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Tools, Grammar and the Archaeology of Cognition

Thomas Wynn

Use of archaeological evidence in discussions of the origin and evolution of grammar has
proved unconvincing largely because of undeveloped theoretical assumptions about the
cognitive connection between language and tool behaviour. This paper examines the
cognitive basis of tool use and tool making and concludes that there is no sound theoretical
basis for inferring grammatical abilities from prehistoric stone tools. Our knowledge
concerning the cognitive basis of tool behaviour can, however, be used to document
evolutionary developments in hominid cognition. Analysis of early biface culture, for
example, reveals a cognitive complexity greater than that demonstrable for the earlier

Oldowan or for modern apes.

Archaeological evidence has often been invoked in
discussions of the origins and evolution of language.
The reason is obvious: from the lengthy period which
preceded the advent of writing, nothing directly
linguistic has survived in the evolutionary record.
Because archaeological evidence is behavioural in
nature, as opposed to the anatomical evidence of
fossils, some consider it a more likely informant about
language. Moreover, we have an extensive
archaeological record for the Palaeolithic period, of
stone tools at least, and this comparative richness
makes the archaeological evidence a tempting source
from which to seek a greater understanding. Kitahara-
Frisch, for example, argues that the manufacture of
stone tools of any kind has implications for language:

A closer consideration of the properties of stone tool-
making further reveals that these imply the exercise
of a number of cognitive abilities and that these
abilities are the very same found to be operative in
other behaviours commonly regarded as specific to
man, such as, for instance, language. (Kitahara-
Frisch 1978,5)

He draws a parallel between stone hammers used in
knapping and the metalinguistic statements possible
in language. Both are tools to make tools, and he
argues that both derive from a common cognitive
ability and that the former can be used as evidence for
the latter. Foster (1975) takes a rather different

approach, suggesting that certain specific
characteristics of artefacts imply linguistic ability. She
considers the symmetry of Acheulean bifaces to be
especially informative, noting that bilateral symmetry
requires both similarity and opposition in the mirroring
of shape and argues that the linking of these cognitive
processes is crucial to the organization of all cultural
behaviour, including language. These are but two of
the many examples of attempts to incorporate
prehistoric artefacts into discussions of language
origins. With few exceptions, all have failed to be
persuasive. Their weakness, in my opinion, lies in
their lack of theoretical justification for drawing a
connection between tool behaviour and language.
Like the discussions of Kitahara-Frisch and Foster,
most have been based on a vague notion that there are
'cognitive' abilities and that these must somehow be
the same for all kinds of behaviour.

In this article I will address the question of
whether or not there is a sound theoretical base on
which to build an archaeological case for the origin
and evolution of language. I will focus on grammar.
Language, of course, consists of more than just
grammar; indeed, it is probably best to think of
language as a very complex behaviour that involves
the interweaving of many components (Lieberman
1984; Chomsky 1980). These include, in addition to
grammar, a symbolic (semiotic) ability, a knowledge
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of how to use language (pragmatics), and the
biomechanical and neural structures of speech. To
date, there is no unified theory of language that
successfully incorporates all of these components.
Scholars tend to focus on individual components and
grant them priority in explaining the remarkable
productive power of language. Moreover, there is no
reason to believe that the components of language
evolved as a unit. In fact, they probably did not. I
choose to focus on grammar for two reasons. First, of
the major components of language it is grammar that
has most often been credited with producing the power
of human communication. Second, several attempts
to document language evolution have focused on the
grammatical implicationsof stone tools. Archaeological
evidence has also, however, been brought to bear on
other components. The recent work of Iain Davidson
and William Noble (1989,1990) is a good example of
an argument based on the symbolic component of
language.

The present article adopts a cognitive approach.
Much of the recent relevant scholarship in linguistics
and psychology has taken a cognitive approach of one
kind or another. Chomsky's work on transformational
grammar is well known, but the work of Lieberman on
speech and language evolution, and that of Bruner
(1983) and Bates (1979) on language acquisition are
also cognitive. Here we encounter an ongoing
theoretical debate concerning the cognitive basis for
grammar. The alternatives hold radically different
implications for the potential usefulness of artefacts in
discussions on the origin and evolution of grammar.

The following analysis falls into three parts. The
first of these briefly reviews three theories that address
the cognitive basis for grammar. The second examines
some of the recent research in cognitive anthropology
that bears on the question of the cognitive basis of tool
behaviour, and on the similarities which may exist
between these two kinds of thinking. Finally, in the
third part I will discuss some of the implications which
this comparison has for archaeology and prehistory.

The Cognitive Basis for Grammar

A basic tenet of cognitive theories is that animals have
minds and that minds bring something to behaviour.
Simple behaviourist theory has failed to explain
adequately many complex behaviours, language being
probably the best example; it is simply impossible to
explain language in terms of outside stimulus alone.
We must assume that the mind is already organized to
some degree, that in a sense it already 'knows'
something. Cognitive science assumes that this

'knowledge' is provided by the anatomy and
physiology of the brain. In only a few very simple
behaviours, however, do we know how the brain is
organized. For most behaviour, including language,
our understanding of the brain is far from complete.
As a consequence, theories for the cognitive basis of
language have been developed from knowledge of the
behaviour itself.

There are many competing theories. For the
purposes of this article, I find it useful to distinguish
theories of language cognition along two dimensions.
The first dimension is the degree to which the theory
sees cognition as innate or learned. At one extreme are
theories suggesting that rather specific characteristics
of language are coded in genes. At the opposite extreme
are behaviourist theories relying entirely on learning.
All cognitive theories maintain that some structures
are innate, but they differ considerably in their
assessment of just how entailed these inherited
structures must be.

The second dimension is that of modularity.
Modular theories argue that there are several discrete
kinds of cognition, controlled by relatively separate
neural pathways; for example, the kind of thinking
used in spatial tasks need have nothing in common
with the thinking used in language. These theories
argue that there is not one intelligence, but several.
Non-modular theories, on the other hand, argue that
there is one basic cognitive structure that is applied in
the various arenas of behaviour and that there is
consistency across these behaviours.

These two dimensions alone suggest that there is
considerable diversity in cognitive theory. There is,
however, a tendency for modular theories to be more
innatist and for non-modular theories to incorporate
experience more heavily (Chomsky 1980).

The best-known and most developed modular
theory of language is that of Noam Chomsky (e.g.
1957; 1980). Chomsky draws an analogy with organs
of the body in arguing for discrete 'mental organs', one
of which is the language faculty:

Certain features that govern or enter into the adult
system ofrules, representations, and principles belong
to universal grammar; that is, they are somehow
represented in the genotype, along with instructions
that determine that we will grow arms instead of
wings, or have a mammalian eye instead of an insect
eye. (1980,10)

For example, the ability to relate ambiguous references
to an antecedent is part of universal grammars in the
ill-formed, but grammatically correct, 'Each of the
candidates wanted me to vote for each other' (Chomsky
1980,4). The specific grammars of languages differ, of
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course, but all can perform this referential task.
Chomsky emphasizes one observable characteristic of
language that is of particular relevance to this article:
'poverty of stimulus'. Without formal instruction and
with incomplete examples, children nonetheless learn
the subtle complexities of reference, reflexivity,
embedding, etc., that are a feature of all languages. To
do this, they must bring something to language
acquisition.

If Chomsky is correct, archaeological evidence
would be almost entirely uninformative about the
evolution of language. Given the modularity of
cognition, the features of 'universal grammar' would
not be shared with those of tool-use. Artefacts would
tell us about tool-use, not grammar.

While modular theories are currently popular,
they are certainly no t alone. Perhaps the best developed
non-modular theory of cognition is that of Jean Piaget,
probably the most influential developmental
psychologist of this century. However, his treatment
of language was one of his weakest areas, and, as a
consequence, I will turn instead to the work of Philip
Lieberman, who is well known for his studies of the
evolution of speech. Lieberman argues that, while
language does have some 'domain-specific' features,
these are tied directly to the production and perception
of speech. Grammar is based on a general cognitive
ability to construct sequences of action (Lieberman
1984). This 'sequential generator' is probably located
in Broca's area of the brain and is brought into play in
all complex sequential tasks (Lieberman 1990).

Lieberman argues that the most complex
sequential task humans perform is the production of a
spoken sentence, where the control of breath requires
a complex sequential coordination of several muscle
groups as well as alterations in the supralaryngeal
airways. He sees the sequencesof grammar asrelatively
simple by comparison. Grammatical production
employs the neural pathways that have evolved to
facilitate rapid speech, a motor behaviour. These neural
pathways may well be involved in most, if not all,
complex sequential motor behaviour, including tool-
use. Interestingly, Lieberman does not, at least in
recent publications, argue that tools can be used as
evidence for grammar. Nevertheless, theoretical
stances like Lieberman's, though invariably less well
articulated, appear to lie behind most arguments
relating tools and language.

Thus Chomsky argues that grammar is 'domain-
specific', while Lieberman argues that it is based on a
general sequencing ability. There is a possibility that
both are partially correct, if a recent hypothesis by
Patricia Greenfield holds up. Greenfield's work on

infant and child development suggests that during
infancy there is a 'supra-modal hierarchical processor',
centred in Broca's area of the brain, that organizes
behaviour into hierarchies. Both object manipulation
and the syllabic organization of a child's first words
are structured by directly comparable hierarchies. For
example, at the same time that the infant can combine
one object with a succession of different objects, it can
also combine one consonant/vowel syllable with a
succession of different syllables. So far, this is in accord
with the idea of a general base for hierarchical
organizing ability. After the age of two, however, the
organizations of object manipulation and language
begin to diverge: 'It is this period between two and
four years of age in which morphologically complex
grammar emerges in language, generating structures
that have no analogue in grammars of action'
(Greenfield 1990, 27). The neural basis for this
differentiation lies in the development of separate
circuits leading from Broca's area to different prefrontal
areas of the brain. This neural development occurs at
the same time as the two behaviours begin to diverge.

In sum, Greenfield suggests that language and
object manipulation share a common hierarchical
organization early in human development, but that
these behaviours later develop along different paths;
though there is a common neural base, it is a
comparatively simple one. The organization of mature
behaviour in language and object manipulation have
different neural bases that develop after infancy.
Interestingly, chimpanzees appear to demonstrate no
such differentiation between object manipulation and
their ability to master simple linguistic grammar,
suggesting that this ontogenetic divergence is a
uniquely human characteristic (Greenfield 1990).

What, then, can we conclude from this superficial
review? Grammar makes use of sequential and/or
hierarchical organizing abilities that have a neural
base. Despite evidence for the involvement of Broca's
area, however, the precise neural basis is still unknown,
though we understand it better now than we did
twenty years ago. Whether this 'generator' is general
or modular, and to what degree it is innate, are the
matters in contention.

The different theories have different implications
for the relevance of archaeological data to the questions
of language origins. If the modular theory were
accepted, it would be necessary to show that tool
behaviour and grammar are in the same domain,
sharing domain-specific features, if we are to draw
any conclusions about language ability from stone
tools. One would have to be able to point to such
specifically grammatical rules as antecedent reference
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in tool behaviour. General reference to rules is
insufficient - the rules must be the same. This would
be extremely difficult to document, and it seems
therefore that archaeologists must hope that some
form of non- modular theory prevails. Even then,
archaeology would only be able to infer that the general
cognitive structures employed in tool behaviour were
available for use in communication. We must now
look at how people think when they use tools.

The Cognitive Basis for Tool Behaviour

What happens if we ask questions of tool behaviour
similar to those asked of language? Is tool behaviour
organized by sequential and hierarchical 'generators'?
Are the sequences of tool behaviour like sentences? Is
tool behaviour acquired despitea poverty of stimulus?
We immediately encounter a large methodological
problem: we know comparatively little about how
people, particularly adults, think when they use a tool.
Over the past 80 years, social science has made a
concentrated assault on language in all of its
components, the result of which is a sophisticated
body of theory concerning language cogni tion. Nothing
comparable exists for tool behaviour. True,
developmental psychology has studied children's
object manipulations, but the relevance of such studies
to the way adults use tools has yet to be addressed.

Recent social science has shown serious interest
in technology as an element in social and cultural
systems, but this emphasis is almost invariably on
how technology acts as a part within the larger system.
There is almost no concern with how tools are made
and used and no well-developed cognitive theory
about this (Wynn 1990). In the last decade there has
been some movement to remedy this situation, within
anthropology at least. Cognitive anthropology is rather
different in its methods to cognitive psychology,
however, which makes comparison difficult.
Anthropology relies on ethnographic descriptions,
rather than on limited controlled experiments. The
richness of such descriptions is their strength, but also
makes it more difficult to point to simple cognitive
processes such as a 'supramodal hierarchical
processor'. Because so little has been done on the
cognition of tool-use, we cannot pass over it as quickly
as the better-known literature on language. Let us
review in more detail some of the recent scholarship in
cognitive anthropology.

These studies indicate that there are at least two
kinds of thinking employed in tool behaviour: sequence
construction and constellations of knowledge. John
Gatewood (1985) has studied the acquisition of
technical skills required on a commercial trawler.

Gatewood hired on as a complete novice, with no prior
knowledge of the equipment or procedure, and
documented his experience in learning this new
technology. He then corroborated his results by
interviewing other novices. The methodological
difference between this kind of study and, say,
Greenfield's, should be immediately obvious. Despite
this difference, Gatewood has identified, just as validly
I believe, important characteristics of thinking in day-
to-day circumstances. His major conclusion is that the
technical skills of purse seining (the type of fishing
involved in this study) are learned in a relatively
primitive fashion. The novice does not learn by simply
internalizing a body of knowledge presented to him
by others. He is, in fact, given little or no information
at all:

They did not bother naming parts of the hardware,
nor did they explain the purpose of each task I was
assigned. Rather, they just told me to do several
things in a linguistic form similar to: 'Put that [point]
through there [point]'. (Gatewood 1985, 206)

The novice first learns the tasks by serial memorization
and has no clear idea of how each action relates to
others or, indeed, how they combine to accomplish the
result.

Typically, this understanding involves a simple
memorization after the fashion, 'First I do job,, then
I do job2, then I do job 3 , . . . , then I am finished.' In
other words, this first level of understanding is in the
form of a 'string of beads'. (Gatewood 1985, 206)

Gatewood found that such string-of-beads
organization was used by all novices, at least initially.
Later, when they have begun to master some of the
tasks, novices begin to assemble smaller tasks into
larger complexes of action, which can be conceived as
hierarchies of routines and sub-routines. However,
tasks are not learned as hierarchies of action; these are
the result of later reflection. Initially, the novice learns
by chaining actions into longer and longer sequences
by memorization. The result is, in Gatewood's apt
phrase, like a string of beads.

Gatewood has identified a pattern of thinking
and also its principle of organization. Action is
sequential, but even if there are some inherent sub-
routines, the sequence is not learned in such a
hierarchical fashion. Instead, it is learned by
memorization, by chaining one action to another.

This is relatively primitive compared to some
kinds of thinking, but it appears to be sufficient for
most sequences of action employed in tool-use. Other
characteristics of tool behaviour corroborate
Gatewood's assessment. Because tool sequences are
organized like strings of beads and learned by
observation and memorization, apprenticeship is
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essential to the learning of tool-use and tool-making.
This is clear, I think, from Gatewood's example, but
there are numerous illustrations from the reader's
own experience and also from the ethnographic record:

Tom [a silversmith] said that the Navajo learn by
watching and then doing, following exactly as
possible what they have seen their teachers do. (Adair
1944, 75)

Marie [a Navajo weaver] doesn't "tell" when teaching.
She "shows". The Navajo word for "teach" means
"show" and is absolutely literal. (Reichard 1934, 21)

Copying, and trial and error, rather than explicit
teaching, are certainly the methods by which Duna
men learn about flaked stone. (White et al. 1977,381)

Every individual learns a sequence of tool behaviour
by constructing his or her own string of beads - by
repetition and rote memorization. This is a result of the
very simple ordering principle that organizes this kind
of thinking.

Chaining one act to the next by means of spatial
and/or temporal contiguity is not a powerful organizing
principle. One must build long sequences by accretion
onto previously memorized sequences. One can talk
about sub-routines and hierarchies within the sequence,
but one does not learn them this way.

This form of sequence construction is not limited
to the narrow domain of tool behaviour. It is commonly
encountered in any human behaviour that requires
precise motor coordination. Instrumental musicians,
for example, use much the same technique in learning
complex passages of music. It is also found in sports.
Motor patterns are the essence of sport and have drawn
the attention of cognitive psychologists (e.g. Straub &
Williams 1984). The 'motor memory7 of the sports
psychologist is at the same cognitive level as Gatewood's
strings of beads. The literature on practice is directly
relevant and touches on the same issues of rote
repetition, constant order of sequence, and so on. Tactics
in sports are not, of course, sequential, but the units of
action, which are the pieces employed in the tactical
game, must be learned by repetition. Just as one cannot
hope to beat a world class fencer by reading a book
about fencing, one cannot learn to build a fine violin by
reading an instruction manual. One must practice,
repeating basic actions and sequences until they have
been learned at a very primitive cognitive level.

Sequences constructed by contiguity also appear
in the pre-linguistic communication of infants. In a
study of the symbolic behaviour of young children,
Bates (1979) argues that symbolic ability involves the
development of three capacities: imitation, whole-part
relations, and communicative intent. Of special
relevance to my argument is her discussion of imitation.

Bates sees imitation as the reproduction of perceived
contiguities, that is, actions that are perceived as
connected and then reproduced, even when the action
is not understood by the actor. It is the 'perception of
contiguity7 that is at the core of the behaviour. She uses
the example of an infant who holds a telephone to its
ear like an adult, even though it has no comprehension
of telephone conversation. The child

need not analyze the bond between vehicle and
referent, i.e. the relationship that makes the means
work. Instead, he can simply exploit the observed
contiguity between means and ends. With continued
experience in using such solutions, the child may
later come to understand how things work. (Bates
1979,346)

Gatewood's description of learning the techniques of
salmon fishing is remarkably similar to this account of
imitation. He and Bates have identified what appears
to be the same kind of sequential organization in
observing very different realms of behaviour.

Salmon fishing, an adult technology, is learned
in the same way that infants learn sequences of action.
This perception of contiguity appears to be very
primitive. It is, in fact, one of the characteristics of
Piaget's stage of sensorimotor intelligence: In other
words, sensorimotor intelligence acts like a slow-
motion film, in which all the pictures are seen in
succession but without fusion, and so without the
continuous vision for understanding the whole' (Piaget
1960, 121). Once again this resembles Gatewood's
description of his initial learning of a task. It is important
to note that sensorimotor intelligence is not entirely
non-hierarchical. As Greenfield documents, the actions
of sensorimotor intelligence can be conceived in terms
of routines and sub-routines. Gatewood's action can
also be conceived in terms of routines and sub- routines,
but they just are not learned this way. It is unclear how
Greenfield's hierarchies of object manipulation tie
into large-scale tool behaviour, as they almost certainly
must. What is clear is that the chaining characteristics
are very prominent in the sequences of action on
which tool-use is based.

At this point we can pause and address three of
the questions posed at the beginning of this section.

Is there a cognitive sequential generator of some
kind that an artisan brings to bear when using tools?
The answer is almost certainly yes. While the evidence
from ethnographic descriptions is rather different from
that of the laboratory, it does appear that one of the
abilities that the mind brings to behaviour is the ability
to string elements into long sequences. One builds
these sequences by accretion, by tacking more and
more elements on to ones already acquired. The
resulting strings of beads constitute one of the most
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important components of tool-use and tool-making.
Is there a hierarchical generator, similar or

identical to the one posited by Greenfield? If there is,
it is not much in evidence. True, most if not all tool-
related tasks can be described in terms of routines and
sub-routines, so that one can argue that there is an
inherent hierarchical structure to this behaviour. But
is this how the mind organizes the behaviour, or is this
simply interpretation after the fact? The rote,
accretionary way in which much tool use is learned
suggests that a hierarchical principle, if present, is not
central to the acquisition of skills.

This leads to the third question: Are the sequences
generated in tool behaviour similar to the sentences
generated by grammar? Here the answer must be no.
Tool behaviour and sentences are both sequential
behaviours, but beyond this there are few similarities.
The sequences of tool use appear to be much simpler
(though we should recall that Lieberman argues that
the subtle motor patterns of speech are even more
complex than most sentences). More to the point, the
sequences of tool behaviour are learned in a rather
laborious fashion, largely by rote. There is nothing like
the spontaneous productivity of human language.

It is possible, of course, that I have been comparing
the wrong things. If the automated 'strings-of-beads'
employed in action are comparable to the production
of the sounds of speech, perhaps we should not
compare them to grammar, which is at a 'higher' level
of organization. What can we say about 'higher' levels
of organization in tool behaviour?

The construction of sequences in tool behaviour
is comparatively easy to observe and document. It is
clear, however, that sequence construction is only one
element of tool behaviour, albeit a crucial one. Tool
behaviour, in mammals at least, also entails problem
solving, the ability to adjust behaviour to a specific
task in hand, and, for this, rote sequences are not
enough. Unfortunately, the kinds of behaviour
employed to solve problems with tools and the
cognitive underpinnings of these behaviours have not
been extensively studied. Preliminary studies suggest
that it may be useful to think of problem solving in
terms of 'constellations of knowledge'. The clearest
treatment of this kind of technological thinking is in
the Kellers' studies of blacksmithing.

A constellation consists of all of the elements
appropriate to a task (Dougherty & Keller 1982). They
are brought together in the mind of the tool-user by the
specific characteristics of that task:

Each microepisode requires a unique association of
process, materials, implements, and desired end
point, embedded within the larger constellation of

making a fleur-de-lis [the task in hand in this example].
(Dougherty & Keller 1982,767)

Constellations are not like string-of-beads sequences
because they are not learned by rote memorization.
Rather, they come into existence at the time of use.
Their constituent elements are determined by the task
at hand, especially by visual images which the artisan
has of the goal:

What has led to this particular image is a combinatorial
arrangement of selected bits of prior socially given
knowledge stored in Charles Keller's head, in the
heads of other smiths and museum staff, in the
literature, and in exemplars. (Keller & Keller 1991,5)

Just as important to this kind of thinking is the feedback
between the image of the task and the actual events of
the process. The goal must be constantly altered,
however slightly, in light of developments in the
procedure, which in turn affect other elements of the
constellation. It is a dynamic relationship that could
not be accomplished by rote memory.

The elements that come together in a constellation
are quite varied. They include ' . . . aesthetic, stylistic,
functional, procedural, financial and academic
standards in conjunction with conceptions of self and
other, and material conditions for work' (Keller &
Keller, 1991, 9). The rote motor sequences of Gate-
wood's strings of beads constitute only one kind of
element and so, in a sense, constellations are a 'higher'
level of organization that incorporates several
sequences. The motley of elements that come together
in a constellation make this kind of thinking difficult
to characterize, a problem that is exacerbated by the
fairly rapid conversion of constellations into recipes.

Constellations are often repeated over and over
again, and as a task is repeated the original dynamic
interplay of elements and goal is replaced by an almost
unconscious recipe:

When a production has become routine much of the
detail of the task becomes 'taken-for-granted' and is
difficult or impossible to articulate. (Keller & Keller
1991, 3)

Much of tool behaviour consists of such recipes; most
tool use is, after all, a mundane kind of behaviour that
is practised on a regular, often daily, basis. After years
of repeating a task, many of its elements have become
so routine that it takes a serious effort for the artisan to
identify and separate them. Nevertheless, const-
ellations differ from rote sequences in their manner of
construction and use. Even routine tasks require some
attention to and adjustmentsoftheconstituentelements
- think of driving to work, for example - though the
dynamic feedback between goal and procedure is
much less dramatic than that found in constellations
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generated for a novel task.
We saw in the discussion of sequence construction

that tool behaviour is learned largely by apprenticeship,
which is essentially non-verbal. The apprentice learns
by practice and failure. Both the Kellers and Gatewood
note an important consequence of apprenticeship -
each actor constructs his own constellations. They are
not shared. When Gatewood inquired about the
cognitive segments (Gatewood's term for
constellations) employed by other seiners, he found
that there were marked differences in the content,
even though the same words were used as labels;
'pursing' or lifting rings', for example, would indicate
an idiosyncratic constellation of knowledge that
would be different for each seiner. The constellations
are not shared, primarily because each has been
constructed by correspondences recognized by the
individual as he learned the task. Once again, other
ethnographic descriptions corroborate the
idiosyncratic nature of constellations. Adair, in his
study of Navajo silversmiths, found that ' . . . the way
smiths learned was by finishing each piece' (1944,75).
Regardless of even gross errors, the apprentice was
made to complete every piece begun. If major
constellations of tool behaviour must be constructed
by each actor, and if such constellations are not shared,
then such a practice not only makes sense, it is essential.

The above is a description, and a rather clumsy
one, of what goes on in an episode of tool behaviour.
It is not itself a model of thinking, like those we
examined in the section on grammar, but it does allow
further consideration of the cognitive underpinnings
of tool behaviour. One process that appears to be
involved in assembling constellations is association. I
mean this in a general sense, not in the more technical
sense of classical conditioning, for example. When the
artisan envisions the goal (the completed task-in-hand),
certain salient features of the desired end correspond
to images, muscle tensions, equipment, and so on.
These correspondences come together in the
constellation of knowledge. The key organizational
mechanism here appears to be feature correspondence,
rather than the temporal and spatial contiguity of rote
memorization. Certain features of the task call up
elements of the artisan's repertoire. Interestingly, this
is largely a non-linguistic process. Both the Kellers and
Gatewood found it impossible to elicit consistent labels
for the behaviours they studied: 'Rather, one
experiences visual imagery and muscular tensions
appropriate to certain actions, but can only grope for
words . . .' (Gatewood 1985, 206). The constellations
are clearly not constructed through lexical categories.
The use of feature correspondence is a more powerful

organizing tool than the simple rote-chaining involved
in sequence production. It is not, however, a very
complex form of reasoning. Indeed, as we saw in the
discussion of recipes, it can rapidly sink below the
level of immediate consciousness.

The use of feature correspondence is the common
factor of all constellations. Constellations are also
plans of action, however, and plans of action can have
varying degrees of complexi ty, which may be examined
for their cognitive requirements. Modern tool
behaviour incorporates two kinds of planning: trial-
and-error and contingency planning. The former is
simpler in its cognitive requirements. The artisan
envisions a goal, which calls up appropriate notionsof
tools, motor sequences, etc. He then proceeds until
failure, revises his constellation, begins again, and so
on. The dynamic interplay between goal and
constellation takes place in action.

From a Piagetian perspective this kind of
planning lacks the element of 'reversibility': the ability
to perform the action in thought, to imagine the coming
failure, and to return to the starting point in thought
before actually committing the error. Reversibility is a
characteristic of thinkingused in contingency planning,
where failures are anticipated and alternative
procedures prepared ahead of time. In reality, modern
tool behaviour incorporates both; despite use of
reversibility, the artisan can rarely envision all of the
possible problems and solutions of a new task. The
important point here is that constellations can
incorporate complex plans that require complex
cognitive skills like reversibility. However, they need
not. Indeed, all constellations share only the association
of elements by feature correspondence, which is not
itself a complex cognitive skill.

Are the constellations of knowledge used to
generate tool behaviour more similar to grammar than
the strings of beads identified by Gatewood? They are
certainly not learned by rote and they have a structure
that is considerably more complex, with more obvious
routines and sub-routines employed in a more dynamic
way. Superficially, then, this kind of thinking does
seem more like grammatical thinking than the simpler
automated sequences. But there are crucial differences.

First of all, there do not appear to be rules in
constellations, at least in a grammatical sense. The
solution to a particular problem is highly idiosyncratic
and, while a particular artisan may develop his own
conventions and recipes, he does not share them to
any great extent with others. There are no rules to
break, except perhaps his own or the limits imposed
by the raw materials. There are invariants, but these
are the automated motor sequences discussed earlier.
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More telling than the apparent lack of grammar-like
rules, however, is the way that artisans learn
technology.

This brings us to another of the questions that I
posed earlier: To what degree is tool behaviour
acquired with a 'poverty of stimulus'? Recall that one
of Chomsky's strongest arguments for a language
faculty coded in genes is that children learn language
in impoverished contexts, with incomplete examples
and no formal instruction. Even theories of language
acquisition that do not posit an innate grammar suggest
that some characteristics of language learning may be
innate.

Bruner (1985) discusses the possibility of a partly
innate Language Acquisition Device, that guides a
child to learn the rules of its language, and a Language
Acquisition Support System, also partly innate, that
structures the way adults speak to children at various
points along the way. One of the consequences of this
is that individuals share their language in a very
detailed way. The same cannot be said for tool
behaviour. Indeed, the richness of stimulus in the
acquisition of tool behaviour contrasts dramatically
with that of language. During apprenticeship, novices
are immersed in the technology and its context. The
novice must learn 'from scratch'. There appear to be no
innate rules that make learning rapid and effortless.
There appears to be no Technology Acquisition Device
that guides novices in learning to use tools. Many
people never acquire a competence in tools comparable
to their competence in language. There do appear to be
Technology Acquisition Support Systems, in the form
of apprenticeship. These, however, are entirely cultural
systems, their role being to force novices to construct
their own strings of beads and constellations. Not all
of the elements in these constellations are shared with
others.

In sum, constellations of knowledge, like the
string-of-beads sequencing discussed earlier, do have
certain superficial similarities to sentences; but there
are also profound differences.

Implications for Archaeology and Prehistory

The major conclusion of this article is that prehistoric
artefacts are unlikely ever to tell us anything specific
about the origin and evolution of grammar. Artefacts
are, by definition, products of human behaviour, and
the vast majority of them are tools of one kind or
another. The action sequences of tool-making and
tool-use are organized and learned in a simple way.
One action is tied to its preceding action, and long
strings of such connections are learned by rote and

repetition. This is very unlike the production of a
sentence. Constellations of knowledge are more
complex, involving more complicated interplay
between goal and procedure, but here too there is
nothing like a grammar shared by speakers of a
community. Constellations are highly idiosyncratic
and require extensive practice or apprenticeship. This
is very unlike the poverty of stimulus evident in
language acquisition. Indeed, constellations appear to
represent no more than a general problem-solving
ability applied in the realm of tools. Because the
observable characteristics of language and tool
behaviour are so different, it is difficult to accept that
they belong to the same cognitive domain. Moreover,
the similarities are so general that even a non-modular
theory of cognition would give us few grounds for
using artefacts as evidence for grammar. We cannot
use stone tools or pots as evidence for grammatical
rules of any kind.

I have emphasized the differences between
grammar and tool behaviour in order to discourage ill-
considered arguments about language origin.
Nevertheless, there are some similarities between the
two, similarities that seem to support a theory of
cognitive development something like that put forward
by Patricia Greenfield. The similarities lie at the level
of sequence construction. Sequences in tool behaviour,
including the tool behaviour of adults, are, as we have
seen, comparatively simple. Such simple sequences
can be found in the utterances of very young children.
I must emphasize again that it is the organization that
is simple; adult tool behaviour can and does require
greater memory and attention span. In particular,
Greenfield, and also Lieberman, point to the syllable
sequences of words, not to sentences, when they
describe simple sequence construction in language.
Language, however, eventually employs complex
domain-specific features in grammatical constructions.
Tool behaviour does not appear to employ such
domain-specific features. Instead, the more primitive
features of sequence construction are central even in
adult technologies. What is similar in infancy is not
similar in adulthood. The similarities suggest non-
modular cognition, while the differences suggest
modular cognition. This apparent inconsistency would
make sense if Greenfield'shypothesisof developmental
differentiation were true.

The conclusions of this essay have so far been
mostly negative, at least as far as our understanding of
prehistory is concerned. Examination of the cognitive
underpinnings of modern tool behaviour has been a
useful way to draw a contrast between tool behaviour
and language. Could we not examine the evolution of
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these cognitive underpinnings in their own right, and
thereby add to our understanding of hominid
evolution?

Unfortunately, as I have tried to emphasize,
there are as yet no well-developed theories of tool
behaviour to match those of language. We cannot
simply apply such concepts as 'strings of beads' and
'constellations of knowledge' directly to the
archaeological record and gain immediate insight.
They can, however, act as a heuristic device, a kind of
starting point, from which we can compare prehistoric
tools and tasks and ask questions concerning the
cognitive abilities that underlie the patterns that we
see in the archaeological record. In the following
exploration I will emphasize the concept of
constellations of knowledge because I believe it to be
useful in tracing some evolutionary developments.
One could of course explore the evolution of strings-
of-beads thinking, but the nature of this kind of rote
sequencing is so simple, even in modern adults, that it
would be difficult to recognize evolutionary change in
the archaeological record.

There are at least three ways we could compare
prehistoric tool behaviours using constellations of
knowledge:

l.We could simply count the elements of a
reconstructed constellation of knowledge and
compare it to those of earlier or later periods. This
might give us some clue to increasing complexity,
and has in fact been the approach taken by Gowlett
(1984), though in different terms, in his discussions
of the evolution of cognition. However, this is at
best a crude measure and, more to the point, tells us
little specific about cognition. If anything, it tells us
more about memory, the storage capacity for
relevant bits of information.

2. We could look for evidence of the specific logical
abilities required for a particular constellation. For
example, we could look for evidence of
'reversibility', Piaget's term for the ability to return
to a starting point in thought. This is an essential
ability in contingency planning, which anticipates
complications and plans alternative procedures (see
above). Elsewhere I have argued for the presence of
reversibility in the cognitive repertoire of later
Acheulean hominids (Wynn 1979; 1989). While this
is a useful approach to cognition, it is also a fairly
narrow one and does not, I believe, exhaust the
potential that the archaeological record has for
informing us about cognitive matters.

3. We could compare constellations in terms of the
variety of elements incorporated by an artisan.

Coordination of disparate elements is, intuitively at
least, more complex than coordinating similar
elements. Kathleen Gibson sees the increasing ability
to coordinate relatively separate domains of thought
hierarchically as one of the clear trends in the
development of intelligence. During ontogeny, she
argues, the initial global intelligence of infancy
develops into abilities that are more and more discrete,
and which require higher levels of cognitive control to
coordinate. Comparative evidence suggests a similar
sequence for phytogeny: more intelligent species
present behaviour that is more hierarchically complex
(Gibson 1990). These ideas of hierarchy and
coordination of disparate elements are ones that can
be used to compare reconstructed constellations, with
results that are, I believe, very interesting. Rather than
review all of human behavioural evolution, I will
instead focus on one particular development in
prehistory - the appearance of bifaces - and consider
its implications for cognitive evolution.

Assemblages that include bifaces appear in the
archaeological record of East Africa at sites that are as
old as 1.5 million years (Leakey 1971; Isaac 1967).
These assemblages are designated as either Early
Acheulean or Developed Oldowan B (the distinction
between the two is based on criteria that do not bear on
this discussion). Bifaces do not appear in the earlier
Oldowan assemblages, and their presence marks the
first dramatic change in hominid technological history.
The introduction of biface technology was also
accompanied by a change in the usual geologic context
of the sites - Early Acheulean sites at Olduvai Gorge,
for example, are invariably in stream channel deposits
- so that we know less about the tasks performed by
these artefacts than we know for the earlier Oldowan.
Nevertheless, this change in technology was dramatic
enough to have become an important event in our
schemes describing the evolution of tools. Interpreting
the change is more problematic. I would like to suggest
that the manufacture of these early bifaces provides us
with the first definitive evidence of an intelligence
greater than any documented for apes.

Ibasemyargumentontheclearcontrastbetween
the constellations of knowledge that we can reconstruct
for the biface makers and those we can observe for
chimpanzees and reconstruct for the Oldowan. In
many respects early biface technology was little
different from that of the earlier Oldowan. This point
was made several years ago by Bower (1977), who
compared the range of tool types in both. The bifaces
themselves are often relatively crude affairs, as the
examples from West Natron show (Fig. 1). The degree
of modification, in the sense of number of flakes
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Figure 1. Bifaces from the early Acheulean site of West Natron, c.1.0 -1.5 million years BP.

removed, is similar to that of many Oldowan choppers
(Fig. 2). We know almost nothing about the mechanical
function of these early bifaces, though experimental
studies suggest that they are slightly better than
choppers at butchery (Jones 1981). There is certainly
no reason to posit aerodynamic qualities, as some
have claimed (O'Brien 1981).

In terms of the kinds of tasks that the tools could
perform, the earliest biface assemblages do not appear
to represent a dramatic break with the past.
Unfortunately, our lack of appropriate sites means
that we are ignorant of the actual tasks performed by
these tools. Some small differences do emerge when
we consider manufacturing sequences and the requi site
spatial concepts. For example, biface manufacture
was often a two-step affair: the knapper first produced
a large flake, then modified it (Fig. 3). However, we
should not overemphasize the significance of two-
step manufacture. For one thing, some Oldowan flakes

were in fact modified (Leakey 1971). Furthermore,
some chimpanzee tool-use is also multi-step, as when
chimpanzees from the Tai forest use stones to crack
open nuts and then use a modified stick to extract the
nut meat (Boesch & Boesch 1990). This is not the same
as two-step manufacture, but the sequential complexity
is comparable.

Early bifaces do possess a kind of symmetry (Fig.
4), in a few cases almost certainly intentional, but it is
obviously not a congruent symmetry and its
significance is difficult to assess (Wynn 1989), except
that it points to an attempt to achieve an artefact with
a broadly-defined overall shape.

In some respects, then, and especially in those
that relate to potential task performance, early biface
technology was very similar to that of the preceding
Oldowan. The Oldowan was an essentially ape-grade
technology (Wynn & McGrew 1989). In terms of
numbers of tools, manufacturing complexity, carrying
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Figure 2.
Choppers from
the Oldowan site
ofFLKN,Olduvai
Gorge, 1.7-1.8
million years BP.

5 CM

5 CM

of raw material, spatial concepts, and even tasks
performed, the Oldowan is about what we would
expect of a savanna-dwelling ape. If we reconstruct in
rough outline the constellation of knowledge necessary
for a particular episode of Oldowan tool use, it is
comparable to those that we can observe for
chimpanzees. We know, for example, that Oldowan
hominids used stone tools to break into bone diaphyses.
The task at hand was relatively straightforward. The
hominid needed to select a stone of appropriate size
and material to yield the necessary weight and
sharpness, produce a usable edge if one was not
already present, smash the bone until broken to
satisfaction or, if dissatisfied, modify the edge further
and continue. The tool was then abandoned, perhaps
to be used again at a later episode. (This scenario is
based on the excellent work of Potts (1988) and Toth
(1985).) What is notable about this reconstructed
constellation is that all of the elements are closely tied
to an immediate task that must be accomplished. An
exclusive emphasis on edge morphology (Toth 1985)

is the essential feature of flaked stone in this kind of ad
hoc tool-using tradition. Any apparent standardization
results from similarity in task, not from any abstract
concepts of tool types.

Chimpanzee tool behaviour is indistinguishable,
as we can see from the following scenario based on the
Boeschs' studies of chimpanzees living in the Tai
Forest of the Ivory Coast (e.g. Boesch & Boesch 1990).

In this example the task in hand is nut-cracking.
The chimpanzee needs to break into hard-shelled nuts
and pry out the nut meat. First she must select a
hammer of appropriate size and material (wooden
hammers for some species of nut, stone hammers for
others), place a nut on an appropriate anvil (usually a
tree root), strike the nut until it breaks open, select a
stickof appropriate size orbite one to appropriate size,
and pry out the nut meat (Fig. 5). After an episode of
nut-cracking, the hammers and sticks are abandoned
at the location (producing, interestingly enough, an
archaeological site!). If anything, the necessary
constellation of knowledge is more complex than the
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Figure 3. Early Acheulean bifacefrom West Natron manufactured on a large, side-struck flake.

one we can reconstruct for the Oldowan. The
chimpanzees often carry appropriate hammers for
hundreds of metres prior to an episode of nut-cracking.
We know that Oldowan hominids also carried raw
material, often for much greater distances, but we do
not know if this transport was tied to a specific task at
hand or was a general strategy. It was not, however,
qualitatively different from the kind of transport
practised by the Tai chimpanzees. The Oldowan
hominids also carried the body parts that were to be
processed, but chimpanzees too occasionally carry the
nuts to appropriate nut-cracking stations.

In both scenarios, an immediate task at hand
called up notions of appropriate raw material,
modifications to the tools, and sequences of procedures.
The number of elements incorporated is similar and
all are cued directly by an immediate task. In other

words, Oldowan tool behaviour and chimpanzee tool
behaviour are indistinguishable in terms of cognitive
prerequisites. With bifaces, however, things are not
quite as simple. There is good reason to conclude that
the constellations of knowledge employed by the
biface-makers were not entirely ad hoc affairs. They
appear to have been hierarchically more complex and
to have incorporated disparate elements not directly
tied to the immediate task.

The evidence for these developments lies in the
redundancy of the overall shape of the biface itself.
The location of trimming on many bifaces, even ones
as crude as those in Fig. 1, indicates that there was
probably an attempt to achieve a particular overall
two-dimensional shape. This interpretation has
recently been challenged by Davidson (Davidson &
Noble 1989), who argues that any overall shape to the
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Figure 4. Early bifaces exhibiting
bilateralsymmetry,from WestNatron
(above) and Upper Bed II at Olduvai
Gorge (below), c. 1.0-1.5 millionyears
ago.

bifaces was a fortuitous consequence
of the production of flakes.
However, the symmetry imposed
on some of these early bifaces (e.g.
Fig. 4) was almost certainly not
fortuitous; crude, yes, but not an
accident. These large, bifacially-
trimmed artefacts, often with
pointed two-dimensional shapes,
recur in many different assemblages,
eliminating the remote possibility
that they were the work of a single
knapper. It appears that some idea
of appropriate shape was shared.
More significantly for the current
perspective, this idea was not tied to
an immediate task at hand; it appears
to have been a general idea of

appropriate shape that existed independently of any
particular job.

We must be careful not to over-interpret this
development, but we can contrast this constellation of
knowledge with that necessary for the Oldowan
artefacts. Instead of calling up notions of edge-
configuration, weight, suitable sharp material,
knapping procedure, and so on, in the case of the
bifaces the task at hand (of which, unfortunately, we
are ignorant) must have called up some notion of a
type of tool. Technology was no longer entirely ad hoc.
Any notion of a type of tool is an abstraction: the idea
of the tool existing apart from the immediate task. It is
a useful short cut for a tool-user. Instead of constructing
a new constellation of knowledge for each task, as is
done in ad hoc solutions, the tool-user has a number of
general solutions, from which it is simply necessary to
choose. To use a modern example, a leaking drain pipe
calls up an idea of 'monkey wrench' to an American
plumber, not T need some kind of lever with a strong,
gripping end'. Superficially, such a constellation of
knowledge appears simpler than the ad hoc solution,
but in fact it is more complex because it relies on an
implicit hierarchy. The notion of 'appropriate tool
type' subsumes all of the elements in its manufacture.
In other words, the constellations of knowledge used
by the biface makers were hierarchically more complex
than those required for the Oldowan or those used by
chimpanzees. (It is possible, of course, that
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Plate 1. Chimpanzees from the Tai Forest of Ivory Coast using a hammer stone to break open Panda nuts and a small stick
to extract the nut meat. (Photo: Boesch & Boesch 1990, reproduced courtesy ofC. Boesch and S.Karger AG, Basel)

chimpanzees think in terms of tool types; because such
thinking isnotrequired to produce their tools, however,
we cannot assume that they do.) More important than
this descriptive hierarchy (the hominids certainly did
not think in these terms!) is the necessary coordination
of disparate elements in the constellation. Where did
this notion of tool type come from? Most likely it was
a bit of traditional knowledge about appropriate shape,
and it is here that we encounter something 'different'
entering into consideration. Traditional knowledge is
not a transitory solution to a single immediate task; it
is a 'community' solution. The novice must learn not
just knapping procedure, as in an ad hoc technology; he
must also learn an appropriate target for the tool itself.
In the case of bifaces, this traditional solution has no
obvious functional rationale (though if there were
one, it was also general and shared); it just appears to
have been 'the way things were done'. To incorporate
a shared community tradition into the manufacture of
an artefact, especially a 'non-functional' idea, requires
that the knapper consider more than just the task at

hand. He must also consider the traditional context in
which he lives, a context that may have no direct
relevance to the job he wants to get done. A whole new
realm of consideration must be added to his
constellation of knowledge, and coordinated into his
solution. We may recall that the construction of
constellations is largely an unconscious association of
appropriate elements, so we need not posit any
conscious consideration of what others do.
Nevertheless, such consideration was clearly there.
We do not see any such coordination of disparate
elements in chimpanzee tool-use, nor in Oldowan
tool-use. The task of making and using a biface was in
this sense more cognitively complex.

The cognitive perspective on tool behaviour
exemplified by the concept of constellations of
knowledge has allowed us to assess a well-known
prehistoric development in a new way. Not only does
the analysis suggest that the early biface-makers were
at least slightly more intelligent than their predecessors,
it also describes how they were more intelligent. They
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could consider a greater variety of knowledge in their
solutions to problems, and could coordinate this
knowledge in a more complex way. This charact-
erization corroborates results from a complementary
cognitive approach. The spatial concepts of these
hominids included simple notions of symmetry and
spatial quantity, ideas associated with more general
concepts of space than the action- centred spatial
concepts attributable to Oldowan hominids (Wynn
1989). Here again we have evidence that the biface-
makers structured their world in a more general,
abstract, way than their predecessors. While the image
is in vague outline only, we have begun to draw a
picture of the minds of these early hominids.

Thomas Wynn
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