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ABSTRaCT

Human infants and primates use similar strategies to organize utterances and 
motor actions. These strategies, called �grammars of  action,� are initially simi-
lar followed by an ontogenetic divergence in children that leads to a separation 
of  complex linguistic and action grammars. Thus, more complex grammars 
arose after the emergence of  the hominin lineage. Stone tools are by-products 
of  action grammars that track the evolutionary history of  hominin cognition, 
and this study develops a model of  the essential motor actions of  stoneworking 
interpretable in action grammar terms. The model shows that controlled �ak-
ing is achieved through integral sets of  geometrical identi�cations and motor 
actions collectively referred to as the ��ake unit.� The internal structure of  
the �ake unit was elaborated early in technological evolution and later trends 
involved combining �ake units in more complex ways. Application of  the model 
to the archaeological record suggests that the most complex action grammars 
arose after 270 kya, although signi�cant epistemological issues in stone artifact 
studies prevent a more nuanced interpretation.

T W O

MARK W. MOORE

UNIVERSITY OF NEW ENGLAND

“Grammars of  Action” and Stone Flaking Design Space



14

M A R K  W .  M O O R E

INTRODUCTiON

Experiments conducted by psychologist Patricia Green�eld and her colleagues 
explored the grammatical strategies of  various primates, including monkeys, 
chimpanzees, bonobos, and human infants (Green�eld 1991, 1998; Green�eld 
and Schneider 1977; Green�eld, Nelson, and Saltzman 1972). The research dem-
onstrated that human children consistently employ three strategies for ordering 
utterances and motor actions, referred to collectively as �grammars of  action.� 
Primate experiments showed that grammars of  action applied by chimpanzees 
and children are initially similar, followed by an ontogenetic divergence by chil-
dren. The authors concluded that more complex grammars of  action evolved 
after the divergence from a common ancestor. Green�eld emphasized utter-
ances in her research rather than motor actions �because there is no fossil record 
of  behavior� (Green�eld 1991:545).

Green�eld interpreted these changes according to a modular model of  
brain function, since superseded by a more nuanced paradigm based on distrib-
uted neural networks. Nevertheless, many researchers agree with Green�eld�s 
thesis that the evolution of  higher cognitive functions, such as cognitive �ex-
ibility and syntactical ability, are linked with the evolution of  motor control 
(Lieberman 2006). Green�eld�s empirical observations remain robust because 
they focused on spontaneous motor behaviors (Parker 1990; Parker and Jaffe 
2008:156). The enduring value of  Green�eld�s model for archaeologists is in the 
way it explicitly links cognitive evolution with motor actions. Since stone tools 
are physical correlates of  motor actions (the ostensibly absent �fossil record of  
behavior�), Green�eld�s model is uniquely suited for an archaeological study 
that tracks the part of  the evolutionary story missing from Green�eld�s discus-
sion, from the common chimpanzee/hominin ancestor to modern humans. 
To do this, a model of  the essential motor actions of  stoneworking is required 
that can be translated into �grammars of  action.� Although the essential 
actions of  stoneworking are well-understood, studies into early stone �aking 
have traditionally focused on tools and cores as the accumulation of  those 
actions; a practical model suitable for applying Green�eld�s model has not 
been forthcoming.

This study presents a model of  the �design space� of  knapping�the essen-
tial actions of  stoneworking�in terms compatible with Green�eld�s model. The 
goal of  the study is twofold: �rst, to use the design space model to theoretically 
pinpoint some of  the key turning points in technological evolution, and second, 
to identify those areas where our empirical evidence is vague or our epistemol-
ogy weak.
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GRaMMaRS OF ACTiON

Green�eld�s model links developmental changes in brain anatomy with changes 
in the hierarchical organization of  speech and motor skills (Green�eld 1991). 
Green�eld�s thesis is that changes in speech and motor skills are re�ected onto-
genetically in young children. This progression of  abilities, when tested against 
living primates, has phylogenetic implications. The term �grammars of  action� 
re�ects the basic similarity between speech structure and motor skills.

Laboratory studies of  human children show that there are three strate-
gies for ordering motor actions (Green�eld 1991:532; Green�eld, Nelson, and 
Saltzman 1972) (Figure 2.1).

1.	 Pairing strategy. A single active object acts on a single static one to create the 
�nal structure. This involves one chain-like combination.

2.	 Pot strategy. Multiple active objects act on a single static one to create the 
�nal structure. This also involves chain-like combination but results in a 
longer chain.

3.	 Subassembly strategy. Multiple active objects are combined to form a subas-
sembly, which is in turn combined with a static object or another subassem-
bly to create the �nal structure. The two-level combination is hierarchical.

2.1. Motor action strategies used to combine cups (after Conway and Christiansen 2001).
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The three strategies are re�ected in the way children organize nested cups 
and emerge sequentially between about eight and twenty months (Swann 1998:
table 1). A similar progression is seen in the way sounds and words are combined. 
At about two years, the ways that children combine objects drift away from the 
ways that they combine sounds and words. Words are combined with increas-
ing hierarchical complexity based on syntactical rules (Green�eld 1991:541�542). 
Green�eld argued that complex syntactical features have no analogues in gram-
mars of  motor action and, conversely, complex grammars of  action that emerge 
at about the same time have no analogues in linguistic grammars (Green�eld 
1991:544; see Green�eld and Schneider 1977). The increasing separation of  lin-
guistic grammars and action grammars re�ects ontological changes in brain cir-
cuitry (Green�eld 1991:542�544; however, see Stout 2006:296�297).

Green�eld interpreted the grammatical competence of  bonobos in light of  
this model (1991:545�547; Green�eld and Savage-Rumbaugh 1990) and explored 
how the ontological patterns of  linguistic and action grammars are re�ected in 
phylogeny (Conway and Christiansen 2001; Johnson-Pynn et al. 1999). Green�eld�s 
premise was that brain features in different primates are homologous. Analogous 
brain features may be responsible for convergent pairing/pot/subassembly 
motor strategies seen in nonprimate species, such as parrots, but they offer lit-
tle direct insight into primate evolution (Piæon and Green�eld 1994:362�363). 
Green�eld�s aim was to pinpoint the probable grammatical capacities of  the 
common ancestor of  humans and apes.

Primates demonstrate the pairing strategy in laboratory experiments by 
touching cups together and combining two cups. Chimpanzee nut-cracking 
demonstrates the pot strategy: �Two active, moving objects (nut and stone) are 
combined in succession with a single passive object (anvil)� (Green�eld 1991:545). 
Green�eld described examples of  the subassembly strategy among primates as 
�borderline�; possible examples include sopping water with a leaf, or inducing 
ants to af�x themselves to a stick, and moving the subassembly to the mouth (cf. 
Byrne 2004, 2005). The pot strategy dominates the complex motor behavior of  
wild chimpanzees (Green�eld 1991:545), captive chimpanzees and bonobos, and 
capuchin monkeys (Conway and Christiansen 2001; Johnson-Pynn et al. 1999; 
Piæon and Green�eld 1994:362�363). Chimpanzees and bonobos seem incapa-
ble of  constructing subassemblies to act on an object outside their own bodies 
(Conway and Christiansen 2001; Gibson 1990:98; Johnson-Pynn et al. 1999).

Green�eld concluded that the pairing, pot, and a rudimentary version of  
the subassembly strategies�and the overlapping neural wiring for both action 
and linguistic grammar�were shared by the common ancestor of  humans and 
chimpanzees. She argued that language and tool use coevolved because they 
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were controlled by shared brain structures. This resulted in an expansion of  the 
prefrontal cortex, stimulating an increase in hierarchical complexity of  com-
bined motor actions (Green�eld 1991:550�551). Following from Green�eld�s 
ontogenetic model, changes in early stone �aking should re�ect the evolution-
ary development of  an action grammar through subassemblies and combina-
tions of  subassemblies of  ever-increasing complexity.

A MODEL OF LiTHiC DESigN SPaCE

Stone tool design consists of  two aspects. �Engineering� design produces tech-
niques that cope with the latitude offered by the mechanics of  stone fracture 
de�ning the boundaries of  design space; and �formal� design assembles engi-
neering techniques to produce a tool. It is useful to consider engineering tech-
niques separately from formal design choices. Although some formal stone tool 
designs might be realized only by certain techniques, technique can be divorced 
from form. For example, the �gull wing� technique (the engineering choice) 
was used by some Australian Aborigines to produce stone adzes (a formal tool 
design) (Moore 2004) but stone adzes were also produced using other techniques 
(e.g., Gould, Koster, and Sontz 1971).

Stone tool replicators discover and verify sequences of  engineering tech-
niques in the context of  formal types (e.g., Callahan 1985; Wilke and Quintero 
1994). In this context the linkage between technique and form seems absolute 
because creating complex forms required complex, and often form-speci�c, 
sequences of  techniques. Analyses of  individual techniques are typically applied 
to debates about artifact form (e.g., Bradley and Stanford 2006; Straus, Meltzer, 
and Goebel 2005). The restrictive boundaries of  design space (Van der Leeuw 
2000) caused knappers in the past to independently rediscover useful techniques 
in the context of  widely varying formal designs.

Green�eld�s work shows the importance of  understanding the structural 
aspects of  how simple motor actions were arranged to produce formal designs. 
Holloway (1969) was among the �rst to seriously consider the structure of  stone 
tool making, proposing that linguistic structure is homologous with the struc-
ture of  the motor actions used in �aking. �Phonemic� motor actions are com-
bined into techniques�low-order organization�and techniques are arranged 
according to grammatical rules�high-order organization�to produce stone 
tool forms. Low-order organization techniques are combined, according to 
Gowlett (1984, 1986, 1990, 1996), by rote actions into a structure called a ��ake 
loop.� Pelegrin (1990, 1993, 2005) observed that Gowlett�s �ake loop requires two 
types of  �know-how�: ideational know-how, or visualization, and action know-
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how, or motor execution. Skill at low-order organization, dismissed by Wynn 
as �a simple action requiring only minimal organizational ability� (1979:374), is 
gained through experience (Pelegrin 1993:304). Despite the pertinence of  low-
order know-how to accomplishing higher-order tasks (Bril, Roux, and Dietrich 
2005; Roux and David 2005), research is rarely conducted into low-order know-
how. Pelegrin characterized higher-order organization�Holloway�s grammati-
cal rules of  stoneworking�as �knowledge.� Similarly, Gowlett suggested that 
�ake loops are combined according to a static �mental template� identifying the 
stoneworking goal (Pelegrin�s �conceptual knowledge�) and a �procedural tem-
plate� that directs the removal of  individual �akes (Pelegrin�s �action modali-
ties�). Lithic studies often focus on stoneworking �knowledge,� such as the goal-
driven concepts expressed in a chaîne opØratoire (e.g., Boºda 1995; Schlanger 1996; 
Van Peer 1992; Wynn and Coolidge 2004) or underlying an artifact shape (e.g., 
Edwards 2001; Pelegrin 1993; Roche 2005).

A consensus seems to have emerged in the theoretical literature that low-
order organization of  stoneworking gestures is of  little analytical interest. 
However, Green�eld�s research emphasizes the importance of  studying low-
order organization as a means of  generating insights into evolution toward high-
order complexity. The �design space� model described here explores the basic 
elements that underpin knapping at two levels of  abstraction. The �rst relates to 
the elements� lower-order internal structures of  ideation and motor action, and 
the second relates to the way that elements are sequentially combined during 
lithic reduction.

A tree structure is used to model the organization of  motor actions, follow-
ing Green�eld (1991).1 The smallest division in the model consists of  ideational 
and motor elements and these are organized into freehand percussion ��ake 
units� (Figure 2.2) of  three types: the basic unit, the complex unit, and the elabo-
rated unit.2 The basic �ake unit is the smallest divisible element of  stone �aking 
because the individual motor actions that compose it are not themselves suf�-
cient to produce �akes. Units are combined to create �assemblies,� which are in 
turn combined to create �higher-order units,� following Green�eld�s terminol-
ogy. The way that units or assemblies are combined into higher-order units are 
referred to as the technology�s �architecture.�

The Basic Flake Unit
Controlled knapping by freehand percussion relies on the organization of  

certain motor and ideational elements. Multiple actions are carried out sequen-
tially on the static object, Green�eld�s �pot� strategy. The resulting structure is 
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the �basic �ake unit� (Figure 2.3). The basic �ake unit includes three elements: 
(1) an ideational element that involves the identi�cation of  crucial geometric 
variables on the core; (2) three action elements done in response to the identi�-
cation and resulting in the correct positioning of  the core; and (3) a fourth action 
element involving the articulation of  two hands to remove the �ake.

The ideational element involves the recognition of  an essential geometrical 
relationship with three attributes:

1.	 An area of  high mass on a face of  the stone;

2.	 A suitable platform surface located on a different face of  the stone from the 
high mass but adjoining the high mass; and

3.	 Features matching 1 and 2 positioned at an acute angle (less than 90°) to 
one another.

Acting upon the geometrical relationship requires three actions. First, the core 
must be rotated until the platform surface is positioned for striking (Pelegrin 
2005). This will, in many cases, require rotation of  the stone between faces to 
get the geometrical orientations correct. Second, the core must be turned from 
left to right or right to left (Toth 1985a). This action positions the core relative 
to the arc followed by the indentor so that the impact point is behind the high 
mass and the force will propagate through the mass. And third, the core must be 
tilted in relation to the indentor arc so that the downward and outward forces 
(Crabtree 1968) are delivered in the correct ratio to one another. The actions 

2.2. Terminology used to describe the architecture of stone �aking.
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of  geometrical adjustment involve the non-dominant hand in modern humans. 
Striking the �ake requires the articulation of  both hands, itself  a complex motor 
task (Dapena, Anderst, and Toth 2006).

Complex and Elaborated Flake Units
The basic �ake unit is applied to zones of  exploitable high mass as they 

are identi�ed on the core. An increase in knapping complexity entails removing 
�akes to adjust the platform angle to enable the removal of  otherwise unex-
ploitable high mass, or more effective removal of  high mass. Removing �akes 
to adjust or bevel the platform�these are �anticipatory� �akes in the sense that 
they anticipate �objective� removals�involves repeatedly applying the basic 
�ake unit within a structure subordinated to the process of  removing the objec-
tive �ake (Figure 2.4). These are referred to as objective and anticipatory �tiers� 
and the resulting subassembly is the �complex �ake unit.�

The stimulus resulting in the complex unit�s complex structure is a realiza-
tion that geometrical relations can be created or improved by �aking. The knap-
per must recognize that platform preparation is necessary at the objective tier 
to trigger the actions necessary to prepare the platform in the anticipatory tier. 
Once this upper-tier identi�cation is made, a series of  lower-tier identi�cations 
are triggered that drive the �ake removals (themselves basic �ake units) that 
modify the platform angle.

2.3. Model of the basic �ake unit. The modi�ed tree structure follows Green�eld (1991).
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The �elaborated �ake unit� is a complex �ake unit with the addition of  
platform grinding, shown as a branch of  the subassembly to the right of  plat-
form beveling (Figure 2.5). There are a number of  features of  platform grinding 
that structurally differentiate it from platform beveling. First, the hominin must 
assess platform angularity, or �sharpness,� as a proxy of  platform �strength� or 
something roughly equivalent. This identi�cation process is different from the 
one necessary for identifying high-mass/platform/platform-angle relationships. 

2.4. Model of the complex �ake unit.
















































