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Preface

The papers in this volume represent the proceedings
of a conference held at the McDonald Institute for
Archaeological Research in Cambridge in September
1996 under the title “The Archaeology of External
Symbolic Storage: the Dialectic between Artefact and
Cognition’. In bringing together a diverse group of
speakers including not only archaeologists and an-
thropologists but also psychologists, a philosopher,
a sociologist and an animal behaviourist, the aim
was to generate interdisciplinary discussion about
the nature of being human as revealed in the record
of material culture.

The emphasis was on human cognitive expres-
sion and its development since the so-called Human
Revolution at the beginning of the Upper Palaeolithic.
The Human Revolution was the subject of an earlier
McDonald Institute conference, the proceedings of
which have been published in another volume in this
series (Mellars & Gibson 1996). The cognitive aspects
of the emergence of modern humans have received
considerable attention, but much less consideration
has been given to the changes which have taken
place since the beginning of the Upper Palaeolithic.
One of the few authors to have addressed the subject
in a systematic way is Merlin Donald in his recent
book Origins of the Modern Mind (1991), and one of
Donald’s key concepts is that of ‘external symbolic
storage’: the development of devices outside the
body (hence ‘external’) devised either explicitly or
unconsciously to hold and convey information.

Perhaps the most obvious example of such sym-
bolic storage is writing, but the conference sought to
concentrate primarily on pre-literate and non-literate
societies, and on the uses of non-literate symbols
in literate societies. The symbols themselves vary
widely in scope, type, and meaning. At one end of the
scale are non-linguistic symbols which carry a clearly
prescibed message, such as systems of weights and
measures. At the other end are symbols of status and
wealth, or symbols marking out the everyday world,
the division of space and activity in domestic and
non-domestic contexts. It is here that the concept of-
fers such a powerful potential for archaeology, since
it can be applied in a wide range of archaeological
contexts, and to very different kinds of society. The
concept can provide new insight into engraved arte-
facts of the Upper Palaeolithic, ritual bronze vessels
from historical China, and twentieth-century art.

xi

A key question throughout these proceedings
was the impact which symbolic artefacts may have
had in altering patterns of human behaviour. We
could suggest that artefactual elements had a causa-
tive role in cognitive changes, perhaps even changes
in cognitive capacities. For illustration, one could
point to the phenomenal feats of memory achieved
by non-literate societies, contrasting sharply with
the limited memory abilities of individuals reliant
upon writing and notation. This is not in itself to
suggest there is any physical difference in the minds
of the two groupings, though that cannot be ruled
out. What it does illustrate is the dramatic impact
which the development of material symbols may
have upon the ways in which modern humans think.
In reaching such a conclusion we must not of course
overlook the importance of collectivities in moulding
human consciousness — the social context of learn-
ing, of symbols, and of communication is crucial to
the outcome. The value and meaning of symbols is
fundamentally a question of social context; the value
of the Varna gold is not so much a quality inherent in
the material itself (even if the gold itself is rare and
visually attractive) but is a quality socially ascribed.
The same is true of weights and measures — these are
essentially social conventions. We must also bear in
mind that alongside the measurement values them-
selves, the instruments of weighing and measuring,
and the associated nomenclature, may well have had
symbolic connotations which went far beyond the
simple determination of quantity.

Naturally enough in a conference of this kind,
the concept of external symbolic storage was sub-
jected to critical appraisal and review. Several par-
ticipants expressed reservations about the idea, many
of them emphasizing the reflexive quality of the
relationship between humans and material culture,
and the socially-situated nature of symbolic mean-
ing. In using the term ‘symbolic storage’ we should
make clear that what we have in mind is not a static
concept, but one which refers to the interaction be-
tween humans and artefacts in a general sense. It is
not simply a question of passive storage, of people
creating symbols which convey a message to those
who can read them; the symbols equally influence
the viewer by their form and context, and the under-
standing of the symbol will itself be remoulded and
changed over the course of time, as it gathers new



associations or connotations. The interrelationship is
essentially a fluid one.

The papers in this volume survey the concept of
symbolic storage across a wide framework of space
and time, beginning with the so-called ‘notations’
of the Upper Palaeolithic, and the significance of
Palaeolithic art, down to preferences in ‘ethnic’ art
purchased by twentieth-century New Yorkers. One
central session of the conference focused on the use of
symbolic storage in the form of art or ritual to inform
or reinforce belief. Another session considered the
more subtle ways in which ordinary objects carry or
facilitate the carriage of information, whether inten-
tionally or subconsciously. A final section was devoted
to the crucial role played by external symbolic storage
in the transmission of knowledge from one genera-
tion to the next, and in particular the importance of
mimesis, or learning by imitation.

The volume opens with introductory chapters by
Colin Renfrew and Merlin Donald. The papers then
follow in roughly the order in which they were given
at the conference, plus an additional paper by Robert
Hinde. Since the theme of the conference was inspired
by Merlin Donald’s work, and the term “external sym-

xii

bolic storage’ is taken directly from his Origins of the
Modern Mind, it seemed appropriate to leave him with
the final word, in a closing chapter in which he reviews
the concept in the light of the conference discussion.
The conclusion of the conference may given in his own
words: that material culture can indeed create new
cognitive opportunities, changing how members of a
society think and represent reality, both individually
and collectively.
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Chapter 1

Mind and Matter: Cognitive Archaeology and External
Symbolic Storage

Colin Renfrew

While Origins of the Human Mind by Merlin Donald is recognized as the most coher-
ent statement currently available on the development of human cognitive abilities, it is
here criticized for laying insufficient emphasis upon the role of material culture in early
human societies. In particular, a phase in cognitive development is proposed intermediate
between that of linguistic or mythic culture, characteristic of Homo sapiens, and the sub-
sequent development of theoretic culture, usually utilizing writing, in urban societies. The
missing phase or stage is one employing symbolic material culture, and is characteristic
of early agrarian societies with permanent settlements, monuments and valuables. It is
of particular relevance for prehistoric societies after the Palaeolithic period.

Metlin Donald’s Origins of the Human Mind (1991)
may be regarded as the most coherent statement
which we yet have concerning the development of
human cognitive abilities, set in the broader frame-
work of human evolution, and taking adequate note
of the information to be gained from the archaeologi-
cal record. But Donald’s work is only a beginning.
And while it offers numerous penetrating insights,
for instance into the role of writing, and in particular
the role of alphabetic writing, it also (in my view)
has some blind spots. In particular, as I shall try
to show, it may be regarded as mentalistic. That is
perhaps not a strong reproach in a work devoted
to the mind. But there is implied here a dichotomy
between mind and matter, which is in part mislead-
ing. I shall seek to show that much of the story of
the development of human culture and cultures,
and with them of ‘mind” — for it is not altogether
clear that the concept of ‘mind” does more than
refer to specific modes of behaviour (including
thought) — is inseparable from human interaction
with the material world. In particular much social
life, perhaps most social life, is mediated by human
interactions with things. We live in a world which
we have made: it is a world of artefacts, to the extent
that it is almost true to say that the world in which

most of us live today is an artefact, albeit a complex
one. Merlin Donald, who has other valid objectives,
does not, I think, sufficiently deal with this material
reality of things. Indeed to illustrate what is lacking,
itis appropriate to set alongside Origins of the Human
Mind another interesting and influential volume,
edited by Arjun Appadurai (1986), The Social Life of
Things. For here we see the importance of artefacts
in the realm of human affairs: their role is symbolic
as well as practical. Without them social life and in-
deed intellectual life could not have developed. So
for me this conference was, amongst other things, an
opportunity to rectify what I regard as an omission
in Donald’s perspective, as well as to celebrate the
overall validity of his approach.

The focus of the present volume is deliberately
not the question of the origins of Homo sapiens sapiens
and our accompanying cognitive abilities: that has
been the focus of a number of recent studies (notably
Mellars & Gibson 1996; also Mithen 1996). Instead we
are deliberately focusing upon the more neglected
field of what happened in the field of cognition after
the momentous events which led to the emergence
of our own species.

I have myself a long-standing interest in these
matters: my Inaugural Lecture (Renfrew 1982) was



Colin Renfrew

entitled Towards an Archaeology of Mind, and set out
to discuss some of the problems in this field. For as
I have argued elsewhere (Renfrew 1989; Renfrew &
Bahn 1991, 431-4) it is possible to discern a move-
ment in recent archaeological thought towards what
one may term cognitive-processual archaeology,
which aspires to deal with some of these issues in
as scientific and objective a manner as possible. This
aspiration separates it somewhat from the ‘post-
processual’ or interpretative approach to the world
of symbols and meanings (e.g. Shanks & Hodder
1995), although in reality there is a fair degree of
overlap between the two fields. Bell (1994, 305),
writing as a philosopher of science, has contrasted
the empathetic method of the “post-processual’
or interpretive approach with the methodological
individualism or individualistic method which he
sees as characteristic of cognitive archaeology. I see
cognitive archaeology as one of the most interesting
areas of archaeological research today (Renfrew et
al. 1993; Renfrew & Zubrow 1994).

The missing phase: symbolic material culture

In Origins of the Modern Mind, Donald (see also this
volume) sets out the following very broad sequence
of cognitive phases, separated by three major transi-
tions:

Episodic culture, characteristic of primate cognition
(first transition)
Mimetic culture, characteristic of Homo erectus
(second transition)

Linguistic or mythic culture, characteristic of early
Homo sapiens

(third transition)
Theoretic culture utilizing External Symbolic Storage

Donald (1991, 275) notes that mythic culture ex-
tended to include all upper Palaeolithic, Mesolithic
and Neolithic societies. While noting the origins of
visuographic invention in the pictorial representa-
tion of the Upper Palaeolithic cave paintings his
attention then shifts (Donald 1991, 285) directly
to early writing systems in Mesopotamia, and the
only systems of External Symbolic Storage to which
he gives careful consideration are writing systems.

Although Stonehenge is considered in the treatment
of early analogue models (Donald 1991, 338), sapient
life and thought prior to the emergence of literacy is
only sketchily dealt with:
The complex technological and social develop-
ments that preceded writing might suggest the
existence of some apparently analytic thought skills
that contained germinal elements leading to later
theoretic development. However early inventions
were pragmatic and generally not far removed from
nature: for example, the domestication of animals
and plants would not have required more than
a recognition, transmitted over time, that certain
species were desirable and domesticable for human
use. Complex constructional products, such as brick
structures and sailing vessels, might be seen as
grand elaborations on the ancient toolmaking skills
of humans. The social organisation of the first towns
and cities presumably borrowed heavily from exist-
ing family and tribal structures. These pragmatic
developments, impressive as they were, lacked the
essentially reflective and representational nature of
theory. (Donald 1991, 334-5)

Donald shows illuminatingly how it was the first
fully effective phonetic system of writing utilized by
the Greeks which allowed them to develop to the full
their theoretic attitude by externalizing the process of
oral commentary: ‘They founded the process of ex-
ternally encoded cognitive exchange and discovery’
(Donald 1991, 343).

For Donald, therefore, theoretic thought is to
be associated with literacy, and hence with urban
civilization and state society. In its fully-developed
demythologized and secularized form it is first seen
with the Greeks in the seventh century sc.

But what of the long development of culture
and society in different parts of the world between
the hunter-gatherers of the Upper Palaeolithic on
the one hand and the first urban citizens of Sumer
or of Mexico? The processes of development were
slow and gradual, but many of the changes were
profound. Clearly many scholars today would not
agree with Donald’s view of the rather rudimen-
tary nature of the changes involved in the origins
of farming. Cauvin (1987) for instance, has stressed
the symbolic dimensions of the inception of farming
in Southwest Asia, and Hodder (1990) has explored
cognitive aspects of early farming in Europe.

My central point, however, is that without arte-
facts, material goods, many forms of thought simply
could not have developed. That is clearly true in the
field of religious belief, where the distinctions made
between deities, for instance, are in part dependent
upon the possibility of representing them. But it is
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true much more widely than this. One of the lessons
in prehistoric archaeology over the past two decades
has been the active role of material culture. For material
culture is not only reflective of social relations and of
cognitive categories: it is to a large extent constitutive
of these also (Hodder 1986).

This is clearly so in a purely descriptive sense:
the concepts of house (with roof, walls, floor, win-
dows) and furniture (chairs, tables, carpets, lights,
cutlery) must clearly be consequent upon the prior
existence of such artefacts. But it is true also in an as-
criptive sense, where values or qualities are ascribed.
For just as the term ‘hot” cannot have meaning with-
out there being objects which may be so described, so
we cannot conceive of valuables without there being
objects or commodities to which value is ascribed.

John Searle in his The Construction of Social
Reality (1995, 119) has stressed that what he terms
‘institutional facts’ (facts which can exist only within
human institutions) only exist by human agreement,
and that in many cases they require official repre-
sentations, or in his terminology ‘status indicators’
because ‘the existence of institutional facts cannot in
general be read off from the brute physical facts of
the situation’. Perhaps because he is a philosopher, he
thinks in terms of words, whether spoken or written,
as the usual form for such indicators. But in reality
many indicators take the form of visual symbols, that
is to say artefacts. And some of the most important
institutional facts are embodied in artefacts and could
not exist without them.

As Searle (1995, 37) puts it: ‘Only beings that
have a language or some more or less language-like
system of representation can create most, perhaps
all institutional facts, because the linguistic element
appears to be partly constitutive of the fact.” While this
is indeed valid, we can go on to remark that in some
cases the material element, and specifically the arte-
fact, is also constitutive of the fact.

Two examples will illustrate this integral rela-
tionship between concept, linguistic term and arte-
fact.

The first is the whole field of measurement,
which we may discuss with weight, by way of ex-
ample. The term ‘weight’ is meaningless unless one
has objects possessed of mass, and the notion of
standardization arises naturally if one has a number
of identical objects. In order to measure weight it is
necessary to have some balancing device and a refer-
ence object which can serve as the unit of measure. In
all of this it is clear that the possibility of weighing
has to arise from experience with the artefacts of the
real world (Renfrew 1982).

The second example relates to value. The no-
tion of a valuable substance or commodity must
surely be secondary to the prior existence of objects
or materials which are attractive or significant,
so that ‘value’ can indeed be ascribed to them by
consensus. Value may, of course, be ascribed rather
arbitrarily to materials, but without the special ma-
terials the concept itself would have little meaning
(Renfrew 1986).

There was a long period in the long-term devel-
opment of most societies when such concepts as these
could develop. In general, the rather sophisticated
activities for which writing was presumably devised
do themselves depend upon the existence of a series
of concepts such as these: they are indeed cognitive
concepts. Butin many cases they are not only mental or
cognitive constructs: they are based upon interaction
with the real world, and in general upon interaction
with symbolic artefacts which operate within the pre-
vailing social world. They are indeed dependent upon
language, for it is through language that their ascribed
meanings are agreed, made known and passed on. But
these symbols have physical existence, and without
this existence they could have no meaning, indeed
there would be no meaning.

This leads me to suggest that there is in Donald’s
evolutionary sequence a missing phase, where the
role of artefacts as symbols is increasingly significant.
It arises from the Mythic or Linguistic Culture of
early Homo sapiens, and is absorbed into and forms
the foundation for the Theoretic Culture of the liter-
ate citizen. It is the phase of symbolic artefacts or
material symbols, of Symbolic Material Culture.

The phase of symbolic material culture

It is worth going so far as to make this suggestion
more concrete by modifying Donald’s basic sequence
in order to include it. The sequence of transitions
has now four rather than three major episodes of
change. The first two transitions are still genetically
based: the shift from early hominids to Homo erec-
tus, and the shift from erectus to sapiens. But Donald
telescopes events in squeezing subsequent history
into a single transition. To do so ultimately risks
favouring unduly the development of writing sys-
tems, undoubtedly one of the crucial mechanisms
of External Symbolic Storage, but hardly the earliest.
External Symbolic Storage is one role, it has been
suggested, of Palaeolithic cave art, used in effect as a
teaching aid (Pfeiffer 1982). Marshack (1972) makes a
claim for what is in effect the storage of chronological
information in what he sees as the time-structured
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engravings on bone of the Franco-Cantabrian Up-
per Palaeolithic. But it is not until the inception of
farming that we see the widespread development
of permanent village settlements, and often the rise
of consistent burial practices for the disposal of the
dead. The household and its contents — as well as
the tomb — offer a new range of opportunities for
material culture to operate symbolically.

Revised system of cognitive phases
Episodic culture, characteristic of primate cognition
(first transition)
Mimetic culture, characteristic of Homo erectus
(second transition)

Linguistic or mythic culture, characteristic of early
Homo sapiens

(third transition)

External Symbolic Storage employing symbolic
material culture, characteristic of early agrarian
societies with permanent settlements, monuments
and valuables

(fourth transition)

Theoretic culture using sophisticated information
retrieval systems for External Symbolic Storage,
usually in the form of writing, frequently in urban
societies.

These phases are not of course simply sequential.
We still learn to ride a bicycle, or drive a car, or type
as much by mimesis, and by frequent repetition
establishing motor sequences, as we do by reason
or theory or other language-assisted modes of in-
struction. Our own culture remains to a large extent
‘linguistic, or mythic’. Even so it may be a valid
approximation to suggest that the third transition
here may often be equated with the transition to
food production, and thus the so-called ‘Neolithic
revolution’ of the Old World. It is at this time that
so many symbolic categories of artefact are created
and come into their own, which are not preserved
among Upper Palaeolithic hunter-gatherers. To say
this is not necessarily to imply that they are not in
use among hunter-gatherer societies today. It is too
often assumed that modern hunter-gatherers may

simply be taken as surrogate representatives of our
hunter-gatherer ancestors.

The fourth transition, to theoretic culture, is
generally associated with the development of writ-
ing, and reached some sort of a climax with the
development of the alphabet and its use by the clas-
sical Greeks. In a general sense it is pertinent to ask
whether this is in general correlated with the devel-
opment of urbanism. It does not follow from such a
generalization that one cannot have theoretic culture
without cities, nor that theoretic culture is a feature
of all urban societies. But it may not be inappropriate
to suggest some relationship or correlation between
what is here describes as the fourth transition and
what Gordon Childe (1936) described as the ‘urban
revolution’.

The past/present paradox

As an aside, it is worth pointing out that there is
something decidedly unsettling about Donald’s evo-
lutionary sequence, which at first sight one imagines
as a temporal sequence. But what of modern or recent
non-literate societies? Are they not members, like our
literate selves, of the most recent phase of Theoretic
Culture? Are modern hunter-gatherers still in a phase
of Mythic Culture, and traditional non-urban farm-
ing societies in one of Symbolic Material Culture?
As noted above, Donald (1991, 275) applies the term
mythic culture to all upper Palaeolithic, Mesolithic
and Neolithic societies: but it is not clear how he
could apply a temporal restriction in order to avoid
applying the term to all hunter-gatherer societies or
to all isolated, egalitarian farming societies, includ-
ing those of the modern or recent world, in what we
sometimes conveniently think of as the ethnographic
present. This would imply that the distinctions in
question are not in reality chronological ones, but
are dependent upon matters of cultural context. Does
this of necessity imply a re-awakening of interest in
‘la pensée sauvage’? 1t is self-evident that one seeks to
avoid a return to gross generalizations about ‘primi-
tive thought” which were so current a century ago,
but unless clear and more subtle distinctions are
drawn there is an evident risk.

As noted above, however, it is modern archae-
ologists and ethnographers who perhaps too readily
equate modern hunter-gather societies with those of
our Upper Palaeolithic predecessors. Modern hunter-
gatherer societies are the product of forty centuries of
sapient evolution, just as much as urban ones. They
should not be regarded as living representatives of
the Palaeolithic past.
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The same question can be posed at a more in-
dividual level. What of the non-literate individual
within a modern urban culture, where the majority
of citizens are literate? Is this person in some Mythic
Phase, lacking the practice of theoretic thought? To
pose the question invites the response that more
‘primitive’ modes of thought are still with us. Per-
haps that is the right answer, and Donald in his book
does indeed explore the consequences of different
kinds of educational experiences, in particular in the
Middle Ages. But there are some complex issues to
disentangle here.

This brings us close to the ‘sapient paradox’
(Renfrew 1996), whereby we realize that, if biologi-
cally modern humankind made its appearance in
Europe nearly 40,000 years ago, possessing the same
innate genetic abilities as ourselves, then it is the
intervening centuries of learned behaviour, and only
that, which separates them from us.

Symbolic material culture as external symbolic
storage: the example of prehistoric Britain

The British case is a good one to choose for the
present purpose, precisely because we may rely upon
what one might term the ‘new British prehistory’ for
quite a rich discussion. What is needed, of course,
is a separate and close examination of a number of
independent trajectories of change: Southwest Asia,
perhaps, and Mesoamerica, and China. In each case
one would wish to see what may be said about the
origins of the modern mind in relation to the archaeo-
logical record there. To what extent may one describe
the culture of Ming China as ‘theoretic’ in Donald’s
sense? Or that of the Aztecs of Mexico and the Incas
of Peru? No doubt few world civilizations would
reach the degree of theoretic cerebration displayed
by the Greeks. But would not the Chinese or the
Maya rank with the Sumerians? These are questions
which have to be asked, and some of the answers are
no doubt already there for the attentive reader of The
Cloud People (Flannery & Marcus 1983) or Science and
Civilization in China (Needham 1954 )

The discussion surrounding the Neolithic and
Bronze Age periods of British prehistory has been
particularly rich in recent years, with scholars such
as Richard Bradley, Julian Thomas, Nick Thorpe, John
Barrett, Colin Richards and David Clarke examining
closely the various interpretations which have been
offered, while the same may be said of ].D. Hill and
other authors for the British Iron Age. These authors,
using a variety of approaches, have wrestled with
the meanings which may be ascribed to the major

monuments which characterize the Neolithic period
of Britain.

It should be borne in mind, in the present con-
text, that monuments are built for remembrance.
They are often memorials. It is the role of a memorial
to serve the memory, often the collective memory.
Even in the modern literate age, most memorials do
this most effectively without relying very heavily
upon the written word. Sometimes indeed they are
the means by which memories are preserved which
would otherwise be lost. All of this is very relevant
to our central theme of ‘external symbolic storage’.

It is true of course that a prehistoric monu-
ment cannot now tell its story, with chapter and
verse of the original myth or narrative or history,
quite as effectively as can an Egyptian or Assyrian
or Hittite monumental inscription where the deeds
of the ‘Great King’ are set out in cuneiform or in
hieroglyphs. But it is probably true to say that even
at the time these historic monuments were erected
there would have been few who could read the bale-
ful signs inscribed upon them (and almost certainly
not the great kings themselves). And of course their
explicit detailed message was completely lost along
with the understanding of the scripts which were
used until the great decipherments of the past two
centuries. So it would be a mistake to exaggerate the
significance of the written component of the “external
symbolic storage’. The story which went with these
monuments would have been well known to their
contemporaries, just as the significance of Silbury
Hill or the Dorset Cursus in Wessex was in their day.
And even if the details were not recalled, the general
import (i.e. celebration of the mighty victories of the
great king) would have been obvious to all living
within the culture in question.

But the language of the symbolic artefacts
changes. With the passing of the Late Neolithic, fewer
monuments were constructed. Special artefacts, of-
ten of the new synthetic material bronze, came into
prominence. Many of these are familiar from buri-
als, especially from the early Bronze Age. But later,
many objects of value were deliberately offered up,
sometimes in bogs or rivers. This practice, which at
first sight today is difficult to understand, has been
analyzed by Richard Bradley (1990) in The Passage
of Arms, and again we see that artefacts were being
used to fulfil a very special function which could not
have been achieved without them.

In Britain it is clear that there was a gradual
development of what Searle would term ‘institu-
tional facts’ in the societies of the day, alongside
what may have been the ‘brute facts’ of material
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existence. But while some might be inclined to rel-
egate subsistence mode, for instance, and settlement
pattern to the realm of ‘brute facts’ (i.e. those which
exist quite independently of language or any other
institution), it is now clear that the transition from
hunter-gathering to farming in northwestern Europe
was not an automatic one, brought about at once
when the relevant domesticates became available.
Subsistence mode was in large measure a matter of
choice (Zvelebil 1986) and strongly conditioned by
the nature of society and the social organization. In
human affairs, brute facts rarely have absolute pri-
macy over institutional facts. What is believed and
what is agreed, that is to say the perceived reality, is
as powerful as what one might today judge to be the
real, physical reality.

British prehistory, most would now agree, is as
much the story of developing concepts and beliefs
as it is of developing technologies and subsistence
practices and of demography. These concepts and
beliefs were mediated by and often embodied in the
structures and artefacts of the day — that is what is
meant by the active role of material culture. These
artefacts are part of the story. It cannot be under-
stood without symbolic material culture. It may be,
however, that in the broader context of study which
Donald has set up that we shall come to understand
that symbolic material culture rather better.

Colin Renfrew

McDonald Institute for Archaeological Research
Downing Street

Cambridge
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Chapter 2
Hominid Enculturation and Cognitive Evolution

Merlin Donald

Hominid cultural stages may be classified by applying strict cognitive criteria to existing
chronological data. When several of these factors converge during a given time period, we
have reason to propose a major cognitive-cultural ‘transition’ during that period. There
are four proposed stages: ‘episodic’, ‘mimetic’, ‘mythic” and ‘theoretic’. Each hominid
transition introduced a new level of cognitive governance, and consolidated a perma-
nent, semi-autonomous layer of hominid culture. Previous cognitive structures were
always retained at each transition, and it is this which has yielded the rich, multi-layered
cognitive-cultural structure of the modern mind.

Human culture has become a major player in shaping cognition through its enormous
epigenetic influence, which gives it the power to exploit latent cognitive potential. Ho-
minids have capitalized upon this evolutionary opportunity to an extraordinary degree
with the invention of external symbolic technologies, which, along with all of material

culture, now have a determining influence on human cognition.

What is a truly ‘modern’ mind? One might argue
that humans haven’t changed very much since
the Old Stone Age. The cultural remnants of the
Magdalenian period, or even the Aurignacian, feel
fully modern in the sense that there is a cleverness
there, a tendency toward innovation and symbol-
ism, that we instantly recognize as similar to our
own. Strip away our accumulated technology and
institutional structure, and there but for the grace of
historical accident, as we might say, go ourselves. A
corollary of this belief is that within the past 40,000
years there has not been any significant evolution of
human cognition. The strongest form of this idea is
that our modern cultural explosion has been driven
by a mind that hasn’t changed significantly since our
speciation. Perhaps the most compelling evidence
of this is the fact that many individuals have moved
from the New Stone Age to post-industrial society in
a single generation.

However, although the latter demonstration is
fairly easy to make, it can lead to simplistic conclu-
sions about the so-called constancy of human cog-
nition, because it overlooks the potentially radical

cognitive effects of enculturation. There is a close
relationship between cognitive skill, especially what
might be called latent individual capacity, and the
process of enculturation. Individuals do not leap
into modernity on their own, but rather must make
the transition through a process of intense cultural
embedding. That embedding process, especially if
it occurs in early childhood and is sufficiently all-
encompassing, might lead to the successful en-
culturation of the individual into a society very
different from the one into which that person was
born. But this process involves much more than
‘programming’ an individual brain with arbitrary
cultural content. Members of a given culture become
part of a collectivity, defined not only by specific
languages and writing systems, but also by special-
ized representational strategies and thought skills.
This constitutes the core of what is commonly known
as ‘higher’ cognition. The power of enculturation
to release latent capacity in this realm is sometimes
astonishing.

The radical effects of enculturation are perhaps
best demonstrated in primates because the results



Merlin Donald

are so clear and unconfounded by subjective hu-
man cultural biases. Consider the chimpanzees: in
the wild these animals do not show any linguistic
capacity, and have very limited use of tools. When
first raised in human households they were not able
to acquire gestural capacity or other essential human
cognitive skills such as the sharing of attention. Yet
raised in an artificial culture designed by Savage-
Rumbaugh and her colleagues (1993), pygmy chim-
panzees have shown capacities that were formerly
thought to be completely out of the reach of their
species. They can learn to make Oldowan stone tools,
and to modify them and use them purposefully. They
can understand sentences of naturally-spoken Eng-
lish, including reversible sentences in which some
grammatical competence is necessary to grasp the
meaning. They can acquire a large lexicon of visual
symbols — several hundred in some cases — and use
them appropriately. They can also use visual symbols
to communicate with other symbolically-competent
chimpanzees to coordinate their collective activity
in solving various problems and challenges; in this
they are more effective at social coordination than
their wild-reared conspecifics.

In sum, after undergoing this radical process
of enculturation pygmy chimpanzees do not act,
think, or communicate like the same species. They
do things they could never achieve in the wild, obvi-
ously without changes to their genome. This raises
an interesting possibility: humans may also have
fundamental characteristics of mind that would not
be evident outside a very specific cultural context.
Savage-Rumbaugh’s chimps may be regarded as
‘overachievers’ in the sense that they did not cre-
ate the culture that revealed their latent capacities.
But then again, neither did most humans create the
cultural environments that mould their cognitive
destinies. Perhaps most individual human beings are
also cognitive overachievers carried along by various
cleverly contrived cultural environments (we will
worry about who did the contriving later). Histori-
cally, certain strategic kinds of cultural innovation
might have released significant, and previously
unseen, cognitive capacities.

This is not to minimize the role of genetic
change in hominid cognitive evolution; for radical
enculturation to work, the potential to copy strategic
elements of the target culture must be there, in the
genes. Once again, the primate example is perhaps
clearest: pygmy chimpanzees have the capacity to
absorb certain elements of human culture, but they
evidently have serious limitations as a species that
prevent them from being able to copy all the critical

components of human culture, let alone invent them.
The species has a zone of potential for cognitive
growth, but it has to remain within that limited zone.
Early hominids descended from an ancestor that
closely resembled the pygmy chimpanzee, and pre-
sumably shared most of its intellectual limitations,
but they must have undergone major genetic change
before they acquired the capacity not only to copy,
but also to invent essential elements of modern hu-
man culture. Both enculturation and genetic change
can be said to have shared a continuum of influence
on the evolution of hominid cognition, the two fac-
tors interacting in evolution. Seen in this way, human
cognitive evolution has never really stopped; but
its centre of gravity has shifted gradually from the
genome to a cumulative process of enculturation.

The precise time course of hominid cognitive
evolution may never be known, but the period dur-
ing which the evolutionary momentum appears
to have switched most strongly toward cultur-
ally-driven cognitive change seems to be the Upper
Palaeolithic. It may be difficult to establish whether
the explosion of cave paintings, amulets, sculptures,
engravings and notational artefacts that marked
the Upper Palaeolithic was sustained throughout
the entire period, or periodically disappeared and
reappeared, but there is little doubt that, over the
long run, the process of representational inven-
tion accelerated in that era. As the process became
somewhat more secure, and as human population
density increased, it accelerated at an ever faster rate.
There are, however, many unanswered cognitive
questions about this critical time: How was spoken
language evolving? Was its evolution closely tied
to other forms of symbolic invention? What were
people thinking about, and what types of thought-
processes dominated? Were their prevalent belief
systems essentially similar to those of New Stone
Age peoples, or were they different in important
ways? Human knowledge during this period was
presumably accumulating, but how fast, and in what
areas? Did the transition from hunting and gathering
to agriculture, and from the latter to urban society,
impose sufficiently traumatic selection pressures
that further biological evolution continued to play a
major role on the cognitive level, as we know it did
in the case of the immune and digestive systems? Or
did the interaction between enculturation and cog-
nition eventually become independent of biological
evolution?

The great value of archaeological reconstruction
to cognitive science is that it forces us to ask these
questions. Any theory of human cognitive structure
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and function has evolutionary implications, whether
or not they are made explicit. It is important to make
such assumptions explicit; testing various scenarios
conceptually might help us choose between vari-
ous theoretically possible orders and hierarchies of
emergence, and thus throw light on modern neuro-
psychological structure. Conversely, we might actu-
ally come up with better hypotheses about cognitive
evolution itself. But this won’t happen unless theories
of origin try to reconstruct underlying cognitive
change as well as what was happening on the cultural
surface.

Modularity and the notion of emergent cognitive
architecture

Archaeological researchers have developed various
theories of cognitive evolution to help interpret their
reconstructions of the hominid past. Their efforts
are enormously stimulating to read, yet this kind
of cognitive theorizing has often stood in splendid
isolation from modern cognitive research, and when
it has tried to become connected to the cognitive
mainstream, it has tended to prefer very old ideas.
To take a few examples, in no particular order, there
are Wynn's (1989) use of Piagetian notions about
operational intelligence and formal geometry to
interpret the cognitive implications of stone tools;
Davidson & Noble’s (1989) rather unique proposals,
based loosely on the theories of Vygotsky and Ryle,
about the linkage between depiction and language;
and White’s (1989a,b) theories on the cultural mean-
ing of the earliest human body ornamentation, and
the implied cognitive shift that took place as human
culture moved beyond bare subsistence. The theoreti-
cal synthesis recently proposed by Gamble (1994) also
contains a number of ideas that bear directly on the
origin and special nature of human cognition, but
these are not drawn from modern cognitive science
or evolutionary psychology.

In fairness, this may be due to a difference in
focus. Archaeology is time-oriented, and precise
chronology is important, indeed central to the disci-
pline. But evolutionary psychology has traditionally
been less concerned with precise chronology than
with emergent structure. Mind, despite its apparent
formlessness, has structure, just the way an organ-
ism or a corporation has structure. One term com-
monly used to describe this structural arrangement
is ‘modularity’; the mind appears to be composed
of many semi-autonomous modules or organs, each
performing its own special function. Brain modules
can be damaged independently of one another: for

instance, a patient may lose the power of speech,
while retaining visual recognition, or vice versa. This
implies that the brain modules performing visual
functions are autonomous from those performing
speech. There are a large number of similar dissocia-
tions in the clinical literature.

Mental modules seem to have emerged in a
certain evolutionary order, and have a direct link to
the emergence of specialized brain structures. This
idea was foreseen in MacLean’s (1973) evolution-
ary model of the human brain, which postulated
Reptilian, Palaeomammalian, and Neomammalian
components. The Reptilian brain was conceived of as
a cluster of component modules in the upper brain-
stem, midbrain and basal ganglia. These regions are
concerned mostly with basic drives, reflexes, and
reactions that first appeared far back in evolutionary
time, with the emergence of reptiles. The blueprint
of the Reptilian brain has survived in all higher ver-
tebrates, and its survival in humans is a vestige of
our descent from reptiles. MacLean’s second cluster,
the Palaeomammalian brain, includes those areas of
the limbic system and cortex that support the most
ancient mammalian instincts and emotional reac-
tions; the blueprint of these complex structures also
survives in the human brain. His third cluster, the
Neomammalian brain, was superimposed on the
pre-existing Reptilian and Palaeomammalian acquisi-
tions, and consisted mostly of the neocortex, which
became especially large in humans. Maclean made
no effort to specify the subcomponents of our specifi-
cally ‘human’ intelligence, or the stages that led to
its evolution. Some recent theories, however, have
tried to specify how the uniquely human features of
brain and cognition evolved from the Miocene apes
(Bickerton 1990; Bradshaw & Rogers 1993; Calvin
1993; Corballis 1991; Donald 1991; Dennett 1991;
Gibson & Ingold 1993; Greenfield 1991; Lieberman
1991; Pinker & Bloom 1990; Pinker 1994).

Although many mental functions may be
modular, consciousness itself does not appear to be
modular, and appears to involve integration across
many subsystems. For this reason, perhaps, the
place of consciousness in any evolutionary scenario
is special. Most of the basic operations of the mind
and brain operate outside of consciousness. In fact,
the defining characteristics of cognitive modules
— specialized design, isolation from irrelevant in-
formation, mandatory operation — are the opposite
of those that mark conscious thought, which tends
to be general-purpose, open to many kinds of infor-
mation, and voluntary in operation. In contrast, the
operations of brain modules are usually inaccessible
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to conscious introspection (Fodor 1983). A good
example of their isolation from consciousness may
be illustrated with the example of human speech:
speakers blithely produce sentences at output rates
that are near the physiological limits of the system
without any awareness of where the words or sen-
tences are coming from. In a sense, speakers find out
what they have said when everyone else does; just
prior to speaking a word or sentence in a normal con-
versational context, there is no awareness of precisely
what is about to be said. This principle of inacces-
sibility applies equally to a variety of other mental
operations. Given the existence of many isolated
and essentially unconscious subsystems the unity
of consciousness poses a major theoretical puzzle,
and it is not known how the products of dozens of
semi-autonomous modules are integrated into one
seamless stream of consciousness.

One popular theory is that consciousness occurs
somewhere else, outside the modular hierarchy. That
hypothetical place in the mind, the locus of con-
sciousness, has been called the ‘central processor’,
where modular outputs supposedly come together in
awareness. In this common conceptualization of the
mind, the central processor can range freely over the
specialized outputs delivered by modules — sounds,
objects, sights, feelings, places, words — comparing
and unifying these various elements into a single
stream of personal experience. Thus the central
processor is at the apogee of mental operations, and
the more rigidly-constrained ‘modules’ of the mind
seem to be arranged in complex nested hierarchies
that feed their outputs into the central processor. An
analogy might be made to the role of the CEO’s office
in a corporation: it receives inputs from all sorts of
lower-level organizational structures. Like the CEO’s
office, the putative central processor must know as
much as possible, and be relatively unbounded;
that is, remain open to a wide variety of influences,
rather than being narrowly dedicated to a specific
task. Its primary function is related to what some
call ‘large-scale neural integration” or the synthesis of
knowledge across many different neural subsystems.
This principle applies to many different mammalian
species, since all mammals share basically similar
nervous systems. However, this specific modular
arrangement — the architecture of mind — appears
to be quite unique in the human species.

In this theoretical context, hominid cognitive
evolution might have involved a gradual expansion
of the powers of the primate central processor, or
the evolution of new specialized modules, or both.
The idea that humans might have simply expanded
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their powers of large-scale integration and thus
increased the capacity of their central processor
has some support from both gross neuroanatomy
and artificial intelligence research. First, there is im-
portant negative evidence from neuroanatomy: the
most obvious distinction of hominid brains is their
relative size, rather than their anatomical structure;
the rapid increase in hominid encephalization pro-
duced no dramatically new structures in the human
nervous system, and Passingham (1982) has stated
that the modern human brain has exactly the propor-
tions and structure that might be predicted of a very
large primate brain by extrapolating earlier primate
expansions. Second, computers can be made to per-
form qualitatively new cognitive operations with a
merely quantitative increase in capacity; thus a larger
brain might be expected to acquire novel operational
capacities as it crossed a threshold of critical mass.
Finally, archaeological evidence of cultural progress
generally follows evidence of brain expansion with
a considerable delay, rather than appearing at ex-
actly the same time. For example, Acheulian tools
appeared several hundred thousand years after the
expansion of the hominid brain in early Homo erectus.
This suggests that there was a general-purpose brain
expansion early in the history of this species, driven
by something other than tool-making, that produced
delayed effects on tool-making through gradual
enculturation, rather than through the action of a
specialized hominid brain adaptation for improved
tool-making. Hence even major new capacities, like
speech, might have emerged from a quantitative
expansion of existing primate integrative capacities,
allowing for a sufficiently long delay to allow a de-
gree of cultural experimentation. Savage-Rumbaugh
and her colleagues (1993), who have had such suc-
cess in demonstrating the symbol-using capacities
of enculturated pygmy chimpanzees, have recently
expressed some support for this possibility.

The contrary view is also credible: cognitive
evolution must have occurred at least partly at the
modular level. Human cognition has some unique
features that seem to demand such an explanation.
The prime example is language; as Chomsky (1993)
pointed out, human language has special features
that require a specialized brain module, and some
recent evolutionary proposals have reflected that
view (Bickerton 1990; Pinker 1994). In these propos-
als language must reside in a set of novel, uniquely
human brain capacities that are specialized for
generating language. Although this idea is still con-
troversial, at least one aspect of language is bound
to have a modular explanation: human vocal skill
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constitutes a dramatic break with our primate herit-
age and seems to depend on several neural modules
that are specific to speech capacity (Lieberman 1984;
1991). Some other aspects of human higher func-
tion appear to demand specialized adaptations:
left-hemisphere thinking skills, including aspects of
sequential motor control, have properties that seem
to involve new computational principles (Corballis
1991; Greenfield 1991) and thus imply new evolution-
ary modules.

On the other hand, such an approach leaves the
evolutionary theorist with a dilemma; how do we es-
tablish continuity in what appears to be a discontinu-
ous adaptation? There have been various attempts
to solve this problem, by scaffolding language on
top of various other, more fundamental alterations
in the apparatus of mind. But the question of con-
scious integration remains unsolved, along with the
even more perplexing question of the nature of the
underlying semantic system that supports, drives,
and ultimately invents languages. The machinery of
language evidently gains free access to a variety of
other cognitive subsystems; and this feature suggests
that, to some degree, language is also non-modular
in design. This implies that eventually the problem
of human cognitive evolution must be addressed at
the level of central processing capacities, whether
or not the solution takes a traditional or a radically
different form.

In the first section of this paper I proposed the
idea that both enculturation and genetic change
contributed to the cognitive capacities that are
manifest in modern humans. In the second section
I introduced the notion of modularity and neuro-
psychological structure. By combining these ideas it
becomes clear that the structural changes that char-
acterize hominid cognitive evolution must have been
intricately involved with hominid culture throughout
the evolutionary process.

A conceptual basis for the cognitive classification
of hominid culture

Cognition and culture are in many ways mirror-
images, especially in the human case. Cognition is
traditionally identified at the level of single indi-
viduals — this might be termed the assumption of
the ‘isolated mind’ — and in other species this as-
sumption seems largely justified, since non-human
species do not have a capacity for intentional repre-
sentation, and are thus unable to transmit acquired
knowledge across generations. (They may transmit
patterns of conditioning, but this is merely a function
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of environmental reinforcement, not of intentional
representations.) Knowledge acquired during the
lifetimes of individuals remains locked inside each
brain, tied to the experience of one individual, and
there is no way that this knowledge can become
public, or serve as the basis for gradually building a
shared representational culture.

In humans there is a collective component to
cognition that cannot be contained entirely within
the individual brain. It is the accumulated product
of individually-acquired knowledge that has initially
been expressed in a form comprehensible to other
members of a society, tested in the public domain,
filtered, and transmitted across generations. The
gradual process of embedding separate minds in
an evolving culture, so that individuals increasingly
fall under the sway of that culture, might be called
‘emergent enculturation’. This process is the reverse
face of the evolution of representational skill at the
species level. The byproduct of such a development
is the public representational domain; that is, a
realm of expression where knowledge and custom
can be created through the interaction of individual
minds, and thenceforth shared by all members of
the culture. The story of human cognitive evolution
revolves around this radical shift from the ‘isolated
minds’ of other mammals, towards the ‘collective’
mind that typifies humans living in symbol-using
cultures. Collectivity depends ultimately on indi-
vidual capacity; but this is a reciprocal relationship;
enculturation has become more and more important
in setting the parameters of human capacity at the
individual level. Galloping hominid enculturation
undoubtedly interacted with brain evolution; it is
self-evident that the ability of individuals to cope
with a rapidly-evolving representational culture
would have had immediate, and at times drastic,
fitness implications. Thus the hominid brain and
cognition evolved in symbiosis with an emerging
process of enculturation.

This symbiosis, specific to humans, might be
envisaged as a series of changes progressing in paral-
lel at two levels: individual and cultural:

Cl CZ C3 C4
1 2 3 4

(C = Successive cultural environments)
(I =Individual representations)

The culture establishes the environment within which
ontogenesis will take place; and the developing
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individual also contributes to the cultural environ-
ment. The representational environment changes to
a degree during a person’s lifetime and dramatically
across generations. The level of intellectual capacity
visible in behaviour is thus a product of both factors,
enculturation and capacity. Nothing quite like this
process takes place in other species. There may be
common patterns of learning in other species (even
molluscs have “customs’ in this sense) and there are
parent—child interactions in most complex animals,
but these can be accounted for in terms of basic
conditioning and learning theory, and should not be
confused with the shared representational cultures
of humans.

Other species start at basically the same level
with each new generation; not so humans. Semantic
content and even the cultural algorithms that sup-
port certain kinds of thinking can accumulate, and
the symbolic environment can affect the way indi-
vidual brains deploy their resources. This process
of enculturation must have started very slowly, pre-
sumably with very gradual increments to a primate
knowledge-base, but has evidently accelerated in an
exponential manner in the modern period. The more
rapid the change at the level of culture, the more
crucial is the individual’s capacity to ‘copy’ the cur-
rent state of the representational culture, and also to
contribute to its enrichment.

Since hominid enculturation is a special proc-
ess that feeds back into the capacities of individual
minds, I have chosen to classify hominid cognitive
change in terms of the properties of the representa-
tional culture. Hominid cultures are classifiable not
only in terms of their underlying cognitive support
systems, but also in terms of their governing styles
of representation. Many dimensions have been used
to develop systems for classifying hominid cultures
including diet, territory, tool-making, technology,
food, kinship systems and shelter. These types of clas-
sification typically do not address cognition directly,
although they might single out aspects of behaviour
that are directly influenced by cognition.

The cognitive dimension is surely one of the
most fundamental in setting the parameters of a
culture; in fact, most other classifications of culture
implicitly assume certain levels of cognitive devel-
opment in the members of the culture. The cultural
surface may be marked simultaneously by various
changes, like the presence of better tools, different
dwellings, complex social organization, elaborate
decoration, and the presence of symbols; but the
representational engine generating the changes
observable at the cultural surface lies deeper, in the
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cognitive system, as it is deployed both in the brains
of individuals and in the representational systems
shared by the collectivity. It is not immediately obvi-
ous what cognitive dimensions are most important.

Language appears to be the most salient dimen-
sion; the emergence of language might have encom-
passed all major cognitive evolution in hominids. But
one might also single out, in the Behaviourist/Con-
nectionist tradition, a generally-improved ‘learning’
capacity, or capacity for forming new associations
(see Jerison 1973). Thus hominid cultures could also
be classified on the basis of their ‘associative” or ‘lin-
guistic’ capacity. Fetzer (1993) has suggested a third
approach, based on Pierce’s classification of symbol-
systems, that lists five levels of symbolizing capacity
into which all cultures might be placed. There are
several other possible semiotic and cognitive sys-
tems of classification, but none seems to do justice
to the collective dimension of cognition, or deal ad-
equately with the apparent qualitative changes that
marked the succession of hominid cultures, as they
progressed from one stage to the next.

In order to develop a useful cognitive clas-
sification of culture we must keep four factors in
mind. The first might be called an individual fac-
tor: culture reflects the cognitive capacities of the
individuals making up a collectivity. For instance,
social complexity demands the individual capacity
to remember and service many relationships, and to
‘read’ complex situational cues (such as those used
in tactical deception by monkeys). The second is a
distributed factor which is, by definition, larger than
the individual, and involves interactions with the
social and physical environment. The distributed
cognitive factor produces effects that are not easily
predictable from the study of isolated individuals
— for instance, languages, systems of writing, or
human communication networks. The third factor,
imposed by evolutionary theory, is a fitness constraint.
Major changes in hominid cognition and culture had
to meet the same kinds of constraints regarding re-
production, survival strategy, and so on, as any other
aspect of evolutionary adaptation. The final factor is
a comprehensiveness constraint, which precludes any
proposal based on a narrow-band adaptation in some
special domain — for instance a theory that focused
on the human opposed thumb, erect posture, en-
cephalization, or tool-making, in isolation. Any clas-
sification that attempts to be more than a pragmatic
one-dimensional label must take into account both
individual and distributed cognitive factors, and
fitness constraints, and achieve an acceptable fit to
a range of chronological data on the nature and rate
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of anatomical, behavioural, and cultural change.

The primate cognitive functions that underwent
radical change in hominids might include: (1) the
range of voluntary non-verbal expression; (2) iconic
and metaphoric gesture; (3) mutual sharing and
management of attention; (4) self-cued rehearsal;
(5) refinement and imitation of skills; (6) generative
(self-cued and innovative) imagery; (7) improved
pedagogy, and other means of diffusing skill and
knowledge; (8) greatly increased speed of communi-
cation; (9) increased memory storage; (10) a capacity
for voluntary (explicit) retrieval from memory; (11)
new forms of representation (including words and
larger narrative structures); (12) autobiographical
memory; (13) shared representational control of emo-
tions and instinctual reactions; (14) more complex
overall structure (architecture) of representation and
memory; and (15) the integration of material culture
into the process of explicit knowledge representa-
tion.

The list could be made longer. Astonishingly,
these massive changes were apparently achieved
with about a 1 per cent change in DNA. This fact
alone hints at the special nature of human cognitive
evolution; much larger genetic distances between
species can exist without correspondingly massive
cognitive differences, and usually behaviour maps
the physical inheritance of a species with exquisite
precision. Chimpanzees are genetically much closer
to humans than they are to most other primates, and
yet their cognitive profile is far closer to that of other
primates than it is to that of humans. This suggests
that we need to invoke something more than geneti-
cally-entrenched changes in individual capacity in
the case of hominid cognition.

Cognitive fundamentals of the enculturation
process

The features special to human culture and cognition
are complex and interrelated, and it appears unlikely
that they evolved in parallel, each for a separate
reason. There must be a simplicity to the underlying
cognitive processes that support the emergence of
complex human cultural features; our tentative list of
changing primate functions must therefore be reduc-
ible to a much shorter list of cognitive fundamentals,
sufficient to support the kinds of changes broadly
encompassed within our structural model. In fact,
this shortlist need contain only three items:
1. New, and consciously retrievable, kinds of repre-
sentations must emerge at the top of the repre-
sentational hierarchy;
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2. these representations must be inherently public
ways of modelling or expressing knowledge;
3. anovel, semi-autonomous layer of culture depend-
ent on the first two factors must be in evidence.
My criterion for establishing major evolutionary
‘transitions’ in cognition (as opposed to minor
changes) was that all three of these criteria had to be
met in any proposed period of major change.
Memory retrieval is the first requirement.
Self-triggered retrieval from memory is sometimes
called “explicit’ memory, and in many ways it is the
signature of human cognition. There are really only
two possible routes to explicit memory: either an
explicitly accessible address system was imposed
retroactively on pre-existing primate memory sys-
tems, or a whole new set of inherently accessible rep-
resentations was created. The first possibility seems
highly improbable, given the complex design of the
nervous system, and therefore I have opted for the
second possibility, that a new kind of representational
process supported the evolution of explicit memory
capacity. This process, by which knowledge can be re-
coded into retrievable, or autocuable form, has been
studied extensively in modern human infants, and
is known as ‘representational redescription’ (Karmi-
loff-Smith 1992). A new representational process with
this fundamentally novel feature of self-retrievability
implies a new storage strategy in the brain. Moreover,
recoded knowledge, whether verbal or non-verbal,
is driven by public representational systems; humans
simply do not develop such representations without
some social involvement. Public systems are neces-
sarily based on output (knowledge representations
that cannot be ‘expressed’ in outputs stay locked
inside the individual brain), and therefore involve
the production systems of the brain. The result of an
expanded range of voluntary outputs is an increase
in the variability of behaviour and thought, and this
is manifest in an explosion of public culture. These
principles hold for each stage in human cognitive
evolution; thus, for each putative stage or transition,
we should look for a major change in each of these
three parameters.

Major hominid transitions

Using these criteria, I have re-interpreted the major
anatomical transitions in human evolution in terms
of cognitive/ cultural changes. Table 1.1 summarizes
some of the main features of the proposed model
(Donald 1991; 1993a,b,c; 1994; 1996). Cultures are
classified by their dominant, or governing repre-
sentational style. The starting point is ape culture;
and the representational style of apes can be called
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later expansions.

(2nd transition) Homo sapiens sapiens;

0.5 Mya-present

THEORETIC
(3rd transition)

recent sapient cultures
both verbal and non-verbal

Table 1.1. Proposed successive stages or “layers’ in the evolution of primate/hominid culture, using a cognitive criterion for classification. Note
that each stage persists into the next, and continues to occupy its cultural niche; thus fully-modern human societies incorporate aspects of all four
stages of hominid culture. The upper Palaeolithic seems to be situated pretty clearly in the oral-mythic cultural tradition, but it set the stage for

Stage Species/period Novel forms of representation
EPISODIC primate complex episodic event-perceptions
MIMETIC early hominids, peaking in non-verbal action-modelling

(1st transition) Homo erectus; 4M-0.4 Mya

MYTHIC sapient humans, peaking in linguistic modelling

extensive external symbolization,

Manifest change Cognitive governance

improved self-awareness
and event-sensitivity

episodic and reactive; limited voluntary
expressive morphology

revolution in skill, gesture
(including vocal), non-verbal
communication, shared
attention

mimetic; increased variability of custom,
cultural ‘archetypes’

lexical invention, narrative thought,
mythic framework of governance

high-speed phonology, oral
language; oral social record

formalisms, large-scale
theoretic artefacts and massive
external memory storage

institutionalized paradigmatic thought
and invention

episodic, because its representational style is con-
crete and reactive, that is, bound to environmental
events. Apes are remarkably intelligent and socially
complex, yet they have a very limited and stere-
otyped range of expressive outputs. This applies
even to Savage-Rumbaugh et al’s (1993) recent
demonstrations with bonobos; they can comprehend
a surprising amount of gesture and speech in an
episodic context, but they do not themselves invent
such representations or transcend specific context.
Thus apes have never invented a public represen-
tational arena that can be transmitted across gen-
erations. Their problem is primarily one of output
rather than comprehension.

This limitation must initially have been over-
come by means of an archaic adaptation that is a
conceptual ‘missing link’ between the episodic cul-
tures of apes and human preliterate oral cultures.
This early change was a revolution in motor skill that
connected action to the remarkable social-perceptual
skills we inherited from apes. Early hominids, pos-
sibly Homo habilis, but certainly Homo erectus, must
have had the ability to rehearse and evaluate, and
thus refine, their own actions. The implication of
such a supramodal capacity to review and rehearse
action was that the entire skeleto-motor repertoire
of hominids became voluntarily controllable under
the supervision of conscious perception, an ability I
call non-verbal action-modelling, or mimesis. This
greatly increased the morphological variability of
explicitly retrievable, conscious hominid action.

The result was, I believe, the rapid emergence
of the non-verbal background of human culture, a
layer of “mimetic’ culture, that still persists in the
form of numerous cultural variations in expression
and custom (most of which people are unaware of
and cannot describe verbally), elementary craft and
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tool use, pantomime, dance, athletic skill, and pro-
sodic vocalization, including group displays. The mi-
metic dimension of human culture is still supported
by a primarily analogue mode of representation,
similar in its imagery-driven operating principles to
that described by Paivio (1991), and it generated a
variety of manufactured artefacts as well as dramatic
changes in hominid living patterns. Mimetic culture
supports limited public storage and transmission
of knowledge by non-verbal means — sharing of
attention and gaze, uses of custom and gesture,
re-enactments, certain directed group behaviours,
and so on. These gradually created a new class of
non-verbal representations that could change and
accumulate, albeit very slowly, over generations. This
very slow-moving prototype of human culture was
a successful adaptation that could have endured on
its own, without what we strictly define as language,
for well over a million years.

A second hominid cognitive transition led from
mimetic culture to speech and a fully-developed
oral-mythic culture. This emerged over the past
several hundred thousand years, culminating in the
speciation of modern Homo sapiens. Oral culture is a
specialized adaptation that complements, but does
not replace the functions served by mimetic culture.
I have labelled this layer of culture ‘mythic’ because
its governing representations consist of a shared
narrative tradition — an oral, public, standardized
version of reality permeated by mythic archetypes
and allegories, that can exert direct influence over
the form of human thought and convention. The
central structures of oral-mythic culture emerged as
the hominid capacity for language became univer-
sal. Its introduction involved a whole new class of
representations and corresponding storage media
in the brain. It also introduced a level of culture that
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still remains firmly at the centre of human social
existence. Language also introduced a much more
powerful means of explicit recall from memory
than the imagery-driven retrieval enabled by mi-
metic representation; linguistically mediated recall
is by far the most salient form of explicit memory
retrieval known to modern humans. In many ways,
the essence of language lies in its power to address
and organize knowledge, and make it accessible to
further reflection.

These two changes set the stage for the later ex-
plosion of material culture in modern humans. Thus
there were, in the human evolutionary succession,
two archaic stages that gave humans their distinctive
non-verbal intellectual skills, as well as their verbal
intellectual capacities. The second transition also un-
doubtedly led to a further expansion of non-verbal
capacities. In fact, oral-mythic culture encompassed
all the mimetic capacities of humans; mimetic culture
endured as its own semi-autonomous realm of ritual,
custom and other non-verbal forms of expression.
But typically in such cultures, despite the strong
presence of mimetic representations, it is the oral
realm that dominates. This complex culture, grafted
onto an underlying cognitive architecture that re-
mained basically primate in structure, provided the
cognitive inheritance of all humans who lived in the
Upper Palaeolithic.

The transition from preliterate to symbolically-
literate societies began in the Upper Palaeolithic and
has been marked by a long, and culturally cumula-
tive, history of visuosymbolic invention. It has also
been marked by a radical new development: the
externalization of memory storage. External memory
(as opposed to internal, or ‘biological’ memory)
involves completely new memory media with prop-
erties that are fundamentally different from those
of biological memory. Table 1.2 illustrates some of
these properties. If we were speaking of comput-
ers, we would have no difficulty accepting that a
system that could use the storage properties listed
in the right column of Table 1.2 (external memory)
would have radically different capabilities from a
system limited to those in the left column (internal
or biological memory). Note that I am speaking of
the cognitive capabilities of the whole social system,
as well as those of individuals embedded within the
system.

External symbolic technologies enabled humans
to create qualitatively new types of representations,
eventually yielding powerful evocative devices like
paintings, sculptures, maps, mathematical equations,
scientific diagrams, novels, architectural schemes,
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government economic reports, and so on. These
elaborate devices serve an important cognitive engi-
neering function: they set up states in the individual
mind that cannot otherwise be attained. Note that
this is not to say that either symbolic invention or
external memory could trigger new innate mental
capacities. Rather, the new representational possi-
bilities emerged from a developing symbiosis with
the external symbolic environment, the basis for a
particularly radical form of enculturation.

This symbiosis with symbols supported the
growth of a novel, semi-autonomous realm of human
culture, based largely on an institutionalized literate
élite. The algorithms that developed into paradig-
matic thought have been cultivated gradually over
thousands of years of experience with symbolically-
driven cultures. Theoretic skills include a wide range
of thought-algorithms that are by no means innate,
and are inconceivable outside the context of a highly
symbol-dependent society. I call this third stage ‘the-
oretic’ culture, because where the superstructure of
external symbolic control has become established to
a sufficiently high degree, it has become the govern-
ing mode of representation. Paradigmatic or logico-
scientific thought, a style of thinking quite different
from the narrative thought skills of oral culture, is
not innate to the human brain or even to the larger
culture; rather it consists of algorithms that evolved
in a close iterative symbiosis with external symbols.

Table 1.2. Properties of internal and external memory compared.

Internal Memory Record (engram)
fixed physiological media

constrained format, depending on type
of record, and cannot be re-formatted

impermanent and easily distorted

large but limited capacity
limited size of single entries (e.g. names,
words, images, narratives)

retrieval paths constrained; main cues
for recall are proximity, similarity,
meaning

limited perceptual access in audition,
virtually none in vision

organization is determined by the
modality and manner of initial experience

the ‘working’ area of memory is restricted
to a few innate systems, like speaking

or subvocalizing to oneself, or visual
imagination

literal retrieval from internal memory
achieved with weak activation of
perceptual brain areas; precise and

literal recall is very rare, often misleading

External Memory Record (exogram)
virtually unlimited physical media

unconstrained format, and may be
re-formatted

may be made much more permanent

overall capacity unlimited

single entries may be very large
(e.g. novels, encyclopaedic reports;
legal systems)

retrieval paths unconstrained; any
feature or attribute of the items
can be used for recall

unlimited perceptual access,
especially in vision

spatial structure, temporal
juxtaposition may be used as an
organizational device

the ‘working’ area of memory is
an external display which can be
organized in a rich 3-D spatial
environment

retrieval from external memory
produces full activation of
perceptual brain areas; external
activation of memory can actually
appear to be clearer & more intense
than ‘reality’
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Like oral-mythic culture, this level of culture is
dominated by a relatively small élite with highly-
developed literacy-dependent cognitive skills, and
its principal instruments of control — codifed laws,
economic and bureaucratic management, reflective
scientific and cultural institutions — are external to
the individual memory system. This type of repre-
sentation has gradually emerged as the governing
level of representation in modern society.

Theoretic culture is still in the formative stage,
and even the most recent post-industrial human cul-
tures must encompass all these collective cognitive
mechanisms and cultural levels at once. Recent re-
search on child development supports this notion; the
cognitive enculturation of modern children is highly
complex, as they are led through a tangled web of
representational modes and complex institutional-
ized algorithms (Nelson 1996; Karmiloff-Smith 1992).
In effect, we have become complex, multi-layered,
hybrid minds, carrying within ourselves, both as
individuals and as societies, the entire evolutionary
heritage of the past few million years.

Merlin Donald
Department of Psychology
Queen’s University
Kingston, Ontario

K7L 3N6

Canada
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Chapter 3

Palaeolithic Origins of Artificial Memory Systems:
an Evolutionary Perspective

Francesco d’Errico

Humans are the only species capable of creating means of recording, storing and trans-
mitting information outside the physical body (artificial memory systems or AMS). To
investigate the possible origin of these devices in the Palaeolithic, a theoretical model has
been developed through examination of the ethnographic record and from study of the
rules which govern the use of AMS codes. Discussion of the applicability of the model to
the archaeological material reveals that the technological analysis of marks derived from
experimentally determined diagnostic criteria provides methods for identifying certain
types of AMS, such as those based on accumulation of information through time. The
analytical methods used in examining Palaeolithic marks, here summarized, are used to
analyze several Palaeolithic marked objects. It is concluded that Anatomically Modern
Humans used AMSs at least from the beginning of the Upper Palaeolithic and that such

systems played a major role in modifying human cognition.

Several models of the evolution of human cognition
have been developed in recent years in attempts to
identify and define the major stages involved and to
characterize the mental processes at work (Byrne &
Whiten 1988; Eccles 1989; Foley & Lee 1991; Aiello
& Dunbar 1993; Gibson & Ingold 1993; Bradshaw &
Rogers 1995; Mellars & Gibson 1996). The specialists
concerned insist, in their models, on the primary
role played by the emergence of symbolic forms of
behaviour, and on the ensuing ability to preserve
and use information stored away from the human
body (Cherry 1980; Festinger 1983; Lindly & Clark
1990; Chase 1991; 1994; Goonatilake 1991; Davidson
& Noble 1989; 1993; Donald 1991; Duff et al. 1992;
Byers 1994; Knight et al. 1995; Mellars 1989; 1991;
1996, Mithen 1996; Thierry et al. 1996; see also Le-
roi-Gourhan 1964 and Goody 1977 for precursory
statements). For some of these cognitive evolution
models it is the interconnected genetic, cultural, and
exosomatic information itself which evolves as a
self-organizing mechanism, determining the ever-
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increasing complexity of communication networks
(Goonatilake 1991). In other models (Donald 1991;
1993; 1996), each new stage, mimetic, mythic, theoret-
ical, is seen in terms of a differentiated organization
and use of memory: on this basis external memory,
with its use of external symbols, represents the ulti-
mate stage in cognitive evolution.

Whatever the model adopted, however, there
always comes a time when theorists turn to archaeol-
ogy in search of supporting evidence. Unfortunately
their discussion of such evidence rarely takes into
account the critical approach of modern archaeol-
ogy. Equally, although some theorists’ models do
offer helpful insights into the evolution of mental
abilities, most are too loosely defined to serve as a
valuable heuristic tool. Often the proposed gener-
alizations seem little more than merely plausible
interpretations of artefactual data and not the testable
theories they should be (Bell 1994). In this respect,
perhaps, we would do well to heed the advice of
Mellars & Gibson (1996) when they point out the
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role of the archaeologist in developing methods of
analysis to explore the overall significance of archaeo-
logical material, thus paving the way for a solid data
base on which any theoretical superstructure might
be built.

In the spirit of such an approach, I have chosen
to focus on a particular aspect of Donald’s ‘external
symbolic storage’” or Goonatilake’s ‘exosomatic in-
formation’, the moment at which humans were able
to produce artificial memory systems (AMSs), i.e.
physical devices specifically conceived to store and re-
cover coded information. Although writing is, without
doubt, the system which has most affected the devel-
opment of human societies, at least since the invention
of printing, it is likely that other types of AMS were
used both before and after the adoption of writing.

The first possible AMSs reported from Up-
per Palaeolithic sites were interpreted as ‘marques
de chasse’ or ‘systems of notation’ (Lartet & Cristy
1865-75). More than a century later, however, their
interpretation remains controversial.

In the last thirty years several authors, Marshack
in particular, have examined Upper Palaeolithic
marked objects in an attempt to show that they served

develop? How many of them will we be able to
identify among the archaeological material? All these
questions remain unanswered. Indeed the analyti-
cal methods used by Marshack in studying objects
have never been clearly described nor validated by
replicative experiments. Thus when he describes the
way in which marks were produced on an object, or
identifies changes of tool, we do not know on what
basis he is making this claim.

In line with previous work (d’Errico 1991;
1995a,b; d’Errico & Cacho 1994), I will show that the
study of ethnographic AMSs can provide interpreta-
tive guidelines to be used for identifying archaeo-
logical AMS. We need a technological analysis of
Palaeolithic marked objects before we can discuss
their significance and their possible interpretation as
AMSs. After addressing the controversial question of
the possible use of AMSs in the Lower and Middle
Palaeolithic, my theoretical and analytical tools will
be tested by studying several objects dating from dif-
ferent periods of the Upper Palaeolithic. The results
will provide the basis for a working hypothesis for
the evolutionary development of AMSs during the
Upper Palaeolithic.

as systems of notation
(1964; 1970; 1972a,b,c;
1988; 1991a,c). Marshack
has most often inter-
preted these objects as
having notations based
on lunar phases. Many
criticisms have, how-
ever, been levelled at
this work by authors
such as White (1982),
d’Errico (1989; 1992;
1995a; 1996a), Robin-
son (1992), and Elkins
(1996, with comments).
A major criticism is that
Marshack has never pro-
posed a testable theo-
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incised ivory
pebbles
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strings (wool, skin, vegetal) with knots

shells

Function

keeping records of objects or beings
keeping records of cattle
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serving as memory aids

serving as hunting marks
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serving as calendars
transmitting messages

miscellaneous

leather
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retical framework and
an explicit methodol-
ogy. Although Marshack
claims that he has iden-
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tion, he does not explain
what he means by this
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Figure 3.1. Provisional data base of Artificial Memory Systems other than writing, used
by different human groups around the world. The figures indicate types and not single
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Theoretical and analytical tools

My goal was to examine the ethnographic record
in search of general principles that would make it
possible to reduce information to a form that can be
recovered by humans. The purpose of this study was
not to establish a direct analogy between the ethno-
graphic and the Palaeolithic record (Marshack 1974;
1985); the dangers of this approach have already
been highlighted many times (Gould & Watson 1982;
Wylie, 1985; 1988).

To this end I created a provisional data base of
50 relatively simple AMSs, used all over the world
for a variety of purposes in many different cultural
and social contexts (Fig. 3.1). This sample includes
rosaries, notched sticks, engraved slabs, strings with
knots or shells, objects kept in nets and so on. The
purpose of each device was studied, along with the
material in which it was made, whether it would
survive in the archaeological record, and whether
it could be recognized as an artefact or identified as
an AMS. Particular attention was paid to the ways
in which each system worked: the way in which
the information was recorded, processed and then
recovered.

Examination of the ethnographic record re-
vealed that up to four major factors can intervene in
any AMS code: a) the morphology of elements, b) the
spatial distribution of the elements, c) accumulation
through time, and d) the number of elements (Fig.
3.2).

If we take as as an

through time of information-bearing elements. Since
notches cannot be distinguished by the naked eye,
their morphology cannot play a role in the code, and
nor does spatial distribution either. It is possible to
carve a new notch in the space still free on the stick
or between existing notches without changing the
information being stored.

Yet another example is the system of com-
munication called Aroko, used by the Jebu of West
Africa. This AMS consists of chains of shells carrying
different messages according to the number of shells
and their reciprocal position. The number and the
spatial distribution of the elements are the two fac-
tors organizing the Aroko code; a different meaning
is attributed to different sets of shells.

As mentioned, the ethnographic evidence shows
that each code can depend on one, two, three or even
all of the four factors cited above. In all it is possible
to define up to fifteen basic codes. Several variants
can be envisaged, however, depending on the hierar-
chical organization of these factors within the code.
To give an example of hierarchical organization, let
us consider the Inca AMS called ‘quipu’. A quipu
consists of a number of cords, of different lengths
and colours, suspended from a topband. The posi-
tion and type of knot on each cord stand for objects
and beings. The code employed here is one based on
spatial distribution and element morphology. The
spatial distribution is organized hierarchically in two
steps (order of the cords and position of the knots).
The morphology of the elements is also organized

example the Catholic ro-
sary we find that its code
is based on the spatial

2

3 4

distribution of the infor-
mation-bearing elements
and on the morphology
of those elements: in this
case beads, separated by
chains of different length
(d’Errico 1995b). The order
of the beads indicates the
order of the prayers; the
chain length and/or the
bead dimensions indicate
the type of prayer.

Take a tally-stick and
carve a notch on it every
time something happens
or an object has to be re-
corded, then its code is
based on the accumulation

21

AMD
ADN
MDN
AMN

AMDN

A: Accumulation over time

M: Morphology

D: Spatial distribution
N: Number

Figure 3.2. Possible associations between factors organizing an AMS code (see text).
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hierarchically (colour of the cords and type of knot).

My model takes into account the way in which
information is processed. In a rosary, information
is processed only through tactile perception; in the
quipu both tactually and visually. I also consider the
efficiency of each system: the quantity and quality
of stored information, the possibility of updating
information, as well as the effort required to learn
the code. The usefulness of this exploratory approach
is that it classifies AMSs on the basis of the formal,
and probably invariable, elements that play a role in
elaborating any type of AMS code and not on features
proper to each specific AMS, such as its function or
the meaning attributed to particular signs. The latter
features are not normally preserved in the prehistoric
record. Thus I use this model to ask questions about
how these artefacts were used, not about what kind
of information was stored and recovered, because
only the former kind of question can be answered
by archaeological analysis. Hence I am not interested
in establishing a classification of these devices, as
was done in the past for writing systems (Saussure
1922; Gelb 1952; Pulgram 1976) but in developing an
exploratory heuristic tool to be used in the interpreta-
tion of archaeological data. I draw attention here to
the example of Harris who has developed a similar
approach for the analysis of writing systems (1986;
1995). Several concepts defined by this author are
pertinent here, such as the distinction he makes be-
tween tokens and emblems. The former are signs based
on a one-to-one correlation between single items
(notches on a tally stick, beads on an abacus, ticks
or crosses on a list, etc.); the latter are signs based
on a one-to-many correlation, by virtue of which the
‘many’ are regarded as forming a single class (pot-
ter’s marks, logos, national flags, etc.). Signs which
function simultaneously as emblems and tokens are
described as duplex signs.

My analysis of modern AMSs suggests that it is
the code and raw material type that will determine
the likelihood or not of securely identifying archaeo-
logical AMSs. It will be hard, for example, to prove
that strings linking shells, teeth or other pendants
were used during the Upper Palaeolithic in a way
similar to that described for the rosary, and not as
pieces of body ornament bearing a different kind of
meaning.

The Upper Palaeolithic archaeological record,
however, includes hundreds of marked bone ob-
jects. These objects constitute a more suitable basis
for identifying possible AMSs. Repeated changes
of tool, variations in marking techniques, in the ar-
rangement of marks and in mark morphology can
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provide clues to support an interpretation as an AMS.
When marks are created by stone tools, for example,
a change of tool will probably take place between
each new stage of marking if the periods stages are
relatively long. If we change between tool produces
morphological differences visible to the naked eye,
these different morphologies can be interpreted as
the being result of the craftsman’s choice. If, however,
changing a tool does not produce visible changes in
the morphology of marks, then it is reasonable to
consider such changes as epiphenomenonal owing to
the accumulation of marks over time. Therefore cri-
teria for identifying certain types of AMS, like those
based on accumulation of information through time,
depend on the technological analysis of marks.

Palaeolithic marks include sequences of single-
stroke lines (made by a single movement of a point),
notches (produced by a single or repeated movement
of a cutting edge), and microincisions (produced by
the pressure, percussion or rotation of a point) carved
on different types of material (bone, ivory, antler,
stone). Microscopic analysis of experimental and
archaeological marks, carried out in the last 15 years
by optical and scanning electron microscope, both
on the originals and on high quality resin replicas,
have provided diagnostic criteria: 1) to identify the
techniques used by prehistoric engravers; and 2) to
establish whether morphological changes between
marks are due to a change of tool, a change of mark-
ing technique, or to the breaking and resharpening
of the point.

Interesting results we have been obtained using
computerized measuring methods for profile meas-
urement and image analysis systems (d’Errico 1995b;
1996b). It has been shown, for example, that sets of
notches produced by a single tool can be distinguished
from sets produced by several tools, by comparing
their profiles and by studying the variation of the
angles formed by the notch walls (d’Errico 1991).
Previous work has shown that, in single stroke lines,
the width of the mark, its section, and the distances
between internal grooves allow the identification of
marks made by the same tool, and that clear changes
in these features often correspond to changes of tool.
Density profiles of marks (Fig. 3.3), obtained by ap-
plying image analysis software to digitized images of
the marks, have provided a new way for comparing
the mark section and quantifying morphological dif-
ferences between the marks (d’Errico 1995b). Similar-
ily, plotting the dimensional values of experimental
marks produced by pressure or by indirect percus-
sion, often makes it possible to distinguish between
groups of marks made by different tools.
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Figure 3.3. Portions of experimental single stroke lines engraved by flint points on antler, observed in transmitted light
by means of resin replicas. The point used to engrave two lines, A and B, was different from that used to engrave lines
C and D. The density-profile plots of these four lines allow a visualization of morphological differences in the groove
section.

All these methods have provided for eachmark- ~ records a notch profile by using stylus arm connected
ing technique a range of morphological and statistical to a drive unit. The computer compensates auto-
diagnostic criteria on the basis of which we cannow  matically for measuring errors resulting from the
recognize marks produced by the same tool, and radius of the stylus tip and produces enlargements
distinguish changes of tool from other modifications ~ (up to 1000x) of selected portions of the profile. The
such as resharpening, wear or changes in the hand  software allows insertion of best-fit lines and best-
motion. fit circles into the profile, as well as the computation

of geometrical elements (angles, radii, distances,
Analytical techniques etc.). The major drawback of this instrument, apart
from its high price, lies in its dimensions and
Hitherto I have measured notch profiles using com-  weight, both of which make it virtually impossible
puterized measuring stations for profile measure- to transport to a museum or another laboratory. An

ment and representation. The measuring station  additional problem is caused by the fact that the
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stylus enters into direct contact with the specimens.
Even if the pressure on the object surface can be
reduced to a few micrograms, the risk of damaging
an original object with the sharp point of the stylus
cannot be eliminated. Thus the study of Palaeolithic
notches must be carried out on resin replicas of ar-
chaeological specimens. This, however, limits the
analysis to well-preserved pieces that can be repli-
cated without damaging the surface.

The need to use resin replicas and the risk of

damaging the object with the stylus are obviated if
one uses optical surface profilers (d’Errico 1996b).
These instruments, based on the principle of the
optical triangulation of laser light, allow a 2- and
3-dimensional reconstruction of very small surfaces
without any contact with the object. Many morpho-
logical and metrical variables can thus be recorded.
Their use, however, is still limited by their high price
and excessive weight.

A convenient alternative method, tested here,

{F

y = 201,23 +5,1829% ~ 0,19019x"2 +1 B606e-3x"3 -
6,8526e-6x"4 +8 4058e-9x"5 R*2 = 0,975

Figure 3.4. Study of a notch profile by image analysis. Once the image has been digitized (A), the background is
thresholded (B) using the density slice command and changed to white (C). The object outline is changed to black
(D) using the same procedure. The density-profile tool generates a plot (E) from which the numerical coordinates are

recovered and reduced to a polynomial equation (F).
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consists of placing the object or its replica under a
stereomicroscope equipped with both transmitted
and reflected light. The notch is positioned so that
its profile is in the lens axis. The image is digitized
using a CCD camera mounted on the microscope
and connected to a desktop or portable computer
equipped with a frame grabber card. By means of
a sequence of image enhancement steps the curved
line of the profile is transformed into numerical
values (Fig. 3.4). The plot so produced can be used
for visual comparison with plots of other notches.
Quantification of morphological differences between
profiles can be obtained by measuring angles and by
computing polynomial equations or conventional
Fourier functions (Gero & Mazzullo 1984; Lestrel
1989). The use of the measuring station described
above and of the image analysis system on the same
experimental and archaeological sets of notches has
provided comparable data.

AMS use in the Lower and Middle Palaeolithic?

Evidence for symbolic behaviour during the Lower
and Middle Palaeolithic is limited and controversial
(see for example Marshack 1991b; Simek 1992; Bed-
narik 1995; Bahn 1996; Chase & Dibble 1987; 1992;
Davidson & Noble 1993; White 1992; Knight et al.
1995; Mellars 1996; Gibson & Mellars 1996). In a re-
cent work, d’Errico & Villa (1997) have demonstrated
that certain putative Lower and Middle Palaeolithic
engravings on bones, such as Pech de I’Azé, Cueva
Morin, and Stranska Skala, are in reality impressions
of vascular grooves and that most of the putative
‘pendants’ of this period should be interpreted as
bone fragments partially regurgitated by hyenas.
This consequently reduces the already small number
of Lower and Middle Palaeolithic objects considered
by some authors as proof of non-utilitarian activi-
ties. The remaining objects (Fig. 3.5) come from 11
European sites (Bilzingsleben, La Ferrassie, Bacho
Kiro, Suard, Marillac, Vaufrey, La Ferrassie, Ermit-
age, Morin, Beneito, Temnata). Only a few of these
objects, however, display marks which could not be
explained as the result of utilitarian activities. An
even smaller sample show patterns which could be
the expression of an AMS code.

It should be clear that the recovery of information
in AMSs based on serial markings requires patterns
allowing a visual and /or tactile discrimination of the
signs. This implies a certain degree of isomorphism
of the signs and their arrangement in a way which
would enable them to be ‘read’. If we judge from
the representations of these objects, this condition is
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satisfied for markings such as those on objects from
Bilzingsleben, La Ferrassie, Cueva Morin and Tem-
nata. Unfortunately, none of these markings was sub-
mitted to a microscopic analysis in order to verify the
possible anthropogenic origin of the marks, to find
evidence that they were produced deliberately and
to reconstruct the marking procedure in a detailed
and reliable way. In the absence of this data, it is dif-
ficult, if not impossible, to assess the significance of
this material for the question in hand.

The end of the Middle Palaeolithic, character-
ized in western Europe by technocomplexes such
as the Uluzzian in Italy, and the Chételperronian
in France a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>