al. 

(1999) third parties rely on the prominence of the affiliates of new ventures to make 

judgments about their quality, and start-ups endorsed by prominent exchange partners will 

perform better than otherwise comparable ventures that lack prominent associates. Baum et al. 

(2000) find evidence that biotechnology start-ups that are able to quickly establish both 

upstream and downstream alliances will deliver significant performance improvements during 

their early years of business. In a study based on venture capital transaction data Baum and 

Silverman (2004) are able to show that the amount of downstream alliances a start-up 

possesses positively affects the amount of VC financing it receives. 

Summarizing, both team experience and alliances incorporate a productive as well as a 

signaling component. Based on these components both start-up characteristics are assumed to 

have an influence on VC investment decisions. 

2.3. The two-fold role of patents 

Intellectual property rights have until the 2000's been acknowledged as a relevant, but 

not very important VC selection criterion (e.g. McMillan 1985). Only recently the attention 

towards patents has increased with a number of studies, all based on transaction data, 

indicating a positive relationship between the existence of patents and venture capital 

financing of start-ups. Baum and Silverman (2004) demonstrate that biotechnology start-ups 

in possession of patent applications or patent grants receive more VC financing than ventures 

without patent protection. Similar results yields a study by Hsu and Ziedonis (2007) in the 

semiconductor industry, in which the number of patent applications a start-up holds is shown 

to drive its financial evaluation by VCs, especially in early funding rounds. Examining a 

sample of mostly IT start-ups from an incubator at Georgia Institute of Technology, Conti et 

al. (2011) find that patents filed have a positive impact on the likelihood of VC investment 

and the amount of funding received. For a U.S. based sample of VC-backed firms from 

different industries Cao and Hsu (2011) show that pre-VC patent filings help start-ups receive 

larger VC funding and decrease their likelihood of failure. Mann and Sager (2007) find 
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positive correlations between patenting activity and several performance variables such as 

number of financing rounds or total investment for a sample of software start-ups. Analyzing 

a sample of German ventures, Engel and Keilbach (2007) notice that VC-funded firms hold a 

higher number of patent applications at pre-funding stage than non-VC-funded firms. Finally, 

Häussler et al. (2009) are able to prove that biotech start-ups are likely to receive venture 

capital earlier in case of existing patent applications and if these patents turn out to be of high 

quality. The above mentioned impact of patents on VC financing can be traced back to the 

two main functions of a patent for technology-based start-ups: property right and quality 

signal.  

Regarding its function as a property right, a patent constitutes a legal right to exclude 

others from using an invention. For instance, patents are known to help companies 

appropriate returns from innovative activities and to facilitate cooperation and bargaining 

with business partners (e.g., Cohen et al. 2000, Hall and Ziedonis 2001). Subsequently a 

positive impact of patent ownership on the stock market value of companies can be observed 

(e.g. Hall et al. 2007). Furthermore, patents can have a positive influence on the business 

performance of start-ups, for example by reducing the time to IPO (Stuart et al. 1999) and 

increasing the likelihood of survival after IPO (Wagner and Cockburn 2010). Additional 

(trade or transaction) value to both entrepreneurs and VCs may be inferred from the 

possibility of selling property rights to third parties.  

As to its signal function, a patent can represent a valuable signal for the quality of a 

start-up’s technology. The importance of signals lies in reducing information asymmetries by 

providing a sorting mechanism in case of uncertainty (Spence 1973). In other words, signals 

help investors form opinions by serving as indicators for “hidden” characteristics. Patents can 

be regarded as valid quality signals as they are costly to obtain for the entrepreneur and 

directly observable by outsiders (Long 2002). We point out that in contrast to most existing 

studies that use the term signaling more broadly in the sense of patents as signals for future 

performance, we apply a more narrow definition of quality signal and investigate the function 

of patents as a signal for a presently existing but unobservable characteristic, namely, the 

quality of a start-up’s technology (Conti et al. 2011). Technology entrepreneurs are well 

aware of the signaling value a patent may have to VCs and report to engage in patenting 

activities to increases their chances of securing investment (Graham et al. 2008). The 

comprehensive examination by the patent office works as a certification mechanism and lends 

credibility to the granted patent as a signal (Häussler et al. 2009). But even before the patent 
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office makes a decision, a patent application can work as a proxy for technological quality 

(Baum and Silverman 2004, Hsu and Ziedonis 2007).  

While most patent scholars ascribe a positive signaling value to patents, differing 

opinions exist. In analyzing the effect of patent filings on IPO underpricing in the U.S., 

Heeley et al. (2007) conclude that patents in complex industries fail to provide a signaling 

function to equity investors. 

As there is little quantitative evidence yet on the two-fold role of patents in VC 

financing, our research aims to determine the importance of the patent’s signaling effect 

compared to that of its property right function. We address a research question raised among 

others by Mann and Sager (2007) stating that “a patent serves as a proxy for both the 

innovation and the legal protection,” two effects that patent scholars so far cannot untangle. 

3. Data and methods 

3.1. Conjoint analysis 

In order to shed more light on the role of patents in VC financing, we conducted 

choice-based conjoint experiments1 with VC investors. We chose to employ this approach for 

three reasons. First, the use of conjoint analysis in studying decision policies of VCs provides 

clear advantages compared to post-hoc methodologies (Shepherd and Zacharakis 1999). 

Several shortcomings of traditional likert scale surveys such as inflation of importance or 

biases due to individual response styles are avoided (e.g., Stening and Everet 1984). Second, 

by letting respondents select their preferred “bundle” of characteristics, choice experiments 

come close to real-life decision situations. They thus help to increase both the validity and the 

response rate of surveys.2

In a choice experiment respondents are repeatedly (12 times in our case) presented 

with a set of hypothetical alternatives and supposed to pick the one they prefer most (and/or 

least). In our study we present participants three start-ups at a time, which differ only in a 

 Third and most important, with our experimental setup we benefit 

from two advantages over the analysis of real transaction data: An omitted variable bias is 

excluded by construction and the desired signaling effect can be isolated experimentally (e.g., 

Sprinkle 2003). 

                                                  
1  Choice-based conjoint experiments are also known as discrete choice experiments. In contrast to completely 

ranking a large number of stimuli in a traditional conjoint analysis, respondents are asked to repeatedly 
select their preferred option out of a set of only few stimuli (Elrod et al. 1992). 

2  We indeed achieved a very high direct response rate of 40% as explained later. 
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limited number of attributes as explained below, while all other characteristics are set equal. 

By analyzing the revealed preferences we can draw conclusions about the importance that 

participants attach to the different attributes when screening investment proposals.  

It is an important issue in conjoint experiments to make them as realistic as possible, 

while making sure they are easy to understand and manageable for the respondents in terms of 

complexity and timing. Thus, it is imperative to clearly define the setting of the experiment 

and account for relevant variables only. We decided to focus our research on the screening 

stage, in which VCs select start-ups based on written business plans for further consideration.3

 

 

To be able to interpret the results correctly, we need to make sure that all respondents have a 

common reference setting in mind when doing the experiment. At the beginning of the 

experiment, we therefore introduced the general screening situation and provided a short 

description of the type of start-up to be assessed, which had been repeatedly tested and refined 

in our expert interviews. As a result, the presented reference setting (Figure 1) provides an 

explanatory framework to generate a common understanding of the choice situation, which 

leaves at the same time enough room for variation in decision making. 

--- insert Figure 1 here --- 

 

The decision to focus on the screening stage already narrows the choice of VC 

investment criteria in the sense that only directly observable start-up attributes can be 

included in the experiment. For instance, the amount of management experience in years can 

be read from a written business plan, whereas the actual management skills of the team leader 

cannot be observed on paper. Moreover, investors evaluating business proposals will rather 

rely on objective characteristics, e.g., written alliance agreements, as opposed to more 

subjective and ambiguous attributes like “a large number of potential customers.” Most 

business plans feature estimated financial figures such as market sizes and growth or expected 

financial return, however since our research interests are centered on the resources of new 

ventures, we exclude any financial criteria from the experiment. 

As demonstrated in the literature review, prior research implies that VCs rely on three 

types of start-up characteristics in the screening process: human, alliance, and intellectual 

capital. To make sure we only use variables that are relevant in practice, we conducted a pilot 

                                                  
3  The screening stage, as the initial step of the VC decision making process, is not only of high relevance for 

both VCs and entrepreneurs, but is also well suited for a conjoint experiment, as evaluating conjoint cards is 
very similar to evaluating executive summaries of business proposals in real life (Franke et al. 2008).  
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study which included the analysis of the relevant academic and practice-oriented literature, 

business plan competition guidelines, and interviews with VC experts, among them eight 

active VC investors, three entrepreneurs and nine VC scholars. After thorough discussions 

around key screening criteria and their realistic levels, we arrived at three observable start-up 

characteristics for our analysis: start-up team's experience, written alliances, and patent 

protection. For each start-up attribute, we included three different attribute levels 4

 

 in the 

experiment (Table 1) that are used to describe the setup of different start-ups at a specific 

point in time. 

--- insert Table 1 here --- 

 

To reduce the full fractional design of 33=27 possible combinations to a manageable 

number of six choice sets we relied on an efficient fractional-factorial design generated by 

computerized search (Yu et al. 2009)5

                                                  
4  In selecting the individual attribute levels we made sure that all possible combinations of attribute levels to 

describe the start-ups for the experiment were reasonable and realistic. 

. In all of the six choice sets respondents were presented 

with three hypothetical start-ups each and asked to select the one they would most likely and 

least likely, respectively, fund with venture capital. Figure 2 depicts a choice set as presented 

to the survey participants. To isolate the signaling effect of patents, we conducted the 

experiment under two different scenarios, each containing the same six choice sets in random 

order. This led to a total of twelve choice sets to be addressed by each respondent. The two 

scenarios differed only in one underlying assumption. In the scenario “technological 

uncertainty,” VCs were briefed that they were not familiar with the quality and uniqueness of 

the presented start-ups’ technologies, whereas in the scenario “equally good technologies” the 

technologies of the presented start-ups were described as equally good and known to the 

investor. Differences in attribute importance between the two scenarios can be interpreted as 

signaling effects of the firms’ observable characteristics. More precisely, consider the variable 

“patent granted”: Under “technological uncertainty” respondents are assumed to value a start-

up’s patent both as a property right and as a signal for the unobservable technological quality. 

In contrast, in the case of “equally good technologies” VCs should value patents only in their 

productive function as property rights, since the technological quality of all alternatives is 

equal by definition. The same reasoning applies to the variables describing alliances and team 

5  The design was generated using the software package NGene 1.0 by ChoiceMetrics, Ltd. 
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experience. Subsequently, differences in value contribution of our focus variables can be 

regarded as signaling effects for the quality of a start-up's technology.  

The use of controlled experiments, involving the manipulation of available 

information, is a well-established approach across all kinds of scientific research fields to 

answer questions that otherwise might go unanswered (e.g., Sprinkle 2003). Scenario-based 

studies are one subgroup of experiments that are already frequently employed to study 

managerial issues, for instance in the areas of marketing and operations management (see 

Wason et al. 2002 and Rungtusanatham et al. 2011 for overviews). To introduce respondents 

to the hypothetical situation in which they are supposed to act, they are typically presented 

with a “scenario” (Wason et al. 2002).6

For the purpose of our survey an extensive pre-test confirmed that the experimental 

setting including its variables and scenarios was understandable, realistic, and manageable 

within the suggested time frame. To ensure internal validity and increase respondents’ 

attention the two differing scenarios were each illustrated with a brief example and marked 

with a different color. To avoid biases, we created six different versions of the survey (see 

Table 2) that differed by the order of scenarios and start-up attributes, and randomly assigned 

one version to each participant.  

 By reproducing a real-life decision-making situation, 

a well-constructed scenario enhances respondent involvement and increases the experiment’s 

internal validity by bringing all participants on the same page and focusing their attention on 

the main features of the research (Cavanagh and Fritzsche 1985, Fredrickson 1986). In most 

applications different versions of the same basic scenario are designed by altering only one 

piece of information and are then randomly allocated to different respondents, thus allowing 

for investigating intergroup differences (Alexander and Becker 1978). Novel results from 

numerous studies in different managerial research fields show that, when the scenarios are 

appropriately designed and validated, scenario-based experiments are an effective method for 

studying managerial decision making (Wason et al. 2002, Rungtusanatham et al. 2011).  

 

--- insert Figure 2 and Table 2 here --- 

                                                  
6  Some scholars refer to this short description of a person or social situation as a “vignette” (e.g., Alexander 

and Becker 1978). 
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3.2. Sample 

Our sample consists of 102 individual VCs from 80 different VC firms, all of which 

invest in German high-technology start-ups. In preparation potential respondents had been 

identified by searching industry associations (BVK, EVCA), press releases and VC fund 

websites, making sure our population was currently active and invested in high-tech start-ups 

at early stages.  Based on these criteria we collected information on a total of 148 VC firms, 

which virtually represent the entire German-speaking VC community relevant for our study. 

Per VC firm we randomly chose a maximum of three technology-focused investment 

professionals to be entered into our database, leading us to a total number of 233 potential 

individual participants. We conducted our survey during the first quarter of 2011. Relevant 

VCs were first contacted by phone to establish a personal contact and explain the conjoint 

experiment. Right after, we provided them with the link to the online survey by e-mail. A 

reminder was sent two to three weeks after the initial contact. As VCs have a busy schedule, 

we tried to design our survey as convenient and interesting as possible by making it available 

online, asking for limited demographic information only, and providing a straightforward but 

entertaining choice experiment.7 We received 110 answers in total, 102 completing the entire 

survey. Checking for non-response bias we could not find any demographic differences 

between participating and non-participating VCs, neither in terms of fund size, hierarchical 

position, nor industry focus. With a direct response rate of 40%8

 

 and answers stemming from 

80 different VC firms our sample should thus be representative of the German-speaking VC 

market. Table 3 shows that our sample contains VCs with a large variety in expertise, 

background and funding history.  

--- insert Table 3 here --- 

3.3. Estimation 

Since we asked respondents in each choice set for the start-up they would most likely 

fund and the one they would least likely fund, they provided us with a complete ranking of the 

ventures in each choice set. Beggs et al. (1981) and Chapman and Staelin (1982) were the first 
                                                  
7  As a matter of fact we received much positive feedback on the research topic and survey design. On average 

it took respondents less than 15 minutes to complete the survey. We believe that focusing on survey 
convenience and establishing a personal contact by phone was crucial to achieving a high response rate, 
which is considered very difficult in surveys among VC investors (Muzyka et al. 1996). 

8  Out of 233 VCs invited, 94 responded directly (=40%). 16 participants received the link from a colleague or 
other contact 
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to present a method to analyze that kind of rank-ordered data by exploding it. More precisely 

the ranking of three alternatives gets decomposed into two choices: first choosing one out of 

three alternatives and then choosing the better of the two remaining alternatives. Applying 

this method to our experimental setting, every respondent makes 12 choices per scenario, 6 

times selecting the best out of three available start-ups and 6 times picking the better of the 

remaining two start-ups in each choice set. The decomposed data is then fitted with 

McFadden's (1974) conditional logit model. 

Estimating a conditional logit model based on (decomposed) repeated choice data is 

questionable in light of the assumption of independence of irrelevant alternatives (iia) underlying 

this model (Fischer and Henkel 2010a). According to the iia assumption the error terms of each 

respondent’s choice of alternatives would have to be independently and identically distributed. 

This assumption, however, is likely violated with data from choice experiments, as respondents’ 

preferences will influence the error terms in their various choice decisions in a similar way 

(Hausman and Wise 1978, Layton 2000). Mixed logit a.k.a. random coefficient models are 

extensions of conditional logit models that do not require the iia assumption (Revelt and Train 

1998; McFadden and Train 2000). Hence we rely on a rank-ordered mixed logit estimator for the 

analysis of our VC choice data. 

As proposed by Revelt and Train (1998), Hole (2007) and Fischer and Henkel (2010a), we 

model the utility of alternative j in choice set t for respondent n as a linear additive function of the 

alternative’s characteristics, which are described by the vector xnjt. ßn is a vector of participant-

specific coefficients. The error terms εnjt are assumed to be independently and identically 

distributed and to follow an extreme value distribution. 

 

𝑈𝑛𝑗𝑡 =  𝛽𝑛′ 𝑥𝑛𝑗𝑡 + 𝜀𝑛𝑗𝑡 
 

Conditional on the participant-specific coefficient vector ßn the probability that respondent 

n selects alternative i from choice set t can be expressed by: 

 

𝐿𝑛𝑖𝑡(𝛽𝑛) = 𝑒𝑥𝑝[𝛽𝑛′ 𝑥𝑛𝑖𝑡]
∑ 𝑒𝑥𝑝�𝛽𝑛′ 𝑥𝑛𝑗𝑡�𝐽
𝑗=1

 

 

The probability of the sequence of 12 choices made conditional on ßn is then given by: 

 

𝑆𝑛�𝛽𝑛� = � 𝐿𝑛𝑖(𝑛,𝑡)𝑡�𝛽𝑛�
𝑇

𝑡=1
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where i(n,t) indicates the alternative chosen by respondent n in choice t. As a last step 

we integrate the conditional probability over the distribution of ß in order to derive the 

unconditional probability of the sequence of choices made. f (ß|θ) describes the density of ß, 

while θ specifies the parameters of the distribution: 

𝑃𝑛(𝜃) = �𝑆𝑛(𝛽)𝑓(𝛽|𝜃)𝑑𝛽 

 

As the log-likelihood function 𝐿𝐿(𝜃) = ∑ ln𝑃𝑛 (𝜃)𝑁𝑛=1  to be maximized in a mixed 

logit model does not have a closed form solution, Revelt and Train (1998) propose a 

procedure for maximizing the likelihood function by simulation. This was implemented in 

Hole's (2007) STATA mixlogit command, which we use for our estimations. Since all start-up 

attributes are described by three levels, we coded each attribute into two dummy variables 

that indicate the deviation from the reference value. For ease of interpretation we used the 

level with the presumably lowest benefit contribution per attribute as reference value: No 

patents, two years of experience, no written alliance agreements yet (see Table 1).  

3.4. Scenario comparisons 

To test for differences between scenarios, we estimate two separate models, one for 

each scenario group. Estimating separate equations per group is clearly preferable to using an 

interaction term for group comparisons unless differences in unobservable variation can be 

ruled out (Hoetker 2007). A simple test for the equality of the coefficients across the two 

groups, however, would not produce meaningful results since we estimate nonlinear models 

and the amount of residual variation between the two models is expected to differ (Allison 

1999). Proposed solutions by Allison (1999) and Hoetker (2007) to test for equality of 

residual variation between the models or compare ratios of coefficients across models are not 

applicable in our case. Hence, we use an alternative approach suggested by Long (2009) and 

recently implemented by Fischer and Henkel (2010b). It proposes to compare predicted 

probabilities when analyzing group differences, which is suitable as predicted probabilities 

are not scaled by unobserved heterogeneity.  Predicted probabilities, however, depend on all 

variables jointly, which requires testing differences between groups not for an individual 

variable at a time but with respect to a focal variable for different levels of all other variables. 

Applying this procedure we first determine a particular dummy variable’s marginal 

effect for each group separately. A variable’s marginal effect is defined as the difference in 
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predicted probabilities that a hypothetical start-up A in a given choice set is chosen as best 

when the dummy variable is switched from 0 to 1 (e.g. Hoetker 2007), for instance from “no 

patent” to “patent applied for”. As the size of the marginal effect depends on both the other 

attributes of start-up A and all attribute levels of the two competing start-ups in the choice set, 

we calculate the marginal effect per focal variable for all possible combinations of start-up A 

and the two competing start-ups.9

 

 This results in 32 x 33 x 33 = 6,561 marginal effect values 

per dummy variable. Figure 3 shows the marginal effect of a granted patent under 

technological uncertainty (TU) on the left-hand side and in the scenario of "equally good 

technologies" on the right-hand side. For each graph the 6,561 marginal effects are sorted into 

ten "probability ranges" (0-10%, 10-20%, etc.) by the probability that start-up A is chosen as 

best when the dummy variable equals 1 (is turned on). The points of the solid line depict the 

average marginal effect for each range. 

-- insert Figure 3 here – 

 

In a second step we need to assess if the differences in average marginal effects 

between the scenarios are significantly different from zero. To that end, we employ a 

simulation approach to measure the variance of marginal effects (King et al. 2000, Zelner 

2009). Based on the results of the rank-ordered mixed logit estimations we make 100 random 

draws from the distribution of each coefficient and repeat the calculation of the marginal 

effect for each simulated coefficient vector to determine confidence intervals (Fischer and 

Henkel 2010b). We measure the significance of a difference of an average marginal effect 

between the two scenarios in a specific probability range by calculating differences in average 

marginal effects for each simulated coefficient vector in both groups. Figure 4 illustrates the 

difference in average marginal effects between both scenarios and the according 80% and 

90% confidence intervals for all probability ranges.10

                                                  
9  Alternatively, one could calculate the marginal effect of the focal variable while setting all other variables 

(of the focal start-up and of the two competing start-ups) to their respective sample mean. However, this 
approach makes little sense in our setting since, first, all variables are dummy variables, and second, each 
characteristic of each firm is coded by two variables which cannot simultaneously take on the value of one.  

 The graph on the right-hand side shows 

the difference between technological uncertainty and equally good technologies for a granted 

patent, combining the individual effects of Figure 3, whereas the graph on the left-hand side 

10  We included 80% confidence intervals for the illustrated two-sided tests, as they can be interpreted as 90% 
confidence intervals for directed one-sided tests. As a matter of fact most of our hypotheses are directed in 
the sense that we expect a higher value contribution for the variables patent protection and alliances in the 
scenario "technological uncertainty" compared to "equally good technologies". 
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depicts these differences for the dummy variable “patent applied for”. Differences in average 

marginal effects between both scenarios for the two remaining attributes team experience and 

alliances are illustrated in Figure 5 and 6, respectively. 

 

--- insert Figures 4 to 6 here --- 

4. Results 

The results of our mixed-logit estimations are summarized in Table 4, displaying 

estimated coefficients, robust standard errors, and average marginal effects (AME) for all six 

dummy variables. Model 1 is based on all choices made under the scenario “technological 

uncertainty” (TU), whereas model 2 was fitted with choice data from the scenario “equally 

good technologies” (ET). 

We first put our focus on the individual start-up characteristics and their relative 

importance in VC screening decisions under both scenarios. The strength of the variables' 

influence can be assessed by comparing their average marginal effects. We define the 

importance of a start-up attribute by the difference between the highest average marginal 

effect of one of its levels and the attribute level with the lowest AME as commonly done in 

conjoint analyses (Franke et al. 2008). As the marginal effect of the least important attribute 

level (reference value) is zero by construction, we can take the highest AME of the two 

remaining attribute levels as the attribute's measure of importance 11

As an example consider Model 1 and the attribute “alliances”. A research alliance 

shows an average marginal effect of 0.167, while the average marginal effect of a sales 

alliance equals 0.350 and is thus higher. Dividing 0.350 by the sum of all attributes’ 

importance values (0.348 + 0.233 + 0.350 = 0.931) results in a relative importance of 38% for 

alliances. Patent protection comes out roughly equally important with a value of 37%, 

whereas the start-up team’s experience contributes only 25%. In the scenario of equally good 

technologies we find a slightly higher importance value of alliances (40% vs. 38%) and of 

patent protection (41% vs. 37%), while team experience is less important (19% vs. 25%). In 

summary, our results indicate a comparatively high importance of patent protection in both 

scenarios, ranking at similar levels as the existence of written alliance agreements. Team 

. These respective 

importance values are then normalized by dividing each by the sum of all three values.  

                                                  
11  The importance of an attribute clearly depends on its available levels and therefore needs to be interpreted 

with the respective reference levels in mind. Refer to Table 3 for our choice of realistic attribute levels. 
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experience, measured in average number of years in a management position, shows the lowest 

importance values in both settings. 

 

--- insert Table 4 --- 

 

Coming to the core of our study, we now concentrate on the differences in AMEs 

between the two scenarios. Figures 4, 5 and 6 allow us to investigate the differences in detail 

by 10%-probability ranges for each dummy variable separately. It can be clearly seen in 

Figure 4 on the right-hand side, that the difference in importance of the dummy variable 

"patent granted" between both scenarios is minimal and not significantly different from zero 

for any of the probability ranges. The same is true for a patent application as depicted in the 

graph on the left-hand side. This means that—surprisingly—VC investors do not put a higher 

emphasis on patent protection in the case of technological uncertainty compared to a situation 

in which they face start-ups with equally good technologies. In other words, we cannot 

identify a signaling effect of patents when comparing the two scenarios12

Interestingly, we find differences between the two scenarios for the other variables. 

Figure 5 on the left, illustrating the average effect of a switch from a team with two years of 

experience to a team with five years of experience, shows that having a team with a medium 

amount of experience is slightly more important in the “uncertainty” scenario. The difference 

is weakly significant for small and high probability ranges. Similarly, for the dummy variable 

“10 years experience” on the right we can see weakly significant differences in AMEs 

between ET and TU for medium and high probability ranges. The strongest differences, 

however, occur regarding the attribute "research alliance" as presented on the left side of 

Figure 6. Its average marginal effect is significantly (90% level) higher under technological 

uncertainty than in the scenario of equally good technologies across all probability ranges. 

This implies that, in the presence of uncertainty, VCs appreciate existing research alliances 

much more, indeed they use them as signal for the unobservable quality of a start-up's 

technology. Sales alliances on the other hand are of equally high importance in both 

scenarios. Figure 7 summarizes the average marginal effects of all variables for both models 

and thus serves as a basis for further discussion. 

. 

 

--- insert Figure 7 --- 
                                                  
12  This result comes out to be robust across all sub-samples of our population. There is no influence of VC 

characteristics (e.g., industry expertise or investment experience) on the signaling strength of patents.  
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We performed several robustness checks to substantiate our reported results. One point 

of criticism could be that our respondents might have had difficulties to internalize the change 

from one scenario to the other scenario. As a result, choices made in the second half of the 

survey might have been influenced by choices made under the first scenario. To address this 

potential issue, we calculated two additional estimation models, only taking into account the 

choices made during the first scenario for each participant. We thus implicitly divide the 

sample into two groups, one that only saw the scenario “equally good technologies” (ET1, 

N=53) and a second group that was only briefed to make decisions under “technological 

uncertainty” (TU1, N=49). The results of the two additional models in comparison to each 

other are shown in Figure 8 and confirm our previously reported findings. For the dummy 

variable “research alliance” we again see a highly significant difference between the two 

scenarios which we interpret as its signaling effect (see Figure 9 for the respective 

significance tests). The scenario differences with regards to both team experience variables 

point in the same direction as in the main models, but are not statistically significant from 

zero due to the smaller number of observations. More importantly, we do not observe a 

signaling effect of neither patent applications nor granted patents, which is consistent with our 

earlier results. The value contribution attached to a granted patent does basically not differ at 

all between the two scenarios, whereas patent applications even seem to have a negative 

signaling value, as they are considered significantly less important when the quality of start-

up technologies is unknown in comparison to the scenario of equally good technologies. 

We furthermore investigated the potential signaling value of patents restricted to each 

industry in our sample. While there are differences in the importance VCs attach to the key 

start-up characteristics depending on the venture’s industry, these differences exist for both 

scenarios. For patents, both filed and granted, this means that while the intrinsic property 

rights value is higher in biotech than in the cleantech or the ICT sector, we do not observe a 

signaling effect of the patent variables in any industry.  

5. Discussion and conclusion 

By analyzing choice decisions of VC investors we investigate the importance of 

observable start-up characteristics for acquiring venture capital. Focusing on the initial 

screening of written business proposals, we find several remarkable results concerning patents 

and other characteristics. 
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Looking at both models individually we observe that existing patents are under all 

conditions a very important selection criterion for VCs. This result supports and extends 

previous research, in which the impact of patent protection as a VC investment criterion has 

been mentioned (e.g. McMillan 1985) and patents have been shown to drive the VC 

evaluation of start-ups (e.g. Baum and Silverman 2004, Mann and Sager 2007). The high 

relative importance of patent protection compared to other start-up attributes, seems 

somewhat surprising at first but might be explained by two reasons. First, this study is 

targeted at high-tech VCs featuring an experimental setting of start-ups based on technical 

inventions in technology-driven industries. This is where patent protection is known to be 

most effective. Furthermore, it can be argued that the screening stage favors the importance of 

patents, being tangible and reliable characteristics, compared to later stages of the investment 

process, where VCs gain better insight into the start-ups and other investment criteria come 

into play. This reasoning may also explain the comparatively low importance of team 

experience in our study.13

By comparing our two scenario models, we are able to disentangle a patent’s signaling 

from its property rights function. Surprisingly, no signaling effect of existing patents to VCs 

can be identified. Neither existing patent applications nor granted patents contribute value as 

technology signals. Instead, however, the presence of an R&D alliance shows stronger effects 

in the “uncertainty” scenario and therefore seems to work as quality signal for start-up 

technologies. To quantify the research alliance's signaling effect, we subtract its AME in the 

scenario ET (0.110) from its AME in the scenario TU (0.167) yielding a value of 0.057. This 

implies that about 33% of a research agreement's value contribution can be attributed to its 

signaling function, the remaining 67% to its productive function. We observe similar effects, 

 Even though team characteristics are commonly referred to as the 

prime investment criterion of venture capitalists, this might well be different for the first 

screening of business proposals. At that point in time entrepreneurs can only report their 

previous experience on paper, whereas at later stages after personal contact and team 

presentations VCs are better able to assess the quality of the team and will make that a more 

important criterion in their decision making. After all, we can state that for a VC's assessment 

of written business proposals and his/her decision to further pursue the respective investment 

opportunity or not, existing patent protection and alliances play a more important role than the 

founder team's management experience. 

                                                  
13  We used a reference level of "2 years" for the attribute "team experience", which might have been regarded 

already as relatively high by the survey respondents. A reference level of "0 years" of experience instead of 
"2 years" would not have been realistic in combination with a granted patent or existing alliance, but could 
have yielded higher importance values for the attribute" team experience".  
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but to a lesser extent, for the entrepreneurial team's management experience (at medium and 

high levels), which is considered more important by VCs when the technological quality of a 

venture-seeking start-up is unknown vs. equally good as competitors. The non-existence of 

patent signaling in the VC financing context constitutes a new insight, challenging most 

extant theoretical and qualitative evidence regarding the two-fold role of patents. One 

interpretation of VC opinions on patents could be that patent rights are relatively easy to 

obtain from patent offices and therefore no proof of technological quality or uniqueness but 

nevertheless constitute an effective mechanism in value appropriation. A reputable research 

alliance on the other hand could be considered as more difficult to be built up and could 

therefore constitute a more reliable reference for the quality of a start-up’s technology. 

While our results convey that patents do not act as signals for unobservable 

technological quantity, we cannot control for other signaling functions. This means VCs 

might still draw implications from existing patents on other unobservable start-up 

characteristics, such as the professionalism or technical know-how of the entrepreneurial 

team. These other signaling effects, however, are assumed to be of minor importance as our 

interviews with VCs reveal that patents held by young ventures are first and foremost 

associated with technology development and other scholars share this view (e.g., Conti et al. 

2011). 

From a theoretical perspective, this study makes several contributions. First, and most 

importantly, we add new insights to a recent stream of research on the role of patents in VC 

financing (Baum and Silverman 2004, Mann and Sager 2007, Hsu and Ziedonis 2007, 

Häussler et al. 2009, Cao and Hsu 2011, Conti et al. 2011). We present and implement – to 

the best of our knowledge for the first time - a method to separate the signaling effect of 

patents in VC financing. By employing a conjoint approach we are able to disentangle a 

patent's (and patent application's) property rights from its signaling function and thereby 

address a limitation in existing transaction-data based studies. Our finding that patents fail to 

serve as quality signals is highly interesting in the light of existing studies on patents' 

signaling value and calls for further analysis. 

Second, we add to the existing literature on VC decision making (e.g. McMillan 1985, 

Hall and Hofer 1993, Franke et al. 2008). More precisely, our results provide insights on the 

importance of the investigated start-up characteristics as VC selection criteria in the screening 

phase. The high value contribution of alliances, in terms of both research and sales 

agreements, and patent protection in comparison to management experience is certainly 

notable. 
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Third, we provide an example of how to extend the usage of choice experiments for 

managerial research (e.g. Shepherd and Zacharakis 1999, Fischer and Henkel 2010a). By 

changing assumptions between groups of choice sets, individual effects regarding the 

respective independent variables can be investigated. The size of these separated effects can 

be tested for significance by calculating group differences in marginal effects using a method 

developed by Fischer and Henkel (2010b). 

When interpreting the results of our study certain limitations need to be kept in mind. 

First, conjoint experiments are always simplified models of real-world decision making. For 

instance, we had to select a limited number of VC selection criteria to be included in the 

choice sets. Dependent on external circumstances and personal preference, additional criteria 

such as expected financial return or estimated market size might certainly play an important 

role for some VCs. In any case, even though we focus on reliable start-up attributes only, we 

do not suffer from an omitted variable bias in our conjoint analysis as all excluded variables 

are set equal by construction. Moreover, the necessary framing of our conjoint experiment 

limits the examination of potential moderating effects of patents' signaling strength such as 

market uncertainty, which we did not vary and therefore cannot test for. Furthermore, 

introducing a change in underlying assumptions after half of the choice sets poses a challenge 

to participants as it requires them to put themselves into a new situation. Nevertheless, since 

we can find sensible and significant differences between the two scenarios, e.g., with regards 

to the average marginal effect of the dummy variable “research alliance”, we assume that the 

change from “uncertainty about technology” to “equally good technology” or vice versa has 

been well understood. Moreover, our robustness check, for which only the first scenario 

decisions for each participant are taken into account, confirms our reported findings. 

Second, the scenario setup of our study allows for the separation of one effect only, 

i.e. the strength to which patents (or other variables) signal technological quality and 

uniqueness. Serving as a proxy for technological quality is commonly considered to be the 

most important signaling function a patent can possess (e.g. Long 2002). To what extent 

patent applications and/or grants are taken and valued as signals for other unobservable start-

up characteristics, such as team professionalism, is left to future research. 

Finally, this study is based on a survey of European VCs investing in German 

technology start-ups. Even though regional differences regarding patent's signaling 

capabilities are not expected, it could be an interesting avenue of research to investigate the 

differences in screening decisions of European and for example U.S. venture capitalists.  
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Our study provides interesting insights for both entrepreneurs and venture capitalists 

alike. Patents constitute a very important advertising mechanism for high-tech start-ups when 

applying for venture capital. Hence, it is advisable for founders to invest time and money into 

patenting activities before approaching potential investors. However, VCs seem to appreciate 

patents only in their productive functions as property rights, not as quality signals. Instead, 

they appear to rely on the existence of R&D alliances and management experience as signals 

of technological quality. Entrepreneurs in technology-driven industries need to be aware of 

that and should focus on building up their research network early. They can emphasize 

established research agreements in their business proposals to signal the technological quality 

of their firm to VCs, especially if the potential investor has never heard of the start-up before. 

Venture capitalists, on the other hand, may take our results as a benchmark and interpret them 

in comparison to their own decision making. 
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Tables and figures 
 
 
Table 1: Start-up attributes and levels 
 

 
 

Attribute Levels Description 

Patent 
Protection 

- None (reference) 
- Patent applied for  
- Patent granted  

Patent protection for the start-ups core 
technology, covering all relevant regions 
and territories 

Team’s relevant 
management 
experience 

- 2 years (reference) 
- 5 years 
- 10 years 

Average years of experience per team 
member working in a management 
position at a company in the respective 
industry 

Alliances - Set of verbal agreements 
(reference) 

- One written research 
agreement 

- One written sales agreement 

Established relationships with reputable 
business partners, based on a research 
agreement (e.g. with universities, research 
institutions) or sales agreement (e.g. with 
pilot customers, sales partners) 
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Table 2: Choice sets of different survey versions 
 

 
 
 

A B C A B C A B C A B C A B C A B C
1 Pat 0 2 1 Exp 0 1 2 All 0 1 2 7 Pat 2 1 0 Exp 1 2 0 All 1 2 0

Exp 0 0 1 All 1 0 2 5 Pat 0 2 0 Exp 0 1 0 All 0 2 1 11 Pat 2 0 0
All 2 1 0 4 Pat 1 1 1 Exp 2 0 0 All 1 0 2 10 Pat 1 1 1 Exp 0 0 2

2 Pat 2 0 0 Exp 1 2 2 All 1 0 2 8 Pat 0 0 2 Exp 2 2 1 All 0 2 1
Exp 1 2 1 All 1 2 0 4 Pat 1 1 1 Exp 2 1 1 All 2 0 1 10 Pat 1 1 1

All 2 0 1 6 Pat 1 0 2 Exp 0 1 2 All 0 1 2 12 Pat 0 2 1 Exp 1 2 0

3 Pat 2 1 2 Exp 0 0 1 All 2 0 1 9 Pat 1 2 2 Exp 0 1 0 All 0 1 2
Exp 2 1 0 All 2 1 0 2 Pat 2 0 0 Exp 1 0 2 All 1 0 2 8 Pat 0 0 2

All 0 2 1 1 Pat 0 2 1 Exp 1 2 1 All 2 1 0 7 Pat 2 1 0 Exp 2 1 1

4 Pat 1 1 1 Exp 2 0 0 All 1 2 0 10 Pat 1 1 1 Exp 0 0 2 All 2 0 1
Exp 0 1 2 All 0 1 2 6 Pat 1 0 2 Exp 1 2 0 All 1 2 0 12 Pat 0 2 1

All 1 0 2 5 Pat 0 2 0 Exp 1 2 2 All 0 2 1 11 Pat 2 0 0 Exp 2 2 1

5 Pat 0 2 0 Exp 2 1 0 All 2 1 0 11 Pat 2 0 0 Exp 1 0 2 All 1 0 2
Exp 2 0 0 All 0 2 1 1 Pat 0 2 1 Exp 0 0 2 All 2 1 0 7 Pat 2 1 0

All 0 1 2 3 Pat 2 1 2 Exp 0 0 1 All 1 2 0 9 Pat 1 2 2 Exp 0 1 0

6 Pat 1 0 2 Exp 1 2 1 All 0 2 1 12 Pat 0 2 1 Exp 2 1 1 All 2 1 0
Exp 1 2 2 All 2 0 1 3 Pat 2 1 2 Exp 2 2 1 All 0 1 2 9 Pat 1 2 2

All 1 2 0 2 Pat 2 0 0 Exp 2 1 0 All 2 0 1 8 Pat 0 0 2 Exp 1 0 2

7 Pat 2 1 0 Exp 1 2 0 All 1 2 0 1 Pat 0 2 1 Exp 0 1 2 All 0 1 2
Exp 0 1 0 All 0 2 1 11 Pat 2 0 0 Exp 0 0 1 All 1 0 2 5 Pat 0 2 0

All 1 0 2 10 Pat 1 1 1 Exp 0 0 2 All 2 1 0 4 Pat 1 1 1 Exp 2 0 0

8 Pat 0 0 2 Exp 2 2 1 All 0 2 1 2 Pat 2 0 0 Exp 1 2 2 All 1 0 2
Exp 2 1 1 All 2 0 1 10 Pat 1 1 1 Exp 1 2 1 All 1 2 0 4 Pat 1 1 1

All 0 1 2 12 Pat 0 2 1 Exp 1 2 0 All 2 0 1 6 Pat 1 0 2 Exp 0 1 2

9 Pat 1 2 2 Exp 0 1 0 All 0 1 2 3 Pat 2 1 2 Exp 0 0 1 All 2 0 1
Exp 1 0 2 All 1 0 2 8 Pat 0 0 2 Exp 2 1 0 All 2 1 0 2 Pat 2 0 0

All 2 1 0 7 Pat 2 1 0 Exp 2 1 1 All 0 2 1 1 Pat 0 2 1 Exp 1 2 1

10 Pat 1 1 1 Exp 0 0 2 All 2 0 1 4 Pat 1 1 1 Exp 2 0 0 All 1 2 0
Exp 1 2 0 All 1 2 0 12 Pat 0 2 1 Exp 0 1 2 All 0 1 2 6 Pat 1 0 2

All 0 2 1 11 Pat 2 0 0 Exp 2 2 1 All 1 0 2 5 Pat 0 2 0 Exp 1 2 2

11 Pat 2 0 0 Exp 1 0 2 All 1 0 2 5 Pat 0 2 0 Exp 2 1 0 All 2 1 0
Exp 0 0 2 All 2 1 0 7 Pat 2 1 0 Exp 2 0 0 All 0 2 1 1 Pat 0 2 1

All 1 2 0 9 Pat 1 2 2 Exp 0 1 0 All 0 1 2 3 Pat 2 1 2 Exp 0 0 1

12 Pat 0 2 1 Exp 2 1 1 All 2 1 0 6 Pat 1 0 2 Exp 1 2 1 All 0 2 1
Exp 2 2 1 All 0 1 2 9 Pat 1 2 2 Exp 1 2 2 All 2 0 1 3 Pat 2 1 2

All 2 0 1 8 Pat 0 0 2 Exp 1 0 2 All 1 2 0 2 Pat 2 0 0 Exp 2 1 0

Scenario TU: 
technological 
uncertainty

Scenario ET: 
equally good 
technologies

Scenario ET: 
equally good 
technologies

Scenario TU: 
technological 
uncertainty

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
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Table 3: Demographics of VC individuals 
 

 
* Multiple answers possible 
** As selected for experiment 
 
 
 
Table 4: Estimation resultsa 
 
  Model 1:  Model 2: 
  Technological uncertainty  Equally good technologies 
Model specification Rank-ordered mixed logit  Rank-ordered mixed logit 
           
Dependent variable: 
firm ranking Coeff.   SE AME   Coeff.   SE AME 

Patent applied for 2.618***  0.327 0.198  3.184***  0.363 0.222 
Patent granted 4.304***  0.393 0.348  4.901***  0.433 0.372 
Experience 5 years 1.963***  0.273 0.153  1.462***  0.269 0.111 
Experience 10 years 2.878***  0.349 0.233  2.259***  0.362 0.174 
Research alliance 2.175***  0.312 0.167  1.474***  0.305 0.110 
Sales alliance 4.370***  0.422 0.350  4.617***  0.432 0.359 
                      
Obs/Persons 1224  102   1224  102  
LR chi2(6) 250.37     276.97    
Prob > chi2 0.000     0.000    
Log likelihood -731.170     -714.243    
           
  * p < 0.1; ** p < 0.01; *** p < 0.001    
aAME: average marginal effect. Simulations for estimating coefficients and calculating 
predicted probabilities were done using 1,000 Halton draws. Simulations for calculating 
confidence intervals of average marginal effects were done using 100 random draws of 
coefficients. 

  
 
 
  

VC individuals (n=102) 

VC experience 
(# of start-ups funded) Range: 1- >20; Median: 8 

Position Partner: 36; Principal: 22; Associate: 19; Senior advisor: 8;  
Other: 15, No answer: 2 

Education* (Type of degree) Business: 72; Engineering: 30; Science: 24; Law: 3; Other: 6 

Industry expertise**: Biotech: 29; Cleantech: 34; ICT: 39 

Type of VC firm: Private: 70; Corporate: 12; Public: 14; Business angel: 0;  
Other: 6 

VC fund size (in €): <25 mio: 16; 26-50 mio: 13; 51-100 mio: 18; 101-250 mio: 25; 
251-500 mio: 14; 501-1k mio: 7; >1k mio: 1; no answer: 8 
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Figure 1: Reference setting as presented to participants 
 

 
 
Figure 2: Choice set as presented to participants 
 

Several technology start-ups present their business plan to you in order to apply for venture 
capital funding. They all have the same background as described below: 

• Venture based on a technical invention 
• Industry: Biotechnology* 
• Clearly visible value proposition 
• Potential users: Industrial firms 
• A working prototype exists 
• Applying for early stage financing 

* The start-up industry was adjusted to the individual VC's previously stated area of expertise. Alternatives 
were biotechnology, clean technology (technical equipment) or information and communication technology 
(hardware). 
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Figure 3: Average marginal effects of "patent granted" by scenarios 
 

 
 
 
Figure 4: Patent protection - scenario differences in average marginal effects 
 

 
 
 
Figure 5: Team experience - scenario differences in average marginal effects 
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Figure 6: Alliances - scenario differences in average marginal effects 
 

 
 
 
Figure 7: Comparison of average marginal effects between scenarios 
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Figure 8: Scenario comparison – only first scenario choices 
 

 
 
 

Figure 9: Scenario differences in average marginal effects – only first scenario choices 
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1. INTRODUCTION 

 

As Noisi and Reid (2007) argued, large developing countries such as Brazil, China, and India 

with strong public research and development (R&D) sectors should be able to catch up and 

provide global leadership in emerging technologies such as biotechnology and nanotechnology. 1 

Indeed, after launching its national strategy to promote nanotechnology development in 

2001(Ministry of Science and Technology, 2001), China has devoted an increasing amount of 

R&D investment from government and industry to the field, produced a soaring number of 

scientific publications, expanded its postgraduate programs in related subjects, and established 

several new specialized institutions such as the National Center for Nanoscience and Technology 

in Beijing and the National Engineering Research Center for Nanotechnology in Shanghai. China 

finds itself increasingly well positioned to become a world leader in the field. However, it seems 

to be a long way from where China is now to such world leadership. Shapira and Wang (2009) 

interviewed Chinese nanotechnology policymakers, researchers, and business representatives and 

concluded that China’s performance in nanotechnology patenting and product development is 

weak in comparison with its strength in research, indicating a significant gap between the 

research base and industrial development. 

 

This article contributes to the literature that examines how developing countries can catch up in 

emerging technologies and analyzes the role governments can play in the catching-up process. 

Unlike many extant studies based on qualitative analyses, we performed rigorous quantitative 

analyses to assess the successes and difficulties of nanotechnology development in China. We 

searched and identified 30,863 nanotechnology patent applications in a comprehensive database, 

the China Patent Abstract Database, which includes over four million patent applications 

submitted to the Chinese Intellectual Property Office during the period of 1985–2009. We 
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subsequently tested two competing hypotheses: (H1) Nanotechnology innovation in China is 

promoted primarily by the state and R&D activities are concentrated in public universities and 

research institutions; and (H2) Nanotechnology innovation in China has been responsive to 

market demand and produced by indigenous companies. By estimating a patent production 

function using data aggregated at the provincial level, we found consistent evidence to support 

the first hypothesis. 

 

These results reveal that, contrary to what has happened in other developed economies, 

nanotechnology development in China has been dominated by R&D activities in universities and 

research institutions. China has yet to play a major role in the commercialization and application 

of nanotechnology, as its indigenous companies have not actively engaged in technological 

innovation and industrial development. Large developing countries such as China, with strong 

public research capacity and a tradition of committing to long-term technological development, 

can achieve rapid progress in research related to emerging technologies. The question remains, 

however, whether and when indigenous industries in those countries can benefit from 

government-led technological development plans to achieve competitiveness in the global arena. 

 

From here on the paper is organized as follows. Section 2 reviews the literature on opportunities 

available to newcomers in technological catching-up and the role of government in promoting 

technological development. Section 3 examines the key strategy that the Chinese government 

adopted in the last decade to promote nanotechnology development and the progress that the 

country has achieved so far. Section 4 analyzes nanotechnology patent applications submitted to 

the Chinese Intellectual Property Office to test our hypothetical dilemma regarding whether 
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nanotechnology development in China is promoted primarily by the public sector or by industry. 

Section 5 discusses the results and Section 6 concludes. 

 

2. THE ROLE OF GOVERNMENTS IN TECHNOLOGICAL CATCHING-UP AND 

REFLECTION ON NANOTECHNOLOGY DEVELOPMENT IN CHINA 

Perez and Soete (1988) identified four entry barriers that latecomers must overcome if they are to 

catch up in a given industry: minimal fixed investment, scientific and technological knowledge, 

relevant skills and experience, and location advantages. Location advantages are positive 

externalities inherent to an environment in which latecomers plan to operate. Such advantages 

might involve proximity to equipment suppliers, sound transportation infrastructure, local 

availability of competent design as well as construction and engineering contractors, all of which 

can reduce the cost of production at a given location. Perez and Soete contended that entry 

barriers are lower in the new product introduction phase because any disadvantage developing 

economies might face regarding fixed investment and relevant skills and experience should be 

less challenging. They concluded that the best opportunity available to developing countries for 

catching-up lies in the new product introduction phase, especially if such countries can 

accumulate scientific and technological knowledge and location advantages relatively quickly. 

 

The Chinese government’s large investment in nanotechnology R&D and the correspondingly 

rapid growth in nanotechnology publications and patents suggest that China is overcoming the 

scientific and technological knowledge barrier. It may take quite a long time, however, for such 

public investment to pay off given the uncertainty of nanotechnology. Without funding, however, 

obsolescence is virtually guaranteed. After the US, Europe, Japan, and many other national and 

regional governments launched nanotechnology development strategies in the late 1990s and the 
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beginning of the 2000s, Chinese policymakers felt that the country should jump on the 

bandwagon to avoid being left behind in exploring this emerging technology. It was thought by 

them that an earlier and firmer commitment to the technology would increase the likelihood that 

indigenous industry would be able to compete effectively when the technology matures. 

 

Governments play an indispensable role in technological catching-up in East Asia by establishing  

public research institutions and universities and sponsoring the research carried out there. 

According to Lee (2000), the South Korean government established a series of government-

funded research institutes in the 1960s and 1970s. The government did not demand an immediate 

return from these public research institutes, instead granting them full autonomy in allocating 

their operational funds. In addition to conducting contract research for industry and training R&D 

personnel, governmental research institutions attracted overseas scientists, many of whom played 

key roles in developing heavy and high-tech industries from the 1970s onward. Moreover, the 

existence of such public institutions enhanced the social status of scientists and engineers, 

attracting the best Korean students to study science and engineering. 

 

East Asian governments also promoted public and private R&D consortia, which proved 

instrumental in absorbing and assimilating foreign technologies. Such R&D consortia reduced 

technological uncertainty by offering up-to-date information on technology trends and identifying 

appropriate targets for R&D projects (Lee and Lim, 2001; Lee et al., 2005). The governments 

also adopted measures to provide market protection, export subsidies, and government 

procurement practices favorable to domestic firms (Fransman, 1986; Sung and Carlsson, 2003). 

They even bargained with multinational enterprises over technological transfer and imposed 

domestic content requirements on foreign direct investment (Mu and Lee, 2005; Fan, 2006). 



7 
 

 

Hausmann and Rodrik (2003) argued in favor of a development strategy that incorporates private 

initiatives in a public action framework and encourages greater restructuring, diversification, and 

technological dynamism than market forces on their own would generate. Promoting such a ―self-

discovery‖ process, through which entrepreneurs could learn what they are good at producing at 

low cost, requires government support of entrepreneurship and investment in new activities ex 

ante while pushing out unproductive firms and sectors ex post. Hausmann and Rodrik 

demonstrated that laissez-faire policy would lead to under-provision of innovation while state 

planning and public investment can drive economic development. Similar to its counterpart 

governments in other East Asian countries, which played an instrumental role in the technological 

catching-up process, the Chinese government acted as the country’s largest source of R&D 

funding for nanotechnology development. Public investment was transformed into advanced 

infrastructure, equipment, instruments, and up-to-date technological standards. Government- 

funded research projects and positions attracted scientists and engineers, particularly young 

researchers, and retained them. Due to the government’s unprecedented efforts, China has 

emerged as a major global player in the field. In the next section, we summarize the progress of 

nanotechnology R&D in China over the last decade. 

 

3. PROGRESS OF NANOTECHNOLOGY R&D IN CHINA 

As Bai (2001, 2005) observed, when nanotechnology R&D techniques were introduced to China 

from abroad in the 1980s, they were well received by Chinese scientists. The Chinese Academy 

of Sciences, the National Natural Science Foundation and the State Science and Technology 

Commission (the predecessor of the Chinese Ministry of Science and Technology) started to fund 

related research. In the 1990s, several important academic conferences held in China, such as the 
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7th International Conference on Scanning Tunneling Microscopy (1993) and the 4th International 

Conference on Nanometer-Scale Science and Technology (1996), showcased Chinese scientists’ 

early participation in the field. From 1990 to 2002, nearly 1,000 projects were funded by the 

Ministry of Science and Technology (or the State Science and Technology Commission). Over 

the same period, the National Natural Science Foundation of China approved another 1,000 

small-scale grants for projects related to nanotechnology. In short, the initiation of 

nanotechnology R&D in China can be dated back to the 1980s and 1990s. Intensive R&D 

activities did not begin, however, until the early 2000s. 

 

In November 2000, the National Steering Committee for Nanoscience and Nanotechnology was 

established to oversee national policies and coordinate action. The head of the Ministry of 

Science and Technology was the director of the committee. Vice directors included vice ministers 

in that ministry, the vice president of the Chinese Academy of Sciences, and the vice president of 

the National Natural Science Foundation. Officials from the Ministry of Education, the National 

Development and Reform Commission (a ministerial agency), and the Commission on Science, 

Technology and Industry for National Defense were also involved as members of the committee. 

The National Steering Committee for Nanoscience and Nanotechnology involved all the R&D 

funding organizations in the country, making concerted policy action at the national level possible. 

The committee drafted the first Chinese national policy document intended to promote 

nanotechnology development, which was announced as the National Nanotechnology 

Development Strategy (2001–2010) and was reminiscent of similar strategies or initiatives 

announced in other countries, such as the National Nanotechnology Initiative in the US. 
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The National Nanotechnology Development Strategy (2001–2010)—hereafter ―the Strategy‖— 

emphasized the importance of basic science and called for strengthened financial support from 

the government. It prioritized commercializing nanotechnology and appropriating intellectual 

property from R&D activities. The Strategy argues that successful nanotechnology development 

depends on competent R&D personnel and highlights the need for training and retaining scientists 

in the field, which evinces a long-term view of policymaking. The Strategy mapped out a 

blueprint for Chinese nanotechnology development over the course of the following decade. 

 

With guidance from the Strategy and early engagement in R&D, China’s global rise in 

nanotechnology has been phenomenal. In 1998, there were merely 1,875 nanotechnology-related 

scientific publications out of China, compared with 9,468 from the US and 4,423 from Japan.2 In 

2008, Chinese nanotechnology publications outnumbered those from Japan by a wide margin, 

positioning China in second place in the world in number of publications, trailing only the US. 

China’s share in the world’s nanotechnology publications was only 6 percent in 1998. By 2008, 

however, China accounted for 23 percent. Figure 1 lists the number of nanotechnology 

publications produced by the world’s 10 most-prolific countries from 1998 through 2008. A 

calculation of the average annual growth rate in the number of articles by the 10 most-prolific 

countries reveals rapid growth in China, South Korea, and India. China’s average annual growth 

rate of 92 percent each year between 1998 and 2008 is nothing short of extraordinary. In contrast, 

the other countries in the top 10, including the US, Japan, Germany, France, the UK, Italy, and 

Russia, achieved only 8 to 15 percent rates in annual growth. 

(Insert Figure 1 here) 
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China’s progress is less impressive in patenting than in publishing. Using the PATSTAT database 

(also known as ―EPO Worldwide Patent Statistical Database‖) to count worldwide patent 

applications from 1929 through 2009 that fall under the European Patent Office’s nanotechnology 

classification Y01N, we find that the 1,018 applications submitted by Chinese inventors or 

applicants accounted for only 0.88 percent of the world’s total, in comparison with the US share 

of 34.2 percent and the Japanese share of 19.7 percent.3 Although China’s share is very small, the 

number of patents filed by Chinese applicants grew rapidly, at an average rate of 31 percent per 

year, from 1998 through 2007 (Figure 2). Excepting South Korea, where the rate grew at an 

extraordinary 101 percent annually, applications in the rest of the top 10 countries increased more 

slowly than in China. Some leading countries, such as the UK and Sweden, have seen negative 

rates of growth in nanotechnology patents. Nanotechnology patent applications filed with the 

Chinese Intellectual Property Office also grew rapidly during the same period. In 1998 there were 

merely 195 applications but the number increased to 4,491 in 2008. 

(Insert Figure 2 here) 

 

According to Lux Research (2008), the US and Japanese governments invested US$1,816 million 

and US$1,060 million (by purchasing power parity or PPP), respectively, on nanotechnology 

R&D during 2005–2007. The Chinese government invested US$PPP893 million during the same 

period, which positions China in third place in the worldwide ranking (Figure 3). However, 

corporate funding in China amounted to only US$PPP348 million, which was only slightly more 

than one-third of government funding. Ranked by corporate funding, China was ranked fifth in 

the world after the US (US$PPP2,362 million), Japan (US$PPP2,038 million), Germany, and 

South Korea. A European Commission (2005) estimation showed that the Chinese government 

invested 83 million euros in 2004 on nanotechnology R&D, in comparison with the US 



11 
 

government’s 1.2 billion euros and the Japanese government’s 750 million euros. China was thus 

ranked after the US, Japan, Germany, France, South Korea, and the UK in public investment in 

nanotechnology R&D in 2004. 

(Insert Figure 3 here) 

 

Indicators of scientific publications, patent applications, and public and corporate funding all 

reveal that China has been closing the gap with the leading countries in this emerging field in the 

past decade and is becoming a major player in the world.4 This is attributed to the early launch of 

the Strategy and China’s firm commitment to public funding of nanotechnology R&D. However, 

the literature suggests that although a lot of new technologies such as Internet emerged out of 

government-funded R&D projects, large-scale commercialization of those technologies depend 

on a variety of other factors in addition to public investment. The forerunner of the Internet, the 

ARPANET, was built up under the sponsorship of the US Department of Defense in the late 

1960s. The US Department of Defense and the National Science Foundation’s funding of 

computer science research and networking constituted the bulk of Internet-related R&D funding 

during the early period of technological development. Nevertheless, public investment alone 

cannot explain the US’s lead in developing critical innovations and early adoption of new 

applications of the Internet. The neutrality of US public R&D programs regarding specific 

commercial applications, the diversity of the federal R&D portfolio, antitrust and 

telecommunications policy, the venture capital industry, an open intellectual property rights 

regime, and pro-patent legislation in the late 1980s and 1990s have all contributed to the US’s 

success (Mowery and Simcoe, 2002). 
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The ultimate goal of any development or technology strategy is to nurture industrial activities and 

foster business growth. The question remains whether indigenous Chinese industry has emerged 

robustly or picked up the momentum in nanotechnology R&D and industrial development. We 

argue that this is an important criterion for assessing the effectiveness of the Strategy. We 

therefore endeavored to investigate the emergence of nanotechnology development on the part of 

indigenous Chinese industry in light of an important fact: public investment is a necessary but not 

sufficient condition for successful development and commercialization of emerging technologies. 

In the following section, we use patent applications as indicators to represent technological 

innovations and test the two abovementioned hypotheses: (H1) Nanotechnology innovation in 

China is promoted primarily by the state and R&D activities are concentrated in public 

universities and research institutions; and (H2) Nanotechnology innovation in China has been 

responsive to market demand and produced by indigenous companies.  

 

4. DRIVERS OF NANOTECHNOLOGY PATENTING IN CHINA  

(a) Data 

We collected information on nanotechnology patent applications filed in China from the China 

Patent Abstract Database. The database includes over four million patent applications submitted 

by domestic and foreign applicants to the Chinese Intellectual Property Office during the period 

of 1985–2009. The information provided in the database on each patent includes patent 

application and publication number, application and publication date, patent number, title, 

International Patent Classification (IPC) class, abstract, claims, legal status, and so on. We used 

the same search strategy (Porter et al., 2008), which is applied to identify the worldwide 

nanotechnology publications, to find 30,863 nanotechnology patent applications in the Database. 
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These applications have been filed by both domestic and foreign applicants. We were able to 

classify these applications according to applicants’ origins at the country and provincial levels. 

 

Statistics on these 30,863 nanotechnology patent applications shows that, although the first filing 

was in 1991, little momentum in nanotechnology patenting in China was built until 2001. The 

number of applications jumped from 526 in 2000 to 2,041 in 2001. In 2008 alone, 4,491 

nanotechnology patent applications were submitted. Of these 30,863 patents, 93 percent are for 

inventions.5 We observed two salient characteristics of nanotechnology patent applications in 

China. First, domestic organizations applied for proportionally more invention patents in 

nanotechnology than in other fields. Seventeen percent of the 30,863 patents were filed by foreign 

organizations while 83 percent were submitted by domestic organizations. Although the share in 

overall invention patent applications filed by domestic organizations increased steadily over the 

observation period of 1998–2008, by comparison only 67 percent of all invention patent 

applications in China were filed by domestic organizations in 2008. Second, universities and 

public research institutions dominated China’s nanotechnology patent applications. As seen in 

Table 1, 56 percent of domestic nanotechnology patent applications were filed by such 

organizations. Industry accounted for only approximately 18 percent of domestic nanotechnology 

patent applications.6 In comparison, the share in domestic overall invention patent applications 

filed by industry was 49 percent in 2008, which had increased from 18 percent in 1998. 

University-industry and research institution–industry co-applications exist, but they account for 

only about 3 percent of the total. In contrast, among applications filed by foreign organizations, 

84 percent were filed by industry. Of note, it is not sufficient to use dominance of universities and 

public research institutions in China’s nanotechnology patent application to approve the 

hypothesis H1, because if many of the nanotechnology patents applied for by universities and 

research institutions were licensed to industry, i.e. industry creates demand for technology, the 
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hypothesis H2 that nanotechnology innovation in China is market-driven would be supported. 

Therefore below we construct three variables which account for possible market demand for 

technology to test H1 and H2. 

(Here Insert Table 1) 

 

We used the OECD Technology Concordance (Johnson, 2002) to classify all nanotechnology 

patent applications into the International Standard Industrial Classification (ISIC) system by 

industries of manufacture. As seen in Figure 4, 43 percent of the applications were in the 

chemicals and chemical products sector and 19 percent were in the machinery and equipment 

sector. Three other sectors that account for more than one percent of all applications are radio, 

television, and communication equipment; precision and optical instruments and watches; and 

furniture and manufacturing not elsewhere included. 

 (Here insert Figure 4) 

(b) Model 

In this section, we present our investigation of drivers of nanotechnology patenting in China by 

estimating a patent production model. The dependent variable is the count number of 

nanotechnology patent applications aggregated at the provincial level. We aggregated the data at 

the provincial level because the data pertaining to the key explanatory variables are harvested 

from various statistics yearbooks and are available only at the provincial level. Data on the 

dependent variable are all zero or positive integers, which indicates that a count data model is 

appropriate. We have data covering 30 provinces and a time span of 11 years (1998–2008). 

Simply pooling the data together in estimation would not have allowed us to control for 

unobservable heterogeneity. Therefore, we chose to proceed with fixed- and random-effects 
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models. Because only 9.7 percent of the data are zero, we did not adopt the widely used Zero 

Inflated Poisson model to control for the possible impact of the zero value. In other words, we did 

not model the difference between provinces that were not engaged in nanotechnology innovation 

and others that were engaged in innovation but failed to apply for patents. 

 

After excluding the Zero Inflated Poisson model, we were left with fixed- and random-effects 

Poisson and Negative Binomial models. The Poisson estimator’s efficiency relies on the 

assumption that the conditional mean is equal to the conditional variance (equidispersion), which 

is usually violated in practical applications, including our case. With the over-dispersion of our 

data, the Poisson estimator would result in under-estimated standard errors and, accordingly, 

inflated statistical significance. The Negative Binomial model does not depend on the 

equidispersion assumption and thus is more flexible than the Poisson model for modeling over-

dispersion. However, the maximum likelihood estimation of the Negative Binomial model is not 

consistent if there is any distributional misspecification. Wooldridge (1999) showed that, as long 

as the conditional mean is correctly specified, the fixed-effects Poisson estimator is consistent and 

a robust variance matrix for the estimator is obtainable.7 In this sense, the Poisson estimator is 

more robust than the Negative Binomial model (Cameron and Trivedi, 1998, 2009). The robust 

standard errors of the Poisson model can also be obtained through the bootstrap method 

(Cameron and Trivedi, 2009). With robust standard errors, the assumption of equidispersion 

required with the Poisson model is relaxed. Bearing all these considerations in mind, we report 

the results of the Poisson model with robust standard errors together with those of the Negative 

Binomial model.8 
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The random-effects model assumes that the random effects (individual specific unobservables) 

are uncorrelated with regressors (individual specific observables). We have sufficient reason to 

suspect this assumption in our case. For example, the quantity of patent applications is affected 

by the quality of the R&D personnel in the provinces, which is not measured by the regressors 

(we are able to measure only the quantity of the R&D personnel) and is accordingly included in 

the random effects. However, these random effects (e.g., the quality of R&D personnel) would be 

correlated with the number of scientific publications produced in the provinces, which is one of 

the regressors. If the assumption is violated as such, the random-effects estimator is not consistent. 

Unfortunately, we were not able to reject the random-effects Negative Binomial model with a 

Hausman test because the chi-square statistic is negative, which means that the model does not 

meet the asymptotic assumptions of the test. We were not able to perform the Hausman test on 

the Poission model either, because we used the bootstrap method to obtain the robust standard 

errors. We thus report the results of both the fixed-effects and random-effects models for the 

baseline model, but we focus on explaining the former. Regarding the results of the robustness 

check, we report only those of the fixed-effects models. Nevertheless, it is important to note that 

the results of the fixed-effects and random-effects model are not materially different. 

(c) Independent variables 

To test the hypothesis H1, that China’s nanotechnology development is promoted primarily by 

public universities and research institutions, we used scientific publications in the Web of Science 

database to measure research activities in Chinese universities and public research institutions. 

We were able to identify 112,524 nanotechnology publications authored by the Chinese 

organizations during the 1998–2008 period. We cleaned the addresses of the Chinese universities 

and institutions and assigned each publication to the respective provinces. Among these 

publications, we determined that only two percent (i.e., 2,396 articles) are published by industry 

or co-published by industry and university or public research institutions. The rest are written 
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solely by researchers in universities and research institutions. Therefore, we were able to consider 

the number of Web of Science publications as a precise measurement of research activities on the 

part of universities and research institutions in each province. 

 

We constructed three variables to measure growth in the technology market, foreign direct 

investment, and high-technology industry in the provinces to test the hypothesis H2, that China’s 

nanotechnology development has been responsive to market demand and dominated by the 

activities of indigenous companies. 

 

China promulgated the law of technology transfer in 1985. The law stipulates that technology 

transactions are exempt from any value-added tax as long as the contracts are verified by 

provincial bureaus of science and technology. Approved contracts are registered in the so-called 

technology market in provincial governments. They can be classified into contracts for 

commissioned technology development, technology transfer, consultancy, and service.  

According to Ministry of Science and Technology (2008) statistics, the registered transaction 

value of technology transfer contracts in China increased sixfold, from RMB43.6 billion in 1998 

to RMB266.5 billion in 2008. The average annual growth rate of the transaction value over the 

period was nearly 20 percent. In 2008, the value of patent licensing contracts accounted for 9 

percent of the total registered transaction value. Industry is the dominant player in the technology 

market. As technology transferor and recipient industry accounted, respectively, for 88 and 81 

percent of total transaction value. We considered the transaction value of technology transfer 

contracts involving organizations in provinces as recipients as a proxy for demand for technology 

in a given province. 
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China has been the most popular foreign direct investment (FDI) destination among developing 

countries over the past three decades. After opening up its economy, China received US$852.6 

billion FDI from 1979 to 2008 (National Bureau of Statistics, 2009). In 2008 alone, China drew 

US$108.3 billion of FDI inflow and was ranked second in the world in terms of volume of inflow 

after the US (UNCTAD, 2010). Hu and Jefferson (2009) studied the patenting activities of large 

and medium Chinese enterprises and found that China’s integration into the world economy, 

manifested by the vast inflow of FDI, has expanded the technological opportunity for domestic 

firms to innovate and imitate. Hu and Jefferson showed that a 10-percent increase in the foreign 

share of industry value added results in an increase in patent applications on the part of both large 

and medium Chinese firms of approximately 15 percent. Hu (2010) argued that, as domestic firms’ 

ability to imitate foreign technology gains strength and competition between foreign firms 

intensifies in the Chinese market, competitive threat forces foreign firms to file more patent 

applications in China. However, the positive impact of FDI on patenting activities in China was 

not confirmed by Yueh (2009). In her estimation of the patent production function at the 

provincial level, an exercise that is similar to ours, FDI is not a significant determinant of the 

patenting tendency of a province, even in the coastal region, which receives the majority of FDI 

inflow to China. For this study we used the accumulated FDI in each province as a proxy for 

foreign firms’ activities. We wanted to investigate whether the continuous presence of foreign 

firms in the provinces would intensify their competition with domestic firms as well as 

competition between domestic firms—in which case the latter would file more nanotechnology 

patents—or alternatively whether foreign firms have sourced nanotechnology innovation from 

Chinese universities and research institutions and thus created market demand for 

nanotechnology R&D. 
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Nanotechnology has wide application in a broad spectrum of industries, particularly in 

pharmaceuticals, aircraft and aerospace, information and telecommunications, and medical 

equipment and measuring instruments, which are so-called high-technology sectors. Figure 4 

demonstrates that nanotechnology patent applications in China are concentrated in these 

industries. Firms in high-tech industries spend proportionally more of their resources on R&D 

than do their counterparts in other industries. High-tech sectors in China developed rapidly over 

the past two decades. According to the National Bureau of Statistics (2009), high-tech industry 

revenue in China increased fivefold, from RMB1041.1 billion in 2000 to RMB5708.7 billion in 

2008. Firms in these sectors employed 3.9 million employees in 2000, but, by 2008, they 

employed 9.45 million. We suspect that the rapid expansion of Chinese high-tech sectors has 

generated strong demand for nanotechnology development. To gauge the impact of this 

expansion, we include in the regression a variable representing high-tech sector revenues. 

(d) Control variables 

There are two types of inputs regarding patent production: R&D investment and personnel. 

Because there are no consistent data available indicating R&D investment during the observation 

period, we had to rely on number of scientists and engineers working in natural science fields in 

universities and research institutions and scientists and engineers in large or medium enterprises 

as proxies for input into the patent production process. 

 

China’s patent law was promulgated in 1985 and amended in 1992, 2000 and 2008. The 2000 

amendment was designed to harmonize China’s intellectual property rights (IPR) standards with 

international rules, as China anticipated signing, in 2001, the Agreement of Trade-Related 

Aspects of Intellectual Property Rights as part of its World Trade Organization (WTO) 

obligations. The 2008 amendment aimed to enhance patent quality and better protect national 
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security and state interests. Since the patent law came into effect in 1985, the IPR protection 

environment in China had gradually improved, particularly after China joined the WTO in 2001. 

Following this, the number of patent applications in China increased rapidly, from 121,989 in 

1998 to 828,328 in 2008. Among invention patent applications, the share of domestic applicants 

grew from 38 percent in 1998 to 67 percent in 2008. To control for the impact of improvements 

in the Chinese IPR system regarding nanotechnology patenting, we added number of invention 

patents of each province as a control variable. 

(e) Results 

As seen in Table 2, the coefficients of number of Web of Science nanotechnology publications 

are highly significant in both the Negative Binomial and the Poisson model. In contrast, the 

coefficients of transaction value of technology transfer contracts involving organizations in a 

province as recipients are not statistically significant in either the Negative Binomial or the 

Poisson models. The coefficients of accumulated FDI are negative and significant. The 

coefficients of revenue in high-tech sectors are positive and significant in the Poisson model but 

not statistically significant in the Negative Binomial model. 

 

Although the finding with regard to revenue in high-tech industries is inconclusive, the result 

provides evidence that nanotechnology patenting in China is highly correlated with academic 

research undertaken in university and public research institutions, but only weakly linked to 

technology demand, foreign direct investment, or the development of high-tech industries in the 

country. In other words, nanotechnology development in China is primarily driven by R&D 

activities carried out in the public sector, instead of by industry in response to market demand. 

The negative sign of the coefficient of FDI stock occurs because provinces with relatively greater 

FDI stocks do not exhibit more patents in nanotechnology. For example, Beijing is ranked 9th by 
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FDI stock among the 30 provinces, but is home to the most patents. Shanghai and Guangdong are 

ranked 2nd and 3rd by number of patent applications. However, the number of patent applications 

from Shanghai is twice of that of Guangdong even though Guangdong’s FDI stock is almost 

twice that of Shanghai. 

 

The coefficients of R&D human resources input in universities and large or medium enterprises 

are not statistically significant in most specifications. Surprisingly, the coefficient of number of 

scientists and engineers in research institutions is negative and significant across the models. This 

might be because of the transformation and consolidation of Chinese research institutions that 

took place after 1998. Many research institutions affiliated with ministries were transformed into 

for-profit enterprises, non-profit or intermediary organizations, or merged into universities 

(Huang et al, 2004). The number of public research institutions declined rapidly from 1999 to 

2005. In 2001, research institutions employed 620 thousand people, while in 2005 they employed 

only 560 thousand (OECD, 2008). Our data also reflect this change, as in most provinces the 

number of scientists and engineers engaged in scientific and technological activities (natural 

science fields) decreased after 1998 and resumed growing only in 2007 and 2008. Because of its 

declining value, the coefficient of the variable is negative in the regression. 

(f) Robustness check 

Although we could not find consistent data reflecting R&D investment in research institutions or 

in large or medium enterprises, we were able to find consistent data on university R&D 

expenditure during the observation period. We therefore replaced number of scientists and 

engineers with data on university R&D expenditure in the robust analysis. We also substituted 

number of scientists and engineers from large or medium enterprises with number of patent 

applications from large or medium enterprises, because the latter can also be used to measure the 
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intensity of innovation activities in industry. Alternatively, we could have used gross R&D 

expenditure in each province in the patent production function instead of measuring R&D input 

from universities, research institutions, and industry separately. We even excluded the variables 

of the number of S&T personnel in universities, research institutions and large and medium 

enterprises altogether from the regression. Through these specifications, we were able to reduce 

to a great extent the possible impact of multicollinearity between the key independent variables 

and control variables. We also substituted the transaction value of technology transfer contracts 

involving organizations in provinces as recipients and transferors with the variable considering 

only organizations as recipients. We then were able to control for cases in which universities and 

research institutions in one province license a high volume of patents to companies in another 

province, which would otherwise not be counted in the baseline model. None of the 

abovementioned robust analyses renders materially different results compared with those of the 

baseline model (see Table 3). In particular, the coefficients of revenue in high-tech sectors are 

either not significant or are negative and significant in robustness check results. The results of the 

random-effects Negative Binomial and Poisson models are similar to those of the fixed-effects 

models and are available upon request from the authors. 

(Here insert Table 3) 

 

5. DISCUSSION 

(a) Weak industrial R&D in nanotechnology 

The econometric analysis supports the first hypothesis, namely that nanotechnology patenting in 

China is highly correlated with academic research undertaken in university and public research 

institutions, but weakly linked to technology demand, foreign direct investment, and the 

development of high-tech industries in the country. This confirms the observation that China has 
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successfully boosted basic nanotechnology research, but has not yet performed extraordinarily 

well regarding industrial development. 

 

Chinese industrial R&D in nanotechnology has remained weak. Corporate funding in China was 

at a level that was only 40 percent of the level of government funding during the period of 2005–

2007 (Figure 3). In contrast, industry in general accounted for 72.3 percent of total Chinese R&D 

expenditure in 2007 (Ministry of Science and Technology, 2009). Differing from what has 

occurred in China, corporate funding by American and Japanese enterprises has far surpassed 

government funding, arguably because firms from these two countries have acquired or 

developed advanced technological capabilities that allow them to appropriate sufficient return on 

R&D investment. Bai (2005) estimated that only about 300 firms in China engaged in business 

activities related to nanotechnology in 2005. The majority of indigenous Chinese firms have not 

established a high level of international competitiveness based on technological advancement, 

innovation, or R&D. It has been easier for them to purchase advanced production lines or 

blueprints from domestic or foreign suppliers and leverage their low-cost manufacturing 

capability to compete domestically or internationally. Seeking to transfer cutting-edge 

technologies from universities and research institutions is costly and risky. There thus are not 

enough incentives on the demand side for Chinese firms to engage in nanotechnology R&D. 

 

It is perhaps tempting to think that indigenous Chinese firms have not yet patented more actively 

because it can take more than a decade to benefit from intensive public R&D investment. We 

argue that this is not the case. Among domestically generated nanotechnology patent applications 

in China, 56 percent were filed by universities and research institutes. Only 18 percent were 

applied for by industry representatives (Table 1), whereas in other industrialized countries 
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industry is the main performer of industrial development and the leading source of patent 

applications. For example, US universities and research organizations were granted over 1,000 

nanotechnology patents in the period of 1990–2006, while industry produced about 5,000 patents 

during the same period (Shapira and Wang, 2009). Weak R&D capabilities and tenuous 

connections with university and research institutions is the culprit behind the sluggish patenting 

performance of indigenous industry in China. In addition to seeking a modest amount of 

technological advice and using some university-owned equipment and facilities, most indigenous 

Chinese companies did not interact to a significant extent with universities or research institutions. 

 

One might interpret the high correlation between publications and patent applications as 

characteristic of a close relationship between basic and applied research in nanotechnology in 

China. Such an interpretation would be valid, however, only if the majority of Chinese 

nanotechnology patents were produced by industry, which is not true. We argue that the high 

correlation between the production of publications and patents at the provincial level is because 

that not only the majority of publications but also over 50 percent of all patents are generated by 

universities and research institutions. We also rule out the possibility that the state-led 

development come at the expense of private development. Because of the weak R&D capability 

of the domestic industry, private participation in nanotechnology development would not have 

taken place even had the state not supported research in the field. 

 

According to Lee and Wang (2010), strong R&D capabilities in public research institutions and 

universities and weak R&D performance of industry co-exist not only in nanotechnology field, 

but also in semi-conductor industry in China. Eun et al. (2006) argued that this phenomenon is 

typical in a transitional economy like China. The knowledge industrialization at premature stage, 
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which is not pulled by market force but pushed by government activism, has given rise to this 

result (Eom and Lee, 2010). As we show above, in the first ten years after the Chinese 

government launched the national strategy to develop nanotechnology, the indigenous firms have 

not been able to benefit from the large scale public R&D investment to actively engage in 

patenting activities. The knowledge generated from the Chinese public R&D programs was not 

absorbed by the Chinese firms, but could be possibly learned by foreign companies through 

scientific publications written by Chinese scientists, because of the latter’s strong R&D and 

learning capabilities. The possible international spillover was definitely not foreseen by the 

Chinese policy makers when they set up the Strategy in 2001. 

(b) High incentives for academic patenting 

Based on data collected from interviews with nanotechnology scientists and company 

representatives, Shapira and Wang argued that scholars in the Chinese Academy of Sciences as 

well as those from universities were incentivized to apply for patents because patent applications 

as well as publications were important elements in career development and promotion, and also 

for meeting the deliverable targets of their government-funded research projects. Many of these 

patents are never used after being granted. In a survey jointly undertaken by the Chinese 

Intellectual Property Rights Office and the Ministry of Education in 2005, canvassing the top 100 

Chinese universities in patenting activities, 24 among the 50 universities responding to the survey 

indicated that researchers have no interest in using or licensing patents because their primary 

objective is to attain patents instead of using them to appropriate return on R&D investments (Liu, 

et al. 2007). The survey also revealed that the monetary compensation scientists receive for patent 

grants in the 50 universities is greater than the compensation they receive for scientific 

publications. 
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(c) Geographical mismatch of China’s nanotechnology academic research centers, 

patent applications and commercialization hotspots 

Darby and Zucker (2003, 2005) found that U.S. firms become involved in nanotechnology 

wherever and whenever scientists publish breakthrough academic articles. They argued that the 

commercialization of nanotechnology depends on the occurrence of scientific research and 

discoveries in the same US regions. In contrast to the situation in the US, academic research and 

industrial development and production in China are performed in disparate locations with only 

loose links connecting them. As seen in Table 4, Beijing, the capital city in the north, hosted 22 

percent of the departments or institutions that published more than 50 nanotechnology Web of 

Science publications and filed 21 percent of the country’s patent applications. However, the 

companies located in Beijing accounted for only 16 percent of the patent applications from 

industry in China and Beijing hosted only 6 percent of the listed companies that engage in 

business activities related to nanotechnology.9 Controlling for the share in general listed 

companies from Beijing in China’s total listed companies (8 percent), we confirm that 6 percent 

is actually smaller than what would be expected if nanotechnology-related business activities 

were distributed equally across the country. Beijing is a center of academic research and 

patenting activities, but industrial development and production in Beijing is less impressive in 

comparison to that in other provinces such as Guangdong, Jiangsu and Shanghai. 

(Insert Table 4 here) 

 

Guangdong in Southern China is, by contrast, home to merely 2 percent of departments or 

institutions that have published more than 50 nanotechnology articles or applied for 8 percent of 

patents, but it filed 18 percent of the patent applications submitted by industry and hosted 12 

percent of the listed companies engaging in nanotechnology-related business. By no means is 
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Guangdong an academic research center, but it is an important location for industrial applications. 

Much like Guangdong, Zhejiang accounted for a small share in basic research and patent 

applications, but concentrated a significant share in industrial activities. Beijing, Guangdong, 

Zhejiang, Jiangsu, and Shanghai, plus Tianjin, are the six most highly developed provinces in 

China in terms of GDP per capita and all are known for having sound infrastructure, an open 

business environment, abundant financial resources, and a concentration of human resources. 

There is no other reason to explain the conspicuous differences in their respective performances 

in nanotechnology R&D and related business activities other than that basic research, technology 

development, and industrial production of nanotechnology in China are carried out separately. An 

increasing proportion of public funding has been poured into universities and research institutions 

affiliated with the Chinese Academy of Sciences, which are largely concentrated in Beijing and 

Shanghai (Beijing, Shanghai, and Hong Kong alone produced almost half of all Chinese 

nanotechnology publications). Such public R&D investment has resulted in a boom in scientific 

publications and patent applications in some locations. However, the commercialization of 

technology has been weak, and industrial development and production have remained detached 

from the scientific research system. 

 

The limitation of our study is that the existent data only allow us to study the emerging and 

evolving Chinese nanotechnology ecosystem in the period of 1998–2008. Lacking support of 

hard evidence, we are not able to project what would happen into the medium term future. What 

we show is that as a result of the Strategy the first part of the ecosystem to emerge is the 

university and public research sector. The key question is whether the significant other parts of 

the ecosystem—the Chinese enterprises— are also likely to emerge and evolve in a robust way, 

making vital connections with the university and public research institutions part.  
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6. CONCLUSION 

China has made tremendous progress in nanotechnology development since the National 

Nanotechnology Development Strategy was enacted in 2001. Intensive public investment in 

nanotechnology R&D in China over the past decade has paid off to a certain degree, as China has 

produced the second-largest number of scientific publications in the world since 2003, trailing 

only the US. In this study, we estimated a patent production function on the basis of the 

nanotechnology patent applications submitted to China’s Intellectual Property Office during 

1998–2008, to confirm a hypothesis that nanotechnology innovation in China has so far been 

promoted primarily by public universities and research institutions, not by industry. Indigenous 

Chinese companies have remained weak in patenting activities. This finding reveals that, in the 

early stage of technological development, a developing country such as China is able, through 

large-scale public R&D investment, to engage actively in research related to emerging 

technologies and contribute new knowledge and technology to the international scientific 

community. However, unlike their counterparts in developed economies, indigenous companies 

in developing countries are handicapped by their weak R&D capabilities and their loose 

connections with university and research institutions. They may have difficulty in benefiting from 

R&D activities, which are largely concentrated in the public sector, at least in the short run. 

Public R&D investment is therefore a necessary but not sufficient condition for enabling 

developing countries to promote emerging technologies. The capabilities of indigenous 

companies, policies promoting competitiveness, regulatory frameworks, the venture capital 

industry, intellectual property rights regimes, and corporate practice all play roles. The take-off of 

indigenous companies in the fields of emerging technologies demands more nuanced policies to 

facilitate spillover from public R&D and synergy between the academy and industry. That is the 

challenge for industrial policy in developing countries.  
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Endnote: 
 
1. Nanotechnology is the understanding and control of matter at the nanoscale, at dimensions 

between approximately 1 and 100 nanometers, where unique phenomena enable novel 

applications. After more than 20 years of basic nanoscience research, nanotechnology is 

helping to considerably improve, even revolutionize, many technology and industry sectors: 

information technology, energy, environmental science, medicine, homeland security, food 

safety, and transportation, among many others (National Nanotechnology Initiative, 2011). 

2. The analysis of scientific publications in this article is based on the MERIT Database of 

Worldwide Nanotechnology Scientific Publications. It is composed of scientific publications 

indexed by the Web of Science. The search strategy used to define nanotechnology 

publications was developed by the Georgia Institute of Technology and described in Porter et 

al. (2008). Huang et al. (2011) compared this search strategy and other popular strategies and 

found that the analytical results obtained by this strategy are robust. 

3. The version of the PATSTAT database is that of September, 2009. We used the PATSTAT 

database here because it includes the patent data of 70 million records from over 80 countries 

(including the US, the European countries, Japan, China, South Korea and many others) and 

provides a level ground for international comparisons. The classification code Y01N is 

attached to a patent application when the patent examiner at the European Patent Office 

considers it to be related to nanotechnology. Using the Y01N classification is a more rigorous 

way of identifying nanotechnology patents than using a keyword search, because the 

examiners ensure that patent applications with the Y01N classification are nanotechnology-

related. In contrast, many applications with nanotechnology in the title or abstracts which 

would be identified by a keyword search are not directly related to nanotechnology. 

Applicants use the term just because it is a buzzword. Therefore, we may identify fewer 

nanotechnology-related patents through the Y01N classification than through a keyword 
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search. A discussion of this issue and detailed introduction of the Y01N classification is 

provided by Scheu et al. (2006). 

4. So far we have presented only counts of nanotechnology publications and patent applications. 

Huang and Wu (2010) developed a citation score to measure the impact or quality of Chinese 

nanotechnology publications. China was ranked 35th in the world by citation score in 1998. Its 

ranking had improved to 23rd by 2002 but dropped to 27th in 2006, well behind the most 

advanced countries. Most Chinese universities score much higher when ranked by number of 

nanotechnology publications than by citation scores. It is well known, however, that citation is 

only one proxy among others to indicate the quality of a publication. In addition, citation is 

affected by multiple factors other than quality of publication, such as the size and extent of a 

relevant network of scholars and the openness of a national innovation system. Because the 

China Patent Abstract Database does not provide information regarding patent citations, we 

were not able to construct an indicator to measure the quality of Chinese nanotechnology 

patents through citations. 

5. There are three types of patents in the Chinese patent system: inventions, utility models and 

designs. Invention patent applications are subject to substantive examination. Patent 

examiners need to conduct a search of prior art before granting invention patents. Utility 

model patents, which usually represent incremental technological improvements, are granted 

on a registration basis and need not go through a substantive examination process. Invention 

patents are protected for 20 years. However, utility model patents are protected for only 10 

years. 

6. The share of individuals among domestic applicants for Chinese nanotechnology patents is 

21.5 percent. This is much higher than the share of individuals among foreign applicants, 

which is 2.6 percent. Such a large share of patents being applied for by individuals is 

characteristics of patenting activities in China. In 2009, 25 percent of all domestic invention 

patents were applied for by individuals. 
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7. We used the Stata user-written program xtpqml to obtain the robust standard errors of the 

fixed-effects Poisson model, as suggested by Wooldridge (1999). 

8. An exposition of the Poisson and Negative Binomial panel model is provided in Stata (2007). 

9. Industrial nanotechnology patenting in Beijing is concentrated in a few large companies. For 

example, China PetroChemical Group alone applied for 173 nanotechnology patents, which 

account for 22 percent of the patent applications from the industry in Beijing. The 

concentration is less conspicuous in Guangdong, Jiangsu, Shanghai and Zhejiang provinces. 
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Table 1: Nanotechnology patent applications filed in the Chinese Intellectual Property Office 
(1985–2008, Percentage) 

Applicant From domestic 
organizations 

From foreign 
organizations 

University 43.28 5.85 
Research institutions 13.28 3.95 

Industry 18.00 83.73 
Individual 21.46 2.57 

University-Research institutions 0.25 0.17 
University-Industry 2.97 1.85 

Research Institution-Industry 0.34 0.83 
University-Research institution-

industry 0.02 0.02 

University-Individual 0.14 0.04 
Research institution-Individual 0.03 0.02 

Industry-Individual 0.24 0.96 
Total 100 100 
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Table 2: Nanotechnology patent production function (all explanatory variables are transformed into logarithm values) 

 Dependent variable: Number of nanotechnology patent applications 
Negative 
Binomial model, 
fixed effects 

Negative Binomial 
model, random 
effects 

Poisson model, fixed 
effects, robust standard 
errors obtained by 
xtpqml 

Poisson model, fixed 
effects, robust standard 
errors obtained by 
bootstrap 

Poisson model, random 
effects, robust standard 
errors obtained by 
bootstrap 

Number of scientists and engineers 
in universities engaged in S&T 
activities (natural science 
fields)  

.14(.12) .23(.12)* .42(.32) .42(.33) .46(.32) 

Number of scientists and engineers 
in research institutions 
engaged in S&T activities 
(natural science fields)  

-1.3(.12)*** -1.1(.12)*** -1.9(.32)*** -1.9(.36)*** -1.8(.37)*** 

Number of scientists and engineers 
in large or medium enterprises 
engaged in S&T activities  

.07(.10)* .011(.095) .076(.25) .076(.29) .033(.28) 

Number of invention patents .58(.090)*** .55(.086)*** .49(.14)*** .49(.16)*** .48(.15)*** 
Number of Web of Science 

nanotechnology publications .69(.074)*** .65(.070)*** .52(.12)*** .52(.14)*** .54(.14)*** 

Transaction value of the 
technology transfer contracts 
involving organizations in 
provinces as recipients  

-.061(.075) -.056(.074) -.083(.10) -.083(.12) -.088(.12) 

Accumulated foreign direct 
investment (FDI stock) -.40(.11)*** -.31(.10)*** -.25(.14)* -.25(.15) -.26(.15)* 

Revenue of high-tech sectors .12(.11) .15(.10) .50(.26)** .50(.29)* .50(.28)* 
      
Number of observations 330 330 330 330 330 
Number of groups 30 30 30 30 30 

Note: The data between the parentheses are standard deviations. *** denotes significance at the 1% level, ** denotes significance at the 5% level, * denotes significance at the 
10% level.  
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Table 3: Robustness check (All explanatory variables are transformed into logarithm values) 

 Dependent variable: Number of nanotechnology patent applications 
Negative 
Binomial model, 
fixed effects 

Poisson model, fixed 
effects, robust 
standard errors 
obtained by bootstrap 

 Negative 
Binomial model, 
fixed effects 

Poisson model, 
fixed effects, robust 
standard errors 
obtained by 
bootstrap 

Negative 
Binomial model, 
fixed effects 

Poisson model, fixed 
effects, robust 
standard errors 
obtained by bootstrap 

R&D expenditure of universities 
(natural science fields)  .25(.095)*** .11(.17)  - - - - 

Number of scientists and 
engineers in research 
institutions engaged in S&T 
activities (natural science 
fields)  

-1.2(.11)*** -1.8(.25)***  - - - - 

Number of patent applications 
by large or medium 
enterprises  

-.0039(.070) .0033(.13)  - - - - 

Gross R&D expenditure - -  .36(.16)** .32(.32) - - 
Number of invention patents .61(.10)*** .49(.19)***  .68(.099)*** .27(.11)** .77(.091)*** .32(.13)** 
Number of Web of Science 

nanotechnology 
publications 

.55(.092)*** .46(.18)***  .37(.091)*** .55(.23)** .48(.076)*** .65(.18)*** 

Transaction value of the 
technology transfer 
contracts involving 
organizations in provinces 
as recipients and transferors 

-.066(.052) -.060(.11)  -.29(.090)*** -.16(.15) -.27(.091)*** -.15(.15) 

Accumulated foreign direct 
investment (FDI stock) -.36(.11)*** -.24(.16)  -.32(.12)** -.57(.23)** -.34(.12)*** -.48(.26)* 

Revenue of high-tech sectors .063(.11) .46(.27)*  -.22(.13)* .35(.28) -.094(.12) .42(.25)* 
        
Number of observations 330 330  330 330 330 330 
Number of groups 30 30  30 30 30 30 

Note: The data between the parentheses are standard deviations. *** denotes significance at the 1% level, ** denotes significance at the 5% level, * denotes significance at the 
10% level. 
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Table 4: Geographical Mismatch of China’s Nanotechnology Academic Research Centers, Patent 
Application and Commercialization Hotspots 

Provinces 

Number of 
departments or 
institutions with 

more than 50 
nanotechnology 

publications 
(percentage of 
national total) 

Number of 
nanotechnology 

patent 
applications 

submitted to the 
Chinese 

Intellectual 
Property Office 
(percentage of 

domestic 
organizations’ 

total) 

Number of 
nanotechnology 

patent 
applications 
submitted by 

domestic 
enterprises to the 

Chinese 
Intellectual 

Property Office 
(percentage of 

domestic 
enterprises’ total) 

Number of listed 
nanotechnology 

companies 
(percentage of 
national total) 

Number of 
general 
listed 

companies 
(percentage 
of national 

total) 

Beijing 58 (22%) 5254 (21%) 780 (16%) 10 (6%) 135 (8%) 

Guangdong 5 (2%) 2094 (8%) 844 (18%) 19 (12%) 240 (14%) 

Jiangsu 16 (6%) 1973 (8%) 563 (12%) 15 (10%) 129 (7%) 

Shanghai 37 (14%) 4163 (17%) 824 (17%) 19 (12%) 159 (9%) 

Zhejiang 6 (2%) 1585 (6%) 314 (7%) 15 (10%) 143 (8%) 

National 
total 261 (100%) 24885 (100%) 

4790 (100%) 
157 (100%) 

1751 
(100%) 

Source: Authors’ own calculation. 

Note: 

a The listed nanotechnology companies are listed firms that have declared that they engage in business 
activities related to the technology in their annual reports. Annual reports of the Chinese listed companies 
are sourced from the China Infobank database.  
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Data source: MERIT Database of Worldwide Nanotechnology Scientific Publications. Authors’ own 
calculation. 

Figure 1: The World’s 10 Most Prolific Countries in the Nanotechnology Field: 1998–2008 
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Data source: PATSTAT database (September 2009 version). Authors’ own calculation. 

Note:  

a Nanotechnology patents are defined as such in accordance with the European Patent Office’s 
nanotechnology Y01N classification. 

Figure 2: The Top 10 Countries and China (13th) in terms of Nanotechnology Patent Applications: 
1998–2007  
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Source: Lux Research (2008). 

Figure 3: Estimated Government and Corporate Nanotechnology Funding (PPP US$ Million), 
2005–2007 
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Figure 4: Share of Nanotechnology Patent Applications from Each Two-digit Industry 
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TRADEMARK VALUE

{ Intangible assets gain more 
importance in the modern 
economy. The value of
individual brands is strictly 
connected with consumers 
awareness of them. Top 
brands, which are 
internationally recognized,
are worth dozens and even 
hundreds of billions USD

Corporation Brand Value 
($B)

Market Capitalization 
($B)

%

1 Apple 153.3 346.4 44,25

2 Google 111.5 131.9 84,53

3 IBM 100.8 196.2 51,38

4 McDonald’s 81 92.4 87,66

5 Microsoft 78.2 207.1 37,76

6 Coca Cola 73.75 158.6 46,5

7 AT&T 69.9 171.7 40,71

8 Philip Morris
(Marlboro) 

67.5 125 54

Tab. 1 Brand value in relation to the market capitalization of the company  
(brands with their value bigger than 60 $B were included)

Source: Authors’ own calculations based on the data from BrandZ Top 100 Most Valuable 
Global Brands 2011 Report and CNN Money trading indexes as of 23.08.2011 



ATTRACTIVENESS OF TRADEMARKS

{ In specific circumstances different forms of intellectual property 
may overlap (e.g. an individual three-dimensional object may 
acquire copyright, design, and trademark protection). Among 
these exclusive rights trademarks seem to be particularly attractive.   

{ Trademarks enjoy their significant protection. Their broad 
protection consist of two elements. Firstly, a wide range of objects 
can be regarded as trademarks (not only names or graphical signs, 
but also smells, tastes, shapes, colours). Secondly, the scope of 
their protection is substantial, and there is even a tendency to 
enlarge it (See: E. Traple, Uzywanie cudzego znaku towarowego nie w charakterze znaku 

towarowego, p. 557).     
{ Although the scope of trademark protection is not unlimited, it is 

sometimes noted that intellectual property (also trademarks) is
over-protected



WHY TRADEMARKS ARE SO IMPORTANT?

{ Trademarks facilitate communication between 
consumers and manufacturers of goods and services. 

{ The development of media and increase of their 
importance impacts how the trademarks are perceived.

{ Brands not only distinguish goods, but nowadays they 
also influence our cultural and economical 
awareness. They create trends and even lifestyles. 

{ Trademarks help to identify unobservable features
of a product in an summarized form (See: Goldstein, Copyright, Patent, 

Trademarks, and Related State Doctrines. Cases, Materials on the Law of Intellectual Property, 1990, p. 16)



TRADEMARKS AND BRANDS

{ The definition of brand was provided by the 
American Marketing Association. According to it the
term brand designates:

{ „A name, term, design, symbol, or any other feature that 
identifies one seller's good or service as distinct from those of other 
sellers. The legal term for brand is trademark. A brand may 
identify one item, a family of items, or all items of that seller. If 
used for the firm as a whole, the preferred term is trade name.”

{ „The brand is designated to convey differentiation to a consumer 
(…) more then merely a difference in logo”
L’Oreal v. Ballure NV (2006) EWHC 2355 (Ch)



ORIGIN OF TRADEMARK PROTECTION

o The basic trademarks (of course not in the modern 
meaning of this term) were first used as early as in the 
ancient times.

o In the Middle Ages the then trademarks were used as 
a signs of a particular guild. Therefore the public 
knew who manufactured a specific commodity, so the 
customers could expect a certain standard from the 
product. Thus, uncertainty about it was eliminated 
(See: A.Miller, M. Davis, Intellectual Property: Patents, Trademarks, and Copyriht In a Nutshell, pp. 156-

158).



ORIGIN OF TRADEMARK PROTECTION

{ In the past undertakings were of a local nature, 
hence the identity of the manufacturer, its status, 
and reputation were of the most importance.

{ It has changed after the Industrial Revolution, 
and subsequent demographic and technological 
changes, when consumers put greater 
attention to the qualities of the products.



TRADEMARK FUNCTIONS

{Distinguishing function
{Quality function
{Advertising function



DISTINGUISHING FUNCTION

{ Trademark individualizes goods and services, since 
it identifies a particular commodity, and indicates the 
manufacturer. This indication is abstractive, since 
consumers awareness with regard to the producer is 
often minor. 

{ Trademark has to indicate the origin of the product, 
and therefore can not exist in isolation from it. If such 
sign does not fulfill the distinguishing function, it 
should not be regarded as a trademark.



DISTINGUISHING FUNCTION

{ The precise indication of origin is irrelevant. Therefore 
not the actual, but commercial origin should be 
taken into account (See: M. Andrzejewski In: P.Kostanski, Prawo własnosci przemysłowej 

Komentarz, 2010, p. 643).
HOWEVER, 

o Polish court has noted, that the source of origin does 
not indicate a particular undertaking, but the place 
where the product was manufactured (Judgment of the 
District Administrative Court in Warsaw of 23 March 2007, 
VI SA/Wa 2184/06)



DISTINGUISHING FUNCTION

{ The goal of this function is to eliminate the 
confusion of the public with respect to the 
product. Thus, trademark, by indicating the origin 
of a particular product, mitigates the risk of 
unaware actions taken by consumers on the 
market. 

{ Consumers have wide range of choices, and 
make their market decisions knowingly. 

{ Provides also better conditions for more efficient 
competition (See: M. Barret, Intellectual Property Cases and Materials, p. 602).



„ESSENTIAL FUNCTION”

{ The distinguishing function was recognized by the Court (former 
ECJ) as an „essential function” of the trademark.

{ „Essential function” of the trademark was recognized e.g.:

z Hoffmann La Roche (Judgment of the Court of 23 May 1978, Case 102/77)
z Arsenal (Judgment of the Court of 12 November 2002, Case C-206/01)
z Opel (Judgment of the Court of 25 January 2007, Case C-48/05)
z Danjaq (Judgment of the Court of First Instance of 30 June 2009, Case T-

435/05) 
z L’Oreal (Judgments of the Court of 12 July 2011, Case C-324/09, and of 18 

June 2009, Case C-487/07)

{ Similarly the Polish courts recognize this distinguishing capability as 
a basic function which trademark serve.  



Hoffmann La Roche

{ „The essential function of the trade-mark, which
is to guarantee the identity of the origin 
of the trade-marked product to the 
consumer or ultimate user, by enabling 
him without any possibility of confusion to 
distinguish that product from products which have 
another origin”.



Arsenal

{ „For that guarantee of origin, which constitutes the essential 
function of a trade mark, to be ensured, the proprietor must be 
protected against competitors wishing to take 
unfair advantage of the status and reputation of the trade 
mark by selling products illegally bearing it (…)”.

{ „ (…) the use of a sign which is identical to the trade mark at 
issue in the main proceedings is liable to jeopardise the 
guarantee of origin which constitutes the essential 
function of the mark (…)”.



Opel

{ „the exclusive right (…) was conferred in order to enable the trade mark proprietor to protect his 
specific interests as proprietor, that is, to ensure that the trade mark can fulfill its functions and that, 
therefore, the exercise of that right must be reserved to cases in which a third party’s use 
of the sign affects or is liable to affect the functions of the trade mark, in particular its 
essential function of guaranteeing to consumers the origin of the goods (…) Therefore, the affixing by a third 
party of a sign identical to a trade mark registered for toys to scale models of vehicles cannot be prohibited (…) 
unless it affects or is liable to affect the functions of that trade mark”.

{ „Where a trade mark is registered both for motor vehicles – in respect of which it is well known – and for toys, 
the affixing by a third party, without authorization from the trade mark proprietor, of a sign identical to that 
trade mark on scale models of vehicles bearing that trade mark, in order faithfully to reproduce those vehicles, 
and the marketing of those scale models constitute (…) a use which the proprietor of the trade mark is 
entitled to prevent if that use affects or is liable to affect the functions of the trade mark as 
a trade mark registered for toys; constitute (…) a use which the proprietor of the trade mark is entitled to 
prevent (…) if, without due cause, use of that sign takes unfair advantage of, or is 
detrimental to, the distinctive character or the repute of the trade mark as a trade mark 
registered for motor vehicles”.

{ „(…) where a trade mark is registered, inter alia, in respect of motor vehicles, the affixing by a third party, 
without the authorization of the proprietor of the trade mark, of a sign identical to that mark to scale models of 
that make of vehicle, in order faithfully to reproduce those vehicles, and the marketing of those scale models, do 
not constitute use of an indication concerning a characteristic of those scale models”.



Danjaq

{ „The essential function of a trade mark is to identify the commercial 
origin of goods or services, thus enabling the consumer who purchases 
them to repeat the experience if it proves to be positive, or to avoid it if 
it proves to be negative, on the occasion of a subsequent acquisition.”

{ „The same sign may be protected as an original creative work by 
copyright and as an indicator of commercial origin by trade mark law. It 
is therefore a matter of different exclusive rights based on distinct 
qualities, that is to say the original nature of a creation, on the one hand, 
and the ability of a sign to distinguish the commercial origin of the goods 
and services, on the other. Therefore, even if the title of a film can be 
protected pursuant to certain national laws as an artistic creation 
independent of the film itself, it cannot automatically enjoy the 
protection afforded to indicators of commercial origin, since only signs 
which develop characteristic trade mark functions may enjoy that 
protection.”



L’Oreal

{ ”In the second place, a trade mark, the essential function of 
which is to provide the consumer with an assurance as to the 
identity of the product’s origin, serves in particular to 
guarantee that all the goods bearing the mark have been 
manufactured or supplied under the control of a single 
undertaking which is responsible for their quality (…)”. 
(Case C-324/09)

{ „(…) functions include not only the essential function of the 
trade mark, which is to guarantee to consumers the origin of the 
goods or services, but also its other functions, in particular 
that of guaranteeing the quality of the goods or services 
(…) and those of communication, investment or 
advertising”. (Case C-487/07)



TRANSITION FROM DISTINGUISHING TO 
QUALITY FUNCTION

{ The importance of the quality function was 
indicated by F. Schechter in his article „The 
Rational Basis of Trademark Protection”

{ Franchising contracts – concentration on the 
quality function of a particular trademark

{ Nevertheless the trademark basic function is 
still distinguishing of the products’ origin



QUALITY FUNCTION

{ The trademark begins to serve quality function after 
long-lasting use, when associate a specific standard 
of product quality with its trademark. Therefore, this 
function regards especially reputed trademarks.

{ It is not a legal guarantee of a particular level of 
quality. This functions is rather based on the 
economic premises. Consumers expect that to 
maintain their position on the market, companies 
have to provide good quality of their products. 



QUALITY FUNCTION

{ Consumers expect that products were manufactured 
under control of the trademark owner

{ The responsibility for quality bears on the 
undertaking which affixes trademarks to its products 
( Court judgment of 23 April 2009, in case Copad, 
C59/08)

{ Goods traded under the same trademark are expected 
to be of the same quality as those originating from 
the same source. The content of goods may be 
changed, but only within the scope of consumers’ 
expectations.  



ADVERTISING FUNCTION

{ „The advertising function is the specific ability of trademarks to 
provide consumers with additional or alternate motivations 
for purchases, that is reasons other than the characteristics of 
the products or service itself” (See: W. Sakulin,Trademark Protection and Freedom of 

Expression, 2010, p.47).

{ In the past consumers chosen products basing on their 
properties, whereas trademarks simply indicated their origin. 
Nowadays the psychological element plays greater role. Hence, 
the image of the brand may be more important than a particular 
product (See: G. Tritton, Intellectual Property in Europe, 2010, pp. 226-227).



ADVERTISING FUNCTION

{ trademark is aimed at attracting consumers’ 
attention

{ trademark strengthen the image of the product
{ trademarks promote certain lifestyles
{ trademark is a point of reference for prestige
{ trademarks serve informative functions



GOODWILL FUNCTION

{ „Goodwill is an intangible asset that 
comprises a good name and/or reputation 
as well as regular customer satisfaction or 
technical efficiency”. (See: W. Sakulin,Trademark Protection and Freedom

of Expression, 2010, p.47)

{ Consumers recognize the mark basing on 
their experience. It  determines the market 
position of a certain company.



ADVERTISING FUNCTION

{ It is not quality, but advertising attractiveness what 
defines trademarks nowadays (Opinion of Advocate 
General in the case Sirena, 40/70)

BUT

{ Trademark should not be only of an ornamental 
nature, and its attractiveness can not be crucial for 
the mark incorporated in a particular product. 
Otherwise, such mark can not be regarded as a 
trademark.  



LEGAL STATUS
Art. 120. 1. of  the Polish Industrial Property Law:
Trademark - every sign which can be presented graphically, if  it is suitable for distinguishing goods of  one undertaking from 
those of  other undertakings.
Art. 17 of  the Australian Trade Mark Act of  1995:
"A trade mark is a sign used, or intended to be used, to distinguish goods or services dealt with or provided in the course of  
trade by a person from goods or services so dealt with or provided by any other person."
Art. 1. 1. of  the UK Trade Marks Act of  1994:
"(…) a "trade mark" means any sign capable of  being represented graphically which is capable of  distinguishing goods or 
services of  one undertaking from those of  other undertakings."
§1127 Lanham Act (15 U.S.C):
"The term "trademark" includes any word, name, symbol, or device, or any combination thereof-
(1) used by a person, or
(2) which a person has a bona fide intention to use in commerce and applies to register on the principal register established
by this chapter,
to identify and distinguish his or her goods, including a unique product, from those manufactured or sold by others and to 
indicate the source of  the goods, even if  that source is unknown."
Article 6quinquies B. 2 of  the Paris Convention:
"Trademarks covered by this Article may be neither denied registration nor invalidated except in the following cases: when 
they are devoid of  any distinctive character (…)"
Art. 15 of  the TRIPS:
"Any sign, or any combination of  signs, capable of  distinguishing the goods or services of  one undertaking from those of  
other undertakings, shall be capable of  constituting a trademark."
Council Regulation (EC) 207/2009:
"A Community trade mark may consist of  any signs capable of  being represented graphically, (…) provided that such signs 
are capable of  distinguishing the goods or services of  one undertaking from those of  other undertakings."  



DISTINGUISHING CAPABILITY

{ Capability of „distinguishing goods and 
services”.

{ A trademark must have a distinct character.

{ It is an abstractive capability.



DISTINGUISHING CAPABILITY

{ Indicates the origin of the product
{ Prevents confusion of consumers

{ R.Skubisz explains that in trademark not the outer 
form is protected, but the relation between it and a 
particular undertaking (See: R.Skubisz, Prawo Znaków Towarowych Komentarz, 1997, s.7).



DISTINGUISHING CAPABILITY

{ If a mark has no distinguishing capability it is not a 
trademark, and is not a subject of such protection

{ Polish court has defined incapability of distinguishing 
as impossibility of identifying a good, and therefore 
impossibility of distinguishing it with respect to its 
origin (udgment of the District Administrative Court in 
Warsaw of 11 November 2006, VI SA/Wa 1705/06)



CURRENT REALITIES

{ Trademarks became a valuable and 
profitable assets which can be easily sold 
or licensed.

{ Trademarks no longer serve only as 
indicators of products’ origin. The 
question is whether they still serve this 
function at all?



NAMES AND NICKNAMES

{ Trademark: 
„Marek Grechuta”

{ Should the name of a popular (deceased) artist be registered and 
used as a trademark?

{ How about the distinguishing function? What is the origin in 
such case?

Source: 
http://gala.onet.pl/3,1366496,1,1,marek_grechuta_we_wspomnieniach_syn
a,gwiazdy.html



NAMES AND NICKNAMES

{ Trademark:
„Tiger”

{ Does the mark „Tiger” indicate as the origin of energy drink its actual 
producer, to whom trademark was licensed, or a famous sportsman, for 
whom it was registered? 

http://gwizdek24.se.pl/boks/dariusz-michalczewski-w-sadowym-sporze-z-producentem-napojow-tiger_163498.html



LICENSING COMPANIES

{ Trademarks of strictly ornamental nature – do
they really serve the role of trademarks? 

{ They increase the attractiveness of the product, but 
what origin do they indicate? 

CTM nr 003142247

CTM nr 008942146 



EVENT TRADEMARKS

{ To what extent an event trademark indicates the 
origin of the product?

{ It should be noted that they serve only advertising 
function. 

{ The problem of ambush marketing.

TOW: (111) 222733
CTM nr 009283921 

CTM nr 003429396



MERCHANDISING

{ Exploitation of popular signs, symbols, characters 
beyond their primary use.

{ It is economically profitable.
{ Used especially in promotion of goods. 

{ Most popular objects of merchandising: 
z Personalities
z Fictional characters
z Events
z Popular marks
z works of arts and architecture



MERCHANDISING

{ Reasons for merchandising:
zMarketing strategy
zEntering new markets
z Increasing profits



MERCHANDISING

{ Sources for protection:
z Copyright law
z Trademark law
z Design law
z Unfair competition law
z Personality rights
z Specific regulations (e.g. advertisement law)



MERCHANDISING AND TRADEMARKS

{ Landmarks in trademark licensing:

z Traditionally it was considered that trademarks licensing is 
contradictory with their nature;

z the first licenses were granted in XIX century in England;
z first breakthrough was linked with development of 

cinematography – popularity of Walt Disney’s cartoons;
z licenses in the fashion market;
z the greatest breakthrough was linked with the popularity of 

„Star Wars”.
(See: M. Zalucki, Licencja na uzywanie znaku towarowego, 2008, p. 45)



LICENSING TRADEMARKS

{ Trademark licensing agreements usually are non-
exclusive.

{ In some countries it is required to register such 
license in the local Trademark Office.

{ Trademark licenses should contain. provisions 
envisaging that a licensee must provide certain 
quality of products on which such mark is 
affixed.

{ It is often noted that actions taken by licensee
with respect to the licensed trademark are those of 
licensor.



LICENSING TRADEMARKS

{ Nowadays it is uncontroversial that trademarks can 
be the subject of a licensing agreement.

{ Nevertheless, with regard to some specific 
trademarks, the question should be raised, whether 
such agreements are inconsistent with the main 
function of the trademark?

{ A need of return to the idea of a „merchandising 
right”?



CONCLUSIONS

{ Trademark protection is evolving towards expansion 
of its scope.

{ Use of trademark beyond the scope of registration 
and beyond its main functions should be allowed.

{ A trademark which does not serve its „essential 
function”, which is the indication of origin, should 
not be regarded as trademark (with all consequences of 
such statement).

{ In order to improve the legal system of trademark 
protection the introduction of the „merchandising 
rights” should be considered.
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Abstract 
 
In this study we present evidence on the importance of inventor characteristics in explaining 

inventive performance. We use an extraordinarily detailed set of profiles of Swedish 

inventors, based on linked inventors to register data for more than 80% of the population of 

Swedish inventors at the European Patent Office in 2004-2005. We show that 1) inventor 

characteristics are important predictors for mainly the quantity of patents and 2) a team of 

inventors having more or better experience in developing patentable technologies produce 

both higher quality and a larger number of patents.  

 
Keywords: inventor; patent; inventive performance; patent value  
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1 Introduction 
Innovation and its role for economic growth has transcended to the center stage for 

policymakers in almost all advanced economies in recent decades.  Similarly, there has been 

an increased focus on entrepreneurship and growth of small firms as these have been as 

engines of the economy. Yet, relatively little is known about one of the microfoundations of 

innovation: inventors. In this paper, we argue that understanding what predicts valuable 

inventions and what drives inventors more productive is utterly important. Obviously, not all 

inventions are equally important or valuable. Technically speaking, the value of patents shows 

a highly skewed, log-normal distribution characterized by very small number of high-value 

patents and a large number of low-value patents (Harhoff et al., 2003; Scherer, 2001). Not 

only the value but also production of inventions is subject to a skewed distribution. Studies on 

firm inventors in the U.S. and Japan (Narin and Breitzman, 1995) and in Germany (Ernst et 

al., 2000) find that the number of inventors decreases rapidly as the number of patents 

increases  showing a similar distribution as Lotka (1926) found for scientific publication. 

Given that innovation becomes more and more costly and competitive, ability to identify 

valuable inventions and productive inventors ex ante will help innovators manage their 

innovation processes in a more effective and efficient way. 

 

Most inventions these days result from purposive investments in R&D with collective and 

cumulative problem-solving efforts (Arthur, 2007; Kingston, 2001). Examining inventors’ age 

at the time they made great inventions, Jones (2010) find that great inventions are made at 

older age in the recent decades than before. This implies that inventive performance and 

productivity can be predicted, to a certain extent, by socioeconomic and organizational traits 

of inventors and inventive process. Despite a dearth of the literature on this important issue, a 

few studies find some determinants: using a large scale survey of European inventors as a 

main source of data, Mariani and Romanelli (2006) found that higher level of education, 

employment in a large firm, and involvement in large-scale research projects increase the 

inventor’s productivity as measured by the number of patents. While their study indicates the 

importance of training and resources in inventive productivity, it overlooks the effects of 

socioeconomic and organizational factors, especially the effects of learning, on invention. 

This study aims to fill this gap in the literature. 
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In particular, in the study we aim to identify socio-organizational determinants for the value 

of patented inventions and inventive productivity. One distinct advantage of this study can be 

found in data. Our base data consist of all inventors with a Swedish address (“Swedish 

inventors”) listed on patents filed at the European Patent Office matched with registers 

collected by the Swedish tax office, education registers and ancillary information compiled at 

Statistics Sweden on a yearly basis for the whole working population aged 16 years and 

above. The registration information provides detailed demographic information, such as age, 

gender, education, wage, employer, and history of residential locations, of Swedish people. 

Our study differs from previous studies, in that we have data on the demographics of “teams” 

of inventors as well as patent characteristics.  

 

For this first version of the paper our data are particularly reliable in the cross-section of data 

from 2004-2005, with a match rate of inventors of about 80 percent. We examine the 

importance of the team level for explaining the performance of the patent as gauged by i) the 

quality indicator number of citations received (forward citations) and ii) number of future 

patents received on average by team members. We find that the quality of patents is mainly 

explained by patent characteristics themselves, while individual-based team characteristics 

play a subordinate role. Previous experience of team members has a positive role for quality, 

both from increasing the average team experience level and from the average quality of 

previous patents. Individual-based team characteristics plays its most important role for 

explaining the future production of patents. Older teams have fewer future patents. 

Interestingly, the share of non-Swedish inventors affect future patent numbers positively, 

suggesting a positive productivity effect. This suggests that talented foreign inventors are 

attracted – and retained – by Swedish inventive milieus. Experience effects are clearly 

positively related to future patent productivity. Thus, both total past patenting experience, 

recent patenting experience and a high quality of past patents each individually influence 

positively future patenting. This highlights the role of path dependence in innovation now 

appearing on the individual level. 

 

2 Inventors and Inventions 
One of the most important elements that affect innovation performance is people who 

discover technological opportunities, generate ideas, solve technical problems, and develop 
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prototypes and manufacturing processes. Ever since the corporate R&D became an important 

strategic arm of private firms, inventive processes became more collective than individual.1 

Accordingly, researchers gave attention to systemic and aggregate aspects of the inventive 

process while they only took a scant look at the actors of the process – inventors. However, 

there is a huge individual heterogeneity in inventive performance even among inventors hired 

by the largest firms as indicated by a study on US and Japanese firms (Narin and Breitzman, 

1995). Therefore, studying individual differences of inventors as well as the invention process 

is critical for better managing innovation. 

 

Notwithstanding its importance, the human factor of the innovation process has received little 

scholarly attention. The scarcity of the literature on this topic is noticeable compared to the 

huge volume of literature about the performance of scientific researchers. Since Alfred Lotka 

(1926) reported the inverse square law of scientific performance, a continuous stream of 

research has deepened the understanding of the patterns and determinants of scientific 

performance of individual researchers. By contrast, few studies have examined inventive 

performance. Narin and Breitzman’s (1995) pioneering research found that Lotka’s law was 

applicable for inventors affiliated with large semiconductor manufacturing firms in the United 

States and Japan. Ernst et al. (2000) found a similar result for 43 German firms in multiple 

industries. These studies show that inventive productivity is also subject to individual 

heterogeneity as scientific productivity is. Then, the natural question that follows is to which 

extent particular individual attributes determines inventive productivity. Several recent studies 

have examined gender, age, and education of inventors among others. 

2.1 Literature about inventor demographics and inventive performance  
Examining the share of patents involving women inventors across 14 industrial countries, 

Frietsch et al. (2009) found that  women’s contribution to patenting had generally increased 

over time. Mauleon and Bordons (2010) found similar upward trends of women’s 

participation in patenting for Spanish inventors. Both studies show that gender gaps differ by 

sectors and technology. According to their studies, women are more active in patenting for 

biomedical technologies than for other technologies (Frietsch et al., 2009) and in university 

and public sectors than private sectors (Mauleón and Bordons, 2010). It seems that the gender 

gap in patenting cannot solely be accounted for by a lower supply of female inventors. Studies 

examining academic life scientists in the United States found that women are less likely than 

                                                 
1 This is a process begun already in the early 20th century, see Mowery, D.C., Rosenberg, N., 1998. Paths of 
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men to enter into patenting holding the effects of productivity, networks, field, and employer 

attributes constant (Azoulay et al., 2007; Ding et al., 2006; Murray and Graham, 2007).  Ding 

et al. point out differences in the composition of professional networks between men and 

women (i.e. women have poorer networking with commercial sector than men) as a possible 

reason for different propensity of patenting. Whittington and Smith-Doerr (2008) corroborates 

this point in their studies about U.S. life scientists holding doctoral degree. They found that 

the gender gap in patenting is lower in network-based organizations such as dedicated biotech 

firms. In another study, Whittington (2011) shows that family duty can be another reason for 

explaining some part of the gender gap in patenting for academic scientists. Interestingly, she 

found that experience in patenting might mitigate the gender disparity. Whereas the above 

studies provide empirical evidence about overall trends of patenting by gender and some 

determinants affecting patenting propensity of highly-educated inventors, Mariani and 

Romanelli (2006) examine the impact of gender on patent productivity. From 793 European 

inventors, they found that women had a smaller number of patents than men for a given 

period of time. However, according to their study, patent quality (either average or maximum) 

is not directly associated with gender. 

 

On the other hand, the impacts of age and education on inventive performance are even less 

studied. Examining inventors who made great inventions during the 20th century, Jones (2010) 

provides a persuasive story and supporting evidence that inventors made their great inventions 

at older age than before partly due to longer duration for training even after controlling for the 

age composition of the  population. Mariani and Romanelli (2006) show that the number of 

European patents filed in 1988-1998 is greater for older inventors and Ph.D. holders. 

Furthermore, they found that the larger the number of patents the more likely an inventor had 

highly cited patents. 

2.2 Team and individuals 
While the above studies provide strong evidence about individual heterogeneity in inventions, 

patenting, and inventive performance, they seem to avert from one important aspect of the 

invention process – the team. Most inventions usually require a combination and 

accumulation of different types of technological knowledge (Arthur, 2007) and, therefore, 

result from a collective work of teams of inventors. It had been long since inventions had 

shifted from independent work of a genius to the collective processes driven by organization 

and conducted by a team of inventors (Schmookler, 1957). Jones (2009) provides evidence 
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that inventors are both older at the time of their first patent, suggesting that the inventive 

process demands increasing initial efforts in education in order to reach the frontier of 

innovation. This has further implications for the organization of innovative activity, requiring 

increasingly specialized inventors and larger team sizes, also evidenced by Jones (2009). 

Similar patterns can be found for Nobel prize winner’s efforts and ensuing results (Jones, 

2010). In Mariani and Romanelli’s report, the mean number of inventors per patent in 1988-

1998 is 2.4. Indeed, we present below a snapshot illustrating that the number of inventors per 

patent shows an upward trend.  Among the recently filed patents at the EPO, about a half was 

invented by two or more inventors. This has an important implication to the studies that 

examine the relationship between inventive performance and individual attributes of 

inventors. If a team of inventors is composed of people with homogeneous attributes, then 

picking any inventor of the team would be fully representative of the team. However, this is 

hardly imaginable. A more natural assumption is that inventors of a team come from various 

backgrounds – more vs. less experienced; old vs. young; male vs. female; more vs. less 

educated; and with specializations in different technologies. This distribution might affect 

both the quality of present patents and future production of patents. 

2.3 Experience and inventive performance 
Now, we turn to our main question: which team attributes determine inventive performance? 

We start from exploring data to see if gender composition, the average level of education, 

average age, and other socio-demographic attributes of a team of inventors affect the quality 

of inventions. The study by Mariani and Romanelli found that they affect the number of 

patents but not the quality of patents. They surmise that the quality of patents is stochastically 

determined or at best not explained by the set of individual attributes they test. Thus, 

according to them, the more patents an inventor files the higher is the probability of making a 

great one regardless of inventors’ background.  

 

Departing from their findings, we submit a different argument. It has been long recognized 

that inventions are cumulative (Fleming, 2001; Katila and Ahuja, 2002; Murray and 

O’Mahony, 2007; Reichman, 2000). In other words, new technological development builds on 

existing knowledge by accumulating, searching, recombining the existing body of knowledge, 

and adding small pieces of new knowledge to it. During this process, inventors gain new 

knowledge and insight to help solving technological problems (Arthur, 2007). It is well 

known that innovative capabilities are developed partly through learning (Arrow, 1962; 
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Cohen and Levinthal, 1990; Katila and Ahuja, 2002; Levitt and March, 1988). An important 

point we want to make is that the acquisition of new knowledge through the inventive process 

will not only help him solve the current problem he faces but also stays with him for the next 

inventions. In other words, knowledge advantage gained through “learning-by-inventing” 

would not be transient but transferred into the following inventions. Therefore, the inventive 

performance of an inventor is affected by his past opportunity for learning. The learning 

effects may, to some extent, depend on the inventor’s given characteristics such as age, 

gender, or the level of education but also the nature of the work he is involved in and the 

amount of resources invested into a patent project. For example, an inventor participating in 

developing a breakthrough technology would acquire more useful knowledge than an inventor 

working for a marginal invention. The experience gained in this way will help him in the 

search for available technologies more broadly, to identify better technological opportunities, 

and to solve technological problems more effectively. 

 

The relationship between learning-by-inventing and innovation/research performance has 

been well studied at firm level and for academic researchers. Studying innovation 

performance of firms after they have acquired other firms, Ahuja and Katila (2001) found that 

the number of patents owned by acquired firms were positively associated with the number of 

post-merger patents granted to the acquiring firms. Similarly, Rothaermel and Deeds (2004, 

2006) found that a firm’s previous experience in alliance positively affects the firm’s current 

innovation capability. The relationship between experience and research performance of 

scientists is also well established in the literature. Studying 400 biologists, Segal et al. (1980) 

found that excellence in predoctoral science work and early-career publication experience 

positively affects both the number of publications and citations received in the later career of 

academic biologists. Van Looy et al. (2006) contributed findings from academic researchers 

from one Belgian university. They found that patenting experience of faculty members 

reinforced publication productivity. Similarly, Azoulay et al. (2009) found positive impacts of 

patenting on both the rate and quality of academic publications for academic life scientists. In 

sum, the literature almost consistently predicts positive impacts of patenting experience on the 

following innovation at firm level or on academic publications at the researcher level. 

Therefore, it looks natural to assume that inventive experience of a team of inventors would 

positively affect the following inventions. Below we propose at least two mechanisms by 

which past experience influences the following inventive performance.  

 



8 
 

First, inventors having more experience in invention can see better technological 

opportunities. Discovering technological opportunities require sometimes broad, sometimes 

deep, and oftentimes both broad and deep search of the existing technological components 

(Katila and Ahuja, 2002; Laursen and Salter, 2004). An enhanced absorptive capacity 

accumulated from learning-by-inventing, then, makes the search process more targeted and 

effective, which helps inventors discovering unexplored technological opportunities more 

effectively. Moreover, often, some opportunities are only visible to trained eyes. Sometimes, 

on the other way around, technological opportunities will seek inventors. The social selection 

in communication and searching (Merton, 1968) will favor more for experienced inventors 

than novice inventors. For example, if a firm composes a team of inventors for its important 

technological development project, then it will fill the team with more experienced inventors 

as evidenced by their past performance.    

 

Second, past experience helps inventors solve technological problems in a more effective 

way. On the one hand, a deepened understanding of technological components will reduce 

trial-and-error. On the other hand, by participating in more inventive projects or being 

involved in work solving more difficult technological problems, inventors could acquire 

capability to command a broader set of technological components. An enlarged pool of 

recombinatory technological components constructed as such, then, positively affects the 

quality of innovation by adding more variations in outcome and enabling better combinations 

(Fleming, 2001). In addition, the enlarged pool of knowledge raise the probability of 

complementary variety (Heinze et al., 2009). Therefore, we state a testable formal hypothesis 

as following: 

 

Hypothesis 1. The quality of an invention developed by a team of inventors that are more 

experienced will be higher than an invention developed by less experienced inventors. 

 

3 Data and Methods 

3.1 Data 
 

In order to construct our sample we first selected all inventors with Swedish addresses from 

the patent applications filed at the European Patent Office using PATSTAT April 2010 
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database (European Patent Office, 2011). Note that this does not confine our sample 

necessarily to Swedish citizens. Then, using the names and (street-level) addresses provided 

by the PATSTAT database we identified corresponding Swedish identification numbers. This 

matching process provides us two extraordinary advantages among others. First, it enables us 

to access rich demographic information collected by Statistics Sweden. Second, it enables us 

to track the patenting history (such as patenting experience) of individuals whose 

identification numbers are matched. Now we describe our matching process in detail.  

 

Each person in Sweden receives an identification number which is used among other things 

by employers and government authorities. It is fair to say that this number is used in almost 

every contact an individual has with officials. Despite the obvious importance of this number, 

it is relatively easy to get hold of this identification number of Swedish people. The addresses 

of all individuals are kept at the Swedish population register (SPAR) for the three most recent 

years. We discovered that there is a name matching service to provide the identification 

number for address registers. This service is mainly used by companies to produce directed 

advertising efforts to individual households. We were able to obtain permission for matching 

our inventors. The service, provided by the company InfoTorg, involved searching for 

unequivocal best matches based on phonetization of names. Individuals aged under 16 were 

excluded from matching to prevent false positive matches. The inventor addresses were sent 

to InfoTorg and were returned in November 2010. After further checks additional matches 

could be added, and we finally arrived at a surprisingly high match rate of 64% of 81 324 

posts of inventor-patent pairs for the period of application 1978-2009. In total 18 489 unique 

inventors were identified.  

 

In the next step, our data were sent to Statistics Sweden for merging with register data. At the 

time of writing, we had access to register for 1985-2005. As the address registers for matching 

are only kept for the last three years, i.e. 2008-2010, it involves an ever lower likelihood that 

we matched old inventor records, as it becomes increasingly unlikely that an inventor stayed 

on the same address. Thus, while the match rate peaks at 93% for records in 2008, it is as low 

as 23% for 1978 inventors. For this reason, we faced a trade-off between including as much 

data as possible and the risk of selecting inventors with special characteristics (see below on 

sample selection). We chose to analyze inventors and patents applied for in 2004-2005 and 

associated background data from the same years. This ensured a fairly high rate of matching, 
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while also to a high degree also including past patenting activity in our analysis. The match 

rates in our sample was 81% of inventor-patent pairs in 2004 and 85% in 2005. 

 

3.2 Measures 
The main focus in this paper is on if team-invented patents are 1) of higher quality and 2) 

whether teams tend to be more productive in the future. For both these questions we analyze 

which particular properties of inventors tend to contribute to higher quality. From our data we 

select patents where all team members have been identified, as teams are at the center of our 

analysis. Following previous studies, we use the Forward citation counts as our measure of 

patent quality (Trajtenberg, 1990). In order to avoid bias due to right truncation, we only 

count citations received by patents filed within 3 years from the filing date of the focal patent. 

We also avoid multiple counts citations made by equivalent patents by counting distinctive 

citing families instead of publications. We use the INPADOC family definition available from 

PATSTAT April 2011 database (European Patent Office, 2011). Another dependent variable 

measures patent productivity after the focal patent. We construct a variable Patent count by 

averaging the number of patents invented by team members that are filed after the focal 

patent. Below we describe our independent variables and controls – team experience, 

technology characteristics, and individual attributes. 

 

3.2.1 Team experience 

We include the variables Years from earliest patent – average, Number of previous (3yr) 

patents – average and Average forward citations to previous patents – averaged in step-wise 

fashion. The first of these shows the length of patent activity among team members. We 

expect that this variable should have a positive effect on patent quality as well as quantity. 

The more a person has been engaged in patenting before, the more likely it will be that this 

inventor produces more patents in the future. The second variable captures the effect of highly 

productive teams; the higher their level of patenting should have an influence on future 

patenting in addition to an average team effect. Finally, the higher the quality (measured by 

citations) of the team members’ previous patents, the higher we expect the quality to be on the 

present patent. The effect may also be positive on future patents. 
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3.2.2 Technology characteristics   

 

Much patent activity is dependent on the technology characteristics. For instance, much of the 

rise in patent activity in recent decades has occurred in semiconductors and IT-related 

industries. This, at the same time, influences the number of citations to previous patents. Thus, 

we control the influence from technology by including technology class variables. We 

distinguish 5 different technologies as suggested by the World Intellectual Property 

Organization which reorganizes IPC classes (Schmoch, 2008; WIPO, 2010). Each patent, 

moreover, can be assigned to multiple technology classes, so that a patent for example can be 

classified as being both within chemistry and in instruments. We therefore form the variables 

Electrical engineering, Instruments, Chemistry, Mechanical engineering and Other fields 

expressed as the share of the patent that belong to that category. We also include the number 

of citations made by the focal patent to the prior patents (Backward citations) and to non-

patent literature (NPL citations) as control variables, as previous research (e.g. Gambardella et 

al., 2008) has shown this variable to be highly correlated with patent quality. We also think 

that whether the patent was Granted should affect its possibilities of receiving citations. 

Patents that have a connection with the PCT route are expected to be of higher quality as their 

reach is larger. 

 

3.2.3 Variables based on individual register data 

 

A large number of variables are added from individual register data. In our regressions, we 

average these across team members giving rise to average team effects. 

We first pick a number of education variables where we divide inventors in common 

categories of inventive activity. We form three educational dummies based on the orientation 

of education:  

1. Mechanical, general and unspecified engineering, 2. Energy, electronics, computer and 

automation engineering, and 3. Engineering: Chemistry- and biotechnology.  

When we average these dummy variables across teams we arrive at variables that show the 

share of team members that have a certain education orientation. These dummy variables are 

included to capture variation in inventive activity that could be specific to certain education 

types, i.e. certain educations may lead to more inventions than others. We also specify a 

dummy variable showing if the individual has PhD education. These variables are added to 
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examine the importance of educational length. We include the variable Average age expecting 

that older inventor teams will produce fewer patents in the future. If this variable captures 

earlier experience, it may also affect patent quality positively. The downside of a higher 

average age, however, is that inventors may be further from the technology frontier, i.e. less 

knowledge about the most recent developments. The variable Age gap captures variety in 

working experience among the team of inventors. It is plausible that teams with a larger age 

gap have a more varied composition of experience, which may lead to patents of better 

quality. However, again this variable could influence future patent productivity negatively as 

it shows the extent to which team members will leave future collaboration. This effect may 

add to average age effects as a larger age gap might imply losing only some individuals from 

the team which should drag down average team productivity. We include the variable Female 

ratio which might capture differential effects on patent productivity and patent quality. 

Female team members probably to a larger extent leave the labor market, at least temporarily, 

for family reasons, which should lower patent productivity. The effect on patent quality is less 

clear-cut and should only arise if such family-related reasons are related to a lower rate of 

accumulation of human capital and on-the-job training that lowers patent quality.  

We also add a dummy variable for Swedish citizen. This is an interesting variable as it shows 

whether teams composed of non-Swedes may add a different dimension to the team. There 

might also be a selection argument in that non-Swedes may have been picked to add specific 

competencies. Clearly, adding such team members may be more costly as they are likely to 

demand higher wages to contribute to a patent project. Thus, to overcome these higher fixed 

costs they may have to be more productive. We also include the variables Average income, 

Average business share of income and Average unemployment compensation as share of 

income to capture the effect of team members’ income and its composition. Average income 

may reflect ability of individuals not captured by other individual characteristics. Moreover, 

inventors with a higher share of business income may have vested interests in the patent 

project, e.g. with a funding stake and may be expected to contribute positively to quality. 

Unemployment benefits are in Sweden regulated to be 80% of former income up to a 

maximum ceiling level. Because many employees hit this level, its share of income captures 

to some extent the length of unemployment. We also have a dummy variable for 

Unemployment. Both unemployment variables are expected to negatively influence the 

production of patents, as the inventor is outside of the labour market. We also suspect that the 

quality of their patents might be lower. Much inventive activity is in Sweden concentrated to 

the Stockholm, Gothenburg and Malmoe/Lund regions (Ejermo, 2004). We include the 
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dummies East, West and South for the county of residence of inventors. These dummies may 

to some extent capture agglomeration effects, as these three regions in addition to being hosts 

to inventive activity, also are the most populated (See Ejermo, 2009 for an analysis of 

inventive activity, its quality and its relation to population density for Sweden).  

 

Finally, we include the variable Firm size which is taken from the firm characteristics 

associated with the individuals. This variable captures the possibility that large firms may 

have an interest in pursuing a market domination strategy, i.e. in order to dominate the market 

larger firms may patent extensively.  

 

Table 1 shows descriptive statistics for our sample. 

 
Table 1 Description of variables. Values shown for the sample using the full model, model (6) in the regressions. 

Variable N Mean SD      Min Max 
     
Granted 3613 0.34 0.47     0.00 1 
# technology classes 3613 3.1 2.22     0.00 37 
Non-patent lit cited 3613 0.6 2.50     0.00 60 
Backward citations 3613 3.98 3.01     0.00 30 
Number of applicants 3613 0.83 0.41     0.00 3 
PCT 3613 0.58 0.49     0.00 1 
Electrical engineering. share 3613 0.32 0.45     0.00 1 
Instruments. share 3613 0.17 0.34     0.00 1 
Chemistry. share 3613 0.14 0.32     0.00 1 
Mechanical engineering. share 3613 0.29 0.42     0.00 1 
Other fields. share 3613 0.08 0.25     0.00 1 
Team size for present patent 3613 2.18 1.66     1.00 27 
Average team size for previous patents 3613 1.8 1.63     0.00 27 
Mechanical. general and unspecified 
engineering  (edu) 

3613 0.39 0.44     0.00 1 

Energy. electronics. computer and 
automation engineering (edu) 

3613 0.24 0.38     0.00 1 

Engineering: Chemistry- and 
biotechnology (edu) 

3613 0.06 0.20     0.00 1 

PhD education 3613 0.25 0.39     0.00 1 
Average age 3613 44.25 8.99    21.76 79.67 
Age gap 3613 6.14 8.94     0.00 49.45 
Female ratio 3613 0.06 0.20     0.00 1 
Swedish citizen 3613 0.93 0.22     0.00 1 
Average income 3613 5.38E+0

05 
2.41e+05-1.16e+06 3.34E+006 

Average business share of income 3613 0.03 0.22    -3.03 7.3 
Average unemployment compensation as 
share of income 

3613 0.02 0.05    -0.29 1.09 

Student 3613 0.04 0.15     0.00 1 
Unemployed 3613 0.01 0.10     0.00 1 
East 3613 0.29 0.44     0.00 1 
West 3613 0.17 0.37     0.00 1 



14 
 

South 3613 0.13 0.33     0.00 1 
Firm size 3613 4694.68 7239.46     1.00 59029 
Years from earliest patent - average 3613 4.58 5.38     0.00 27.45 
# previous (3yr) patents - averaged 3613 2.47 3.88     0.00 36 
Average forward citations to prev pats - 
averaged 

3613 0.64 0.97     0.00 16 

 
 
 

3.3 Econometric model 
 

Our principal interest is in team structure on patent quality and patent quantity. Our full model 

is 

                       , (1)  

 

where    denotes the quality or quantity of a patent p. We consider that     is dependent on 1. 

the vector of technology characteristics  , 2. individual based characteristics averaged across 

the team  ,and 3. experience variables  . In each case, quality and quantity, we introduce 

experience variables separately and then estimate the full model (i.e. eqn 1). In the first 

regression of each type we exclude experience altogether, and then add each of the experience 

variables, separately and finally jointly.  

 

4 Analysis and Results 

4.1 Bivariate analysis 
Team size of inventors has increased over the last three decades. Over the 30 years’ period 

from 1979 to 2008, the proportion of inventions developed by a single inventor has reduced 

from about 60% to 30% while the mean number of inventors per patents has increased from 

about 1.6 to 2.5 (Figure 1).  
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Figure 1 Trends of team size of Swedish patents 

 
 
Average team size differs by technology area. In Table 2, we show the mean number of 

inventors per patent in our sample. The number of inventors per patent is largest in chemistry, 

followed by electrical engineering and instruments. The difference is statistically significant 

as indicated by F-statistic and Scheffe’s test statistics. Chemistry has a notable share female 

inventors. More than one fifth of patents in chemistry involve at least one female inventor (the 

second column in Table 2). This is consistent with the previous studies. Looking at age of 

inventors, inventors in electrical engineering are younger by about 5 years than inventors in 

other fields. This finding supports common belief that young engineers are more active in 

electrical and computer technology. Perhaps, this also implies that innovation potential of 

Sweden in the future is greater in electrical engineering than in other technology areas.  

 
Table 2 Team size, female ratio, and age by technology class (2004-2005) 

wipo5 Team size Having female Age N 
Electrical engineering (1) 2.159 6.2% 40.844 1164 

Instruments (2) 2.048 17.5% 45.333 652 
Chemistry (3) 2.956 22.5% 46.180 543 

Mechanical engineering (4) 1.965 5.7% 46.194 1112 
Other fields (5) 1.623 4.0% 47.383 300 

Total 2.155 10.2% 44.486 3771 
F-statistic 47.280*** 48.770*** 64.597*** 

 Scheffe's test 3>1,2>4>5 2,3>1,4,5 3,4,5>=2>1 
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4.2 Multivariate analysis – testing the impacts of team experience on 

patent quality 
 

In Table 3 and 4, we present the results from regression analyses for testing the impacts of 

team experience on the quality of the current patent and the patent productivity of team 

members, respectively. For both quality and quantity regressions, we use the negative 

binomial regression estimators because our dependent variables are count variables with signs 

of higher variance than which would make the Poisson model appropriate. In each table, we 

present a series of estimations starting from a base model with only technology characteristics 

(model 1), inventor characteristics added (model 2), one of three measures for team 

experience added (models 3-5), and all three team experience measures added (model 6).  

 

Before we explain the impacts of individual variables on the quality or quantity, let us briefly 

point out our observations about the effects of adding a set of variables. First, it can be 

observed that most of the variation in quality is explained by the patent itself as indicated by 

pseudo R-squared statistics. Adding team characteristics has only a modest importance, and 

similarly for experience. The situation is different for the number of later patents. Here, by 

contrast, the teams’ individual characteristics play an important role. In addition, experience 

effects are valuable. In total, about 6-7% of variation is explained for quality, while it is 10-

12% for quantity. 

 

Now, turning to the impacts of team experience on inventive performance, we find that team 

experience in patenting matters indeed. In particular, we find that teams having developed a 

larger number of patentable technologies in the recent past and teams having developed 

technologically more important inventions are likely to invent more valuable patents as 

indicated by statistically significant and positive estimation of coefficients on both Number of 

previous (3yr) patents – averaged and Average forward citations to previous patents – 

averaged in models 4 through 6. The length of patenting career, however, does not necessarily 

affect the quality of a patent. This variable is only significant in the full model (6), and then 

has a negative sign indicating that its effect is rather unstable and arise from correlation with 

the other experience variables. For the impacts on patent productivity, all three measures of 

experience are positively associated with the number of patents. 
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Among the different technology characteristics, whether a patent is granted, the number of 

technology classes, the number of backward citations and whether the patent is associated 

with the PCT route, all significantly affect the quality of the patent. A patent being granted 

has some limited, and less significant effect on the future patent productivity in some models. 

The number of technology classes is also positive and significant in models (1)-(3) suggesting 

that the breadth of the earlier patent may induce spin-offs in new directions evidenced by 

further patents. Number of applicants has a positive and significant effect on the number of 

future patents. This indicates that there is a size effect of having many applicants which lead 

to further patent projects. The variable for PCT has a negative effect on all future patents. 

 

Among the team variables, we find that team size and team size of the group of inventors’ 

earlier patents both positively affect the quality of patents. Thus, this variable seems to 

capture the project investment size to a substantial extent. Average age has, however, a 

negative effect on quality. This suggests that younger persons may be closer to be inspired by 

important new technology.2 Team size has, however, a negative effect in several models 

except for the full model (6) where it loses significance. Thus, this loss of significance is 

explained by a correlation with experience variables. Average team size of previous patents 

has positive and significant effects in all estimations. The number of PhDs on the team has a 

positive effect on patent productivity. (model 1, This is the most visible effect from education 

in our regressions and mimics the result from Mariani and Romanelli. The share of students 

also has some effect on future patent productivity, but loses significance when we include 

patents in the last 3 years indicating effects of collinearity. In addition, average age has a 

negative effect as expected on future patent productivity. Interestingly, age gap has a positive 

effect in (4) and (6). Thus, having different sets of ages in the regressions seems to foster 

learning which lead to a higher productivity. Moreover, if the team has many non-Swedish 

citizens there is a higher patent productivity. This may be indicative of the possibility that 

these inventors are hired for the purpose of bringing special skills which is utilized in further 

patents. Average income also has a positive effect on future patent productivity, indicating 

that the variable also captures some ability in terms of patent production. Both unemployment 

variables (dummy and share of income) have a negative effect on future patent productivity as 

expected. Finally, firm size is positive and significant which shows that larger firms tend to 

patent more. 

                                                 
2 We experimented with the inclusion of a variable “# years since exam” with similar effect. We exclude this 
variable as it correlates strongly with age and reduces number of observations in our estimations. 
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Table 3 Results of regression analysis. Dependent variable: Forward citations within 3 yrs. 

  (1) (2) (3) (4) (5) (6) 
VARIABLES       
fcit_inpa3       
       
Granted 0.264*** 0.251*** 0.254*** 0.243*** 0.245*** 0.243*** 
 (0.0660) (0.0665) (0.0666) (0.0664) (0.0661) (0.0660) 
# technology classes 0.0654*** 0.0434*** 0.0432*** 0.0381*** 0.0375*** 0.0328** 
 (0.0137) (0.0142) (0.0142) (0.0142) (0.0142) (0.0143) 
Non-patent lit cited 0.00329 -0.00165 -0.00140 -0.000370 -0.000255 0.00128 
 (0.0113) (0.0117) (0.0117) (0.0116) (0.0114) (0.0113) 
Backward citations 0.0756*** 0.0795*** 0.0797*** 0.0799*** 0.0767*** 0.0775*** 
 (0.0112) (0.0112) (0.0112) (0.0112) (0.0111) (0.0111) 
Number of applicants -0.0565 0.0495 0.0516 0.0402 0.0270 0.0241 
 (0.0772) (0.0824) (0.0824) (0.0821) (0.0819) (0.0816) 
PCT 0.984*** 0.953*** 0.952*** 0.959*** 0.943*** 0.945*** 
 (0.0726) (0.0739) (0.0739) (0.0737) (0.0736) (0.0735) 
Team size for present 
patent 

 0.0756*** 0.0743*** 0.0778*** 0.0755*** 0.0746*** 

  (0.0189) (0.0188) (0.0189) (0.0187) (0.0186) 
Average team size for 
previous patents 

 0.0599*** 0.0656*** 0.0422** 0.00788 0.00532 

  (0.0204) (0.0212) (0.0210) (0.0227) (0.0234) 
PhD education  0.0104 0.0146 0.00232 0.0182 0.0188 
  (0.0957) (0.0958) (0.0955) (0.0952) (0.0950) 
Average age  -0.0109*** -0.00885** -0.0108*** -0.0106*** -0.00672 
  (0.00403) (0.00448) (0.00402) (0.00401) (0.00446) 
Age gap  0.00150 0.00144 0.00193 0.00184 0.00215 
  (0.00379) (0.00379) (0.00378) (0.00377) (0.00376) 
Female ratio  -0.0407 -0.0494 -0.0213 -0.000150 -0.000921 
  (0.174) (0.175) (0.174) (0.173) (0.173) 
Swedish citizen  0.0226 0.0320 0.0484 0.0800 0.117 
  (0.145) (0.145) (0.145) (0.145) (0.146) 
Average income  3.19e-07** 3.38e-07** 2.17e-07 2.89e-07** 2.39e-07 
  (1.43e-07) (1.44e-07) (1.45e-07) (1.42e-07) (1.46e-07) 
Average business share of 
income 

 0.00175 0.00885 -0.00228 0.00911 0.0182 

  (0.150) (0.150) (0.149) (0.148) (0.148) 
Average unemployment 
compensation as share of 
income 

 -1.115 -1.098 -1.057 -1.017 -0.946 

  (0.799) (0.797) (0.792) (0.790) (0.783) 
Student  0.318 0.322* 0.146 0.282 0.145 
  (0.194) (0.194) (0.202) (0.193) (0.201) 
Unemployed  -0.983*** -0.982*** -0.923** -0.870** -0.826** 
  (0.376) (0.375) (0.374) (0.371) (0.369) 
East  0.248*** 0.250*** 0.252*** 0.201** 0.209** 
  (0.0893) (0.0894) (0.0890) (0.0893) (0.0891) 
West  -0.145 -0.148 -0.136 -0.166 -0.166 
  (0.107) (0.107) (0.107) (0.107) (0.107) 
South  0.213* 0.211* 0.204* 0.196* 0.185* 
  (0.113) (0.113) (0.113) (0.112) (0.112) 
Firm size  8.15e-07 7.18e-07 -3.22e-07 5.62e-07 -5.35e-07 
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  (5.18e-06) (5.18e-06) (5.17e-06) (5.15e-06) (5.15e-06) 
Years from earliest patent 
- average 

  -0.00768   -0.0141* 

   (0.00737)   (0.00743) 
# previous (3yr) patents - 
averaged 

   0.0276***  0.0233*** 

    (0.00863)  (0.00878) 
Average forward citations 
to prev pats - averaged 

    0.188*** 0.180*** 

     (0.0352) (0.0352) 
Constant -1.869*** -2.532*** -2.607*** -2.553*** -2.605*** -2.759*** 
 (0.630) (0.790) (0.796) (0.795) (0.786) (0.799) 
       
Observations 3,762 3,613 3,613 3,613 3,613 3,613 
LR-test alpha=0 887.4 716.6 716.8 694.1 701.5 675.3 
Pseudo R-squared 0.0531 0.0681 0.0682 0.0695 0.0723 0.0736 
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Note: we excluded educational field and technology control 
variables from the tables for space reasons. 
 
Table 4 Results of regression analysis. Dependent variable: Average number of patents of team members, after a patent. 

  (1) (2) (3) (4) (5) (6) 
VARIABLES       
              
pcnt_afta       
       
Granted 0.0979** 0.0718* 0.0583 0.0608 0.0715* 0.0532 
 (0.0464) (0.0419) (0.0414) (0.0386) (0.0417) (0.0383) 
# technology classes 0.0471*** 0.0227** 0.0258*** 0.00639 0.0155 0.00568 
 (0.0101) (0.00944) (0.00930) (0.00872) (0.00949) (0.00867) 
Non-patent lit cited -0.0114 -0.0286*** -0.0283*** -0.0188** -0.0300*** -0.0194** 
 (0.00903) (0.00940) (0.00919) (0.00880) (0.00955) (0.00871) 
Backward citations -0.00710 0.00863 0.00814 0.0116* 0.00736 0.0106 
 (0.00776) (0.00732) (0.00721) (0.00675) (0.00729) (0.00669) 
Number of applicants 0.207*** 0.190*** 0.176*** 0.133*** 0.161*** 0.115** 
 (0.0590) (0.0555) (0.0548) (0.0502) (0.0552) (0.0499) 
PCT -0.312*** -0.265*** -0.259*** -0.272*** -0.275*** -0.274*** 
 (0.0459) (0.0422) (0.0417) (0.0390) (0.0420) (0.0387) 
Team size for present 
patent 

 -0.0419** -0.0326** -0.0253* -0.0418** -0.0201 

  (0.0167) (0.0164) (0.0150) (0.0166) (0.0149) 
Average team size for 
previous patents 

 0.272*** 0.228*** 0.153*** 0.223*** 0.112*** 

  (0.0164) (0.0164) (0.0147) (0.0174) (0.0155) 
PhD education  0.281*** 0.255*** 0.213*** 0.278*** 0.199*** 
  (0.0575) (0.0568) (0.0527) (0.0570) (0.0522) 
Average age  -0.0173*** -0.0304*** -0.0173*** -0.0177*** -0.0270*** 
  (0.00263) (0.00299) (0.00241) (0.00261) (0.00276) 
Age gap  0.00298 0.00424 0.00497** 0.00376 0.00600** 
  (0.00267) (0.00263) (0.00245) (0.00265) (0.00243) 
Female ratio  -0.0980 -0.0393 -0.0488 -0.0686 0.00776 
  (0.114) (0.112) (0.103) (0.113) (0.102) 
Swedish citizen  -0.375*** -0.438*** -0.298*** -0.353*** -0.329*** 
  (0.0927) (0.0917) (0.0836) (0.0922) (0.0832) 
Average income  1.35e-06*** 1.23e-06*** 6.77e-07*** 1.30e-06*** 6.07e-07*** 
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  (1.09e-07) (1.08e-07) (9.85e-08) (1.08e-07) (9.77e-08) 
Average business share of 
income 

 0.0989 0.0928 0.0349 0.101 0.0311 

  (0.114) (0.114) (0.106) (0.113) (0.105) 
Average unemployment 
compensation as share of 
income 

 -1.373** -1.530*** -1.264*** -1.302** -1.349*** 

  (0.537) (0.533) (0.489) (0.532) (0.488) 
Student  0.512*** 0.483*** -0.135 0.454*** -0.143 
  (0.118) (0.116) (0.117) (0.118) (0.116) 
Unemployed  -1.638*** -1.686*** -1.269*** -1.566*** -1.283*** 
  (0.309) (0.309) (0.281) (0.307) (0.282) 
East  0.0102 0.00143 0.0576 -0.0330 0.0275 
  (0.0592) (0.0585) (0.0536) (0.0591) (0.0536) 
West  -0.283*** -0.249*** -0.261*** -0.299*** -0.250*** 
  (0.0648) (0.0642) (0.0597) (0.0645) (0.0593) 
South  0.296*** 0.299*** 0.178*** 0.273*** 0.174*** 
  (0.0698) (0.0689) (0.0636) (0.0694) (0.0632) 
Firm size  1.91e-05*** 2.02e-05*** 1.83e-05*** 1.90e-05*** 1.89e-05*** 
  (3.47e-06) (3.41e-06) (3.06e-06) (3.44e-06) (3.03e-06) 
Years from earliest patent - 
average 

  0.0415***   0.0305*** 

   (0.00473)   (0.00432) 
# previous (3yr) patents - 
averaged 

   0.118***  0.112*** 

    (0.00561)  (0.00557) 
Average forward citations 
to prev pats - averaged 

    0.184*** 0.0728*** 

     (0.0271) (0.0226) 
Constant 0.834* 0.500 0.975** 0.741* 0.552 1.074** 
 (0.463) (0.461) (0.457) (0.427) (0.458) (0.425) 
       
Observations 3,762 3,613 3,613 3,613 3,613 3,613 
LR-test alpha=0 8029 4548 4274 3452 4496 3341 
Pseudo R-squared 0.0350 0.0895 0.0942 0.121 0.0925 0.125 
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Note: we excluded educational field and technology control 
variables from the tables for space reasons. 
 
 

5 Discussion and Conclusion 
 

In this study we present evidence on the importance of inventor characteristics in explaining 

inventive performance. Using an extraordinarily detailed profiles of Swedish inventors, we 

show that 1) inventor characteristics are important predictors for both quality and quantity of 

patents and 2) a team of inventors having more or better experience in developing patentable 

technologies produce both the higher quality and a larger number of patents. 
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We find that the quality of patents is mainly explained by patent characteristics themselves, 

while individual-based team characteristics play a subordinate role. Previous experience of 

team members has a positive role for quality, both from increasing the average team 

experience level and from the average quality of previous patents. Individual-based team 

characteristics play its most important role for explaining the future production of patents. 

Older teams have fewer future patents. Interestingly, the share of non-Swedish inventors 

affects future patent numbers positively, suggesting a positive productivity effect. This 

suggests that talented foreign inventors are attracted – and retained – by Swedish inventive 

milieus. Experience effects are clearly positively related to future patent productivity. Thus, 

both total past patenting experience, recent patenting experience and a high quality of past 

patents each individually influence positively future patenting. This highlights the role of path 

dependence in innovation now appearing on the individual level. 

 

This first version of our work will soon be improved in various ways. First, although our data 

are fairly comprehensive we will soon be able to use data comprising a match of inventors to 

registers of about 85% of inventors 1985-2009. Second, the individual vs team levels can be 

analyzed more thoroughly, possibly including two estimation equations with interactions 

between the two levels. Such a procedure may more clearly distinguish the individual vs. 

team level. 
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Appendix A. Sample selection effects on quality 

 

In our data we can differentiate between three sets of patents: 1. fully identified (FI) patents 

where all inventors with a Swedish address listed on a patent have been identified,2. partially 

identified (PI) patents and 3. non-identified patents (NI). The share of FI is 57% in 2001-

2005, the share of PI is 18% and the share of NI is 25%. Although our focus in this paper has 

been on team patents, and we subsequently chosen to analyze FI patents it is worthwhile to 

see if our results may be generalized to the general population. As described earlier, our 

sampling is based on address registers which are kept for the last three years, i.e. tracking 

mobile inventors. As these three years are outside the scope of the sample, there is clearly a 

risk that our data capture immobile inventors. This presents a risk since earlier research has 

shown that immobile inventors also tend to be less productive (e.g. Hoisl, 2007). Thus, our 

sample may be biased towards lower quality patents. To test for this possibility, we re-ran 

regressions on patent quality, measured by the number of citations received within a three-

year period from application, against dummy variables for FI and PI, controlling for 

technology effects, counts of inventors on patents, counts of number of technologies on the 

patent, number of backward citations, count of non-patent literature cited. Most patents 

receive zero citations and in fact a strong predictor for not receiving any citations is if the 

patent has been granted at all. Moreover our sample seems to be subject to overdispersion. We 

therefore specified this test as a zero-inflated negative binomial regression. In this type of 

modeling structure, in the first step an “inflation” equation defines whether the patent belongs 

to the cited kind where we include a granted dummy as our main intended explanatory 

variable and also include dummies for technologies and counts of non-patent literature. The 

main result is that both FI and PI patents have worse quality than NI patents.3 We cannot, 

however, see a difference in terms of quality among FI and PI (as indicated by the test 

statistic). This gives us an indication that our sample is indeed biased towards low quality 

patents. We can only acknowledge this at present while continuing to work on increasing our 

match rate to improve the sample for future versions of this paper. 

 
 

                                                 
3 The regression result is given in the Appendix.  
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1 Introduction 
 
This empirical study is motivated by the long-standing policy debate about the role of intellectual 

property rights (IPR) protection in economic development. An extensive body of theoretical 

literature has emerged to tackle this question, but the predictions that follow from this literature 

are ambiguous. The recent endogenous growth models by Helpman (1993) and Lai (1998), 

among others, argue that the extent of foreign direct investment (FDI) attracted by an economy 

under a certain set of conditions determines the economic impact of IPR reform.  

In this paper I measure the general equilibrium effect of IPR policy on country growth, using 

a composite index of IPR protection (i.e., the Ginarte and Park (2008) index) and a sample of 

103 countries (developed as well as developing) over the period of 1970-2009. As shown by 

Ginarte and Park (1997), IPR affects growth indirectly by stimulating the accumulation of 

physical and intellectual (research) capital. Building on their result, I further explore the total 

factor productivity (TFP) channel through which IPR might affect growth. However, Ginarte and 

Park (1997) do not investigate whether welfare implications of IPR reform are different for 

countries with different levels of FDI. Guided by the theory that stresses the importance of FDI 

in measuring the total welfare effect of stronger IPR, my empirical growth model includes FDI 

inflows. To account for the heterogeneous effect of IPR reform on realized growth due to 

different levels of FDI, I interact IPR with FDI. Estimation is performed with the Arellano-Bond 

Dynamic Panel GMM estimator (Arellano, 1991) to control for possible endogeneity of FDI and 

IPR. 

The current paper complements the empirical findings by Branstetter et al (2006, 2007, and 

2010) and by Hu and Png (2010). These papers argue that stronger IPR protection stimulates 

industrial development. Branstetter et al. (2006, 2007, and 2010) use confidential firm-level data 

for US multinational enterprises (MNEs) and analyze 16 distinct episodes of shifts in IPR 

regimes to find that, as a result of IPR reform, production by MNEs increases, industry-level 

value added increases and the production of new goods shifts toward the reforming countries. Hu 

and Png (2010) use a composite index of IPR protection (i.e., the Ginarte and Park (2008) index) 

and a sample of 72 countries to show that more patent-intensive industries grow faster than less-

patent intensive industries in countries with stronger patent rights.  

While these and other firm- and industry-level studies are important for revealing the 

channels through which stronger IPR protection influences production, micro-level studies do 



3 
 

not account for general equilibrium considerations, which might offset or even reverse the partial 

equilibrium effects (Acemoglu, 2010).  In particular, the movement of capital between industries as a 

result of IPR reform is not accounted for in the firm- and industry-level studies discussed above. 

Also, for a fair policy-maker the interest likely lies in promoting growth for the economy as a 

whole, but not to the benefit of certain industries. Thus, guided by the theoretical literature on the 

welfare implications of IPR protection and with respect to the gaps in the existing empirical 

literature, I measure the general equilibrium effect of stronger IPR protection for countries with 

differing levels of FDI. 

Empirical evidence shows that a 10 percentage point increase in a country’s ratio of FDI to 

GDP leads to an approximately 3 percentage point increase in growth and that a one standard 

deviation increase in IPR is associated with a 1 percentage point increase in growth. However, 

FDI and IPR have offsetting impacts on growth and at the highest levels of FDI, it appears that 

more lax IPR can in fact increase the growth rate. The mitigating impact of IPR on the growth 

effect of FDI is revealed in both GDP and TFP growth regressions, which means that the effect 

works through factor accumulation as well as through the improvements in TFP.  

My findings are consistent with the theory in terms of punctuating the importance of the level 

of FDI in determining the general equilibrium effect of IPR reform. However, it might first 

appear that my results contradict the prediction of the theory that the larger is the FDI channel of 

international technology diffusion, the more likely is that stronger IPR laws increase production 

in the IPR-reforming country. While the models by Helpman (1993) and Lai (1998) predict that 

stronger IPR laws encourage FDI, there can be other exogenous factors that also attract additional FDI, 

and these factors are not considered by these models. At the same time, the theory predicts that stronger 

IPR protection increases the cost of acquiring knowledge from all attracted FDI. Hence, if a country is 

able to attract significant amount of FDI without appealing to the IPR policy tool, by relaxing the IPR 

protection the total production in that country might be increased. This result does not contradict the main 

theory and is supported by the empirical findings of this paper. 

Section 2 reviews the most relevant literature on FDI, IPR and economic growth. Section 3 

discusses data sources and their limitations. The empirical analysis is carried out in Section 4.  

Robustness checks are executed in Section 5. Section 6 concludes the discussion. 
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2 Why might stronger IPR hurt growth? 
 
The role of IPR policy in economic development is the focus of many theoretical studies.3 

Nordhaus (1969) and Scherer (1972) are among the earliest theoretical contributions on the 

economic impact of IPR policy. A strengthened patent system stimulates incentives for firms to 

innovate (i.e., a positive dynamic effect), but also increases the cost of acquiring knowledge and 

that of technology diffusion into the public domain (i.e., a negative static effect). The tradeoff 

between these opposing effects from strengthening IPR protection, as this theory argues, should 

be the rationale for an optimal IPR policy. However, this theory assumes a closed economy, 

which does not interact with other economies.  

More recent general equilibrium models by Helpman (1993) contribute to the long-standing 

debate on optimal IPR policy and aim to capture the non-monotonicity of the IPR effect on 

growth in a North-South framework (assuming that innovation occurs predominantly in the 

North, while imitation is prevalent in the South). The study finds that tighter IPR is never in the 

interest of the South and can even hurt both regions under certain policy conditions. When the 

rate of imitation in the South is high to begin with, conflict between the South and the North 

arises over the desired level of IPR protection. However, in Helpman (1993) overall welfare 

implications of tighter IPR protection for the North and the South might change if FDI is made 

endogenous in the models  (i.e., the incentives of foreign firms to activate the FDI channels for 

technology transfer and incentives to innovate may respond to changes in IPR protection).4 Thus, 

the paper calls for more elaborate analysis of the total welfare effects of IPR reform, where the 

impact of IPR protection on FDI is accounted for. 

Indeed, Lai (1998) finds that the channel of technology transfer (i.e., FDI versus imitation) 

determines the overall welfare effect of a tighter IPR regime for the South. So, the growth 

models, where FDI does not respond endogenously to shifts in IPR policy (i.e., only the imitation 

channel of production transfer is considered), may render misleading conclusions. Lai (1998) 

                                                           
3 The theoretical works on IPR and economic growth are part of the endogenous growth theory, which unites under 
the category a vast number of studies which stress the role of policy measures in explaining long-rung country 
growth.   
4 While the theory posits that stronger IPR encourages FDI, empirical studies that analyze the impact of IPR on the 
volume of FDI do not find a robust relationship. Later studies (Javorcik, 2004, Nunnenkamp and Spatz, 2003, 
among others) suggest that the composition of FDI sectors, the types of FDI projects (i.e., distribution versus 
manufacturing), and (anecdotally) the type of FDI technology (new versus old) change when the IPR regime varies. 
In general, these changes rather are attributable to the quality shift in FDI inflow - not necessarily the quantity shift - 
as technological intensity and/or human capital intensity of FDI varies. 
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finds that stronger IPR in the South may benefit the South if the FDI channel of international 

production transfer is sufficiently large compared to the imitation channel.5 But later, Lai (2008) 

analyzes the global IPR system and finds that the South is likely to be disadvantaged by efficient 

harmonization of IPR laws, while the gains of the North outweigh the losses of the South, 

resulting in an increase in global welfare. 

Branstetter, Fisman, Foley and Saggi (2007, 2010) also make FDI endogenous to IPR in their 

model, and further extend Lai (1998) by treating imitation as a costly activity. In their model 

stronger IPR increases the cost of imitation, which leads to reallocation of capital between 

imitation and other economic activities. Under reasonable parameterization, the increase in 

investments by multinational firms in the South is more than offset the decrease in Southern 

imitation, so overall production in the South increases. The North should also benefit in the long 

run because production shifting to the South frees up Northern resources for investment in 

innovation, however Branstetter et al (2007, 2010) do not estimate this long run general 

equilibrium effect.  

It appears that the reviewed theoretical models give ambiguous predictions about the welfare 

effects of IPR reform. But in fact, the common conclusion from the theory is that the total impact 

of IPR reform on production growth likely depends on the extent of FDI in the IPR-reforming 

economy. While the empirical evidence from firm- and industry-level studies suggest that tighter 

IPR protection stimulates industrial development, especially among multinational enterprises in 

technology intensive industries, it is not clear from these studies what the general equilibrium 

effect of IPR reform is. Also, there is no evidence from cross-country studies about the impact of 

the level of attracted FDI on the total welfare effect of stronger IPR.  

By estimating a general equilibrium effect of IPR reform in countries with different levels of 

FDI, the current paper contributes empirically to the policy debate on the economic benefits of 

tighter IPR protection. In addition, this paper contributes to the literature on FDI knowledge 

spillovers, which finds surprisingly little robust evidence of the beneficial effect of FDI on 

economic growth of the recipient economy on both macro6 and micro7 levels. It might be that the 

                                                           
5 The finding that with a sufficiently high rate of imitation the South might be disadvantaged by IPR reform is 
similar to that of Helpman (1993) despite FDI being exogenous in the model by Helpman (1993). 
6 There is some evidence of a positive effect of FDI when host economies are sufficiently developed to interact with 
foreign firms. Borenzstein et al. (1998) find that only the countries with a minimum threshold of human capital can 
benefit from FDI spillovers. Similarly, Blomstrom (1994) suggests that only higher income developing countries, 
but not lower income ones, enjoy growth benefits from FDI. Also, the ability of the recipient economies to take 
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inconclusive results in the FDI knowledge diffusion literature can (at least partly) be explained 

by the differences in the IPR regimes among the countries.   

 

3 Data 
 
This section describes the data used in the empirical analysis, specifically the measures of FDI, 

IPR protection, GDP and TFP growth rates. For the complete list of variables, their definitions 

and the sources of data, as well as more detailed discussion of certain covariates, see the 

Appendix.  

The source of FDI data is United Nations Conference on Trade and Development’s 

UNCTADstat data dissemination platform8, which reports annual inward and outward FDI flows 

for the period of 1970-2009 and FDI stocks for the period of 1980-2009. Since this study 

analyzes the impact of IPR policy on an FDI-recipient economy, inward FDI are chosen for 

estimation9, so 1970 is the starting year in the final panel. To account for the size of the domestic 

market and to follow the growth literature, FDI is included in the regressions as a share of GDP.  

The literature widely uses the Ginarte and Park (1997) index of patent rights (GP) to study 

various economic effects of IPR protection.10 The updated GP index covers 122 countries and 

the period of 1960-2005 (Park, 2008). The index relates to patent rights only and not to overall 

IPR. It ranges from 0 to 5 and is the unweighted sum of five separate components: coverage 

(inventions that are patentable); membership in international treaties11; duration of protection; 

                                                                                                                                                                                           
advantage of potential FDI spillovers depends on the level of development of financial markets (Alfaro, et al., 2004) 
and trade policy (Balasubramanyam, 1996) of a recipient economy. However, Carcovic and Levin (2002) question 
the validity of cross-section findings of the four above mentioned papers by pointing to the methodological 
problems peculiar to cross-section analysis. They do not find that the exogenous component of FDI exerts a robust, 
independent influence on growth. 
7 The empirical evidence from industry- and firm-level studies on the economic effects of FDI is also mixed. Results 
are not robust to changes in methodology, countries and samples. Cross-sectional studies tend to find a positive 
effect of FDI on productivity, especially if industry rather than firm data are used. When panel techniques are 
applied the estimated spillover effect is either negative or undetermined. For further discussion, see Navaretti and 
Venables (chapter 7, 2004).  
8 The new data dissemination platform was launched in 2010 and is aimed to harmonize and integrate all 
UNCTAD’s statistical databases. UNCTADstat platform is chosen as a major source of data to minimize possible 
discrepancies in the data coming from separate sources.   
9 For the discussion of FDI data, see Section III of the Appendix. 
10  See for example Nunnenkamp and Spatz (2003), Hu and Png (2010) among many other studies.  
11 The GP index reflects the membership in Paris convention and revisions, Patent cooperation treaty (PCT), 
Protection of new varieties (UPOV), Budapest treaty (microorganism deposits), and Trade-related Intellectual 
property rights (TRIPS). 
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enforcement mechanisms; and restrictions (for example, compulsory licensing in the event that 

that a patented invention is not sufficiently exploited). 

For the purpose of econometric analysis GP index is the best available option.12 The index 

covers a large sample of countries over long time period, so not only cross-country, but also 

within-country variation in IPR protection can be analyzed with the use of panel techniques. 

Also, the availability of five components of the GP index13 makes it possible to study 

independent influence and relative importance of separate aspects of IPR regime. Given that the 

GP index is available at 5-year intervals for 122 countries over the period of 1960-2005, the 

sample of countries for the analysis is initially restricted by the availability of the GP index.  

Most of other variables used in the analysis are available annually, so the choice between 

extrapolating the GP index versus averaging other variables has to be made. After a country 

amends its IPR laws (which is necessarily reflected in the 5-year GP score of a reforming 

country), it will certainly take some time to enforce these laws. So, extrapolating can potentially 

be a good idea if an enforcement function behaves monotonically between two consecutive 

periods. However, it is uncertain how exactly enforcement of IPR laws associates with the de 

jure laws, and this relation cannot be accurately measured. Also, because FDI inflows may 

fluctuate on a yearly basis, by averaging annual FDI over 5-year period a major trend in FDI can 

be traced. Thus, I decide to average FDI inflows and other explanatory variables, and work with 

the 5-year-lagged sample of observations.  

Other covariates include Government Consumption, Schooling, Inflation, Openness, and 

Institutions.14 I use GDP in current prices and current exchange rates to normalize Openness (i.e., 

imports plus exports), Government Consumption, FDI and Domestic Investment, because these 

variables are available from UNCTADstat in current prices and current exchange rates. I first 

divide a given annual statistic by the same year GDP to get a ratio, so the relative importance of 

a certain covariate in overall economic activity of a country in a given year is measured. And 

then, I calculate 5-year average values of the resulted annual ratios to smooth out yearly 

fluctuations. If one or more of per annum observations are missing in a 5-year block of 

observations, the average is calculated for the available years. So, the value for a 5-year interval 

is missing in the final sample only if observations for every year in a 5-year block are missing. 
                                                           
12 For the discussion of other available IPR indexes, see Section III of the Appendix.  
13 Thank you to Walter Park for providing the data on the components of the GP index.  
14 Please see Section III of the Appendix for the discussion of all the covariates. 
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The measures of IPR, Schooling and log (Initial GDP) capture the initial values for every 5-

year interval. To calculate log (Initial GDP) I use the measure of GDP per capita, PPP adjusted, 

to account for the differences in countries’ development in every given period, so that the 

concept of convergence is captured by the panel regressions.  

Growth is measured by the change in the real GDP per capita. Three alternative measures of 

the GDP growth rates are used. The growth rate of GDP per capita, measured in 1990 prices is 

from UNCTADstat, the other two growth rates, measured in 2005 prices by two different 

methods (chain and Laspeyres), are from Penn World Tables (PWT) (Heston & Summers, 2009).  

In order to unmask the role of total factor productivity (TFP) improvements versus capital 

accumulation in a country’s growth, TFP growth rate is used as an alternative dependent variable 

with the same set of explanatory variables. The source of TFP data is Bosworth and Collins 

(2003). The original TFP dataset includes 84 countries over the period of 1960-2000. TFP is the 

residual, , in the assumed production function of the form: , where , 

 is the capital stock,  is the education measure, used to adjust the workforce, , for the quality 

change.15 

 

4 Empirical analysis 
 

Table 1 presents the descriptive statistics for the variables used in the analysis.  The final panel 

where GDP growth rate is used as a dependent variable includes 103 countries (1 to 8 

observations per country) and the final TFP panel covers 79 countries (1 to 7 observations per 

country).16 Table 1 shows that the 5-year average GDP growth rate ranges from negative 13% for 

Sierra Leone in 1995-199917 to positive 11% for China in 2005-2009. There is also considerable 

variation in the 5-year average values of FDI as a share of GDP.18 For Gabon in 1995-99 FDI is 

                                                           
15 The capital stock,  is derived from a perpetual inventory model with a 0.05 rate of annual depreciation: 

. The education measure, H is an average of the estimates from Barro-Lee (2000) and Cohen-Soto 
(2001), and it incorporates a 7 percent rate of return to each year of education (see Bosworth and Collins, 2003 for 
further details). 
16 Luxembourg was dropped from both final samples due to the specificity of its FDI data (Luxembourg is a tax 
heaven and Europe’s major financial center over the last several decades).  
17 Negative growth rate is the reflection of 11-year civil war in Sierra Leone which began in 1991 when the 
Revolutionary United Front (RUF) intervened with an attempt to overthrow the Momoh government.  
18 Since FDI is measured on a net basis (i.e., capital transactions' credits less debits between direct investors and 
their foreign affiliates), the FDI/GDP ratio is negative when FDI is negative due to equity capital, reinvested 
earnings or intra-company loans transactions being net negative. 
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negative 5% and for Congo in 2005-2009 FDI is positive 26%. TFP growth rate ranges from 

negative 8% for Zimbabwe in 2000-2004 to positive 14% for Sierra Leone in 2000-2004.19  

For the detailed properties of the distributions for two variables of major interest, FDI and 

IPR, see Table 11 of the Appendix. Also, Figures 1 and 2 show the dynamics in the world IPR 

protection. After the ratification of TRIPS agreement in 1994 when the developing nations speed 

up the process of strengthening their IPR regimes, the growth of the mean value of the GP index 

accelerates while the variance declines. Table 12 of the Appendix shows the GP index for the 

relevant countries. 

The purpose of the empirical analysis is to estimate the growth effect of IPR, specifically to 

examine the role of FDI in determining the overall growth effect of IPR reform. Panel estimation 

makes it possible to control for time-invariant unobserved country specific effects, therefore 

eliminating a potential source of omitted variable bias peculiar to cross-country growth 

regressions.  

 

3.1. GDP growth, FDI and IPR 
 

The base model (1) examines the joint effect of the IPR regime and FDI inflows on growth. FDI 

is interacted with the measure of IPR protection and is used as a regressor. To ensure that the 

interaction term does not proxy for FDI or IPR, both of the latter variables are also included into 

the regression independently. Thus, the following specification is estimated: 

(1) . 

where  represents each country and  represents each 5-year time period, ; 

 is the 5-year average per annum growth rate of real GDP per capita for a country in a 

period ;  is a logarithm of the initial real GDP per capita, PPP adjusted, for country  in a 

period t;  is the 5-year average net FDI inflows as a share of GDP in the period ; 

 include human capital measured as a percentage of secondary school enrollment in 

total population, government consumption as a share of GDP, market distortions, as proxied by 

the Fraser Institute’ Index of Legal Structure and Security of Property Rights, inflation, and the 

openness of a country, measured as a share of imports plus exports in GDP in period . The error 

                                                           
19 In 2002 the civil war in Sierra Leone was officially over. 
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term,  is a composite of unobserved country and time specific heterogeneity, and an 

idiosyncratic component, , i.e., . In order to hedge against the interacted 

model (1) spuriously capturing country-varying slopes, the country-specific means are subtracted 

from FDI and IPR in the interaction term (Ozer-Balli and Sorensen, 2010).  

Table 2 presents the results of the model (1). As a preliminary exercise, I estimate the 

equation without the interaction term, so the direct growth effects of FDI and IPR are measured. 

In column (1) the equation (1) is estimated without the interaction term and without fixed effects. 

In column (2) the same specification includes fixed effects, so unobserved heterogeneity between 

the countries as well as the existent time trends of explanatory variables are controlled for.  

The coefficient of IPR is positive significant and robust to the inclusion of fixed effects or 

FDI.20 Given that the model controls for the overall quality of institutions, this preliminary 

results suggest that IPR protection is an independent source of growth.21 Also, in contrast to a 

number of cross-country growth studies, which do not find an independent growth effect of FDI 

(Carkovic and Levine, 2002 among others), the preliminary results of Table 2 show that FDI 

positively relates to GDP growth. The magnitude and the significance of FDI coefficient do not 

depend on the inclusion of fixed effects or IPR in the model. I explain the significance of FDI in 

growth regressions of Table 2 by the new source of FDI data, bigger sample of countries and 

longer time period. Possible endogeneity of FDI, IPR and other variables as well as the 

robustness of this preliminary result are addressed shortly.  

Other specifications in Table 2 estimate the full model (1) with the interaction of FDI and 

IPR included, because based on the discussed theoretical literature, the extent of attracted FDI 

likely influences the final outcome of IPR reform on a country’s production. The OLS 

specifications in columns (3) and (4) of Table 2 with the interaction of FDI and IPR included 

capture nonmonotonic impact of IPR reform and the joint impact of IPR and attracted FDI on 

domestic economy is estimated.  

                                                           
20 The significance and the magnitude of the estimated coefficient on FDI (IPR) do not depend on the inclusion of 
IPR (FDI) into the regression, as well as the inclusion of fixed effects.  
21  Also, in Table 8 of the Appendix I include all five components of the GP index in the regression independently. 
Only Membership component stays significant, suggesting that it likely drives the results of Table 2. Indeed, 
Membership in international IP treaties sets the minimum standards on duration of protection, industries covered by 
the IPR laws and other important aspects of the IPR regime. While Membership component conveys the major part 
of information contained in the GP index, other four components are essential to reflect additional variation in 
countries’ IPR regimes. 
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So, the primary interest lies in the sign of . If  is positive significant, stronger IPR 

regime augments positive growth effect of FDI (i.e., an increase in foreign activity outweighs a 

decrease in imitative activity). If  is negative significant, stronger IPR protection mitigates the 

growth effect of attracted FDI (i.e., a decrease in imitative activity outweighs an increase in 

foreign activity). Columns (3) and (4) of Table 2 report the OLS estimates for equation (1). The 

estimated coefficient on the interaction term, , is negative and significant in both OLS 

specifications, suggesting that while separately FDI and IPR positively relate to GDP growth, 

they also have offsetting growth effects.  

 The signs and the magnitude of other coefficients are consistent with the growth literature. 

In particular, countries with relatively low levels of initial GDP per capita grow faster, 

suggesting convergence of living standards across the world. Property rights’ protection is 

essential for growth, which is also higher if an economy actively participates in international 

trade. However, big government is detrimental to growth, as well as high inflation. Also, human 

capital promotes growth, which is shown in columns (1) and (3). When fixed effects are included 

in columns (2) and (4), they pick up the impact of Schooling and it gets insignificant, pointing at 

a slow pace of human capital accumulation for any particular country. These results are robust to 

different measures of growth, initial GDP, and openness.  

However, the fixed-effects OLS regressions can produce inconsistent estimates because: (i) 

causality may run in either direction for FDI, IPR or other variables (i.e., endogeneity may be an 

issue); (ii) the lagged dependent variable gives rise to autocorrelation; (iii) panel dataset has a 

short time dimension and a large country dimension. To cope with these problems and obtain 

consistent parameter estimates, I estimate the interacted model (2) using the Arellano-Bond (AB) 

GMM technique.22 The GMM results are presented in columns (5) and (6) of Table 2.  

I choose to treat log (Initial GDP), Institutions, FDI, IPR and the interaction term as 

endogenous. FDI may be endogenous to growth if a growing economy attracts additional FDI 

because MNEs are lured by high profit opportunities. IPR can be endogenous to growth if a 

                                                           
22 For the technical summary of the Arellano-Bond Dynamic Panel GMM estimators see Section II of the Appendix. 
Note that many empirical papers apply instrumental variable (IV) approach instead of AB GMM technique to deal 
with endogenous variables, often using the same instruments for different variables. However, as pointed in Bazzi 
and Clemens (2009), an instrument that is plausibly valid in one setting can be shown invalid when used in another 
setting. Because of a lack of original instruments for FDI or IPR and a reason why some of the popular cross-
country instruments are valid in my regressions only, I choose to use the AB GMM estimator instead of the IV 
technique.  
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country adopts stronger IPR protection because grown-up domestic industries accumulated their 

own IP and lobby to protect it.  

 In column (5) I use the “Difference” GMM estimator and instrument endogenous variables 

with their lags up to the 3rd period. The crucial assumptions for the validity of GMM estimators 

are (i) error terms are correlated only within individuals, not across them; (ii) the instruments are 

exogenous. Both assumptions are tested and the results of the tests are shown at the bottom of 

Table 2. The AB test shows no serial correlation. The AB test says that AR (2) coefficient is 

informative because first order autocorrelation is generated by the inclusion of lagged dependent 

variable into the regression (p-value for AR (2) is reported in the bottom of the Table 2). The 

Hansen J test fails to rejects that the instruments as a group are exogenous. Also, Difference-in-

Hansen statistics (not reported) show that all five separate groups of instruments for five 

endogenous variables are exogenous. 

The “System” GMM requires an additional assumption of no correlation between the 

differences of instrument variables and country-specific effects. However, the validity of this 

assumption may be questioned. For instance, if the amplitude of fluctuations of FDI inflows are 

related to the off-shore status of a country (i.e., time-invariant country-specific effect), and such 

fluctuations depend on economic climate in the countries where FDI originate, then the 

assumption of no correlation between the differences of variables (difference in FDI in this case) 

and country-specific effects might be violated. Nevertheless, I report the results of the regression 

(2), estimated with the “System” GMM in column (6) of Table 2. In the next tables I prefer to 

use the “Difference” GMM because (i) the tests fail to reject the null hypothesis that the 

instruments are exogenous in my sample; (ii) to keep the number of instruments less than the 

number of countries; (iii) the validity of an extra assumption for the “System” GMM, is 

questionable. 

As shown in columns (5) and (6) of Table 2, both GMM estimators as well as pooled OLS 

and fixed-effects OLS produce similar qualitative results, suggesting that possible endogeneity of 

FDI or IPR do not drive the results of the OLS regressions. However, since the magnitude of the 

estimated FDI coefficient fluctuates depending on the method used, endogeneity of FDI is likely 

present, so I prefer the results of the “Difference” GMM estimation. 

The results of the “Difference” GMM estimation, Column (5) of Table 2, suggest that a 10% 

point increase in a country’s ratio of FDI to GDP leads to approximately 3% point increase in 
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growth. The estimates also say that one standard deviation increase in the IPR would increase the 

growth rate by 1% point. However, FDI and IPR have offsetting effects on growth.  

As robustness check for the results of Table 2, in Table 9 of the Appendix, I estimate the 

regression (1) with the errors clustered by country. If the observations for a country are 

correlated in an unknown way, inducing correlation of standard errors, OLS estimates are still 

unbiased, but standard errors might be miscalculated, causing incorrect inferences. Columns (1) 

and (2) of Table 9 in the Appendix report the results of OLS regressions with cluster-robust t-

statistics in parenthesis. The conclusions of Table 2 are unchanged.23  

 

3.2. Factor Accumulation versus Total Factor Productivity 
 
In Table 3 to see whether the positive, but offsetting growth effects of FDI and IPR work through 

accumulation of capital or through improvements in total factor productivity (TFP), TFP growth 

rate is used instead of GDP growth rate with the same set of explanatory variables.  

The significance of FDI coefficient in the regressions of Table 3 suggests that FDI 

contributes to TFP development directly. Foreign technology, know-how and business models 

embedded in FDI improve productivity of domestic firms (as shown by the TFP growth 

regressions in Table 3). Improved productivity contributes to the increase in domestic production 

together with the direct capital accumulation via FDI (as shown by the GDP growth regressions 

in Table 2). 

While IPR is not significant by itself at conditional levels, the F-test of joint significance of 

FDI, IPR and their interaction (not reported) strongly rejects the hypothesis that three variables 

together are not significant. As suggested by the endogenous growth models by Helpman (1993), 

Lai (1998) and others and as discussed in the previous section, the extent of FDI likely 

influences the total effect of IPR reform on domestic production.  So, as the theory says and as it 

                                                           
23 All the regressions in Table 2 were also repeated for: growth rate of real GDP per capita in 2005 prices, 
constructed by chain method, and for the growth rate of real GDP per capita in 2005 prices, constructed by 
Laspeyres method. Also, as an alternative measure of openness, the Fraser Institute’s index of Freedom to Trade 
Internationally, was used. The same qualitative results were produced. When schooling is measured as average years 
of schooling in total population, the variable is always insignificant. When FDI is measured as a stock as a share of 
GDP, it is insignificant. Finally, all the regressions were repeated for the average values of FDI, government 
consumption as a share of GDP, and exports plus imports as a share of GDP, constructed as the ratios of averages, 
not as the averages of ratios as in the original set of regressions. The same qualitative results were produced. 
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is supported by the F-test of joint significance, all three variables should be included in the 

regression.        

Finally, the central result of the Table 2 that the interaction of IPR and FDI is negative 

significant also holds in TFP growth regressions of Table 3. It means that the mitigating effect of 

IPR on the growth effect of FDI works through the TFP channel, i.e., stronger IPR regime limits 

the adoption by domestic firms of new technologies brought via FDI. Columns (3) and (4) of 

Table 9 of the Appendix report the estimates of TFP regressions calculated with standard errors 

clustered by country. The results of Table 3 are unchanged. 

 

5 Sensitivity analysis 
 
In this section various robustness checks are done to challenge the major result of the previous 

section that the interaction of FDI and IPR is negative significant. First, I look at FDI versus 

Domestic Investment. Next, I consider Finance instead of IPR. Finally, I address a common 

critique of the GP index that it does not include the enforcement measures. Further robustness 

checks are presented in the Appendix.   

 

 4.1. Domestic investment versus FDI 
 
While the results of TFP growth regressions point at the channel through which the mitigating 

IPR effect on growth works, it can still be argued that FDI simply captures the effect of total 

domestic investment, which is not included as a regressor in the previous tables. To address this 

concern, in Table 4 I show the regressions with the overall domestic investment included. Also, I 

included the interaction of Domestic Investment and IPR to see whether the negative interaction 

effect, showed in the previous tables, works for a broader category of investment (i.e., total 

domestic investment including FDI).  

The estimates of Table 4 say that while domestic investment contributes to GDP growth, FDI 

(often being a small portion of total domestic investment) has an independent growth impact. 

The significance of FDI in the regression with overall domestic investment included is likely 

explained by the qualitative differences (i.e., richer human capital and/or technological content) 

of FDI over other categories of domestic investment. Also, because the interaction of Domestic 

investment and IPR is not significant, stronger IPR protection seems to diminish the growth 
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effect of foreign investment only, but not of other investment categories, suggesting that among 

other types of domestic investment FDI is especially sensitive to IPR. 

 

4.2. Finance versus IPR 
 

Table 5 addresses another concern which arises because of the results showed in Alfaro et al 

(2004, 2009). The authors include a finance variable24 as well as the interaction of FDI and 

Finance in cross-country GDP and TFP growth regressions (one observation per country). They 

find that the interaction of FDI and Finance is positive significant and robust to various 

sensitivity checks, while FDI independently is not significant. The authors’ main conclusion is 

that developed financial markets are crucial for the beneficial effects of FDI to be realized.  

It is possible that by not including Finance in growth regressions, IPR picks up the positive 

growth effect of Finance (especially given that the correlation between IPR and Finance in my 

sample is 0.48). Moreover, it may be that the negative significant interaction of FDI and IPR is 

the result of a misspecified model that should include the interaction of Finance and FDI. These 

concerns are addressed in Table 5. The growth regressions of Table 5 show that neither Finance 

nor the interaction of Finance and FDI are significant, while IPR and its interaction with FDI are 

significant and robust to the inclusion of additional Finance terms.  

My results contrast with those by Alfaro et al (2004, 2009), who find that the joint effect of 

Finance and FDI is positive. Note that in the studies by Alfaro et al (2004, 2009) the analysis of 

the joint effect of Finance and FDI on growth is done based on cross-country regressions with 

one observation per country, but my analysis is done in a panel setting. My results are consistent 

with Carkovic and Levine (2002) in terms of the interaction of Finance and FDI, but unlike all 

these authors I find a significant effect of FDI on its own. Moreover, my results are robust to 

specifications questions raised by Carkovic and Levine (2002), concerning Alfaro et al (2004) 

model. For further analysis of the joint effect of Finance and FDI on growth in a cross-sectional setting, 

see Section IV and Table 7 of the Appendix.   

 

 

                                                           
24 Finance is measured by (i) credit by deposit money banks to the private sector as a share of GDP; (ii) ratio of 
commercial bank domestic assets divided by central bank plus commercial bank assets; (iii) liquid liabilities of the 
financial system (currency plus demand and interest-bearing liabilities of the financial intermediaries and non-bank 
financial intermediaries); (iv) the value of credits by financial intermediaries to the private sector divided by GDP.  
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4.3. IPR Enforcement  
 
A common critique of the GP Index is that it does not include the enforcement measures. In 

Table 6, I interact the GP index with the Fraser Institute’s Index of Legal Structure and Security 

of Property Rights, in the same manner as in Hu and Png (2010).25 The Fraser Institute’s Index 

measures the quality of institutions. By interacting the GP index of patent protection with the 

measure of overall institutional quality, I account for the enforcement of IPR laws. This assumes 

that the extent of IPR laws’ enforcement is approximately follows that of overall law 

enforcement.26  

If a country has strict IPR policy on books, but zero enforcement of the laws in practice, the 

interacted index will reflect the absence of de facto IPR laws working in a country. Thus, the 

interaction of FDI, IPR (measured by the GP Index), and the enforcement measure (proxied by 

the Fraser index) are included in the regression together with all the cross-products of its 

components, as well as all the components independently.  

In the previous tables I found that FDI and IPR have positive, but offsetting growth effects. 

Table 6 shows that these results are robust to the inclusion of new terms with the Institutions 

variable. In addition, the regressions of Table 6 show that the enforced IPR laws augment the 

positive growth effect of de jure laws (the coefficient on the interaction of IPR and Institutions is 

positive significant in both OLS regressions). Also, it was previously found by Coe et al (2009) 

that countries with relatively high institutional quality benefit more from R&D spillovers. In 

GMM regression, Column (3) of Table 6, the interaction of FDI and Institutions is positive and 

significant, which means that Institutions also enhance a country’s ability to benefit from FDI. 

Although the triple interaction is insignificant27, it is negative in two out of three regressions and 

the effect gets more pronounced when endogeneity is controlled for in GMM regression. While it 

is harder to capture any effect when additional interactions are included, the triple interaction of 

                                                           
25 The authors use two different methods to change the GP index, so it reflects de facto patent laws: (i) the product 
of the GP index and the measure of the overall laws’ enforcement, proxied by the Fraser Institute’s index of Legal 
Structure and Security of Property Rights, and (ii) the weighted average of the GP index and the Fraser index. 
26 The validity of this assumption can certainly be questioned. The best example is probably China, where currently 
the IPR laws are poorly enforced, while other laws’ enforcement is strong. Whether interacting the GP index with 
the measure of the quality of institutions introduces more noise to the IPR measure or makes the GP index a better 
measure of the de facto differences in the IPR regimes, is hard to say. So, as a robustness check of the results in the 
previous tables, I show the regressions where the GP index is interacted with the measure of the quality of 
institutions to account for the enforcement of IPR laws.   
27 The F-test of joint significance fails to reject that FDI, IPR, Institutions and all their interactions are not significant 
together. 
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FDI, IPR and Institutions in GMM regressions is negative, and if interpreted literally, suggests 

that the mediating effect of IPR gets bigger with better law enforcement.  

 

4.4. Exploring the offsetting growth effects of FDI and IPR 
 
The negative interaction between FDI and IPR shown in Tables 2 through 6 appeals to additional 

investigation. Theory says that there may be a positive or negative relation between IPR and 

Growth. That is, over some range IPR may reduce technology transfer (by reducing the imitation 

rate) and thereby reduce growth that would result from FDI. On the other hand, IPR encourages 

FDI that generate growth. The negative interaction between FDI and IPR found empirically and 

showed in Tables 2 through 6 suggests that such offsetting forces might be at play. 

To further investigate these offsetting effects, a model that includes quadratic terms in both 

IPR and FDI and interactions of these quadratic forms is estimated. This specification allows for 

many possible outcomes, including ones that show both negative and positive effects for IPR and 

FDI. The specification is given by:  

(2) 

 

where . Estimated coefficients and t-values are shown in Table 10 of the 

Appendix. In column (1) the full sample is used to estimate the model. In the second column, 

observations that might be considered outliers are excluded from the sample as a sensitivity 

check.28 While the coefficients are insignificant individually, they are significant taken as a 

whole. Moreover, the estimated coefficients paint a picture that is revealing. A graph of the 

coefficient estimates in the three-space of growth, IPR, and FDI is shown in Figure 3. This figure 

is constructed using the estimates from column (1); the estimates from column (2) produce 

nearly identical results. 

There are two main conclusions to be drawn from Figure 3. First, the estimates of the simple 

interaction model given in Tables 2 are embodied in the more elaborate estimating form that 

produces Figure 3. Second, Figure 3 shows that there appears to be ranges over which IPR has 

                                                           
28 The 99th percentile of FDI distribution was dropped from the original sample.  
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both positive and negative effects on growth. This second point stands out plainly in the U-shape 

of growth relative to IPR shown in some parts of the graph.  

In regard to the first point, in Figure 3 it can be seen how the slope with respect to one 

variable changes while moving across the contour in the direction of the other variable. Notice 

that for both IPR and FDI, the slope diminishes as the other variable increases. The same idea is 

captured by the estimates in Table 2, where IPR and FDI show positive, but offsetting growth 

effects. Thus, the estimates in Table 10 of the Appendix tell the same story as the estimates from 

Table 2. 

However, they tell the story in a more elaborate and revealing way. The compelling feature 

of Figure 3 is that the marginal effect of IPR on growth is estimated to be positive over some 

ranges of FDI and negative over others. Even though the individual coefficient estimates are not 

precisely estimated, the overall effect is quite clear: there is a saddle point in the relation between 

IPR and growth and this saddle point is related to the level of FDI. Over most of the ranges of 

the two variables, the marginal effect of IPR on growth is positive. However, at sufficiently high 

levels of FDI the marginal effect of IPR on growth is negative, i.e., there is some value in lower 

IPR that facilitates technology transfer. But even then, it is a knife’s edge because growth is 

always higher at higher IP. While more work needs to be done, these estimates extend our 

understanding of the relation between IPR and FDI and their effect on growth. 

 

6 Conclusion 
 

The theory argues that by strengthening IPR protection, dynamic efficiency (i.e., flows of 

innovation and international technology transfer) can be enhanced. However, strengthening IPR 

necessarily reduces static efficiency because it raises the marginal cost of knowledge diffusion 

into the public domain. This paper investigates empirically this paradox of the offsetting effects 

from strengthening the IPR regime by looking at the relation between FDI and growth. The paper 

finds that a 10 percentage point increase in a country’s ratio of FDI to GDP leads to an 

approximately 3 percentage point increase in growth and that one standard deviation increase in 

IPR is associated with a 1 percentage point increase in growth. However, FDI and IPR have 

offsetting impacts on growth, and at the highest levels of FDI, it appears that more lax IPR can in 

fact increase the growth rate. 
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Table 1: Descriptive statistics 

     
Variable Mean Standard 

deviation 
Min Max 

 
Sample 1: 103 countries ( 652 observations, 1970-2009 ) 

     
GDP Growth 0.02 0.03 -0.13 0.11 
FDI 0.02 0.03 -0.05 0.26 
Schooling  0.33 0.18 0.02 0.88 
Government Consumption  0.16 0.05 0.04 0.41 
Inflation 0.48 3.50 -0.06 69.63 
Openness 0.71 0.51 0.09 4.29 
Institutions 5.64 2.18 1.19 9.89 
Domestic Investment 0.23 0.07 0.004 0.56 
IPR  2.55 1.09 0 4.88 
     

Sample 2: 79 countries ( 458 observations, 1970-2000 ) 
     
TFP Growth 0.004 0.02 -0.08 0.14 
FDI 0.02 0.02 -0.03 0.16 
Schooling  0.31 0.16 0.02 0.69 
Government Consumption  0.16 0.05 0.04 0.41 
Inflation 0.47 2.62 -0.06 38.59 
Openness 0.63 0.46 0.09 3.87 
Institutions 5.73 2.33 1.19 9.89 
Domestic Investment 0.23 0.07 0.004 0.56 
IPR 2.40 1.07 0.13 4.88 
     

 
Notes: GDP Growth is the growth rate of real GDP per capita measured in 1990 prices. TFP Growth is the growth 
rate of total factor productivity, measured as a the residual, , in the assumed production function: 

, where 0.35. Sample 1 refers to the countries used in the regressions where the GDP growth rate is 
the dependent variable, while sample 2 refers to the countries used in the regressions where TFP growth rate is the 
dependent variable. For the list of countries see Section I of the Appendix. FDI is measured as a share in GDP. 
Schooling is measured as the percentage of secondary school enrollment in total population. Government 
consumption is measured as a share in GDP. Inflation is measured as a percentage change in GDP deflator. 
Openness is measured as imports plus exports as a share in GDP. IPR is measured by the GP index of patent 
protection. The quality of institutions is measured by the Fraser Institute’ index of Legal Structure and Security of 
Property Rights. The growth rate, FDI, government consumption, inflation, and openness are averages over 5-year 
intervals; if one or more of yearly observations are missing in a 5-year block of observations, the average is 
calculated for the available years; thus, the final value for the 5-year interval is missing only if observations for 
every year in a 5-year block are missing. Fraser Institute’s index is available every 5 years starting 1970, and 
annually starting 2000; thus, for the years 1970-1999 the index is given by the initial values for every 5-year interval 
and starting 2000 the index is averaged over 5-year intervals. IPR, Schooling and log (Initial GDP) capture the 
initial values for every 5-year interval.  
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Table 2: GDP growth, FDI, and IPR 
Dependent variable – 5-year average annual per capita GDP growth rate 

       

 (1) (2) (3) (4) (5) (6) 
 OLS OLS OLS OLS GMM 

(difference) 
GMM 

(system) 
       
FDI 0.10 0.10 0.16 0.21 0.30 0.18 
 (2.78) (1.91) (2.98) (3.26) (2.39) (2.33) 
IPR 0.004 0.01 0.004 0.01 0.01 0.01 
 (2.34) (3.04) (2.41) (3.32) (4.31) (3.23) 
FDI*IPR - - -0.09 -0.16 -0.24 -0.15 
 - - (-1.71) (-2.64) (-2.54) (-2.14) 
log (Initial GDP) -0.01 -0.04 -0.01 -0.04 -0.03 -0.01 
 (-6.28) (-7.68) (-6.29) (-7.41) (-4.40) (-4.05) 
Schooling 0.02 -0.01 0.02 -0.01 0.02 0.02 
 (2.17) (-0.95) (2.07) (-0.91) (0.54) (1.05) 
Government Consumption -0.06 -0.07 -0.06 -0.07 -0.09 -0.07 
 (-2.95) (-1.81) (-2.82) (-1.77) (-1.95) (-2.38) 
Institutions 0.004 0.004 0.004 0.004 0.004 0.003 
 (5.95) (3.44) (5.94) (3.50) (2.61) (3.14) 
Inflation -0.002 -0.001 -0.002 -0.001 -0.001 -0.002 
 (-13.16) (-5.97) (-12.81) (-5.78) (-3.52) (-8.53) 
Openness 0.01 0.02 0.01 0.02 0.01 0.01 
 (2.50) (2.80) (2.12) (2.36) (1.18) (2.11) 
African Dummy -0.02 0.01 -0.02 0.01 - -0.02 
 (-5.86) (0.27) (-5.89) (0.40) - (-2.79) 
       
R2 0.24 0.56 0.25 0.57   
Country fixed effects No Yes No Yes   
Year       fixed effects No Yes No Yes   
       
Hansen             test (p-level)     0.11 0.28 
Arellano-Bond test (p-level)     0.51 0.33 
Number of instruments     79 102 
Observations 652 652 652 652 549 652 
       

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 103 
countries. For the list of countries and the detailed definitions of the variables see the Appendix and the notes to 
Table 1. The country-specific means are subtracted from IP and FDI variables before constructing the FDI*IPR 
interaction term. In GMM regressions log (Initial GDP), FDI, IPR, Institutions and the FDI*IPR interaction term are 
treated as endogenous with the lags up to the 4th period used as the instruments for all the endogenous variables, 
except for the log (Initial GDP) and Institutions variables in the “System” GMM regression, which are instrumented 
with the lags up to the 3rd period to keep the total number of instrument less or equal to the number of countries in 
the sample; two-step estimation is implemented with Windmeijer’s finite sample correction for the two-step 
covariance matrix. The results are reported for the forward-orthogonal transform, with similar qualitative results for 
the first-differencing transform.  
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Table 3: TFP Growth, FDI and IPR 
Dependent variable – 5-year average annual TFP growth rate 

      

 (1) (2) (3) (4) (5) 
 OLS OLS OLS OLS GMM 

(difference) 
      
FDI 0.21 0.22 0.24 0.25 0.31 
 (4.45) (3.26) (4.86) (3.67) (3.19) 
IPR 0.001 -0.002 0.001 -0.001 0.004 
 (0.58) (-0.93) (0.81) (-0.38) (1.24) 
FDI*IPR - - -0.18 -0.22 -0.46 
 - - (-2.17) (-2.50) (-2.94) 
log (Initial GDP) -0.01 -0.03 -0.01 -0.03 -0.01 
 (-4.80) (-3.54) (-4.91) (-3.39) (-2.35) 
Schooling 0.002 -0.02 0.001 -0.02 -0.001 
 (0.18) (-1.22) (0.09) (-1.23) (-0.06) 
Government Consumption -0.02 0.004 -0.01 0.002 -0.04 
 (-0.83) (0.08) (-0.62) (0.03) (-0.79) 
Institutions 0.004 0.001 0.004 0.001 0.003 
 (5.96) (1.28) (5.89) (1.11) (2.13) 
Inflation -0.001 -0.001 -0.001 -0.001 -0.004 
 (-3.25) (-2.30) (-2.99) (-2.27) (-0.96) 
Openness -0.004 0.03 -0.003 0.03 0.02 
 (-1.62) (3.44) (-1.42) (3.35) (1.66) 
African Dummy -0.003 0.02 -0.004 0.02 - 
 (-0.66) (0.65) (-0.86) (0.73) - 
      
R2 0.15 0.45 0.16 0.45  
Country fixed effects No Yes No Yes  
Year       fixed effects No Yes No Yes  
      
Hansen             test (p-level)     0.27 
Arellano-Bond test (p-level)     0.29 
Number of instruments     65 
Observations 458 458 458 458 379 
      

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 79 countries. 
For the list of countries and the detailed definitions of the variables see the Appendix and the notes to Table 1. The 
country-specific means are subtracted from FDI and IPR variables before constructing the FDI*IPR interaction term. 
In GMM regressions log (Initial GDP), FDI, IPR, Institutions and the FDI*IPR interaction term are treated as 
endogenous with the lags up to the 4th period used as the instruments; two-step estimation is implemented with 
Windmeijer’s finite sample correction for the two-step covariance matrix. The results are reported for the forward-
orthogonal transform, with similar qualitative results for the first-differencing transform.  
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Table 4: Robustness checks: Domestic investment versus FDI 
Dependent variable – 5-year average annual per capita GDP growth rate 

       
 (1) (2) (3) (4) (5) (6) 
 OLS OLS OLS OLS OLS GMM 

(difference) 
       
FDI 0.17 0.17 0.10 0.07 0.16 0.16 
 (3.43) (2.68) (2.69) (1.62) (2.59) (1.41) 
IPR 0.01 0.01 0.01 0.01 0.01 0.01 
 (3.62) (3.64) (3.55) (3.36) (3.58) (5.62) 
FDI*IPR -0.11 -0.14 - - -0.13 -0.18 
 (-2.29) (2.35) - - (-2.14) (-2.22) 
Domestic Investment 0.15 0.15 0.15 0.16 0.16 0.05 
 (7.91) (6.72) (7.87) (6.76) (6.62) (1.12) 
Domestic Investment*IPR - - 0.01 -0.04 -0.02 -0.01 
 - - (0.36) (-1.20) (-0.78) (-0.18) 
log (Initial GDP) -0.01 -0.04 -0.01 -0.04 -0.04 -0.02 
 (-6.16) (-7.40) (-6.06) (-7.65) (-7.42) (-3.94) 
Schooling 0.02 -0.01 0.01 -0.01 -0.01 -0.001 
 (2.02) (-0.93) (2.12) (-1.04) (-0.99) (-0.02) 
Government Consumption -0.07 -0.06 -0.07 -0.06 -0.06 -0.11 
 (-3.48) (-1.72) (-3.64) (-1.63) (-1.64) (-3.14) 
Institutions 0.003 0.002 0.003 0.002 0.002 0.01 
 (4.80) (2.55) (4.85) (2.58) (2.61) (2.76) 
Inflation -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 
 (-8.35) (-5.36) (-8.77) (-5.64) (-5.46) (-3.63) 
Openness 0.001 0.01 0.002 0.01 0.01 0.01 
 (0.22) (1.63) (0.71) (1.87) (1.54) (1.03) 
African Dummy -0.01 0.03 -0.01 0.03 0.03 - 
 (-4.04) (1.40) (-3.98) (1.34) (1.39) - 
       
R2 0.34 0.61 0.34 0.61 0.61  
Country fixed effects No Yes No Yes Yes  
Year       fixed effects No Yes No Yes Yes  
       
Hansen             test (p-level)      0.21 
Arellano-Bond test (p-level)      0.49 
Number of instruments      81 
Observations 652 652 652 652 652 549 
       

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 103 
countries. Domestic investment is measured as gross capital formation as a share of GDP. For the list of countries 
and the detailed definitions of the variables see the Appendix and the notes to Table 1. The country-specific means 
are subtracted from FDI, IPR and Domestic Investment variables before constructing the interaction terms. In GMM 
regression log (Initial GDP), FDI, IPR, Institutions, Domestic Investment, and the interaction terms are treated as 
endogenous with the lags up to the 3rd period used as the instruments; two-step estimation is implemented with 
Windmeijer’s finite sample correction for the two-step covariance matrix. The results are reported for the forward-
orthogonal transform, with similar qualitative results for the first-differencing transform.  
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Table 5: Robustness checks: Financial market development versus IPR 
Dependent variable – 5-year average annual GDP growth rate 

     
 (1) (2) (3) (4) 
 OLS OLS OLS GMM 

(difference) 
     
FDI 0.27 0.16 0.27 0.34 
 (3.73) (3.31) (3.75) (2.42) 
IPR 0.01 0.01 0.01 0.01 
 (2.38) (2.01) (2.30) (3.47) 
FD*IPR -0.16 - -0.15 -0.21 
 (-2.51) - (-2.20) (-2.51) 
Finance -0.004 -0.003 -0.003 -0.001 
 (-1.57) (-1.24) (-1.42) (-0.19) 
FDI*Finance - -0.12 -0.08 -0.21 
 - (-1.87) (-1.29) (-1.25) 
log (Initial GDP) -0.04 -0.05 -0.04 -0.03 
 (-7.54) (-7.77) (-7.58) (-4.30) 
Schooling 0.001 0.001 0.002 0.02 
 (0.10) (0.07) (0.12) (0.66) 
Government Consumption -0.10 -0.09 -0.09 -0.10 
 (-2.61) (-2.24) (-2.38) (-2.18) 
Institutions 0.003 0.003 0.003 0.01 
 (3.22) (3.08) (3.14) (3.09) 
Inflation -0.001 -0.001 -0.001 -0.001 
 (-1.56) (-1.71) (-1.53) (-1.04) 
Openness 0.02 0.02 0.02 0.01 
 (2.39) (2.67) (2.35) (1.52) 
African Dummy -0.15 -0.14 -0.15 - 
 (-8.04) (-7.31) (-7.65) - 
     
R2 0.56 0.55 0.56  
Country fixed effects Yes Yes Yes  
Year       fixed effects Yes Yes Yes  
     
Hansen             test (p-level)    0.17 
Arellano-Bond test (p-level)    0.60 
Number of instruments    82 
Observations 596 596 596 497 
     

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 99 countries 
(data on Financial Market development are not available for China, Nicaragua, Ukraine, and Zimbabwe, which are 
present in the full GDP sample with 103 countries). For the list of countries and the detailed definitions of the 
variables see the Appendix and the notes to Table 1. The country-specific means are subtracted from all the 
variables in all the interaction terms. In GMM regression log (Initial GDP), FDI, IPR, Institutions, Financial Market, 
and the interaction terms are treated as endogenous with the lags up to the 3rd period used as the instruments; two-
step estimation is implemented with Windmeijer’s finite sample correction for the two-step covariance matrix. The 
results are reported for the forward-orthogonal transform, with similar qualitative results for the first-differencing 
transform.  
  



24 
 

Table 6: Robustness checks: IPR enforcement 
Dependent variable - 5-year average annual per capita GDP growth rate 

    

 (1) (2) (3) 

 OLS OLS GMM 
(Difference) 
 

FDI 0.17 0.21 0.35 
 (3.20) (3.22) (2.95) 
IPR 0.003 0.01 0.01 
 (2.21) (3.11) (3.91) 
FDI*IPR -0.11 -0.17 -0.25 
 (-1.97) (-2.62) (-2.75) 
IPR*Institutions 0.003 0.003 -0.002 
 (2.33) (1.92) (-0.84) 
FDI*Institutions -0.06 -0.05 0.19 
 (-0.80) (-0.75) (2.24) 
FDI*IPR*Institutions 0.001 -0.02 -0.10 
 (0.03) (-0.39) (-1.40) 
log (Initial GDP) -0.01 -0.04 -0.03 
 (-6.14) (-7.51) (-4.64) 
Schooling 0.02 -0.01 0.03 
 (2.09) (-0.88) (-4.64) 
Government Consumption -0.06 -0.07 -0.10 
 (-2.71) (-1.76) (-2.05) 
Institutions 0.004 0.004 0.01 
 (5.70) (3.24) (2.80) 
Inflation -0.002 -0.001 -0.001 
 (-12.62) (-5.68) (-3.75) 
Openness 0.01 0.02 0.01 
 (2.08) (2.46) (1.10) 
African Dummy -0.02 0.01 - 
 (-5.72) (0.34) - 
    
R2 0.25 0.57  
Country fixed effects No Yes  
Year       fixed effects No Yes  
    
Hansen             test (p-level)   0.23 
Arellano-Bond test (p-level)   0.31 
Number of instruments   96 
Observations 652 652 549 
    

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 103 
countries. The country-specific means are subtracted from all the variables in all the interaction terms. In GMM 
regression log (Initial GDP), FDI, IPR, Institutions, and all the interaction terms are treated as endogenous with the 
lags up to the 3rd period used as the instruments. The results are reported for the forward-orthogonal transform. 
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Figure 1. Mean value of the GP index 
 

 
 

Figure 2. Standard deviation of the GP index 
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Figure 3. The joint effect of IPR and FDI on growth 
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Appendix 
 
Section I 

Sample 1 (103 countries) and sample 2 (79 countries): 
 
Algeria (1, 2), Argentina (1, 2), Australia (1, 2), Austria (1, 2), Bangladesh (1, 2), Belgium (1, 2), 
Benin (1), Bolivia (1, 2), Botswana (1), Brazil (1, 2), Bulgaria (1), Burundi (1), Cameroon (1, 2), 
Canada (1, 2), Central African Rep. (1), Chile (1, 2), China (1, 2), Colombia (1, 2), Congo (1), 
Costa Rica (1, 2), Cyprus (1, 2), Czech Republic (1), Denmark (1, 2), Dominican Rep. (1, 2), 
Ecuador (1, 2), Egypt (1, 2), El Salvador (1, 2), Fiji (1), Finland (1, 2), France (1, 2), Gabon (1), 
Germany (1, 2), Ghana (1, 2), Greece (1, 2), Guatemala (1, 2), Guyana (1, 2), Haiti (1, 2), 
Honduras (1, 2), Hong Kong (1), Hungary (1), Iceland (1, 2), India (1, 2), Indonesia (1, 2), Iran 
(1, 2), Ireland (1, 2), Israel (1, 2), Italy (1, 2), Ivory Coast (1, 2), Jamaica (1, 2), Japan (1, 2), 
Jordan (1, 2), Kenya (1, 2), Korea (South) (1, 2), Lithuania (1), Malawi (1, 2), Malaysia (1, 2), 
Mali (1, 2), Malta (1), Mauritius (1, 2), Mexico (1, 2), Morocco (1, 2), Nepal (1), Netherlands (1, 
2), New Zealand (1, 2), Nicaragua (1, 2), Niger (1), Norway (1, 2), Pakistan (1, 2), Panama (1, 
2), Papua New Guinea (1), Paraguay (1, 2), Peru (1, 2), Philippines (1, 2), Poland (1), Portugal 
(1, 2), Romania (1),  Russian Fed. (1), Rwanda (1, 2), Senegal (1, 2), Sierra Leone (1, 2), 
Singapore (1, 2), Slovak Republic (1), South Africa (1, 2), Spain (1, 2), Sri Lanka (1, 2), Sweden 
(1, 2), Switzerland (1, 2), Syria (1), Tanzania (1, 2), Thailand (1, 2), Togo (1), Trinidad & 
Tobago (1, 2), Tunisia (1, 2), Turkey (1, 2), Uganda (1, 2), Ukraine (1), United Kingdom (1, 2), 
United States (1, 2), Uruguay (1, 2), Venezuela (1, 2), Zaire (Dem Rep Congo) (1), Zambia (1, 
2), Zimbabwe (1, 2). 
 
Data Sources and descriptions: 
 

Foreign direct investment: Inward FDI flows (US Dollars at current prices and current 
exchange rates in millions). Source: UNCTAD. 

Output levels: GDP (US Dollars at current prices and current exchange rates in millions). 
Source: UNCTAD. 

GDP growth rate: (i) Growth rate of real GDP per capita (constant 1990 US dollars);  
(ii) Growth rate of real GDP per capita (constant 2005 prices, constructed using chain method); 
(iii) Growth rate of real GDP per capita (constant 2005 prices, constructed using Laspeyres 
method). Source: UNCTAD, PWT 6.3. 

TFP growth rate: Growth rate of total factor productivity, measured as the residual, , in the 
assumed production function: , where 0.35. Source: Bosworth and Collins 
(2003). 

Government consumption: General Government final consumption expenditure (US Dollars 
at current prices and current exchange rates in millions). Source: UNCTAD. 

Domestic investment: Gross capital formation (US Dollars at current prices and current 
exchange rates in millions). Source: UNCTAD. 
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Openness: (i) Exports plus imports as a share of GDP (US Dollars at current prices and 
current exchange rates in millions); (ii) Fraser Institute’s Index of Freedom to trade 
internationally (area 4 of Economic Freedom of the World (EFW) index). Source: UNCTAD, 
Fraser Institute. 

Schooling: (i) Percentage of Secondary schooling attained in population; (ii) Average years 
of schooling attained. Source: Barro and Lee (2010). 

Inflation: Percentage change in the GDP deflator. Source: World Bank. 
Population: Total population. Source: UNCTAD. 
Institutions: Index of legal system and property rights (area 2 of Economic Freedom of the 

World (EFW) index). Source: Fraser Institute. 
Finance: Credit by deposit money banks to the private sector as a share of GDP. Source: 

World Bank Financial Structure Database. 
 

Section II 
 
The Arellano-Bond GMM technique  
 
The original Arellano-Bond (1991) estimator, also called “Difference” GMM estimator, is 
designed for the fixed-effects (FE) models where (i) lagged dependent variable is included as a 
regressor; (ii) some other regressors may be endogenous, and (iii) the time dimension for the 
panel of data is short. Any of these features of the model can lead to inconsistent parameter 
estimates if results are obtained by the standard OLS technique. Consistent parameter estimates 
can be obtained for dynamic panel-data models by implementing the Arellano-Bond estimator. If 
the original equation is of the following form: 
 
(1)  
 
where the error term,  is a composite of unobserved country and time specific heterogeneity, 
and an idiosyncratic component , i.e., . First, fixed effects need to be 
eliminated. Two techniques of dealing with fixed effects can be applied: first-differencing and 
forward orthogonal-deviations. Proposed by Arellano and Bover (1995), the orthogonal-
deviations transform subtracts the average of all available future observations, and can be 
computed for every complete observation except the last for each individual.29 Like differencing, 
taking orthogonal deviations removes fixed effects. Thus, the following equation is constructed: 
 
(2)  

 

                                                           
29 “Difference” GMM is still called that even if orthogonal deviations are implemented. 
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where  and  are the original regressors, transformed by either first-differencing 
or forward orthogonal-deviations. Then, the instrumental variable (IV) estimation of the first-
difference model (2), using appropriate lags of regressors as the instruments, is applied.  

If the lagged levels of the regressors are poor instruments for the first-differenced regressors, 
the Arellano-Bond “System” GMM estimator should be used, where the original equation in 
levels is used together with the first-differenced equation to obtain additional instruments. Thus, 
the system of equations (1) and (2) is estimated. 

To test whether the instruments as a group are exogenous Sargan test or Hansen J test should 
be implemented. Also, the AB test for autocorrelation should be done because if present, it can 
render some lags invalid as instruments.  
 
Section III 
 
IPR 
 
The GP index does not incorporate IP enforcement measures and, as noted in Park (2008), the 
index is “an indicator of the strength of patent protection, not the quality of patent system”. It 
explains why, for instance, according to the GP index (see Table 3) China has the superior IPR 
regime compared to Hong Kong (the relationship seems implausible if enforcement of patent 
protection is measured).30  

Several other measures of IPR protection exist as separate indexes or as parts of more broad 
indexes of economic freedom and property rights.31 For instance, according to the Fraser 
Institute’ index of Intellectual Property Protection32 assembled based on World Economic Forum 
(WEF) Executive Opinion Survey, which polls around 13,000 business executives worldwide, 
Hong Kong has higher score for IPR protection compared to that of China for all the years 
between 2000 and 2005. In the WEF Executive Opinion Survey business executives score the 
countries based on their subjective judgment about how well IPRs are protected, thus 
enforcement of IPR laws together with de jure laws are assessed.  

It seems that at least for China and Hong Kong in 2000-2005, the GP index does not show 
the true state of the IPR laws. However, it is not clear that over longer period and for more 
                                                           
30 China’s admission to the World Trade Organization (WTO) in 2001 and the adoption of the second amendment of 
China’s Patent Law brought the IP law into compliance with the Trade-Related Aspects of Intellectual Property 
Rights (TRIPS) agreement. The amended Patent law of China is reflected in coverage, enforcement, and 
membership components of the GP index, so the components, and the resulted GP index, have higher scores in 2005 
compared with their values in 2001. There were no changes in Hong Kong patent law, and therefore, no changes in 
GP score for Hong Kong in 2005. 
31 I was able to collect data for: (i) the IP index from the Global Competitiveness Report (GCR) of World Economic 
Forum (WEF), publicly available for 2008-2010; (ii) Protection of IPR index from the Fraser Institute, available as 
an average for 1995-2000 and annually for 2001-2004; (iii) Intellectual Property Rights (IPR) from the Property 
Rights Alliance, available annually for 2007-2010.  
32 Protection of Intellectual Property index was one of the subcomponents of Fraser Institute’ Legal System and 
Property Rights index, which is in turn the component of the Economic Freedom of the World (EFW) index. 
However, the computation of the IP component of EFW index was terminated in 2004, and substituted for the 
Protection of Property Rights index component. 
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countries other IPR indexes would better reflect the differences in IPR protection than the GP 
index. Because other indexes use subjective judgments of the questionnaires’ respondents in 
their construction, it may be hard to keep them comparable across time and countries. Instead, 
the GP index is constructed in a way, which makes it as objective as possible. Moreover, it is 
likely that the strength of patent law is correlated with its quality, especially if some time lag is 
allowed. The error in the measured quality of IPR protection is not necessarily bigger if 
enforcement is not measured compared with the error if enforcement is measured subjectively. 

Ideally, I would do the correlation analysis of the GP index with other indexes of IPR 
protection and see whether the empirical results of this paper hold if other measures of IPR are 
applied. But unfortunately, no other IPR index is publicly available for sufficient number of 
countries and a long enough period to test my hypothesis in panel regressions. Thus, I use the GP 
index and leave for further investigation whether my results hold if different measure of IPR 
protection is used. 

 
FDI  

 
UNCTAD defines FDI as an investment involving a long-term relationship and reflecting a 
lasting interest (10 percent or more of voting stock) in and control by a resident entity in one 
economy (foreign direct investor or parent enterprise) of an enterprise resident in a different 
economy (FDI enterprise or affiliate enterprise or foreign affiliate). Such investment involves 
both the initial transaction between the two entities and all subsequent transactions between them 
and among foreign affiliates. FDI includes equity capital, reinvested earnings and intra-company 
loans. 

FDI inflows are reported in UNCTADstat on a net basis33 (capital transactions' credits less 
debits between direct investors and their foreign affiliates), thus, the flows attracted to the 
economy, and those that remain in the economy are analyzed. 

Foreign investment stocks, reported in UNCTADstat, are the value of the share of the capital 
and reserves (including retained profits) attributable to the parent enterprise, plus the net 
indebtedness of affiliates to the parent enterprises. 

Inflows of FDI are chosen over inward FDI stocks because flow reflects MNE’s investment 
activity over a certain period. If the investment behavior of a foreign firm depends on the 
strength of IPR protection, the regression analysis will be able to capture the change in the 
growth effect of FDI inflow in a domestic economy as the strength of the IPR regime varies.  
However, it is not clear what the exact time lag is for the FDI externalities to be realized by a 
host economy. Moreover, it is likely that these time lags vary between the countries because of 
the differences in the absorptive capacities, developed by the economies. To account for these 
considerations, FDI stocks are used to complement the regression analysis of the investment 
inflows.   

                                                           
33 Therefore, negative FDI flows can result if one of the components of FDI (i.e., equity capital, reinvested earnings 
or intra-company loans) is net negative. 
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Other controlling variables 

 
Crespo and Fontoura (2007) surveyed the literature on the determining factors of FDI spillovers 
and concluded that absorptive capacity of domestic firms and regions is “a precondition for 
incorporating the benefits of FDI spillovers”, and that it produces the most robust empirical 
results. Since aggregated to a country level FDI data are used in this study, absorptive capacity at 
the macroeconomic level, usually associated with the development level of a particular country, 
is controlled for in the growth regressions.  

The development level of an economy is often measured by the stock of human capital, 
which is usually proxied by the percentage of secondary school enrollment in total population. 
As a robustness check, schooling, measured as average years of schooling in total population, is 
also used in the empirical analysis. Both variables are available for the years 1950-2010 with 5-
years lag from Barro and Lee (2010). 

Another element of the capacity of an economy to absorb technology is the legal 
environment of the country. The Fraser’s Institute index of Legal System and Security of 
Property Rights, which major components are rule of law, security of property rights, an 
independent judiciary, and an impartial court system, is used to control for the quality of 
institutions.  

Also, a country’s openness to trade and investments is essential for the FDI to enter the 
economy. Openness, measured as exports plus imports in the share of GDP, and constructed 
using UNCTADstat data, is included in the regressions. As a robustness check, openness 
measured by the Fraser Institute’ Index of Freedom to Trade Internationally, is also used. 

The data on government consumption, imports and exports are obtained from UNCTADstat. 
Since FDI stocks and inflows, government consumption, exports and imports are measured in 
current prices and current exchange rates, GDP in current prices and current exchange rates from 
UNCTADstat is used to construct the FDI/GDP, government consumption as a share of GDP, 
and export plus imports as a share of GDP variables. Population data is also from UNCTADstat. 

Finally, inflation, measured as an annual percentage change in the GDP deflator, is obtained 
from World Bank. 
 
Section IV 
 
Further robustness checks 
 
In columns (1)-(3) of Table 7 of the Appendix I estimate cross-country regressions (one 
observation per country), using my full sample.  

Similarly to the panel regressions showed in Table 7, for the full sample of countries I do not 
find the positive significant interaction of FDI and Finance, showed in Alfaro et al (2004, 2009). 
However, when I restrict my sample to be as close as possible to Alfaro et al. (2009) in terms of 
the coverage of countries and the time period, the interaction of FDI and Finance as well as 
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Finance independently become significant (see columns (4)-(6) of Table 9). This suggests the 
sensitivity of Alfaro’s (2004, 2009) results to the selection of countries, time period and the 
estimation method (i.e., panel versus cross-section).  

As for the major finding of this study that the interaction of FDI and IPR is negative 
significant, this results is not found in cross-country regressions. As I argued in the main text, 
simple cross-country regressions are subject to several econometric problems, which might lead 
to inconsistent estimates.  Panel analysis, presented in the main sections, was chosen instead, and 
the Arellano-Bond GMM estimator in particular, to elicit consistent estimates of the parameters 
of explanatory variables, including FDI, IPR and the interaction of FDI and IPR.   
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Appendix - Table 7: Further robustness checks: Cross-sectional setting 
Dependent variable – 5-year average annual per capita GDP growth rate 

       

 (1) (2) (3) (4) (5) (6) 
 OLS OLS OLS OLS OLS OLS 

       
FDI -0.14 -0.06 -0.13 -0.18 -0.19 -0.35 
 (-1.10) (-0.57) (-1.03) (-0.54) (-0.82) (-0.94) 
IP -0.002 - -0.002 -0.001 - -0.004 
 (-0.71) - (-0.68) (-0.17) - (-0.97) 
IP*FDI 0.09 - 0.14 0.13 - -0.07 
 (0.97) - (1.48) (0.54) - (-0.24) 
Finance - 0.004 0.004 - 0.01 0.01 
 - (1.56) (1.83) - (3.75) (3.31) 
Finance*FDI - -0.09 -0.13 - 0.46 0.61 
 - (-0.73) (-1.01) - (1.88) (1.54) 
log (Initial GDP) -0.01 -0.01 -0.01 -0.01 -0.02 -0.01 
 (-3.07) (-3.73) (-3.52) (-2.87) (-3.62) (-2.92) 
Schooling 0.04 0.03 0.04 0.03 0.04 0.05 
 (2.46) (2.40) (2.66) (1.55) (2.17) (2.29) 
Government Consumption -0.03 -0.04 -0.03 -0.06 -0.05 -0.04 
 (-1.10) (-1.17) (-1.08) (-1.29) (-1.13) (-1.00) 
Institutions 0.01 0.004 0.004 0.01 0.003 0.003 
 (3.45) (2.81) (2.73) (3.33) (2.30) (2.37) 
Inflation -0.003 -0.002 -0.001 -0.001 -0.001 -0.001 
 (-3.07) (-1.66) (-1.56) (-1.35) (-0.59) (-1.08) 
Openness 0.01 0.01 0.01 0.01 0.01 0.004 
 (2.53) (1.78) (1.90) (1.34) (0.60) (0.45) 
African Dummy -0.01 -0.01 -0.01 -0.03 -0.03 -0.02 
 (-3.08) (-2.68) (-2.56) (-4.15) (-4.14) (-3.40) 
       
R2 0.55 0.56 0.58 0.50 0.56 0.57 
Observations 95 95 95 66 66 66 
       

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 95 countries 
and covers the period of 1970-2009 (in addition to China, Nicaragua, Ukraine and Zimbabwe, for which Finance 
variable is not available, Czech Republic, Lithuania, Russia and Slovakia are not in the sample because for the year 
1970 the log (Initial GDP) variable is not available). In the columns (4), (5) and (6) the sample is further restricted to 
closely follow that of Alfaro et al. (2009); the restricted sample covers the period of 1975-95 and due to data 
limitations does not include Belgium, Gambia, Indonesia, Nicaragua, Sudan and Zimbabwe, which are present in the 
original sample of Alfaro et al. (2009).  
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Appendix - Table 8: Further robustness checks: Components of the GP index  
Dependent variable - 5-year average annual per capita GDP growth rate 

    
 (1) (2)  

 OLS OLS  
    
FDI 0.09 0.09  
 (2.33) (1.98)  
Coverage -0.01 0.003  
 (-1.22) (0.40)  
Duration 0.01 0.003  
 (0.76) (0.25)  
Enforcement 0.01 0.003  
 (1.69) (0.64)  
Loss of Rights -0.002 -0.004  
 (-0.45) (0.49)  
Membership 0.01 0.03  
 (2.48) (3.34)  
log (Initial GDP) -0.01 -0.04  
 (-6.12) (-7.95)  
Schooling 0.02 -0.01  
 (2.55) (-0.89)  
Government Consumption -0.06 -0.08  
 (-3.01) (-2.01)  
Institutions 0.004 0.004  
 (5.54) (3.58)  
Inflation -0.002 -0.001  
 (-13.66) (-5.73)  
Openness 0.01 0.02  
 (2.74) (2.63)  
African Dummy -0.02 -0.11  
 (-5.37) (-5.60)  
    
R2 0.25 0.57  
Country fixed effects No Yes  
Year       fixed effects No Yes  
Observations 652 652  
    

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. The sample consists of 103 
countries. For the list of countries and the detailed definitions of the variables see the Appendix and the notes to 
Table 1. Coverage, Duration, Enforcement, Loss of Rights and Membership are the components of the GP index. 
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Appendix - Table 9: Further robustness checks: Standard errors clustered by country  

      
 GDP Growth  TFP Growth 

 (1) (2)  (3) (4) 
 OLS OLS  OLS OLS 

      
FDI 0.16 0.21  0.24 0.25 
 (2.50) (2.94)  (4.69) (3.69) 
IPR 0.004 0.01  0.001 -0.001 
 (1.82) (3.04)  (0.75) (-0.37) 
FDI*IPR -0.09 -0.16  -0.18 -0.22 
 (-1.66) (-2.53)  (-1.86) (-2.29) 
log (Initial GDP) -0.01 -0.04  -0.01 -0.03 
 (-4.43) (-6.40)  (-3.74) (-2.60) 
Schooling 0.02 -0.01  0.001 -0.02 
 (1.50) (-0.71)  (0.09) (-1.05) 
Government Consumption -0.06 -0.07  -0.01 0.002 
 (-2.12) (-1.39)  (-0.54) (0.03) 
Institutions 0.004 0.004  0.004 0.001 
 (5.42) (3.41)  (6.20) (1.19) 
Inflation -0.002 -0.001  -0.001 -0.001 
 (-11.99) (-7.00)  (-3.30) (-2.67) 
Openness 0.01 0.02  -0.002 0.03 
 (2.29) (1.90)  (-1.49) (3.03) 
African Dummy -0.02 0.01  -0.004 0.03 
 (-3.93) (0.72)  (-0.80) (1.14) 
      
R2 0.25 0.57  0.16 0.45 
Country fixed effects No Yes  No Yes 
Year       fixed effects No Yes  No Yes 
Observations 652 652  652 652 
      

 
Notes: All regressions have a constant term. Robust t-values, calculated with standard errors clustered by country 
are in parentheses. The GDP sample consists of 103 countries and TFP sample consists of 79 countries. For the list 
of countries and the detailed definitions of the variables see Section 1 of the Appendix and the notes to Table 1. The 
country-specific means are subtracted from FDI and IPR variables before constructing the FDI*IPR interaction term.  
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Appendix - Table 10: Exploring the Offsetting Effects between FDI and IPR 
Dependent variable - 5-year average annual per capita GDP growth rate 

   

 (1) (2) 
 OLS OLS 

 
FDI 0.64 0.72 
 (2.06) (1.90) 
FDI2 -1.38 -2.15 
 (-0.95) (-1.36) 
IPR 0.01 0.01 
 (1.07) (1.32) 
IPR2 0.0003 -0.0001 
 (0.29) (-0.13) 
FDI*IPR -0.20 -0.23 
 (-1.07) (-0.99) 
FDI*IPR2 0.03 0.04 
 (0.89) (1.08) 
FDI2*IPR 0.06 -0.08 
 (0.17) (-0.16) 
log (Initial GDP) -0.04 -0.04 
 (-6.53) (-6.52) 
Schooling -0.01 -0.01 
 (-0.74) (-0.77) 
Government Consumption -0.07 -0.07 
 (-1.97) (-1.79) 
Institutions 0.003 0.003 
 (3.07) (3.10) 
Inflation -0.001 -0.001 
 (-5.46) (-5.37) 
Openness 0.02 0.03 
 (3.45) (3.59) 
African dummy 0.01 0.05 
 (0.64) (5.22) 
   
R2 0.57 0.58 
Country  fixed effects Yes Yes 
Year       fixed effects Yes Yes 
F-test of joint significance 4.11 4.19 
Observations 652 647 
   

 
Notes: All regressions have a constant term. Robust t-values are in parentheses. In column (2) the observations 
which might be considered the outliers (the 99th percentile of the distribution of FDI) are dropped as a sensitivity 
check. F-test is for the joint significance of IP, FDI, IP2, FDI2, FDI*IP, FDI*IP2, and FDI2*IP. 
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Table 11: Detailed statistics for FDI and IPR 

     
FDI 

     
 Percentiles Smallest   

1% -0.01 -0.05   
5% 0.0003 -0.03   
10% 0.001 -0.02 Obs 652 
25% 0.004 -0.01   
     
50% 0.01  Mean 0.02 
  Largest Std. Dev. 0.03 

75% 0.03 0.20   
90% 0.06 0.22 Variance 0.001 
95% 0.08 0.24 Skewness 3.15 
99% 0.16 0.26 Kurtosis 16.87 
     

IPR 
     
 Percentiles Smallest   

1% 0.59 0   
5% 1.03 0   

10% 1.2 0 Obs 652 
25% 1.7 0.13   

     
50% 2.39  Mean 2.55 

  Largest Std. Dev. 1.09 

75% 3.37 4.675   
90% 4.18 4.675 Variance 1.19 
95% 4.5 4.675 Skewness 0.28 
99% 4.67 4.675 Kurtosis 2.15 

     
 
Notes: The sample consists of 103 countries. For the list of countries and the detailed definitions of the variables see 
the Appendix and the notes to Table 1.  
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Table 12: Ginarte-Park index 

     
Country Average   

1960-90 1995 2000 2005 

     Algeria 2.74 2.74 3.07 3.07  
Argentina 1.60 2.73 3.98 3.98  
Australia 2.35 4.17 4.17 4.17  
Austria 2.96 4.21 4.33 4.33  
Bangladesh 1.34 1.87 1.87 1.87  
Belgium 3.39 4.54 4.67 4.67  
Benin 1.64 1.78 2.10 2.93  
Bolivia 1.38 2.37 3.43 3.43  
Botswana 1.59 2.08 3.32 3.52  
Brazil 1.22 1.48 3.59 3.59  
Bulgaria 1.83 3.23 4.42 4.54  
Burundi 1.98 2.15 2.15 2.15  
Cameroon 1.74 2.10 2.23 3.06  
Canada 3.00 4.34 4.67 4.67  
Central African Rep. 1.74 1.98 2.10 2.93  
Chile 2.04 3.91 4.28 4.28  
China 1.33 2.12 3.09 4.08  
Colombia 1.05 2.74 3.59 3.72  
Congo 1.74 1.90 2.23 3.06  
Costa Rica 1.07 1.56 2.89 2.89  
Cyprus 2.52 2.78 3.48 3.48  
Czech Republic - 2.96 3.21 4.33  
Denmark 2.88 4.54 4.67 4.67  
Dominican Rep. 2.12 2.32 2.45 2.82  
Ecuador 1.16 2.04 3.73 3.73  
Egypt 1.41 1.73 1.86 2.77  
El Salvador 1.71 3.23 3.36 3.48  
Fiji 2.20 2.20 2.40 2.40  
Finland 2.64 4.42 4.54 4.67  
France 3.29 4.54 4.67 4.67  
Gabon 1.74 2.10 2.23 3.06  
Germany 3.24 4.17 4.50 4.50  
Ghana 1.47 2.83 3.15 3.35  
Greece 2.40 3.47 3.97 4.30  
Guatemala 0.77 1.08 1.28 3.15  
Guyana 0.82 1.13 1.33 1.78  
Haiti 2.58 2.58 2.90 2.90  
Honduras 1.25 1.90 2.86 2.98  
Hong Kong 2.44 2.90 3.81 3.81  
Hungary 2.20 4.04 4.04 4.50  
Iceland 1.67 2.68 3.38 3.51  
India 1.03 1.23 2.27 3.76  
Indonesia 0.00 1.56 2.47 2.77  
Iran 1.91 1.91 1.91 1.91  
Ireland 2.15 4.14 4.67 4.67  
Israel 2.76 3.14 4.13 4.13  
Italy 3.16 4.33 4.67 4.67  
Ivory Coast 1.64 1.90 2.36 3.06  
Jamaica 2.66 2.86 3.06 3.36 
Japan 2.93 4.42 4.67 4.67 
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Table 12 (continued)    
Jordan 0.66 1.08 3.03 3.43 
Kenya 1.55 2.43 2.88 3.22 
Korea (South) 2.55 3.89 4.13 4.33  
Lithuania - 2.69 3.48 4.00  
Malawi 1.35 2.03 2.15 2.15  
Malaysia 1.70 2.70 3.03 3.48  
Mali 1.78 1.98 2.10 2.93  
Malta 1.34 1.60 3.18 3.48  
Mauritius 1.62 1.93 1.93 2.57  
Mexico 1.19 3.14 3.68 3.88  
Morocco 1.58 1.78 3.06 3.52  
Nepal 1.79 1.79 1.79 2.19  
Netherlands 3.43 4.54 4.67 4.67  
New Zealand 2.67 4.01 4.01 4.01  
Nicaragua 0.92 1.12 2.16 2.97  
Niger 1.64 1.78 2.10 2.93  
Norway 2.75 3.88 4.00 4.17  
Pakistan 1.09 1.38 2.20 2.40  
Panama 1.34 1.46 3.64 3.64  
Papua New Guinea 0.00 0.00 1.40 1.60  
Paraguay 1.13 1.53 2.39 2.89  
Peru 0.59 2.73 3.32 3.32  
Philippines 2.19 2.56 3.98 4.18  
Poland 1.38 3.46 3.92 4.21  
Portugal 1.48 3.35 4.01 4.38  
Romania 1.50 3.52 3.72 4.17  
Russian Fed. - 3.48 3.68 3.68  
Rwanda 1.94 1.95 2.28 2.28  
Senegal 1.70 1.98 2.10 2.93  
Sierra Leone 2.38 2.45 2.98 2.98  
Singapore 1.64 3.88 4.01 4.21  
Slovak Republic - 2.96 2.76 4.21  
South Africa 2.94 3.39 4.25 4.25  
Spain 2.74 4.21 4.33 4.33  
Sri Lanka 2.27 2.98 3.11 3.11  
Sweden 2.86 4.42 4.54 4.54  
Switzerland 3.04 4.21 4.33 4.33  
Syria 1.68 1.87 1.99 2.19  
Tanzania 1.84 2.32 2.64 2.64  
Thailand 0.95 2.41 2.53 2.66  
Togo 1.60 1.98 2.10 2.93  
Trinidad & Tobago 1.78 2.33 3.63 3.75  
Tunisia 1.45 1.65 2.32 3.25  
Turkey 1.16 2.65 4.01 4.01  
Uganda 1.77 2.85 2.98 2.98 
Ukraine - 3.68 3.68 3.68 
United Kingdom 3.20 4.54 4.54 4.54 
United States 4.14 4.88 4.88 4.88 
Uruguay 1.54 2.07 3.27 3.39 
Venezuela 0.92 2.82 3.32 3.32 
Zaire  1.49 1.58 1.78 2.23 
Zambia 1.54 1.62 1.74 1.94 
Zimbabwe 1.61 2.28 2.60 2.60 
Average 1.88 2.71 3.21 3.49 



40 
 

References 
 
Acemoglu, Daron. 2010. “Theory, General Equilibrium, and Political Economy in Development 
economics”, Journal of Economic Perspectives, 24:17-32. 
 
Alfaro, Laura, Chanda, Areendam, Kalemli-Ozcan, Sebnem, Sayek, Selin. 2004. “FDI and 
economic growth: the role of local financial markets”, Journal of International Economics 64: 
89–112. 
 
Alfaro, Laura, Charlton, Andrew. 2009. "Intra-industry Foreign Direct Investment." American 
Economic Review, 99(5): 2096–2119. 
 
Alfaro, Laura, Kalemni-Ozcan, Sebnem, Sayek, Selin. 2009, “FDI, Productivity and Financial 
Development”, The World Economy (U.K.), 32 (1): 111–35. 
 
Alfaro, Laura, Kalemni-Ozcan, Sebnem, Volosovych, Vadim. 2008. “Why doesn’t capital 
flow from reach to poor countries?”, The review of Economics and Statistics, 90 (2): 347-368. 

Arellano, Manuel, Bond, Stephen. 1991. "Some Tests of Specification for Panel Data: Monte 
Carlo Evidence and an Application to Employment Equations", Review of Economic Studies, 
58(2), 277-97. 
 
Arellano, Manuel, Bover, Olympia. 1995. “Another look at the instrumental variable 
estimation of error-components models”. Journal of Econometrics, 68: 29-51. 
 
Arora, Ashish, 2007. Intellectual Property Rights and the International Transfer of Technology: 
Setting Out an Agenda for Empirical Research in Developing Countries. WIPO Conference. 
 
Ozer-Balli, Hatice, Sorensen, Bent E. 2010. Interaction Effects in Econometrics. CEPR 
Discussion Paper No. DP7929. 
 
Barro, Robert J, Lee, Jong-Wha. 2000. “International Data on Educational Attainment, 
Updates and Implications.” NBER Working paper 7911. 
 
Barro, Robert J, Lee, Jong-Wha. 2010, “A New Data Set of Educational Attainment in the 
World, 1950-2010”, NBER Working Paper 15902. 
 
Balasubramanyam, V.N., Salisu, Dapsoford D. 1996. “Foreign direct investment and growth 
in EP and IS countries”, Economic Journal, 106:92-105. 
 
Bazzi, Samuel, Clemens, Michael. 2010. “Blunt instruments: A Cautionary Note on Estalishing 
the Causes of Economic Growth”, Center for Global Development Working Paper 171. 
 
Beck, Thortsen, Demirgüç-Kunt, Asli. 2009. "Financial Institutions and Markets Across 
Countries and over Time: Data and Analysis", World Bank Policy Research Working Paper No. 
4943. 



41 
 

 
Blomström, Magnus, Kokko, Ari, Zejan, Mario. 1994. “Host country competition and 
technology transfer by multinationals”. Weltwirtschaftliches Archiv, 130: 521-533.  
 
Borensztein, Eduardo, De Gregorio, Jose, Lee, J-W. 1998. "How does foreign direct 
investment affect economic growth?", Journal of International Economics, 45(1): 115-135. 
 
Bosworth, Barry, Collins, Susan M. 2003. “The Empirics of Growth: An Update”, Brookings 
Papers on Economic Activity, 2: 113-206 
 
Branstetter, Lee G, Fisman, Raymond, Foley, Fritz C. 2006. “Do Stronger Intellectual 
Property Rights Increase International Technology Transfer? Empirical Evidence from U. S. 
Firm-Level Panel Data”, The Quarterly Journal of Economics, 121(1): 321–349. 
 
Branstetter, Lee G, Fisman, Raymond, Foley, Fritz C, Saggi, Kamal. 2007. “Intellectual 
Property Rights, Imitation, and Foreign Direct Investment: Theory and Evidence”, NBER 
Working Paper 13033. 
 
Branstetter, Lee G, Fisman, Raymond, Foley, Fritz C, Saggi, Kamal. 2010. “Does 
Intellectual Property Rights Reform Spur Industrial Development?”. Journal of International 
Economics, 83 (1):  97-112. 
 
Carkovic, Maria V, Levine, Ross. 2002. “Does Foreign Direct Investment Accelerate 
Economic Growth?”, University of Minnesota Department of Finance Working Paper. 
 
Coe, David T, Helpman, Elhanan, Hoffmaister, Alexander W. 2009. “International R&D 
spillovers and Institutions”, European Economic Review, 53: 723-741.     
 
Cohen, Daniel, Soto, Marcelo. 2001. “Growth and Human Capital: Good Data, Good Results”, 
OECD Technical paper 179. 
 
Crespo, N. and Fontoura, M. P., 2007. “Determinant Factors of FDI Spillovers - What Do We 
Really Know?”, World Development, 35(3): 410-425. 
 
Foley, C. Fritz, Branstetter, Lee, Saggi, Kamal. 2010. "Has the Shift to Stronger Intellectual 
Property Rights Promoted Technology Transfer, FDI, and Industrial Development?" The WIPO 
Journal: Analysis and Debate of Intellectual Property Issues, 2 (1): 93-98. 
 
Foray, Dominique. 2009. “Technology Transfer in the TRIPS Age: the Need for New Types of 
Partnerships between the Least Developed and Most Advanced Economies”. ICTSD Programme 
on IPRs and Sustainable Development, Issue Paper No. 23, International Centre for Trade and 
Sustainable Development, Geneva, Switzerland. 
 
Ginarte, Juan Carlos., Park Walter. 1997. “Determinants of patent rights: Cross-National 
Study”, Research Policy, 26. 
 



42 
 

Gwartney, James D,  Hall, Joshua C, Lawson, Robert. 2010. “2010 Economic Freedom 
Dataset”, Economic Freedom Network. 
 
Hassan, Emmanuel, Yagub Ohid, Diepeveen Stephanie. 2010. “Intellectual Property and 
Developing Countries: A review of the literature”, RAND Corporation Technical Reports.  
 
Hauk, William R. Jr., Wacziarg, Romain. 2009. "A Monte Carlo Study of growth 
regressions", Journal of Economic Growth, 14(2): 103-147. 
 
Helpman, Elhanan. 1993. “Innovation, Imitation and Intellectual Property Rights”, 
Econometrica, 61(6): 1247-1280 
 
Heston, Alan, Summers, Robert, Aten, Bettina. 2009. Penn World Table Version 6.3, Center 
for International Comparisons of Production, Income and Prices at the University of 
Pennsylvania. 
 
Holtz-Eakin, Douglas, Newey, Whitney, Rosen, Harvey S. 1988 "Estimating Vector 
Autoregressions with Panel Data", Econometrica, 56(6), 1371-1395. 
 
Hu, Albert G. Z, Png, Ivan P. L. 2009. “Patent Rights and Economic Growth: Cross-Country 
Evidence”, CELS 2009 4th Annual Conference on Empirical Legal Studies Paper. 
 
IMF.1993. Balance of payments manual, 5 edn. Washington, DC: International Monetary Fund. 
 
Javorcik, Smarzyanska B. 2004 “The Composition of Foreign Direct Investment and 
Protection of Intellectual Property Rights: Evidence from Transition Economies”, European 
Economic Review, 48: 39-62. 
 
Keller, Wolfgang. 2004. “International Technology Diffusion”, Journal of Economic Literature, 
42 (3): 752-782. 
 
Kwan, Yum K., Lai Edwin L.-C. 2003. “Intellectual property rights protection and endogenous 
economic growth”, Journal of Economic Dynamics and Control, 27: 853-873. 
 
Lai, Edwin L.-C. 1998. “International Intellectual Property Rights Protection and the Rate of 
Product Inoovation”, Journal of Development Economics, 55: 133-153. 
 
Lai, Edwin L.-C. 2009. “The Theory of International Policy Coordination in the Protection of 
Ideas”, Frontiers of Economics and Globalization, 2: 357-389. 
 
Lipsey R. 2002. “Home and host country effects of FDI”, ISIT Conference on Challenges to 
Globalization. 
 
Markusen, James R, 2001. “Contracts, intellectual property rights, and multinational 
investment in developing countries”, Journal of International Economics, 53: 189-204. 
 



43 
 

Markusen, James R, 2004. “Multinational firms and the theory of International Trade”, First 
MIT Press paperback edition. 
 
Maskus, Keith E, “The role of intellectual property rights in encouraging foreign direct 
investment and technology transfer”, the Duke Journal of Comparative International law 9 (1): 
109-62. 
 
Maskus, Keith E, 2002. “Intellectual Property Rights in the Global Economy”, Institute for 
International Economics. 
 
Matsubara K., 2009. “FDI spillovers and Intellectual property rights”, College of Commerce, 
Nihon University. 
 
Navaretti B., Venables A. 2004. “Multinational Firms in the World Economy”, Princeton 
University Press. 
 
Nordhaus, William, D. 1969. “Invention, growth and welfare: A theoretical treatment of 
technological change”, Cambridge, MA: MIT Press, 1969.  
 
Nicholson, Michael, W. 2007. “The Impact of Industry Characteristics and IPR Policy on 
Foreign Direct Investment”, Review of World Economics (Weltwirtschaftliches Archiv), 143 (1): 
27-54. 
 
Nicolini, M., & Resmini, L. 2010. FDI spillovers in new EU member states. Economics of 
Transition: 1-25. 
 
Nunnenkamp, Peter, Spatz, Julius. 2003. "Intellectual Property Rights and Foreign Direct 
Investment: The Role of Industry and Host-Country Characteristics”, Kiel Working Papers 1167, 
Kiel Institute for the World Economy. 
 
OECD. 1996. Benchmark definition of foreign direct investment, 3rd edn. Paris: OECD. 
 
Ozer-Balli, Hatice, Sorensen, Bent, E. 2010. “Interaction Effects in Econometrics", Working 
Paper No 7929, CEPR. 
 
Park, Walter G. 2008. “International Patent Protection: 1960-2005”, Research Policy, 37(4): 
761-766. 
 
Raian, Raghuram, Zingales, Luigi. 1998. “Financial dependence and growth”, American 
Economic Review, 88: 559-86.  
 
Rajan, Raghuram. 2010. “Fault lines: How Hidden Fractures Still Threaten the World 
Economy”, Princeton University Press. 
 
Roodman, David. 2009. "How to Do xtabond2: An Introduction to Difference and System 
GMM in Stata", StataCorp LP, 9(1): 86-136. 



44 
 

 
Scherer, F.M., 1972. “Nordhaus’ Theory of Optimal Patent Life: A geometric Reinterpretation”, 
American Economic Review, 62: 422-427. 
 
Sherwood, Robert M. 1990. “Intellectual Property and Economic Development”, Westview 
Press, Boulder. 
 
UNCTAD. 2010. “UNCTADstat Data Dissemination Platform”, UNCTAD. 
 
World Bank. 2010. “World Development Indicators”, World Bank. 

 


