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INDUSTRIAL REVOLUTIONS

* First Industrial Revolution: 1760-1840
 Second Industrial Revolution: 1870-1914
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DIGITAL INDUSTRIAL REVOLUTION POWERED BY MOORE’S LAW

Moore’s Law — The number of transistors on integrated circuit chips (1971-2016)

OurWorld
in Data

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important as other aspects of technological progress — such as processing speed or the price of electronic products - are
strongly linked to Moore’s law.
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Year of introduction

Data sourca: Wikipedia (https://en.wikipedia.org/wiki/Transistor_count)

The data visualization is available at OQurWorldinData.org. There you find more visualizations and research on this topic

Licensed under CC-BY-SA by the author Max Roser.



Stable 35% p.a growth in semiconductor productivity required 18x
growth in # researchers

Figure 4: Data on Moore’s Law
GROWTH RATE FACTOR INCREASE SINCE 1971
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Note: The effective number of researchers is measured by deflating the nominal
semiconductor R&D expenditures of key firms by the average wage of high-skilled
workers. The R&D data includes research by Intel, Fairchild, National Semiconductor,
Texas Instruments, Motorola, and more than two dozen other semiconductor firms and
equipment manufacturers; see Table 1 for more details.

Source: Bloom, Jones, Van Reenen & Webb (2017)



Digital
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INDUSTRIAL REVOLUTIONS

* First Industrial Revolution: 1760-1840
« Second Industrial Revolution: 1870-1914

« Third Industrial Revolution: 1996-2004,; Digital
 Fourth Industrial Revolution: ?7??
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WATSON

Demonstration of Watson Cancer Care Solution

Troatment plan 1
i dony v, CRayrend 1§ tide
P wtwemt Bewes axrals

Trzatment plan 2
By narne Cnerme Coeno0taln,
" s Limdisrimrah

IBM Watson
Oncology Advisor Tk gt

g

(I (I
Feactistian moet Susgory are unikely 10 be appropriste. @
’ ez~
Tivawrport Nrtoew _ mA.

1IEM Confidential: References to potential future products are subject to the important Disclaimer provide d earlier in the pres entation

14 22012 18M Carparaion



OUTLINE OF TALK

What are the new digital technologies?

Productivity

Jobs and skills

Labor Share & Superstar Firms

Policy implications



Growth Rate of GDP per capita, G7 Countries
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Note: Annual average over decade; G7 = Canada, France, Germany, Italy,
Japan, UK and US

Source: OECD (2018) http://stats.oecd.org/Index.aspx?DataSetCode=PDB_LV#



http://stats.oecd.org/Index.aspx?DataSetCode=PDB_LV

US (“Frontier”) Productivity Growth weak in last decade
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Third Industrial Revolution
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Note: Total Factor Productivity (TFP); Annual average growth over different
periods

Source: Fernald (2016)



Large Literature looking at impact of adopting digital
technologies at firm level

« Case Studies
— Fascinating, but hard to generalize
« Statistical evidence

— Look at firm performance (productivity, profitability,
growth, etc.) before and after introduction of technology

— Control for other factors that could generate spurious
correlation (industry, area, other investments, etc.)

— Always issue that purely experimental variation Is rare
« My Summary of findings
— On average positive effect on firm performance

— But impact is highly variable; e.g. organizations can
spend huge amounts on ICT for zero benefit




“Abandoned
gua-rdian NHS IT system

has cost £10

billion”

Sept 17,2014

The bill for abortive plan, described as 'the biggest IT
faillure ever seen’, was originally estimated to be £6.4bn

An abandoned NHS patient record system has so far
cost the taxpayer nearly £10bn


https://www.theguardian.com/society/nhs

When does technology successfully raise firm performance?

« Key to getting most out of new technologies is also having
other “complementary” organizational factors

— Early work by Bresnahan, Brynjolfsson & Hitt (2002) on
US; Caroli & Van Reenen (2001) on EU

« Management is critical
— Firm organization
— Skills

« True at macro as well as micro level (e.g. Historian Paul
David on electricity and computers)

— Impacts takes time



Economic Evidence on management is
limited

“No potential driving factor of
productivity has seen a
higher ratio of speculation to
empirical study”.

Chad Syverson (2011,
Journal of Economic
Literature)




WORLD MANAGEMENT SURVEY (WMS); BLOOM & VAN REENEN (2007)

1) Developing management questions

« Scorecard for 18 monitoring (e.g. lean), targets & people (e.g.
pay, promotions, retention and hiring). =45 minute phone
Interview of manufacturing plant managers

2) Obtaining unbiased comparable responses (“Double-blind”)
* Interviewers do not know the company’s performance

« Managers are not informed (in advance) they are scored

3) Getting firms to participate in the interview
« Official Endorsement: Bundesbank, Bank of England, RBI, etc.
* Run by 200 MBA types (loud, assertive & business experience)




World Management Survey (~12,000 firms, ~20k managers
In 4 major waves: 2004, 2006, 2009, 2014; 34 countries)

('\ http://worldmanagementsurvey.orqg/
World Management Survey

Home | Policy & Business Reports | Academic Research | Teaching Material | Survey Data | Media Network

Benchmark your manufacturing firm, hospital,
school, or retail outlet against others in your
country, industry or size class

'~ 2 e
e e Benchmark your organization

The WMS generates data and reports that help
drivers of better ’nonogelnent prO(:'iC(,’. VWMS team analyses the distribution of management

practices witun-countries

L

Featured publications ' . \

» Why do management practices differ across firms and countries?

» Management Practice and Productivity: Why They Matter

» Management in Healthcare: Why good practice really matters

Medium sized manufacturing firms(50-5,000 workers, median=250)
Now extended to Hospitals, Retail, Schools, etc.


http://worldmanagementsurvey.org/

Average Management Scores by Country

Interviews
United States 3.308 1564
Japan 3.230 178
Germany 3.210 749
Sweden 3.188 404
Canada 3.142 419
Great Britain 3.033 1540
France 3.015 780
Australia 2.997 473
Italy 2.978 632
Mexico 2.899 406
Poland 2.887 525
Singapore 2.861 364
New Zealand 2.851 151
orthern Ireland 2.839 137
Portu@a 2.826 410
Republic of Ireland 2.762 161
St 2.752 611
Spain 2.748 214
Greece 2.720 585
China 2.712 763
Turkey 2.706 332
Argentina 2.699 568
Brazil 2.684 - Africa 1151
India 2.611 151
Vietnam 2.608 - . 170
Colombia 2,578 Asia 937
Kenya 2.549 185
Nigeria 2.516 - Oceania 118
Nicaragua 2.397 97
Myanmar 2.372 - Europe 147
Zambia 2.316 69
Tanzania 2.254 . . 150
Ghana 2995 - Latin America 108
Ethiopia 2.221 131
Mozambique 2.027 - North America 109
| | | |
1.5 2 2.5 3.5

Average Management Scores, Manufacturing

Note: Unweighted average management scores; # interviews in right column (total = 15,489); all waves pooled (2004-2014)



Fraction of firms

Management also varies heavily within countries

Total Argentina Australia Brazil Canada Chile
China Colombia Ethiopia France Germany Ghana
Great Britain Greece India Italy Japan Kenya

Mexico Mozambique Myanmar New Zealand Nicaragua Nigeria

Northern Ireland Poland Portugal Republic of Ireland Singapore Spain

Sweden Tanzania Turkey Vietham Zambia

Firm level average management scores, 1 (worst practice) to 5 (best practice)



“Americans do I.T. better” (Bloom, Sadun and Van Reenen,
AER, 2012)

 Use management data + IT data (ONS & Harte-Hanks)

« What happens to establishment productivity after changes in IT
Investment?

* Firms with better people management, don’t just spend more
on IT, but enjoy bigger productivity boost from each € of IT
spent

— Well managed firms get double the productivity boost from
IT compared to poorly managed

— Accounted for half of the faster productivity growth in US
compared to Europe in decade since mid 1990s

« Similar findings on more recent data (e.g. Pelligrino & Zingales,
2018; Schmitz & Schivardi, 2018)
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Will new technology
make our working lives
e Detter?

4 (o)




Or is it “Robo-calypse
Now?”




AUTOVATION IN BRITAINSSFZS
STIRS UNREST IN LABORY

Workers See ‘Robot Revolution’ |
Depriving Them of Jobs
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Not Running out of Jobs — U.S. Added
19.4 Million Jobs Between Jan 2010 — Sep 2018

| w= All Employees: Total Nonfarm Payrolls

149.1
Million

129.7
Million

Thousands of Persons

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Shaded areas indicate U.5. recessions Source: US. Bureau of Labor Statistics myf.red/q/I85E



Is Automation Labor Displacing?

Four countervailing forces against the employment-reducing effect of
automation

1. Uber effects
2. Walmart effects
3. Business-to-Business effects

4. Creation of new work / new tasks



‘Uber’ Effects — Produce a Cheaper,

Better Product, and Employment May Rise,

Ride Hailing Trips in New York City, 2015 and 2018
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‘Uber’ Effects — Produce a Cheaper,

Better Product, and Employment May Rise,

Ride Hailing Trips in New York City, 2015 and 2018

475,000

Taxi Trips

2015

820,000

Taxi Trips

2018
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Walmart Effects — A Fall In the Cost of
Necessities Frees Income for Luxuries

Low prices.
Every day.

On everything.

Walmart




Business-to-Business Effects — There’'s Been a Lot of Productivity
Growth in Steel!

Person-Hours Required to Produce One Ton of Steel
12 -

10.1

10 -

-85%

1.5
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Business-to-Business Effects —

Metal Making Jobs Metal Using Jobs

(1,000s) (1,000s)
m Metal 4,500
Manufacturing > 4,000K Jobs
4,000
® Fabricated Metal 3,500
Products
3,000
= Machinery 2 500
2,000
Motor Vehicl
~ Motor Vehicles 1,500
1,000
W Aerospace < 400K Jobs
Products 0,500

377.4

0,00



New technology destroys old tasks, but creates new tasks

 Acemoglu and Restrepo (2017,2018)

— Automation technologies can reduce overall labor
demand.

— But “reinstatement effect” generated by new tasks
counterbalances automation

* No trend in unemployment in long-run (but hours worked
have fallen)

« A bigger problem than the number of jobs is the guality of
jobs. Wages and other aspects of the desirability of work



Biased Technical Change — Shrinking Middle:
The ‘Barbell’ Labor Market (“Job Polarization™)

1979 1%77%‘ 61.1% ‘

25.2%
2016 18909 43.2% 38.6%

Source: US data Autor (2018)



New Jobs are Not Primarily STEM!

(US 2012 - 2000)

Change in Relative Employment for Cognitive Occupations, 2000-2012

Comp. Sci./Programming/Tech Support
Operations Researchers

Medical Scientists

Math/Stats/Actuaries

Pilots/Air Traffic Control

Biological Scientists

Physical Scientists

Architects

Engineering And Science Technicians
Drafters And Surveyors

Engineers (All)

100 x Change in Employment Share
STEM Occupations

Source: Deming (2018)

.
—



Many Growing Occupations Combine Interpersonal
with Technical Skills

All Other Managerial or Professional Occupations

Teachers (K-12)

Managers (All)

Nurses

Health Technicians

Health Therapists

Accounting And Finance
Economists & Survey Researchers
Social Workers, Counselors & Clergy
Physicians

College Instructors

Lawyers & Judges

Other Business Support
Physicians' Assistants

Legal Assistants & Paralegals
Pharmacists

Dental Hygienists

Dentists

Social Scientists And Urban Planners
Arts & Entertainment, Athletes
Marketing, Advertising & Pr
Writers, Editors & Reporters

Source: Deming (2018)



éé You need to start

understanding me Siri 99




éé You need to start
understanding me Siri 99

I’ll make a note of that.

é¢ Yeah you better make a
note of that 99

. Of that
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Workers getting smaller share of Economic pie:
Falling Labor Share of Corporate Value added
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~ N~
T ®
©c © 7 ©c QO 7
e <
(7p] (@p]
S S
& «© - & © -
— —
Lo Lo
L0 0
[ [ [ [ [ [ [ [ [ [
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
China Germany
0 N~ -
O v O
c Y7 ©c © 7
< <
(@p) w
S S
S T ~ © QA
\ ~
Lo Lo
™ 7 0
I I I I I I I I I I
1975 1985 1995 2005 2015 1975 1985 1995 2005 2015
Ficure 11

Declining Labor Share for the Largest Countries Karabarbounis and Neiman, 2014



Why has labor share fallen?

‘Superstar Firms’ hypothesis (Autor, Dorn, Katz, Patterson
& Van Reenen, 2017, 2019)

 Large firms tend to have lower labor shares
* Rising prevalence of “winner take most” competition

« Small set of large firms capture increasing share of
market, aggregate labor share falls due to reallocation
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Some Implications for business leaders & policy-makers

 New technologies create challenges and opportunities but
making the most of these opportunities not automatic

— To make most of new technologies requires
complementary changes in organizational & management

* How to improving management?

— Optimistic story: it's within the power of business leaders
to improve management (multinationals example)

— Government policies: Information provision (esp. for
SMESs); Education/training; Ownership/governance,;
Competition.

* Policy moving in wrong direction in many countries right now
— Strong anti-globalization and populism

— Retreat to protectionism in US; Brexit pushes up trade and
mobility costs



THANKS!




