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In the beginning was the mounting fire

That set alight the weathers from a spark,

A three-eyed, red-eyed spark, blunt as a flower;
Life rose and spouted from the rolling seas,

Burst in the roots, pumped from the earth and rock
The secret oils that drive the grass.

In the beginning was the word, the word
That from the solid bases of the light
Abstracted all the letters from the void;
And from the cloudy bases of the breath
The word flowed up, translating to the heart
First characters of birth and death.

Dylan Thomas, “In the Beginning,” 1934
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ORIGINS OF THE MODERN MIND







rologue

In most areas of science, theories of origin are in the mainstream.
The origins of the solar system, of the Earth, of its continents, moun-
tains, and life forms, and of the human race itself are central issues in
a variety of disciplines, from astronomy to zoology. Yet the question
of human cognitive origins has not been in the forefront of cognitive
science. In fact, cognitive science has built its edifice mostly on the
study of two recent, and highly specialized, kinds of mind: literate
English-speaking adults and computers.

In animal research, an important lesson was learned long ago: to
do justice to the mental capabilities of animals, we must study a va-
riety of species and place them in an evolutionary context. We cannot
understand their cognitive capacities without accounting for their
place in the biological order. For some reason, human cognitive re-
search does not seem to have learned the same lesson. Cognitive sci-
ence often carries on as though humans had no culture, no significant
variability, and no history.

This neglect might reflect, in part, an aversion to theoretical spec-
ulation. But historically, the proscription of speculation in science has
been unproductive, justified only by the strange illusion that no
knowledge is better than some. Broad integrative theories of origin
have traditionally predicted, synthesized, and inspired experimental
work. Such theories have often preceded the strong confirmatory data
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upon which they would stand or fall; their function has been heuristic
and imaginative, and their virtue has resided less in their correctness
than in their ability to provide direction. Cognitive science needs
more such theories, and more of that speculative wonder and respect
for the whole that has raised other fields to such spectacular heights.

The objective of this book is to reflect upon the most likely scenario
of human cognitive emergence. I consider data from many disciplines,
and on this evidential base I propose a specific hypothesis on the ori-
gins of the modern human mind. Although archeological and anthro-
pological data provide crucial insights, the main event is on the level
of cognitive evolution; cognition is the mediator between brain and
culture and therefore must have been the engine, as well as the locus,
of change. p

This is easily said, but human cognition is complex and multi-
dimensional. How should its evolution be approached? There is a
large literature comparing humans with other species on particular
aspects of behavior, including reflexes, instincts, perceptual capacities,
conditioned behavior, problem solving, insight, curiosity, communi-
cation, language, social intelligence, and memory. But unfortunately
the continuum from reptile to mammal to primate to human has not
always proven to be a smooth one; some animals appear better at one
thing, some at another. For this reason, comparative studies have
painted a somewhat confusing picture.

However, there is another possible approach, based on the under-
lying structure of mind. During the recent revolution in cognitive
science, a new style of conceptualizing the mind has developed, one
that is best described as structural. One major objective of structural
models of mind is to describe modular architecture, that is, the overall
configuration of components making up the totality of mind. Clinical
neuropsychological evidence is central to such models, because it ad-
dresses the question of cognitive breakdown or dysfunction; compo-
nents of mind sometimes break down independently of one another,
providing clues as to their place in an overall structural scheme.

The essence of my hypothesis is that the modern human mind
evolved from the primate mind through a series of major adaptations,
each of which led to the emergence of a new representational system.
Each successive new representational system has remained intact
within our current mental architecture, 5o that the modern mind is a
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mosaic structure of cognitive vestiges from earlier stages of human
emergence. Cognitive vestiges invoke the evolutionary principle of
conservation of previous gains and are similar in principle to the
many other vestigial behaviors we possess—for instance, baring the
teeth in anger, or wailing in grief.

The modern representational structure of the human mind, I will
argue, thus encompasses the gains of all our hominid ancestors, as
well as those of certain apes. Far from being a diffuse tabula rasa,
modern human cognitive architecture is highly differentiated and spe-
cialized. And despite our close genetic relationship to apes, the cog-
nitive distance from apes to humans is extraordinarily great, much
greater than might be imagined from comparative anatomy.

The key word here is representation. Humans did not simply evolve
a larger brain, an expanded memory, a lexicon, or a special speech
apparatus; we evolved new systems for representing reality. During
this process, our representational apparatus somehow perceived the
utility of symbols and invented them from whole cloth; no symbolic
environment preceded them.

The problem of symbolic reference has always been the Achilles
heel of computational approaches to language. The difficulty is this:
to understand or use a symbol appropriately in context you must first
understand what it represents, and this referential understanding is
inherently nonsymbolic. For instance, to understand why it is amus-
ing to name a reclusive hound dog “Raskolnikov,” one must know
something of Dostoevsky’s novel, something of the brooding, asocial
intelligence of hound dogs, and something of the style of contempo-
rary humor. None of this knowledge can be obtained just by looking
up other symbols. But that is all most computational algorithms can
do. The programmer, or the user, must eventually provide meaning,
since the computer has no knowledge of its own.

Moving to a nonrepresentational computer model (Brooks, 1989)
won't solve the problem either; such systems must ultimately face
the same limitations as an animal without symbolic intelligence. Just
as traditional Al programs use nothing but symbols, most animals
cannot use symbols at all, and no animal except humans has ever
invented a symbolic device in its natural environment. The question
is, how did humans, given their nonsymbolic mammalian heritage,
come to represent their knowledge in symbolic form? Through what
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stages must this development have passed? How did humans bridge
the tremendous gap between symbolic thought and the nonsymbolic
forms of intelligence that still dominate the rest of the animal king-
dom? During the relatively short time of human emergence, the
structure of the primate mind was radically altered; or rather, it was
gradually surrounded by new representational systems and absorbed
into a larger cognitive apparatus.

One unusual aspect of this book is its incorporation of biological
and technological factors into a single evolutionary continuum. I will
argue that very recent changes in the organization of the human mind
are just as fundamental as those that took place in earlier evolutionary
transitions, yet they are mediated by new memory technology, rather
than by genetically encoded changes in the brain. The effects of such
technological changes are similar in kind to earlier biological changes,
inasmuch as they can produce alterations to the architecture of hu-
man memory. The modern mind is thus a hybrid structure containing
vestiges of earlier stages of human emergence, as well as new sym-
bolic devices that have radically altered its organization. The struc-
tural relationship between individual human minds and external
memory technology continues to change, and this book provides the
beginnings of a conceptual framework within which our continuing
mental evolution may be viewed.



he Need for a Theory of
J_Cognitive Evolution

Mental Architecture as an Emergent Phenomenon

Neuropsychology and cognitive scienceare concerned largely with the
fundamental structure of the modern human mind. Although some
attention has been paid to the phylogenetic succession of changes that
must have led to the modern mind (see, for instance, Anderson,
1983), emphasis has been placed mostly upon the modern structure
of human mental capacities, without taking their evolution into ac-
count. It is not an exaggeration to say that theories of cognitive struc-
ture are built mostly upon studies of the human mind as manifest in
literate, postindustrial society and upon studies of the capabilities of
computers. The extraordinary range of theory that has resulted was
constructed for the most part without the constraints that must be
applied to evolutionary hypotheses: continuity with previous forms,
consistency with selection pressures, parsimony with regard to the
number and complexity of successive adaptations, and so on. The re-
sult is that structural, that is, modular, models of mind proliferate
without regard to their biological feasibility, even within neuropsy-
chology.

Within the traditions of biopsychology and comparative biology, on
the other hand, humans have been viewed ”from below,” that is, in
light of their mammalian predecessors. Phylogenesis has been a major
concern to many thinkers in these fields, and efforts have been made
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to build the crucial conceptual bridge between the mental structures
of apes and humans. A recent example is Lieberman’s (1984) attempt
to specify the adaptations leading to human language. Since apes, and
particularly chimpanzees, are genetically so close to humans, the key
to the unique power of the human intellect is sought in its contrast
with that of apes. However, theories emanating from these fields have
not been rich in detail about mental structure, particularly about
higher cognitive functions. This is partly because there are few equiv-
alences in the terms used to describe the cognitive capacities of ani-
mals anid Rtimans; and those that are used often fail to do justice to
the complexities of human cognition.

But whether agiven theory of cognitive evolution starts “from be-
low” or “from above,” it will wind up taking one’of two broadly
different approaches to higher function, which may be labeled “mod-
ular” and “unitary.” Modular theories, sometimes called faculty theo-
ries, propose a number of quasi-independent cognitive “modules”
that are responsible for each dissociable or isolable aspect of higher
function. The specific arrangement of modules in each theory usually
varies, but generally each mental module encapsulates a definable
higher mental function, or a stage of such a function. There may be
separate structures (and, by implication, separate evolutionary adap-
tations) for spatial reasoning, mathematical ability, musical talent,
phonological skill, the oral lexicon, the written lexicon, visual im-
agery, nonverbal thought, and verbal thought, to name a few.

Modular theories of language evolution find their biological roots
in the writings of Darwin (1871) and Wernicke (1874), who both sup-
ported the idea of a series of special human adaptations leading to
speech. These notions have found a modern expression in the biolog-
ical theories of language proposed by Lenneberg (1967) and Lieber-
man (1975, 1984). The most recent influential example of a modular
approach is found in the neurolinguistic theorizing of Shallice (1988).

Unitary theories, by contrast, generally hold that higher function
is achieved by a single cognitive structure, that is, a single adaptation,
with an exception sometimes being made for the peripheral, or sen-
sorimotor, mechanisms of language. Anderson (1983) made a persua-
sive case for this approach in his book The Architecture of Cognition.
His defense of a unitary approach rests.on three arguments: (1) hu-
man higher function has a very short evolutionary history, and there
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would not have been time to evolve special faculties, for instance for
mathematics; (2) human intelligence is highly plastic, or flexible, and
displays a variety of special skills that could not have been anticipated
in evolution; (3) the various higher cognitive functions of humans
have many features in common.

Anderson has argued that a single general framework, or functional
architecture, is sufficient to support all forms of higher function, even
language. His approach echoes the faith of an earlier generation in a
general-purpose “learning” capacity as the crucial adaptation under-
lying higher function. In fact, it is no coincidence that his ACT*
framework is basically a diagram of memory structure.* What An-
derson is saying is that the main “hardware” requirements of a com-
putational model of human cognition (or of any complex mind) are
general features of the system of storage and retrieval rather than
separate specialized systems for various skills. It follows that the cru-
cial human adaptation was some refinement of the memory system,
especially of declarative and working memory, that enabled symbolic
representation and language.

The unitary approach receives some support from primatology and
comparative anatomy. A variety of studies over the past two decades
have supported the encephalization hypothesis. Encephalization re-
fers to the progressive increase in the relative size of the brain, partic-
ularly the cerebral cortex, during mammalian, and especially primate,
evolution. Jerison (1973) and Passingham (1982), among others, have
argued that the progressive growth in brain size characteristic of the
great apes and hominids has followed a systematic trend, and that
modern humans are simply an extension of that trend. Some partic-
ularly interesting data from Passingham show that the human brain
has the proportions one would predict by extrapolating the trend of
earlier primate brain expansions. Put simply, humans possess exactly
the brains to be expected of large-brained primates. This proportion-
ality extends even to the relative size of a variety of specific nuclei,
ganglia, and substructures within the brain. In other words, there is
no support in gross neuroanatomy for a completely novel language
subsystem in the human brain, or for any other type of gross anatom-

*ACT is an acronym for Adaptive Control of Thought, a systematic computational ap-
proach to high-level cognition.
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‘ical Teorganization. This does not rule out some still-undetected mo-
lecular innovation related to higher function. But until such an in-
novation is uncovered, it appears that the most distinct property of
the human brain is simply its extraordinary increase in relative size,
which translates into increased numbers, and complexity, of memo-
ries, according to Jerison and Passingham.

The encephalization hypothesis in its strongest form holds that in-
creased cognitive power is a direct result of increased encephalization.
In principle, it argues for the kind of unitary structure of mind offered
by Anderson. It implies that human cognitive power, including the
higher aspects of language, is rooted in the superior computational
capacity of the whole brain, and especially the cerebral cortex, rather
than in any specific new structure. Lieberman (1984) walked the fine
line between the unitary and modular approaches by assigning specif-
ically linguistic adaptations, like control of the vocal tract and pho-
nological processing, to specifically human neural speech processors,
while leaving most higher functions to what he called a “central dis-
tributed neural computer.” In other words, the front-end aspects of
speech may depend on special neural processors controlling phona-
tion, but verbal thought and higher cognition in general are made
possible by a single biological adaptation: the expansion of the cere-
bral cortex. This aspect of Lieberman’s theory is quite similar to an
earlier proposal by Fodor (1983) (see chapter 3), which also placed the
higher aspects of linguistic function in a general-purpose processor
and the lower aspects in a self-contained language “module.”

The form of any evolutionary proposal regarding language and
thought will be greatly affected by the number, and types, of cognitive
modules associated with human higher function. The simplest evo-
lutionary proposal would be a unitary system supported by the
growth of the entire cortex, such as the one proposed by Jerison
(1973). In his theory, the history of language and thought becomes
the history of cortical expansion. As the encephalization quotient
goes, so goes cognitive architecture and intelligence.

A more complex evolutionary scenario might involve many indi-
vidual modules, each serving a different cognitive purpose. For in-
stance, there might be many specialized language and thought mod-
ules that possess some degree of apatomical localization. The
evolution of such a complex mosaic structure, unique to humans,



The Need for a Theory of Cognitive Evolution 9

would imply that a series of separate adaptations led us from the cog-
nitive architecture of apes to our present structure. A selection advan-
tage driving the acquisition of each aspect of the mosaic would have
to be specified. Moreover, the number of possible sequences of change
would be greatly increased, and the empirical basis for making a
choice between them would be very limited. Such a scenario would be
difficult to construct, particularly since, on present evidence, the evo-
lution of language occurred so quickly. By way of comparison, the
neural mechanisms of mammalian vision evolved over millions of
years, through a large number of species. For a neural structure of at
least equal complexity to evolve and eventually (surely not in its ini-
tial manifestation) support language, we should presumably expect an
equally long and arduous process of evolution.

Thus Anderson’s principal objection to a modular theory stands: a
complex modular solution to the problem of human higher function
would not lend itself easily to an evolutionary model. Since we are
not in a position to'abandon evolution as an explanatory principle, we
should be wary from the start of modular neuropsychological models
which specify an architecture that depends on many built-in, special-
ized neural components. In any case, it is clear that any evolutionary
hypothesis will be greatly affected by its creator’s initial stance on
cognitive structure. The reverse is also true. The credibility of any
structural hypothesis will be affected by the evolutionary scenario it
implies. Phylogenesis and structure are two aspects of the same
thing—the one a motion picture, the other a single frame, both
trying to represent the same reality: There are times when the single
frame is clearer, and there are other times when a blur in a single
frame is resolved by motion. Since our view of higher function is not
very good to start with, we cannot afford not to try to use both ap-
proaches.

Culture as Evidence for Cognitive Structure

One element frequently left out of cognitive modeling is the element
of culture, that is, shared patterns of acquired behavior characteristic
of a species. But the cognitive capacities of animals directly affect the
kinds of culture they produce, and in the case of humans, the opposite
is also true: specific types of human culture have direct effects upon
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individual cognition. In fact, the uniqueness of humanity could be
said to rest not so much in language as in our capacity for rapid cul-
tural change.

If we wished to put the proposition even more strongly, we might
assert that what humans evolved was primarily a generalized capacity
for cultural innovation. Part of that capacity was linguistic commu-
nication; part of it was the ability to think and represent the environ-
ment. This is a very easily defended proposition from the viewpoint
of evolutionary theory; the selection advantages accruing to a species
capable of cultural invention would be tremendous. Archaeological
and anthropological evidence strongly supports the idea that the rate
of cultura! change increased during hominid evolution, at first slowly
(Homo erectus changed only slightly over a period of a million years),
then more rapidly (early Homo sapiens achieved several major inno-
vations over a period of 200,000 years), and finally at the continu-
ously accelerating pace of our own species, Homo sapiens sapiens.

Dunbar (1990) has recently proposed that encephalization was
driven not by the cognitive demands of toolmaking or spatial mapping
of the environment but by growth in the size of social groups. In
other words, it was not instrumental intelligence that drove brain ex-
pansion but rather social intelligence. Complex societies make great
demands on memory: large numbers of relationships have to be ana-
lyzed, understood, stored, and serviced regularly in order to sustain a
large group organization. With certain exceptions, the more advanced
primates cluster together into larger and larger social groups, culmi-
nating in the human capacity for organizing and sustaining very large
groups. It could well be the case that the intellectual abilities needed
to sustain large groups are identical to those that enable cultural in-
vention. The first adaptations in the hominid line might have been
driven by the demands of social grouping, and cultural invention
might have been its by-product.

The main difficulty with such a proposal is its vagueness about
mechanism. What biological mechanism would enable continuous
cultural invention, or maintain larger social groupings? Inevitably
such proposals lead one to speculate about cognitive mechanisms op-
erating on the level of the individual brain. Thus, the bridge from
cultural to biological realms is necessarily cognitive, and a complete

N\
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evolutionary proposal should address the cognitive level, even if its
ultimate objective is to explain our capacity for cultural change.

In any evolutionary theory, cultural evidence must play an impor-
tant role, since it is not reasonable to expect that every “module” of
higher function is functionally present in every neurologically nor-
mal human mind. To provide an example, if Morton’s (1980, 1981)
well-known model of spelling* is taken at face value, the cognitive
modules that constitute the heart of the visual path in the model—
the visual input lexicon, and the graphemic output lexicon—are ob-
viously absent in illiterate humans. Morton would not propose that
illiterate humans are therefore missing certain essential biological
modules. He has acknowledged that the modules do not in fact rep-
resent anatomical entities but only functional ones; and it is evident
that the physical underpinnings of the visual path are normally pres-
ent in the brain, since illiterate humans can usually be taught to read.

This, of course, would beg the question. The point is, some of his
modules support species-universal traits that are not culturally bound
(for instance, all the modules supporting speech); these probably rep-
resent distinctive biological adaptations. Other modules, like those
supporting reading and writing, support behaviors that are obviously
not species-universal and are largely or entirely bound by culture.
The evolutionary basis for these, and thus the expectation of a distinct
physical basis for them, may be very different. In other words, all
modules, however closely reasoned on the cognitive or neuropsycho-
logical evidence, were not necessarily created equal, even though the
neuropsychological criteria for their creation were similar.

If we accept the validity of the sorts of modules Morton and others
routinely construct from neuropsychological evidence, it follows that
the actual cognitive structure of an individual mind is heavily influ-
enced by culture. Styles of reading and writing are culture-bound.

*Morton (1980) proposed a model of orthographic structure that contained four lexicons,
or dictionaries. Two of these lexicons are primarily auditory-phonetic and are used in
listening and speaking, respectively, while two are primarily visual and are used in reading
and writing. The writing lexicon contains graphemic entries, that is, the central produc-
tion systems for producing written script. The lexicons map onto one another through
various functional paths, which can be selectively disrupted in patients with various kinds
of reading disorders (dyslexias) and writing disorders (agraphias).
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Thus, depending upon the specific skills demanded by literate culture,
prospective model-builders have to introduce modules for different
functions. For example, in the brain of a reader of modern English, as
Morton and many others would agree, there must be a module that
performs direct grapheme-to-phoneme translation. But in a largely
ideographic writing system, such as ancient Chinese, there is no need
for such a device; instead, there must be a device that performs very
complex image-to-meaning-to-syllable translation, as well as direct
image-to-syllable matching. This follows from the way the symbols
are configured. There are other solutions to reading: hieroglyphs em-
ploy a rebus principle, rather than an alphabet. They may be read in
various ways, depending upon the context, and on certain marker
symbols that can be embedded in the text. Reading them involves a
very different structural arrangement of cognitive modules than read-
ing alphabetic material.

Neuropsychological dissociation of modules is taken as good evi-
dence that the modules exist as functional units in the brain (Shallice,
1988). Presumably Shallice would scour the hospitals for speakers of
ancient Egyptian who happened to read hieroglyphs, hoping to en-
counter various types of dyslexics; the academic purpose of the exer-
cise would be to establish that ancient Egyptian reading did in fact
break down in ways consistent with its putative internal modular
structure. Thus, one might find dyslexics who have specifically lost
the linkage between image, meaning, and sound at various points or
in various' combinations. The point of studying these pathologies
would be to construct a functional model of the ancient reader’s brain.

But why stop with reading? Every culturally bound skill deserves a
similar neuropsychological dissection, and any dissociable, informa-
tionally encapsulated module that emerged would similarly receive
the distinction of its own modular structure within the larger cogni-
tive architecture. Reading attracts more attention because of its im-
portance, but virtually any highly overpracticed skill is bound to have
a distinctive modular structure that can break down in various pre-
dictable ways. This is not a frivolous notion: the brain of a profes-
sional tennis player is undoubtedly employing its resources in a very
different way than it would have if, for cultural reasons, the same
individual had grown up instead to bec\ome a very unathletic biblical
scholar.
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This idea receives some support from recent neurophysiology, es-
pecially in the study of cortical plasticity, or the malleability of the
central nervous system. It has been known for some time that the
immature brain is highly plastic; that is, it can grow connections, and
lose connections, in many different ways, depending on early experi-
ence. Changeux (1985) has proposed an epigenetic theory of brain
development, in which the young brain proliferates new connections
fairly indiscriminately, that is, invents many possible routes of devel-
opment, of which only a few will survive, due to the selective effects
of experience. His ideas are a mirror-image of the neurological solu-
tion offered earlier by Hebb (1949) of selective synaptic growth.

Changeux was aware of the cultural corollary of this notion:
namely, that culturally specific, highly redundant patterns of brain
use would imply the existence of cultural traditions that have an in-
direct neurological instantiation—that is, the brains of many individ-
uals in a particular culture are broadly programmed in a specific way,
while in another culture they may develop differently, because use
patterns are fundamentally different. This idea has gained credibility
from recent studies of monkeys, using single-cell mapping of cortical
regions. Merzenich (1987) and his colleagues have demonstrated that
the cortical sensory region for the hand expands and contracts with
demand, even in the adult. That is, the detailed topographic maps, or
sensory fields, that project various skin sensations onto the somato-
sensory cortex are not static, fixed maps but dynamic computational
resources. They recruit adjacent cortical columns when demand is
heavy, that is, when the animal is required to make fine discrimina-
tions, and shrink back when demand is reduced. There are strict limits
on plasticity; but the point is, the use of a given cortical area is de-
cided by competition between its fixed input pathways, with the most
active pathways dominating. The association cortex, with so many
diverse input paths, may therefore be influenced in many directions.

Importantly, the latter is true in adults as well as infants. The im-
plication of Merzenich’s work is that when children or adults learn a
novel skill like Braille-reading, they are literally reconfiguring their
sensory cortex for the fingertips. There is a cost to this, and a limita-
tion; in order to increase the cortical fingertip region they may have
to trade off resources for some other aspect of somatic sensation, since
cortical resources are limited. But the point is, the cortex is not cast
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in stone, not even in its sensory areas; its configuration is highly
plastic, determined by use. And by disuse; failure to use a source of
input will lead to shrinkage of its representation in the brain.

A corollary is that the evolution of cognitive structure at the mod-
ular level might have continued well beyond the point at which phys-
ical evolution had stopped. Cultures restructure the mind, not only in
terms of its specific contents, which are obviously culture-bound, but
also in terms of its fundamental neurological organization. Whether
that organization is vested in a parallel set of specific brain adaptations
or not (and obviously at times it is not), the brain sets fewer con-
straints than formerly thought on the process of cognitive evolution.
Culture can literally reconfigure the use patterns of the brain; and it
is probably a safe inference from our current knowledge of cerebral
plasticity that those patterns of use determine much about how the
exceptionally plastic human central nervous system is ultimately or-
ganized, in terms of cognitive structure.

The Organization of This Book

This book will propose two things: (1) an evolutionary thesis that is
a best guess as to how we arrived at our present state, and a corre-
sponding cognitive model of the transition from apes to humans; and
(2) a structural proposal, an initial effort at working out the cognitive
architecture suggested by the foregoing scenario. The point of the
exercise, with its attendant risks, is to derive a model of higher cog-
nitive structure that is compatible with available cognitive and neu-
rolinguistic evidence, within conventional evolutionary constraints.
The approach adopted here calls for relatively few major biological
adaptations, but is not as simple as a straightforward unitary model.
It is difficult to reconcile a unitary approach with existing neurolin-
guistic data. However, the complex modular structure revealed by the
data does not have to be attributed entirely to genetically bound ad-
aptation. As explained above, some of the neuropsychological struc-
ture observed in the modern human can be seen as the product
of biological evolution, and some as the imposition of cultural and
technological constraints upon neuropsychological maturation and
growth. But, even after considering how cultural factors might ac-
count for some cognitive structure, the biological residual still appears



The Need for a Theory of Cognitive Evolution I5

to require more than a simple, unitary adaptation, such as a larger
brain.

The starting point for this venture is, not surprisingly, Charles Dar-
win. In 1871 Darwin proposed some ideas on human cognitive evo-
lution that have since been largely forgotten. In Chapter 2, these
ideas, and some of their forerunners, are reviewed. Darwin'’s propos-
als, although based on much less information than is now available,
have the advantage that they were built upon a very broad review of
the evidence; Darwin’s approach was inherently interdisciplinary, and
he drew from any source that was important to his argument,
whether it was botany, geography, zoology, psychology, the social sci-
ences, or medicine. It is equally true of the approach adopted here;
the problem of cognitive evolution demands the widest possible range
of information, but it now includes new fields that did not exist as
separate disciplines in Darwin’s time: neurolinguistics, anthropology,
paleontology, neuroanatomy, and especially cognitive psychology.

The third chapter introduces the neuropsychological dimension of
human cognitive evolution. It starts with Wernicke but moves rapidly
into the modern era and reviews the available data on the underlying
structure of what Churchland (1986) calls, aptly if awkwardly, the
mind/brain. The fourth chapter briefly reviews some basic archeolog-
ical data, tries to establish a rough chronology of “landmark” changes
in hominids, and then discusses anthropological attempts at recon-
structing the cultures of archaic hominids.

The central thesis begins to develop in Chapter 5, where the mind
and culture of the great apes are analyzed and used as a starting point
for building a cognitive—evolutionary bridge to the mind and cultures
of modern humanity. The evolutionary proposal itself, consisting of
three hypothetical transitions in the evolution of the human brain
and mind, is described in Chapters 6, 7, and 8. In this proposal, two
major biological adaptations are hypothesized, one that occurred with
the evolution of Homo erectus, and a second with the evolution of
Homo sapiens. A third adaptation is also proposed, as a logical neces-
sity, for more modern humans; but the “hardware” supporting this
adaptation is technological rather than biological. The third adapta-
tion was nevertheless just as real, and just as revolutionary, in terms
of cognitive architecture, as the first two.

There were therefore three major evolutionary transitions on the
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road from the mind of the ape to modern human cognition. The
“transitions” were periods of rapid, radical change—the punctuations
in the process of punctuated equilibrium. They involved much more
than specific cognitive changes, or particular anatomical innovations:
each transition involved a complete redesign of the form of human
culture, as the direct result of a change in the architecture of human
cognition. This does not rule out the possibility of additional gradu-
ated change between major transitions, especially within a single spe-
cies—in fact, such change can be seen in several hominid species—
but more emphasis will be placed on the major transitions in this
scenario.

The first transition is described in Chapter 6 as a movement from
the level of culture of apes and australopithecines tohe level of cul-
ture of Homo erectus. Australopithecines showed no sign of a fun-
damental cognitive advance over their ape predecessors. Although
Lovejoy (1980), Isaac and McCown (1979), and others have argued
convincingly that there was a substantial change from apes in their
social fabric and survival strategy, signs of innovation are lacking in
the areas of tool manufacture and use, systematic cooperative hunt-
ing, migration, and other areas that indicate intellectual development.
This is not the case with Homo erectus; there are many features of
erectus culture that defy explanation in terms of simply expanding
pre-existing primate cognitive structures, and this is the point at
which the first qualitative break must be placed. The key innovation
in erectus was the emergence of the most basic level of human repre-
sentation, the ability to mime, or re-enact, events. This “mimetic”
skill supported a culture that formed a necessary intervening layer
between ape and modern human cultures. There are still cognitive
vestiges of that long intervening period strongly in evidence in hu-
man cognitive architecture.

The second transition, discussed in Chapter 7, was the move from
the culture of erectus to that of Homo sapiens. The biological evolu-
tion of modern humans was completed during this long transition.
The key event during this transition was the emergence of the human
speech system, including a completely new cognitive capacity for con-
structing and decoding narrative. There is a question of why the
emergence of speech should have had such radical cognitive spinoffs,
and part of the answer may lie in the circular interaction of speech
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with cultural change. The best level at which to describe most com-
pletely what probably went on is, once again, the cultural level.

The third transition was recent and largely nonbiological, but in
purely cognitive terms it nevertheless led to a third stage of cognitive
evolution, marked by the emergence of visual symbolism and external
memory as major factors in cognitive architecture. External symbolic
storage must be regarded as a hardware change in human cognitive
structure, albeit a nonbiological hardware change. Its consequence for
the cognitive architecture of humans was similar to the consequence
of providing the CPU of a computer with an external storage device,
or more accurately, with a link to a network. The limitations of an
individual computer become an increasingly secondary factor as the
knowledge of the network develops; computational “powers” are in-
creasingly dictated by the network. In such a situation, the properties
of the network may be more important for understanding what the
machine can do than the properties of the machine itself. In a similar
way, the structuring effects of culture and technology on the individ-
ual human mind need to be taken into account.

Just as neuropsychological considerations play an important role in
constructing a credible evolutionary scenario, a modified neuropsy-
chological model is an inevitable by-product of that scenario. Major
adaptations in evolution are always built on pre-existing structures;
this may be called the “if-it-ain’t-broke-don’t-fix-it” caveat (or, for the
classically educated, the canon of parsimony). Thus, if modern apes
are taken as prototypes of our immediate pongid ancestors (a reason-
able position, provided it isn't taken too far), I would assume that (1)
whatever cognitive capacities we can establish in apes persisted into
the hominid line, albeit sometimes in vestigial or masked forms; and
(2) any truly new biological adaptations—that is, those that were not
simple expansions of existing capacities—emerged because they in-
volved a qualitatively new cognitive function.

Thus, in proposing major transitions, I am proposing truly novel
adaptations that could not be accounted for in terms of a simple dif-
fuse expansion of primate skills. Enlargement of the brain, which
continued throughout hominid evolution, does not in itself constitute
or imply a major transition. The brain size of primates has been in-
creasing since the advent of the great apes, but no major transition
has occurred among apes in the cognitive realm comparable to that in
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humans. This is evident in the cultural similarities between different
types of ape. They differ in many ways: in their social organization,
in their diet; in their habitat; in their uses of found tools; and in their
aggression and territoriality. But on the cognitive level, the differ-
ences between them are relatively minor. The chimpanzee has a cog-
nitive edge over some other apes in manual skills, but the differences
are sufficiently minor that chimpanzee culture is still basically only a
variant on ape culture. Humans, on the other hand, are genetically
closer to the chimpanzee than is any primate other than the gorilla;
and yet our cognitive—cultural distance from the chimpanzee is enor-
mous. There is no reason to think this distance can be attributed en-
tirely to diffuse brain growth, since similar relative growth in the
history of primate evolution has not had such major cognitive conse-
quences. This in itself is a good reason to look for a chain of signifi-
cant, specific cognitive adaptations that might bridge the gap from ape
to human.

The structural consequences of the major human cognitive transi-
tions are laid out alongside the evolutionary hypothesis in chapters 6,
7,8, and 9. Each stage in development involved a structural change in
cognitive organization, as well as a profound cultural change. A com-
plex of new cognitive modules accompanied each adaptation. This im-
plies at least two intervening biological “layers” of distinctly human
cognitive structures. And since the later layers were built on what
preceded, a vertical hierarchy is implied.

The most recent cognitive transition acknowledges the importance
of external storage media on individual cognitive structure. It will be
proposed that many features of modern human cognitive architecture,
of which the most obvious is reading, originate at this level. They, like
earlier innovations, rely on hardware changes, but in this case the
hardware changes are external to the biological memory system and
reside in the technology of the culture. The cognitive modules pos-
tulated at this level are perfectly real in the Fodorian sense, but not
because they are physically bounded in the brain—rather, because
they are physically bounded somewhere, often in an external memory
locus. Without external loci, they literally could not exist. If the cog-
nitive “modules” supposedly underlying reading and mathematics
exist at all, they exist only as part of a larger organization imposed on
the neural systems already in place at the time speech evolved.
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But the external symbolic system imposes more than an interface
structure on the brain. It imposes search strategies, new storage strat-
egies, new memory access routes, new options in both the control of
and analysis of one’s own behavior. It enables new skill-complexes
(like reading or programming) in which the locus of memory is partly
or mostly external. The decipherment of the innate neuropsycholog-
ical structure of mind thus depends on a careful mapping of the entire
cognitive structure, including the external modules and memory loci.
In subsequent chapters each of these points will be discussed, and the
two major aspects of a theory, evolutionary and structural, will be laid
out in detail.



arwin’s Thesis -

Continuity and Discontinuity

There appears to be a great cognitive discontinuity between humans
and other animals, despite overwhelming evidence in support of the
physical continuity between humanity and antecedent life forms.
Darwin was primarily concerned with the latter, that is, with the con-
tinuities in physical evolution. However, he tended toward consist-
ency in his worldview, and consistency demands that, if the behavioral
progress of animals unfolded alongside their physical evolution, as it
evidently did, then the same should hold for humans. The Darwinian
view thus favors, in principle, a continuity theory of language and
thought.

With regard to the brain, the Darwinian view is no longer seriously
questioned. Our brain, like our other organs, is essentially similar to
its counterpart in all higher mammals. Its principal structures have
the same functions, approximate locations, and names as they do in a
variety of other species. In a very real sense the human brain is only
one manifestation of what might be called the common mammalian
nervous system. Our brain contains most of the same chemical neu-
rotransmitters, is subject to many of the same diseases, and has the
same types of neurons as those of other primates. Moreover, most
higher mammals, including humans, have substantially similar cere-
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bral organizations on a microscopic level; there is a typical topo-
graphic, laminar, and columnar organization according to which the
sources of inputs and outputs, and the various interconnections be-
tween areas of the mammalian brain, are laid out. On the available
evidence, the brains of apes and humans are so similar that one is left
at a loss to explain the remarkable, and apparently discontinuous, na-
ture of the mental capacities of humans in comparison with those of
our primate cousins.

To complicate the picture, there is no direct information available
on the brains or level of intelligence of the “missing links,” the inter-
mediate species that presumably bridged the gap from ape to human.
All of our evidence is indirect: a few bones and artifacts and elaborate
attempts at reconstructions of culture, based on remnants of seeds
and pollen, patterns of tooth wear, geographical considerations, and
our knowledge of modern apes and humans. The task of reconstruct-
ing the steps through which humans must have passed in their evolu-
tionary transition is so difficult that many have chosen to ignore the
problem.

One extreme approach, which some may take simply as a counsel
of complete despair, is to proclaim a discontinuity in evolution when
it comes to the human mind. This is the traditional position of Carte-
sian rationalists, a position that ultimately dates back at least to
Aristotle. The human mind is qualitatively different, language is
qualitatively different, the realm of symbolic representation is quali-
tatively different, from what went before. Therefore, the realm of
language, meaning, thought, and intentionality somehow falls out-
side the reach of natural science. This viewpoint has its attractions,
and in recent decades it has been the dominant opinion in philosophy
and cognitive science.

This is changing. There is now a trend back toward synthesis, a
rejoining of cognitive science and the Darwinian worldview. This is
partly due to the limitations, now evident, of an experimental cogni-
tive psychology that ignores the brain; and it is partly due to the
presence of new research data. New biochemical and genetic data have
radically altered our perceived age as a species. Twenty-five years ago
the time-scale of human evolution was about five times longer than
it is in the present version. We were thought to have descended from
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an ancient ancestor, Ramapithecus, who lived some 12-15 million
years ago, who was thought to have deviated from the apes even fur-
ther back in time, perhaps 40 million years ago. According to the
modern genetic clock, that time can now be reduced: we are no more
than about 5 million years from an ancestor we shared with the chim-
panzee (Sarich, 1980). This estimate also agrees with improved dating
of archeological data. Moreover, the oldest species within the genus
Homo are now dated at less than 2 million years old, and the recency
of fully modern humanity is startling: the oldest remains are only
50,000 to 100,000 years old.

At the time of the publication of Eric Lenneberg’s classic work on
the biology of language, 1967, the old time-scale was still in force,
and the “golden decade” of 1967-1977, as Johansoy and Edey (1981)
referred to the great discoveries in archeology during that time, was
only beginning. “Lucy,” and the huge collection of very ancient aus-
tralopithecine bones found at Hadar, Ethiopia, had not yet been dis-
covered; skull 1470 had not been found; Jerison’s and Holloway’s im-
portant work on fossil crania had not yet been published; and modern
cognitive science was in its infancy. Neurolinguistics did not yet exist
as a discipline; Washoe and Sarah and many other apes trained to use
symbols were still in the future. And neuropsychology was only
beginning to break away from the confines of clinical neurological
observation and develop its own methodologies. Transformational
grammar was in its heyday; Chomsky’s (1965) idea of an innate “lan-
guage acquisition device” was accepted as a biological necessity. So
complete was Chomsky’s defeat of behaviorism that the doctrine of
the uniqueness of human language was virtually unchallenged in psy-
chology. Thus, when Lenneberg proposed his “discontinuity” ap-
proach to human language, he was in line with the times.

Lenneberg (1967) was one of the first, and the most successful, of
the modern scholars who tried to draw a connection between neuro-
psychological, comparative, and evolutionary data on human lan-
guage. Relying heavily on clinical studies of language abnormalities,
on studies of twins, and on developmental data, he proposed a biolog-
ical theory of language development. His language model was char-
acterized by all the properties of a relatively self-contained biological

system: the language device matures at its own rate, during a defin-
\
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able “critical period,” and manifests unique properties in the percep-
tual, motor, and cognitive realms, which set it apart from the rest of
higher cognition. The language device resides in definable brain struc-
tures, as shown by a variety of clinical studies. It is unique in evolu-
tionary history, and although the properties of the system are not
understood, it represents a break with the past. Lenneberg held that,
although the capacity for language must be found in the brain, lan-
guage has properties that require a special processor. Chomsky, who
wrote an appendix to Lenneberg’s book, went further than Lenneberg:
he maintained that the brain contains specific metagrammatical infor-
mation about the forms language can take. How such a unique lan-
guage device could have evolved so rapidly might be puzzling to the
biologist, but so be it: that was his problem.

The discontinuity approach was clearly at variance with the rest of
behavioral science—and with anthropology, archeology, biology, and
neuroscience—and it was not really so much a theory as a particular
strategy for approaching the subject of language. To some extent, it
was an attempt to postpone the inevitable. Both Chomsky and Len-
neberg acknowledged the necessity of postulating a brain mechanism;
in fact, both of them did, in their own ways, attempt to describe some
of its properties. But, they argued, whatever that mechanism was, it
operated on new principles. The principles of explanation available to
explain other levels of behavior and mind simply did not apply here.
Thus, it would be impossible to bridge the gap in evolution from be-
low; the language mechanism had to be described on its own level
first.

The fatal difficulty with a discontinuity approach is that it leaves
language without a frame of reference in the external world. The
symbols of language denote things and events that are known pri-
marily in presymbolic or nonsymbolic ways. Without a knower, the
symbols themselves are meaningless, truth has no means of verifica-
tion, rules become endlessly (and, one suspects, needlessly) compli-
cated. The magnitude of this problem is seen in artificial intelligence
(AI) research, where the problem of context and meaning has over-
shadowed the impressive progress that has been made in other areas.
To create the illusion that a computer “understands” a statement,
when in fact it knows nothing of the world to which it refers, requires
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a fiendishly clever programmer. It is the ultimate Clever Hans illusion
of all time.* By contrast, the innovative, incomplete, ungrammatical,
intuitive language of the streets, the trademark of humanity, so ef-
fortless and subtle, seems to violate all of these rules in one way or
another. The average human is the exact opposite of the Al algorithm:
full of knowledge, short on rules and exact denotations, harnessing
language to the pragmatic end of expressing and expanding underly-
ing knowledge.

A continuity approach is also vulnerable to a whole range of criti-
cisms (see Fodor and Pylyshyn, 1988), but it appears to be the only
avenue open to us. It is not a new avenue; continuity theories have
been proposed since the Enlightenment. Although Darwin is the
touchstone of modern continuity theory, he had predetessors.

Pre-Darwinian Theories

Prior to the seventeenth century, the main concern of those who
thought about the origin of language was whether language had a
divine origin or was a human invention. The majority of Greek and
Roman writers, and virtually all Christian and Moslem writers, as-
sumed that language was a divine gift. Thus, God gave Adam a pri-
mordial tongue, which most Western writers assumed to have been
Hebrew, while Arabs assumed it to have been Classical Arabic. Theo-
ries of divine intervention could be considered the original form of
discontinuity theory.

In contrast, Plato believed that language had human origins, and
he alluded to the gesturing of the deaf as evidence that the form of
language was not fixed. Plato’s position is compatible with that of
some modern learning theorists, who hold that language is a by-
product of a more general capacity for learning (for example, Skinner,
1957). The Stoics placed the origin of spoken language in onomato-

*Clever Hans was a famous performing horse who could supposedly count and carry out
elementary mathematical operations such as addition (Pfungst, 1911, translated 1965).
Hans indicated the solution to a problem by tapping his hoof on the ground the required
number of times. It was eventually shown that the horse was giving the correct answers
by watching his questioners for very subtle body-language cues that told him when to
stop tapping. When a test was rigged so thatno one who knew the answer was left in the
room with the horse, he failed to give the right answers. For years, however, even his
trainer had been fooled into thinking he could add.
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poeia, or the mimicking of sounds associated with the thing being
named. In fact, the word “onomatopoeia” means, literally, “the mak-
ing of a word.”

In the seventeenth century theories of language origin began to
proliferate.* They generally held that language must have begun with
manual gestures (Cresol, 1620; Dalgarno; 1661; Bulwer, 1644). Des-
cartes (1637) asserted that it was the foundation of human reason and
that it alone elevated man above his body, which was an automaton.
Samuel Pepys (1661) observed that apes were quite humanlike and
might be capable of learning sign language.

In the eighteenth century, fashionable theories of language origin
had a biological slant, especially in France, and although evolution
was not yet a catch-word, they all seemed to acknowledge that theo-
ries of language origin had to provide a bridge between an apelike
prelinguistic state and modern human language. Our primal language
was thought to be concrete—that is, lacking in abstract concepts—
and based on facial expressions, gestures of the hand and body, and
primitive vocalizations that had an imitative quality (Condillac, 1746;
Rousseau, 1755). The earliest languagelike sounds were either mon-
osyllabic interjections (Vico, 1750) or sing-song modulations (Black-
well, 1735). La Mettrie (1748) speculated that apes might be taught
language. In England Adam Smith (1804) tried to construct a theory
of language origins based on the laws of association and imitation.
This explosion of eighteenth-century language theories came to an
end with a final flurry of interest in the work of the Abbé Sicard
(1790) with the deaf and of Itard (1801) with the Wild Boy of Avey-
ron. Interest in the subject waned for the next forty years and was
not renewed until the theory of evolution was in the air.

Modern theories of our mental origins should really be dated from
the publication of Charles Darwin’s landmark book The Descent of
Man (1871), although On the Origin of Species (1859), which did not
itself speculate on language origins, triggered much debate. In fact,
so great was the torrent of papers on the subject that in 1866 the
overburdened Societé de Linguistique de Paris banned any further
communications on the topic. The ban, alas, was unsuccessful, and

*I have relied heavily on Hewes (1977) in constructing this section. This brief section is
not intended to be comprehensive; for more detail, the reader is referred to Hewes’ exten-
sive review.
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since that date the subject of the origin of the modern mind has at-
tracted views and speculations from virtually every branch of biology,
anthropology, psychology, and linguistics.

With such a large literature at our disposal, we might expect a cor-
respondingly large array of theories about our origins. But in fact
there are relatively few specific proposals, and a great deal of redun-
dancy between those that do exist. Prior to Darwin, gestural theories
abounded. Since Darwin, each speciality has tended to focus almost
exclusively on its own evidence. Thus, paleontologists have empha-
sized the importance of gross anatomical changes, particularly our
erect posture and opposed thumb, in the development of intelligence.
Comparative psychologists have emphasized our exceptional capacity
for learning and concept formation. Linguists have emphasized our
unique vocal tract anatomy and our capacity for grammar. Ethologists
have focused on the similarities between human behavior and ani-
mal behavior. And animal behaviorists have set themselves the task
of demonstrating how smart (and thus similar to humans) other spe-
cies are.

The continuity/discontinuity question is theoretically independent
of the question whether language is modular or unitary in its struc-
ture. Language could have come about either as the result of several
distinct modular adaptations or as the result of a massive unitary ad-
aptation that had an across-the-board effect on intelligence. In either
case, there may or may not have been a qualitative break with the
past. However, in reality, those who favor the continuity approach—
learning theorists, primatologists, and some Al theorists—have
tended to adopt a unitary theory, maintaining that only one cognitive
adaptation was needed to “explain” human capacities. That adapta-
tion is generally seen as a modification of existing primate intellectual
structures. Those who favor a discontinuity approach, such as some
neurolinguists and cognitive psychologists, tend strongly toward
modular theories. Many of the language “modules” they propose rep-
resent uniquely human skills.

In reality, none of these subdisciplines alone can solve the problem
of how language emerged; the larger form of the question is inher-
ently interdisciplinary. Darwin, in characteristic fashion, took a very
broad view in constructing his own theery, and in this century the
task requires, if anything, an even broader, rather than narrower,
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reach. Although the question of mental origins, and the origins of
language, is primarily a psychological one, the data of neuroscience,
linguistics, and anthropology are also relevant to its answer.

Darwin on Animal Intelligence

One of Darwin’s principal objectives in writing The Origin of Species
(1859) was to establish natural selection as the mechanism underlying
the continuous evolution of life, including human life. What had pre-
viously appeared as a divinely ordained, static hierarchy of Being,
with human life at the top, became, in Darwin’s view, a dynamic but
mechanistic pattern of change; and while humanity still remained “at
the top” in terms of its cognitive achievements, it could no longer be
seen as a totally different order. Significantly, perhaps anticipating the
magnitude of the controversy about to break, Darwin did not address
the specific question of human mental origins until The Descent of
Man (1871). In his introduction to that book, Darwin wrote that he
had collected notes on this topic for many years “without any inten-
tion of publishing on the subject, but rather with a determination not
to publish, as I thought that I should thus only add to the prejudices
against my views.”

Particularly controversial were his views on the mental powers of
animals. Darwin argued that we tend to underestimate the cognitive
abilities of animals, and he listed numerous anecdotal examples of
learning in a variety of species. Darwin distinguished between stereo-
typed “instincts,” which were inborn, and highly variable acquired or
learned behaviors, which involved the use of experience and thus im-
plied the presence of intelligence. In his view, animals, particularly
mammals, possessed most of the higher faculties attributed to hu-
mans. Thus, their emotions and drives were so complex and variable
that they could not be attributed to simple inborn programs. For in-
stance, dogs manifest feelings of jealousy, possessiveness, resentment,
grief, and loyalty and have social needs that imply a great deal of
understanding of their social milieu. Darwin’s feelings toward the
emotional subtlety of dogs are shown in this anecdote:

In the agony of death a dog had been known to caress his master, and
every one has heard of the dog suffering under vivisection, who licked
the hand of the operator; this man, unless the operation was fully jus-
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tified by an increase in our knowledge, or unless he had a_heart of
stone, must have felt remorse to the last hour of his life. (p. 70)

He observed that monkeys are capable of elaborate deceit, even re-
venge, and in a story communicated to him by the zoologist Andrew
Smith, he made his point:

At the Cape of Good Hope an officer had often been plagued by a cer-
tain baboon, and the animal, seeing him approaching one Sunday for
parade, poured water into a hole and hastily made some thick mud,
which he skilfully dashed over the officer as he passed by, to the amuse-
ment of many bystanders. For long afterwards the baboon rejoiced and
triumphed whenever he saw his victim. (p. 69)

Darwin was fascinated with the intellectual curiosity shown by
monkeys, which was often so great that it exposed them to danger.
Hearing of the instinctive dread they had of snakes, he once took a
stuffed snake into the monkey house of the Kew Zoological Gardens,
causing a commotion among the inhabitants. In his words,

I then placed the stuffed specimen on the ground in one of the larger
compartments. After a time all the monkeys collected round it in a
large circle, and staring intently, presented a most ludicrous appear-
ance. They became extremely nervous; so that when a wooden ball

was accidentally moved in the straw, they all instantly started away.
These monkeys behaved very differently when a dead fish, a mouse, a
living turtle, and other new objects were placed in their cages; for
though at first frightened, they soon approached, handled and exam-
ined them. (p. 72)

Curiosity, however, overcame their dread:

I then placed a live snake in a paper bag, with the mouth loosely closed

monkey after monkey, with head raised high and turned to one
side, could not resist taking a momentary peep into the upright bag, at
the dreadful object lying quietly at the bottom. (p. 72)

Darwin observed that the similarities between humans and higher
mammals extend to the cognitive realm. Imitation is found in many
species of animal. He gave the example of jackals and wolves, reared
by dogs, who learned to bark; of birds imitating a variety of environ-
mental sounds; of a dog, raised by cats, learning to lick her paws and
thus wash her ears and face. He also observed that humans can be
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imitated only by primates, their closest relatives. This is consistent
with most of his other observations, where imitation was restricted to
species that were reasonably close together on the phylogenetic scale.
The major exception appeared to be in birds, which could mimic not
only other birds but also a variety of environmental sounds and the
cries and calls of many animals, including humans.

Focused attention was, in Darwin'’s opinion, another important cog-
nitive capability that animals share with humans. He gave the ex-
ample of a cat patiently watching the entrance to a hole, waiting for
its prey. In another example, he observed that circus monkeys were
typically selected for training on the basis of their resistance to dis-
tractions; trainers quickly gave up on a highly distractible animal.
Memory was another area in which he observed similarities between
animals and humans, especially in their capacity to recognize other
individuals after long delays, sometimes five or ten years or even
more. Dreaming and imagination, as well as superstition, are also
found in animals, wrote Darwin. He alluded to the movements and
noises they make during the night and to their capacity for “imagin-
ing things” in the dark, just as humans do.

Reason was regarded by Darwin, as it was by Aristotle, as the peak
of human intellectual power. However, even reasoning was to be
found in animals, in some form. Darwin’s evidence for this was be-
havioral: when confronted with a problem, animals pause, deliberate,
and resolve. He gave the example of a bear making a current in some
water with his paw, in order to draw a piece of floating bread within
reach, and of an elephant blowing with his trunk on the ground be-
hind an object, to drive it within reach. Monkeys and apes, as usual,
were closest to humans in reasoning power. For instance, given boiled
eggs to eat for the first time, monkeys smashed them and spilled most
of their contents; afterwards, however, they carefully cracked the
ends of the eggs and picked off the shells in small pieces, having
understood the consequences of simply smashing them.

Another area in which animals resemble us might be called the
wisdom of experience and age. Darwin related the well-known anec-
dote among trappers that young animals are more easily trapped than
old ones and that it is impossible to catch many animals in the same
place, with the same kind of trap. Caution in responding to the envi-
ronment is a characteristic of older animals, as well as older humans.
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Even though humans may remember more, attend longer, show more
imagination, and solve more elaborate problems faster than other an-
imals, the difference in intelligence is not qualitative but quantitative.

Darwin recognized that apes and other higher animals, like ele-
phants, employ tools. Monkeys use stones to shatter palm nuts; or-
angutans use sticks as levers to get at food under heavy objects and
use available objects as shields against stones and projectiles thrown
by enemy orangs; elephants use sticks to drive away flies; baboons
roll stones down mountainsides to drive away rivals. Darwin’s evi-
dence was gathered more informally than the careful observations of
modern ethologists and animal behaviorists, but his conclusions were
essentially similar.

With regard to abstract intelligence and self-consciousness, Darwin
acknowledged the difficulty of judging the minds of animals. He did
point out, however, that the presumption lies more with those who
deny that animals can have abstract concepts than with those who
accept that they do. Given our common mammalian heritage, he im-
plied, the burden of proof is on anyone who would deny the conti-
nuity of mind. He was even willing to concede some small degree of
self-consciousness to higher mammals. By self-consciousness he
meant the ability to reflect on ultimate questions like death, one’s
origins, and the meaning of life. Animals may not possess this, but,
he asked, is the nature of such questioning really any different from
that of a dog reflecting, or rehearsing, the pleasures and pains of his
own experience? And who can be sure that such reflection does not
take place? Besides, as Darwin pointed out, culture and experience
might be the source of self-consciousness; humans with very little
education might also find it difficult to reflect, if the habit of such
reflection had never been established. But in the case of humans, we
do not doubt that, given the right exposure, self-consciousness could
develop.

Darwin wrote at great length on the social and moral capacities of
animals, which he saw as being closely interrelated. He spoke of the
close bonding that occurs between members of a group, particularly
among highly social creatures like dogs; of the altruistic behavior ev-
ident in close social groups; and of the importance of social rein-
forcers. He saw human morality largely as an extension of the social
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contract found in any reasonably advanced animal group. He gave as
examples of social cooperation the pack-hunting of wolves and their
sharing of food; the group-fishing of pelicans; and the cooperation of
baboons in lifting heavy objects like stones, to expose insect nests.
Mutual self-defense had been widely reported: bull bisons in America
were said to herd the cows and calves into the center of the herd and
defend the perimeter. Primates in particular were strong in mutual
defense. Darwin related the following report about the behavior of
baboons observed in Abyssinia: the pack had been attacked by dogs,
and the baboons had managed to climb up on some high rocks, except
for a young member of the group, who was surrounded by dogs.
“Now one of the largest males, a true hero, came down again from
the mountain, slowly went to the young one, coaxed him, and trium-
phantly led him away—the dogs being much too astonished to make
an attack” (p. 101).

Social bonding between animals was a product of selection; Darwin
related a report by Galton .that most wild cattle in Africa could not
tolerate even a brief separation from the herd and slavishly followed
their leader. There could be only one self-reliant leader; if many were
born they would be culled by lions waiting to prey upon any “individ-
ualists” who might wander from the group. Darwin did not speculate
about the nature of social intelligence, but he was aware that it was a
major part of what might be called the higher cognitive functions of
all animals, including humans.

Darwin’s Thesis on Language Origins

To Darwin, language was one of the most distinctive aspects of human
mental life. However, he questioned whether it was qualitatively dif-
ferent from the communication systems of animals. Darwin first ex-
amined the question of the uniqueness of language in its perceptual
and motoric aspects. He pointed out that many animals produce what
we would call “tones of voice,” which constitute modulations of their
characteristic cries; for example, dogs bark in a variety of tones,
which might express what we know as surprise, anger, fear, or joy.
Thus, modulation of the “tone of voice” is not a uniquely human
aspect of communication. Some creatures—for example, parrots—
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can mimic and articulate quite complicated sequences of sounds al-
most as well as humans. And the capacity to imitate complex sounds
is not uniquely human.

Moreover, Darwin noticed that animals seem capable of discrimi-
nating between different words and short sentences; thus, auditory
discrimination per se, especially in the short time span of a few sec-
onds, does not appear to be the basis of our unique ability. Humans
use facial expressions and gestures that resemble those of animals,
and we combine them with sounds, such as those used to express pain,
fear, surprise, anger, and joy, to convey meanings that may also be
conveyed through language.

Darwin knew that animal communication—for instance, bird
song—is not always fixed; the particular notes of a bird song must be
learned, just as the specifics of any human language must be learned.
He reported the existence of bird-song dialects, which he found to be,
in principle, like human dialects. Thus, the cultural variability of hu-
man language was not, for him, a qualitatively unique feature in the
hierarchy of evolution. Darwin did not question the special nature of
human language; but in all of these caveats he cautioned us to keep
in mind the continuity of many features of our language with aspects
of infrahuman communication.

Note that the manner of Darwin’s thinking was psychological: he
was thinking of the underlying structure of language, in a sense of its
modular structure. If the presence in other species of voice modula-
tion, vocal mimicry, complex auditory discrimination, communication
by gestures and facial expressions, and variability of dialects is not
sufficient evidence for inferring the presence of human-type language
in other animals, then by extension he implied that the central ques-
tion of what language is remains to be explained. Darwin wrote that
the most distinctive trait of human communication must consist of
some of the more abstract cognitive features of our language. In this
aspect, his thinking was quite modern. And in looking for a “language
center” in the brain, or some feature of neural organization that was
crucial to the development of language, we should focus on these cog-
nitive features, according to Darwin, rather than focusing exclusively
on the auditory—vocal apparatus underlying speech.

Darwin was trying to move his audience gently away from their
strong “humanist” prejudices and toward the realization that, even in
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the matter of language, we share a great deal with our mammalian
cousins. This was important to his theory of gradualism and conti-
nuity. It was central to his gradualist argument to demonstrate that
some of the building blocks of language were already in place in apes.

A century before Jane Goodall’s work, and fifty years before Wolf-
gang Kohler, Darwin believed that apes possessed a capacity for ab-
stract thought and tool use. His evidence was anecdotal and second-
hand, but he was right, as he had a habit of being. He assumed that
knowledge was not primarily linguistic and that language was there-
fore not a world unto itself; this view fits in well with the data of
modern psycholinguistics, which have clearly established the effect of
nonlinguistic context on the meanings of utterances. Ninety years
before Chomsky’s famous attack on radical behaviorism, Darwin had
observed that human children learn language so incredibly fast that
they must have special powers of language acquisition, but, unlike
Chomsky, he did not see this special ability as a problem for the con-
tinuity approach.

Darwin could not have known that apes can be trained to under-
stand and use symbols, as shown recently, but this knowledge would
probably not have required him to make any major modifications in
his position. Many things are missing from his discussion: he made
no mention of grammar, he did not make specific proposals about the
timing of putative evolutionary steps, and he had no specific model of
language structure to propose as a result of his phylogenetic specula-
tions. But considering its vintage, Darwin’s discussion has survived
the primary test of time: it remains relevant to the current debate,
which began about 1975, about the emergence of language.

Buried in his chapters on human mental powers is a brief proposal,
which I will call Darwin’s thesis, on the transition from ape commu-
nication to human language. This thesis was an attempt to think
through the steps that must have led to the sudden and dramatic ac-
celeration of human cognitive ability, which appears to have accom-
panied the development of what he called “articulate language.” Al-
though lacking in detail, and largely ignored in our time, Darwin’s
thesis has some intriguing features, and provides a starting point
from which to view later work. Darwin’s proposal is presented in two
chapters of The Descent of Man entitled a “Comparison of the Mental
Powers of Man and the Lower Animals” and contains three key ele-
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ments.* First, given the intellectual powers of humans without lan-
guage (for example, deaf-mutes), there must have been a prelinguistic
change in primate cognition that raised the basic cognitive skills of
humans above those of apes and set the stage for language. Second,
the primal form of language was not sign language but rather speech.
Speech emerged in two stages, the first of which must have been a
rudimentary form of song, and the second, language itself. Third,
articulate speech, once established, interacted with the human capac-
ity for thought, leading to the development of new forms of thinking.

Darwin believed that during the first stage of language evolution,
there was a prelinguistic expansion of primate intelligence, resulting
in a capacity to represent the world symbolically. Although he did not
explicitly spell out the implications of this statement,+it is clear he
meant that human intentionality (our ability to represent, and make
propositions about, the world) must have emerged in some prelin-
guistic form. This implies the existence of archaic forms of hominid
cognition that rose above the intellectual level of the ape, without
involving what we know as language. Darwin did not specify the pre-
cise form these cognitive changes would have taken.

He proposed that during the second stage of language evolution the
“primal form” of language emerged. It was not some early version of
sign language; it was rather a vocal communication system. Darwin
acknowledged that our capacity for speech involved a major special-
ized adaptation, even though, in itself, a capacity to create a wide
variety of vocal sounds was not a sufficient condition for all the prop-
erties of modern human language. The vocal adaptation, in his view,
probably involved two aspects: (1) the direct imitation of various nat-
ural sounds; and (2) whatmight be called “rudimentary song,” which
is a creative, prosodic, largely emotive use of the voice. Darwin be-
lieved that the constant use of the voice in this way would have led
directly to the strengthening and perfection of the modern vocal ap-

*In this review, I have relied on the second edition (1874), which contains a number of
corrections of and additions to the 1871 text. The second edition is somewhat rambling
and full of ideas which we would find questionable or simply wrong today, such as the
inheritance of acquired characteristics and the superiority of the “civilized” races. I have
taken the liberty of selecting what appear to be the essential elements in Darwin’s argu-
ment and reassembling them in the form of evolutionary steps, or phases.

\
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paratus, a Lamarckian position that does not meet with acceptance
‘today.

Third, the existence of a primitive system of vocal communication
drove a further general expansion of cognitive power, which in turn
gradually led to complex articulate language. The result of this was
our characteristic human capacity for what Darwin called “long trains
of thought,” which were, in his view, impossible without language.
This increased cognitive power was not limited to vocalization and was
sufficiently general to harness other modalities of communication
where convenient or necessary—for instance, sign language. Here,
again, he believed that constant use of language would have led di-
rectly to further development of the brain.

If we disregard for the moment Darwin’s Lamarckian assumption
that use of a structure leads to a permanent change which can then be
directly inherited by one’s offspring, the essential point of Darwin’s
thesis is that a prelinguistic cognitive revolution had to occur before
any form of language could develop. This revolution was followed by
the acquisition of rudimentary song, implicitly a form of speech with-
out grammar, since grammar, for Darwin, seems to be the by-product
of a general capacity for thought. Once some form of vocal commu-
nication was in place, a circular interaction between that system and
the capacity for thought led to the development of an ability for
longer and longer (and presumably more complex) trains of thought
and their integral support system, speech.

Archaic Human Cognition

Interpreting Darwin’s intent is not often easy, but here it is clear that
a major prelinguistic improvement in the cognitive capabilities of apes
is the step that led the emerging new species to its “hominid” status.
Darwin does not specify the nature of the change, but it would, at the
very least, have given hominids an ability to formulate an intention
to communicate in a symbolic manner. If this were not the case, the
second stage would not have taken the form that it did—rudimentary
song.

To preserve his assumption that no qualitative change took place
but only an improvement of existing capacities, we should recall what
Darwin held to be the highest cognitive functions of apes. He consid-
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ered that tool use was one of the highest human functions, as well as
the closely related skills of problem solving and reasoning; another
was the formation of abstract concepts. Although he knew apes pos-
sessed these abilities, he also knew they fall far short of the human
standard; he pointed out that they might use available implements as
tools in certain circumstances, but they do not appear to have the
ability to design and manufacture tools.

Similarly, as Darwin wrote, their concept-formation skills are far
more limited than those of untrained deaf-mute human children.
From observing these children we know that human intelligence is
superior to ape intelligence even without the use of language. These
evolutionary advances in instrumental reasoning and the formation
of abstract concepts must have preceded the arrival of laniguage. Dar-
win might have meant that the general capacity that underlies our
ability to manufacture tools was also the capacity underlying the use
of intentional signals. Perhaps he meant that a general-purpose cog-
nitive advance might have, in itself, started humans on the road to
symbolic intelligence.

One highly specific feature of human communicative behavior that
Darwin placed early in the line of hominid adaptations was the use of
facial expressions. Darwin wrote that facial expression is greatly elab-
orated in humans, although basically resembling the range of facial
expressions found in apes. Moreover, he noted that the use of gross
body posture in humans is in principle similar to its use in apes, al-
though more inhibited. Thus, we have to postulate a new level of
expressive development in Homo, which probably occurred indepen-
dently of vocal language. This development might have preceded
symbolic language, since it would have lacked a biological rationale
for emerging after language was already in place.

In the case of postural communication, Darwin observed that pilo-
erection (raising the hair on the back) and gross postural display have
obviously fallen off in modern humans, although vestiges remain,
especially in our “hair-raising” reaction to situations of threat. Such
vestigial features constitute a typical piece of Darwinian evidence;
vestiges speak of our continuity with earlier life forms that found the
adaptation more useful.

Great elaborations of facial expression and of accompanying emo-
tional sounds, so characteristic of humans, are effective devices at
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very short range and reflect the intimacy of the social groups in which
Homo was evidently living. Darwin held that in small groups facial
expression is a very efficient device for the communication of emotion
and that the continued heavy use of facial expressions by modern
humans, even while possessing a tremendously powerful language, is
a vestige of this early adaptation of Homo.

One of the most notable features of Darwin’s thesis is that, despite
his awareness of the importance of facial expression and postural sig-
naling, he did not propose a gestural model for the first human lan-
guage. He knew that gesturing occurs in apes, but it is emotional in
content, stereotyped, and largely involuntary. Language is variable
and voluntary, and thus gesturing must have changed fundamentally
in nature to evolve into any form of language. Although he believed
that gesturing may have evolved somewhat in early humans, Darwin
did not believe in elaborate hand-signing as a precursor to spoken
language, despite many earlier proposals to that effect. Perhaps this is
because those hand signals that were known to him did not appear to
possess the syntactic properties of language. American Sign Language
(ASL) for the deaf, which is a fully developed symbolic medium
(Klima and Bellugi, 1979), is a modern invention. In Darwin’s time
formal, standardized signing was still in its infancy. Darwin did not
state explicitly why he had rejected a gestural model of primal lan-
guage, but his own logic implies that if the primal form of language
had been a formal system of hand signs, vestiges should remain and
would be especially evident in purely oral cultures. The absence of
such vestiges suggests that language found its origins elsewhere.

The archaic phase of human cognition thus seems to have involved,
for Darwin, a general increase in intelligence, including problem-
solving ability, toolmaking skill, and abstract concept formation that
somehow allowed the formulation of shadowy, and presumably
largely unfulfilled, communicative “intentions.” Gestures, particu-
larly facial expressions, remained tied to emotion. Humans still
lacked true language, including sign language; the emergence of lan-
guage would be tied to vocalization.

Vocdlization: Rudimentary Song

Darwin considered sound as the primary medium of language. The
extensive use of vocal communication, however, represented a major
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change from ape communication systems. Given the vocal shortcom-
ings of our primate ancestors, how did the use of sound become so
elaborated in Homo? What were the steps leading to speech? Darwin
provided us with an explicit suggestion: some kind of primitive sound
modulation, which we will call rudimentary song, came first, followed
by more elaborate vocal imitations and finally by articulate language.
The pressure to develop vocal skill had come from the preceding phase
of general intellectual improvement. Once intentions could be for-
mulated, the adaptive advantage of better vocal control became evi-
dent.

Darwin assuined that the voluntary vocalizations of early hominids
were initially achieved with the standard mammalian vocal apparatus
possessed by modern apes. He spoke of the refinement of the modern
human vocal apparatus as a product of, rather than a precursor to, the
earliest human vocalizations. This being the case, Darwin expected
that the first use of the evolving new skill would have been in produc-
ing cadences, or modulations, that would have resembled singing
more than speech. He pointed out that gibbons produce such modu-
lations during courtship.

If the first hominids were at roughly the same vocal starting point
as gibbons and chimps, feelings and emotions related to courtship,
such as jealousy, love, and triumph, would have been the most likely
stimuli for rudimentary song. The new sounds would have been ac-
companied by other signs and gestures, mostly manual and postural,
as they are in apes. Given even a slightly greater amount of voluntary
control than that of apes, hominids would be able to develop a range
of cadences and modulations. Those cadences and modulations would
have evolved into primitive forms of chanting and song.

In modern terms, Darwin was suggesting that the first aspect of
voice control to evolve was prosody, not phonetics. Prosody is basi-
cally the background modulation of the voice during speech; it forms
an “envelope” of emphasis and emotion around words, and its exag-
geration is the basis of chanting and song. Song is difficult to define
outside of a particular culture, but it is possible to broaden the defi-
nition to include almost any cadence or modulation of the vocaliza-
tions available to early hominids. Even in the surviving cultures of
Homo sapiens there is such wide variation in how to define song that
anthropologists have to adopt a very liberal definition. Indeed, this is
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exactly what ethnomusicologists have done: Herndon and McLeod
(1980) give the example of Maori haka, which are not sung in the
sense used by our culture, since there is no melodic line; rather, they
are shouted rhythmically. Nevertheless, the Maori define it as song.
A finer distinction would have to be made between song and prosody
(the modulation of voice in speech) in modern human culture; how-
ever, such a distinction would be irrelevant in a prelinguistic context.
In effect, rudimentary song would have been the precursor of both the
prosodic envelope surrounding speech and the rhythmic, melodic, and
harmonic aspects of song—that is, everything but the lyrics.

We know now that apes have very little voluntary control over
their vocalizations (Skinner, 1957; Myers, 1976); they vocalize, but
the patterns are highly stereotyped. An apelike creature that could
purposefully modulate vocalization could produce quite a wide variety
of sounds. In fact, strictly speaking, it could speak without alterations
to its vocal apparatus if the required gray matter was in place. The
anatomist Jan Wind pointed out in 1976 that although the complex
human vocal apparatus increases the subtlety of speech, it is by no
means a necessity and would not have been a necessity when speech
first evolved. This is evident from the simple fact that human cancer
patients can learn to speak through a simple throat tube, with a very
limited repertoire of sounds; it is the brain, not the vocal cords, that
matters most.

Darwin raised another important point about the order of succes-
sion; to put it simply, if speech had appeared before rudimentary
song, what additional biological advantage would song convey? There
are very few, if any, ideas or feelings that cannot be conveyed by
means of symbolic language. Rudimentary song, even in modern so-
ciety, appears in the context of emotions: love, praise, hate, pride,
nationalism, rage, sadness, fear, bliss. But words can also express and
produce emotions. It is not easy to find a good reason why song
should have been adopted as a separate communication faculty if lan-
guage had appeared on the scene first. The reverse, however, is not
difficult to justify: language is a very clear improvement on rudimen-
tary song as a system of communication. It vastly extends the range
of things that may be communicated. Thus, if some form of rudimen-
tary song came first, language would still have a good raison d'étre;
but if language appeared first, song would appear to be an unlikely
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sequel. This leaves only one other possibility, that language and song
developed together; Darwin did not rule this out altogether, although
he felt it unlikely.

One corroboration of Darwin’s intuition comes from behavior ge-
netics. The genetics of rudimentary musical skills appear to be differ-
ent from verbal skill; in virtually all studies of the structure of intel-
ligence, musical talent is isolated as a separate factor from verbal skill
(Gardner, 1982; 1983). Moreover, language follows a completely dif-
ferent developmental course from musical ability: all normal chil-
dren, across all human cultures, acquire verbal skills between ages two
and three in a rapid succession of stages, while musical skills generally
develop much later. Finally, aphasias (loss of language function) usu-
ally result from left-hemisphere injury, while aprosodias (impaired
voice modulation) and amusias (selective loss of musical ability) more
often follow injury to the right (Brain, 1965; Ross, 1981). All of these
facts point to the same conclusion: language and rudimentary song
are not aspects of a single system.

Another aspect of musical experience that Darwin mentioned is its
link to dance, group ritual, and group experience. In all societies there
are forms of ritual that involve dance and music. There is a very clear
distinction between the social function of spoken language and the
function served by rudimentary song; song bonds a congregation and
moves emotion in a way that is hard for the verbal side of us to du-
plicate. Banal utterances can suddenly become moving and apparently
profound when set to music. The bonding and emotive power of ru-
dimentary song thus has an archaic, and profound, hold on human
nature. The universality and robustness of the link between music
and mass emotion speak to its deep roots in the past. Technologically
primitive societies, which lack writing and complex organization, al-
ways have a highly developed set of rituals centered on some rudi-
mentary form of music, whether of chanting, dance, or song.

Another way to put it is that the nonsymbolic and nontechnological
aspects of music must have evolved separately from language. Of
course, when language and related symbolic skills appeared on the
scene, music developed to a new level that depended heavily on tech-
nical innovation and symbolic control. But the link between music
and social ritual, and the evocative tie of song to emotion, are archaic
vestiges and still in force.
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Why did hominids first acquire rudimentary song and, only later,
speech? This may seem a curious way to begin constructing a sym-
bolic system. But Darwin realized where early humans were coming
from—from a past that did not possess any form of symbolic com-
munication. Darwin proposed that the earliest form of song might
have simply been a series of variations on existing vocal cries, with a
very important improvization: voluntary modulation. The advantage
of the proposal is that it builds upon the available repertoire of apes,
finding adaptive significance for every step of its acquisition.

Although he was vague on the order of succession, Darwin felt that
a capacity for vocal imitation would be integral to this stage of vocal
development. He gave the example, borrowed from Max Muller, of
how the ability to imitate the growl of a beast of prey would com-
municate the specific nature of a threat and allow a specific response
on the part of a tribal group. Imitation of human sounds would have
served two purposes: reciprocal communication and cultural diffu-
sion. Obviously, no form of language could have come into common
use, even at this rudimentary level, unless participants in its devel-
opment were able to reproduce the specific sounds that were being
gradually assigned various meanings by the group. Thus, the earliest
hominids progressed, if I interpret Darwin’s suggestions correctly,
from voluntary emotive modulations to a more skilled stage in which
they were able to imitate the sounds of other animals and humans.

The Darwinian picture of early hominids that gradually emerges is
of a tribal creature with a culture based on a rudimentary vocal com-
munication system, one which perhaps served to coordinate group
activity and to define individual and group emotions and intentions
in a more flexible and extensive manner than is now found in apes.

Articulate Language

As we have seen, Darwin believed that constant use of the vocal tract
in communication would have led to further development of the brain
and vocal apparatus—a characteristically Lamarckian position. In ad-
dition, he believed that a continuous selection advantage in favor of
those humans with more developed vocal skills would have facilitated
the gradual improvement of vocalization. Darwin held that continu-
ing conceptual development, contingent on continuing physical evo-
lution of the brain, was the primary prerequisite for the emergence of
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language, rather than any specific change in vocal-tract anatomy. He
noted that the aphasias, particularly those cases where the patient
loses the use of what he called the “substantives” (nouns; this dis-
order is now known as anomia), illustrate how language is built upon
underlying cognitive capacities. In the case of anomias, the patient
clearly continues to understand the world but loses easy access to the
linguistic labels that would normally apply. His point is that the
underlying concepts are not linguistic constructs but rather are based
on a level of understanding that is logically prior in evolution.

Darwin alluded to the signing skills of a famous nineteenth-
century deaf-mute, Laura Bridgman, as further evidence that lan-
guage was not in any way tied down to its vocal form, and that some
form of generalized cognitive capacity underlay its superficial mani-
festations. Nevertheless, the generalized cognitive capacity of the hu-
man brain, in Darwin’s version of events, must have been dormant
until speech arrived on the scene. It was the vocal form of language,
specifically phonological skill, that led to an accelerated evolution of
linguistic ability. Thus, he presents us with an evolutionary dilemma:
language is supposed to depend upon intellectual abilities that were
useful before humans possessed speech and that nevertheless de-
pended upon the speech for their full expression.

The final stage in this continuous chain of evolutionary develop-
ment was a circular, iterative interaction between language and
thought. Darwin believed that what he called “complex trains of
thought” were totally dependent on language, just as mathematical
thought depends on appropriate notation. The belief that advanced
forms of thought, and higher forms of consciousness, were com-
pletely dependent on language was widely held in the late nineteenth
century. In Darwin’s theory, the appearances of adaptive cognitive
skills would lead to competitive pressures toward their adoption by a
species. Thus, any modifications of the brain that enabled more elab-
orate thought processes would become established through natural
selection. Language was an integral part of that adaptation.

Conclusion: A Multidisciplinary Puzzle

Darwin wrote before either linguistics or psychology emerged as
theoretical disciplines, and he had virtdally no accurate chronological
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information on the evolutionary emergence of humans. Thus, we
should not be surprised by large gaps in his evolutionary thesis, from
our point of view. Nevertheless, several of his insights are worth hold-
ing onto as we approach the subject a century later.

First, there is the notion of a prelinguistic cognitive change that set
the stage for language. Darwin realized that the utility of symbols
would have depended upon a prior advance in thinking skills. Thus,
the first stage in an evolutionary scenario should specify whether
such an early, prelinguistic advance was necessary, and what it must
have entailed. The question is precisely how early hominids could
have become more advanced cognitively than apes, while still lacking
language.

Darwin also suggested that the starting point for the construction
of such a scenario would be the cognitive repertoire of apes. Thus, one
task of any credible evolutionary theory of mind would be to bridge
smoothly from the cognitive structure of apes to that of humans.
Since cognitive structure cannot be directly observed, it must be in-
ferred from a variety of indirect clues. One of those clues, following
from Darwin’s use of evidence, would be the functional organization
of cognitive skills in the modern human and ape brains. Although he
had very little to work with on this subject, a great deal of new infor-
mation is now available and might shed light on the continuities and
discontinuities of cognitive evolution.

Second, the vocal skills of humans constitute the main line of lan-
guage evolution. Although intelligence, gesturing, and facial expres-
sion changed during the early course of human evolution, the specific
emergence of language was linked to vocalization. Darwin distin-
guished between the modulatory aspects of vocal control, which we
summarized under the label of “rudimentary song” and which corre-
spond roughly to prosody and emotive vocalizations, and the purely
linguistic aspects, which we know as phonetic. A capacity for vocal
mimicry would be essential to the voluntary control of these new
vocal skills. One implication of this is that a theory of language evo-
lution should accommodate two successive vocal innovations, the first
leading to rudimentary song, the second to rapid phonetic utterances,
both with a built-in capacity for imitation.

Third, the emergence of language would have created new thought
skills that depended upon language. The implication is that modern
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humans have at least two kinds of thought skills: those that do not
depend upon language, and are thus archaic, and those that do. The
meaning base of language, according to Darwin, was extralinguistic,
and thus our nonlinguistic representations of the world must at least
match our representation of the world in language. The relationship
of thought to language is thus central to a theory of cognitive evolu-
tion. Precisely how does language enable more complex trains of
thought?

What does this discussion imply for a neuropsychological, struc-
tural model of language? It suggests that our linguistic skill skates on
the surface of a highly developed, distinctly human cognitive capac-
ity; and that our search for the language areas of the brain may in-
volve far more than the regions that evolved for artitulate language
alone. It also suggests an intervening layer of cognition between mod-
ern humans and apes. If such a vestigial layer of cognition existed, it
should have left its mark on the observable structure of modern hu-
man cognition. There ought to be a nonlinguistic layer of cognitive
skill in the brain, characteristically human and independent of lan-
guage, since language came later.

Neuropsychological case histories might provide us with clues with
which to reconsider, and reconstruct along more modern lines, Dar-
win’s evolutionary sketch. Neurological breakdown allows us to ob-
serve how the mind functions without some of its component parts.
Some functions always break down together and appear to be part of
the same “processor,” or cognitive module. Others may break down
quite independently of one another, suggesting that their underlying
neural organization might be independent as well. This line of think-
ing developed simultaneously alongside Darwin’s theory of evolution,
and Darwin was aware of it, although he did not attempt to integrate
the new neuropsychology (at that time, perhaps, too new and chaotic
to comprehend) into his ideas on the origin of language.

The discoveries of Dax (1836), Broca (1861), and Wernicke (1874)
laid the foundations of our modern theories of neuropsychological
structure and provided the first opportunity to investigate the under-
lying biological structure of language. This field has continued to de-
velop in its own way and has led to its own kinds of evolutionary
hypotheses, as we will see in the next chapter.



I H R E E

ernicke's Machine

Modular and Unitary Models of Language

At the time Darwin wrote The Descent of Man, there was no consen-
sus on the physical mechanisms of language, and he had no specific
ideas about which aspects of primate brain function had undergone
modification when language evolved. Shortly after Origin of Species
was published in 1859, a number of nineteenth-century aphasiologists
formulated the first brain-based theories of language organization.
Their central notion was that human language was generated in spe-
cific neuroanatomical structures, each of which supported a linguistic
subsystem. There was an ensuing search for specialized brain areas:
one for decoding words, another for producing words, another for
integrating visual and auditory symbols, and so on. Each neurologi-
cally dissociable function of language—each function that could be
shown to vary independently of the other aspects of language—was:
thought to be localized in a specific region of the cortex.

The initial neurological evidence for a localizable physical mecha-
nism underlying language lent support to the Darwinian approach. It
was fortuitous for evolutionary theory that the brain regions identi-
fied with language were located in the neo-neocortex—the most re-
cently evolved areas of the association cortex. It followed logically
from Darwin’s theory that the appearance of language on the behav-
ioral and cultural level should coincide with the latest evolutionary
developments in the primate neocortex.
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The early discoveries of Broca (1861) and Wernicke (1874) served
as the foundation stones of localizationist models of language. Broca
(1861) described the symptoms of expressive aphasia and linked them
to the third left inferior frontal convolution of the cerebral cortex,
now called Broca’s area. Although others had made the same claim,
Broca brought the syndrome into the mainstream of neurology by
suggesting that language was controlled from a specific brain region.
Broca’s initial model claimed that language was independent of other
brain functions (since it could be damaged in isolation from other
mental functions) and that it was localized in a particular part of the
brain. From & Darwinian standpoint, this made good sense. The ter-
tiary areas of the frontal cortex, of which the speech areas form a
part, are a distinctly human evolutionary development. Broca’s pro-
posal thus implied (although he did not explicitly state this) that
speech was a unitary skill, dependent upon a special feature of human
brain anatomy that had evolved especially to support speech.

Broca’s proposal ran into trouble almost immediately. The main
problem was that language did not always break down in the same
way. It was soon pointed out (Bastian, 1869) that visual language—
namely, writing and reading—could be affected by brain damage quite
independently of speech. This required that speech and visual lan-
guage be treated separately in terms of underlying brain anatomy, but
it did not completely undermine Broca’s proposal. However, in 1874
Wernicke struck an apparently fatal blow to Broca’s theory: he de-
scribed a second, distinctly different kind of aphasia, fluent aphasia,
that could be attributed largely to the destruction of part of the first
temporal gyrus, now called Wernicke’s area. The existence of at least
two language areas concerned with speech led Wernicke to suggest a
different kind of language model, one which treated speech as a com-
plex of several underlying systems rather than as a unitary system.
In his model the sound images of speech were stored in Wernicke’s
area and were sent along a neuronal pathway to Broca’s area, which
supposedly contained the detailed instructions for the articulation of
speech sounds. Other fiber paths connected Wernicke’s area not only
to the frontal speech region but also to the various input modalities
of language. This allowed Bastian’s (1869) observations on dyslexia
and agraphia to be accounted for, and it,also led Wernicke to predict
the effects of severing the fiber pathways between regions, the so-
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called disconnection syndromes. He predicted the existence of con-
duction aphasia, a disorder of repetition that results from severing the
most direct path from Wernicke's area to Broca’s area.

Wernicke’s neurological model, imprecise as it may have been,
served as the basis of the first modular models of language—the first
models that postulated the existence of several independently variable
linguistic subsystems. It was followed immediately by other similar
models (for example, Kussmaul, 1877; Broadbent, 1879; Lichtheim,
1885), and the approach Wernicke took survives, unmodified in its
essential features, to this day (Figure 3.1). Additional types of aphasia
were described, including the “transcortical” aphasias—disorders of
meaning and conceptual elaboration—in either the reception or
expression of speech.

Although our intellectual debt to Wernicke and his successors can
scarcely be questioned, the: limitations of his approach are serious,
particularly from an evolutionary standpoint. If Broca’s original idea
had been vindicated—that is, if speech had been localized to one brain
subsystem, recently evolved—then Darwin’s notion that humans had
evolved speech through a linear unitary series of evolutionary inno-
vations would have received a strong boost. But Wernicke had shown
Broca’s theory to be wrong soon after its publication. Subsequent

EFFECTS OF LESIONS:
5 4 1. Wernicke's aphasia
2. Broca's aphasia
2 1 3. Conduction aphasia
4. Transcortical sensory aphasia
5. Transcortical motor aphasia
3
MOTOR AUDITORY
OUTPUT INPUT
PATHS PATHS

Figure 3.1 Wernicke's language machine: the standard model (after Lichtheim, |885).
W: Wernicke's region, responsible for language comprehension (first temporal gyrus);
C: unspecified brain regions for conceptual elaboration; B: Broca's region, controlling
language expression. The arrows indicate neuronal pathways between the language
areas of the brain. Numbered cuts indicate how destruction of W, B, or their inter-
connections with other areas will result in one of the five major classes of aphasia.
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models involved several language regions, each specialized for a dif-
ferent function. In these models, the speech circuit involved a speech
motor region, an input decoding region, and a number of new path-
ways connecting these regions to various other structures within the
brain, at the very least. Did each of these human “language centers”
imply a special adaptation to the primate central nervous system? Or
was the neural adaptation underlying speech spread out through pre-
existing structures? The evolutionary events preceding Wernicke’s
complex machine were not obvious.

In the last decade of the nineteenth century, the picture became
even more improbable, as investigators tried to take other language
disorders into account. Since reading and writing were affected by
brain damage independently of speech, there had to be brain areas
where the visual, or graphemic, form of words was encoded indepen-
dently of their acoustic, or phonetic, form. Other features of language
that complicated the system were the signing of the deaf, the verbal
recognition of tactile objects, the connection of “knowledge” about
objects to their verbal tags, and so on. Each of these could be indepen-
dently affected by brain damage and thus “dissociated” from other
speech deficits. Models became overly complex and unwieldy, partic-
ularly to someone looking at neurology from below, hoping for a
fairly simple evolutionary modification that might help explain hu-
man language capacity.

Movements tend to produce a countermovement; and, in this case,
the reaction came in a long series of critical papers starting with Jack-
son in 1874 and including Marie (1906) and Head (1926). Wernicke’s
most severe critic, Marie, denied the validity of Wernicke’s clinical
evidence. He argued that the cases presented by Wernicke were flawed
both in important anatomical details and in the behavioral descrip-
tions of patients’ symptoms. Marie’s principal anatomical criticisms
were answered (Caplan, 1987), but the behavioral testing of patients
was a more enduring problem. Jackson, Head, and later Goldstein
(1948) believed that piecemeal testing of linguistic function could be
misleading; aphasia was often embedded in a context of broader cog-
nitive dysfunction and closely tied to disorders of the whole person-
ality. As a consequence of their considerable influence, Wernicke’s
model came to be regarded by many neurologists as a gross oversim-
plification of clinical reality.
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Particularly nagging was the problem of classifying aphasia. Marie
had proposed that, in a sense, Broca’s original idea was closer to the
truth than Wernicke’s. Marie believed that aphasia was a unitary dis-
order and that its apparent complexity was due to the simple fact that
language had to operate through various sensory and motor path-
ways. Destruction of these sensory and motor pathways, and their
corresponding cortical and thalamic projections, could masquerade as
aphasia, since certain language functions would inevitably be dam-
aged if the patient could not perceive accurately or modulate action
properly. Marie considered that there was only one true language
area, Wernicke’s area. Broca’s aphasia, in his opinion, could be seen
simply as Wernicke’s aphasia plus a specific motor problem with oral-
articulatory coordination, called anarthria.

Marie’s questions were never adequately answered, and even today
some aphasiologists see virtue in his position (Lecours and Joanette,
1980). If aphasia was unitary, then the possibility that language de-
pends upon a fairly simple evolutionary innovation could be consid-
ered once again. Early in the twentieth century the Gestalt movement
and the Law of Mass Action (Lashley, 1929, 1949, 1950) heralded the
return of the unitary hypothesis of higher function. Thought and
language were once again seen as functions of the whole brain, and
especially of the cerebral cortex. The influence of these ideas in neu-
rology was evident in the work of Kurt Goldstein (1948), who pro-
posed the existence of a global intellectual power he called “abstract
attitude.” Abstract attitude combined most of the properties of higher
function: autonomous control of attention, conceptual integration,
and independence from environmental stimulation. Many symptoms
of brain damage could be seen as variants of a primary disturbance of
abstract attitude. Although some aphasic symptoms, such as anar-
thria (impaired articulation) and word deafness, could not be ex-
plained away as impairments of abstract attitude, they were not re-
garded as high-level cognitive impairments. Rather, they involved
sensory and motor interfaces with the higher cognitive system, and
they could be attributed to damage to the perceptual and motor sys-
tems of the brain.

From a Darwinian standpoint, the demise of Wernicke’s convoluted
language model, and its even more convoluted descendants, must have
been a welcome development. The evolution of a global intellectual
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capacity, broadly distributed throughout the cortex and fluid in its
manifestations in the individual mind, made good evolutionary sense.
It explained the plasticity of human cognition and the tremendous
variety of human cognitive skills and cultures. It lent itself to the
simplest (unitary) kind of evolutionary hypothesis.

Geschwind (1965), however, led a modern rediscovery of Wer-
nicke’s approach and provided a more solid foundation of neurological
evidence to defend the modular model. His work has been greatly
extended through the development of a new discipline, neurolinguis-
tics. The modern neurolinguistic database is obtained primarily from
experimental studies of amnesia, dyslexia, aphasia, agraphia, agnosia,
and attention disorders. It also draws from follow-up studies of neu-
rosurgical operations and from experimental studies of the normal
population. On the basis of this body of evidence, neurolinguistic
researchers are now, if anything, even more enamored of complex
modular theories than were Wernicke and his contemporaries.

However, recent modular theorists are not strict localizationists,
and many are indifferent to the functional neuroanatomy of the sys-
tem they are studying. Their main interest is cognitive, rather than
neural, architecture. But like Geschwind and other neuroanatomists,
they believe that the essence of the unitary model—shared neural
processing space for all higher function—is not compatible with the
finding that language entails a set of highly specialized functions.
Cognitive modules that form part of an innate, specific, human lan-
guage adaptation would have more constraints on them than a
general-purpose mechanism and would serve the special purposes of
language more efficiently. Wernicke’s hypothetical neuronal language
machine was an attempt to solve this problem directly, by finding the
physical mechanisms of language.

Fodor's Modules

Modular and unitary theories of cognition are finding some common
ground: Fodor’s book, The Modularity of Mind (1983), was the har-
binger of this development. Fodor defined the properties of isolable
cognitive modules, postulating a series of specialized “input” modules
and one superordinate integrator at the peak of the cognitive pyramid,
which he called the “central system.” Fqdor thus recognized the need
for a unifying device much like the one Anderson specified, while



Wernicke's Machine 51

conceding that certain aspects of cognition must be contained within
specialized input modules.

Fodor proposed one very novel twist to entrenched cognitive
dogma: he included language among the input modules, rather than
making it a part of the central module. Utterances are themselves
perceptual objects, he said, which have to be assigned a description,
just like other perceptual objects. Input modules assign structural de-
scriptions of their objects, and in this regard language falls into the
category of an input system. Input systems also interpret the world
and present their interpretations to the central system. They infer the
properties of distal objects from their proximal manifestation at the
transducer surface, like Gibson's (1950, 1979) earlier perceptual de-
vices. Inasmuch as a linguistic input is a perceptual object, it requires
this type of processing and specialized modules to achieve it.

Fodor’s definition of input modules is a subtle and intricate one,
which cannot be done easy justice. He did not identify perceptual
systems with sensory modalities in the traditional manner: vision,
hearing, balance, and so on. An input modul€, in his view, can be
more narrowly defined than this (see Table 3.1). The brain may con-
tain dozens of specialized perceptual devices for specific tasks, each
enabling some special computation but simultaneously placing con-
straints upon how we can perceive the world. For instance, there

Table 3.1  Properties of vertically integrated input modules (after Fodor,
1983).

(1Y Domain-specific (dedicated computational resource)

(2) Mandatory (automatic, obligatory processing)

(3) Inaccessible to consciousness

(4) Fast(near theoretical limits)

(5) Informationally encapsulated (impenetrable from outside module)
(6) Shallow outputs (processes only basic, highly salient features)

(7) Fixed neural architecture (privileged, dedicated paths)

(8) Specific breakdown patterns (as in agnosias, aphasias)

(9) Fixed ontogeny (standard pace and sequence of development)
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might be a module for visual guidance of whole body movement, an-
other for recognition of faces, another for the analysis of voices or for
extraction of melodic information. Each module is domain-specific,
that is, designed to perform the special, or idiosyncratic, types of
computation demanded by a particular kind of input. The main pur-
pose for having many input modules, instead of just a few, is that the
computational demands of so many perceptions are very distinct, or
eccentric. A general-purpose device would presumably perform such
computations less efficiently.

Input modules, to Fodor, operate automatically; their functioning
is mandatory. Humans cannot help seeing the world as a three-
dimensional visual array, or feeling what their fingers run over as the
surface of an object. Similarly, a sentence spoken in a known language
must be heard as a sentence; it cannot be heard otherwise. Only
highly trained individuals can, to some small extent, reverse this
mandatory process: an artist, or a phonetician, might be able to ana-
lyze visual or spoken experience into elementary components. But
their achievements only serve to emphasize the rarity of the event.

In addition to being domain-specific and mandatory, input modules
are very fast-operating, their operations are generally not amenable
to introspection or recall, and they depend upon fixed neural architec-
ture that matures at a fixed pace and shows characteristic patterns of
breakdown with brain damage. Finally, and most importantly, they
are informationally encapsulated, that is, their perceptual machinery
has access only to certain kinds of information. For instance, pressure
on the eyeball causes apparent motion of the scene, despite the ob-
server’s knowledge that pressure is being applied. This is because the
mechanisms that stabilize the visual world do not receive corollary
discharges from the motor centers when the eyeball is moved pas-
sively. Knowledge that the eyeball is moving doesn’t help, because the
system is encapsulated, and the higher centers cannot influence our
perception.

The idea that the brain (and mind) are made up of specialized mod-
ules has found some additional confirmation in recent neurophysiol-
ogy. Specialized cortical and subcortical systems, with highly specific
functions and connections, are the rule rather than the exception. The
anatomical form of modules can vary. To a degree, cortical columns
could be called self-contained computational devices that meet some
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of Fodor’s requirements (Popper and Eccles, 1977). However, cortical
columns are in themselves usually too specific to meet Fodor’s func-
tional definition. Clusters of cortical columns, organized into larger
functional regions that serve specific computational purposes, are
probably closer to meeting his criteria.

Discoveries of new functional regions, in which all of the cortical
columns share some common function, have continued to proliferate
after two decades of electrophysiological mapping of the cortex. There
are, for example, as many as thirteen different visual cortical regions
in some mammals and an impressive number of auditory and motor
regions as well. These regions often seem to have the properties of
Fodorian input modules: they are informationally encapsulated, func-
tion automatically and very fast, and seem to be dedicated to some
specific computational function, albeit a very narrowly defined one.

The anatomical structure underlying a functional cortical region
can vary, but there is some evidence that the large-scale organization
of the cortex is gyral; that is, the internal architecture of a single
gyrus suggests that it may grow, mature, and function as a unit
(Goldman-Rakic, 1982). Typically the columns contained within a gy-
rus, and the larger integrative pyramidal neurons within each column
in the gyrus, share a common structure of input and output projec-
tions and are selectively sensitive to a specific domain of information.
Moreover, the perimeters of the gyrus, in the troughs of its surround-
ing sulci, are less densely developed than the center; these appear to
be boundary areas. Examples of gyral modules might be the postcen-
tral gyri of primates, which are typically dedicated to topographic pro-
jections of the body senses; or the subregions of striate cortex, sub-
serving various aspects of vision; or the first temporal gyrus in
humans, which appears to be crucial to the processing of phonetic
input.

Sometimes the domain of a cortical region can be startlingly spe-
cific: for example, within the somatosensory regions of the mouse
brain there are whisker ”barrels,” functionally differentiated columns
of cells that are really encapsulated miniregions, each dedicated solely
to the computational demands of a single whisker on the mouse’s
snout. Removal of the whisker results in selective dying out of the
cells in that specific cerebral barrel. Would such a device meet Fodor’s
definition of a module? In a sense it does; it is a fast, automatic,
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specialized device that is informationally encapsulated. Cognitive
modules are typically defined on a broader basis, but this example
does serve to emphasize the difficulties involved in deciding the level
at which encapsulated modules can be specified.

The Unbounded Central Processor

The generality of the rule that brain structures are specific and dedi-
cated is such that one might be tempted to ask whether there are any
neural or cognitive functions that are not modular. If the rule is that
brain devices are highly modular, where is the venerable “association
cortex” of old, with its general-purpose learning capacity? And what
room is there for the superordinate “central processor” so beloved of
some Al theorists and cognitive psychologists? Where could it be lo-
cated? What structures in the brain are large enough, and widely
enough connected, that they could serve such a crucial general-
purpose computational function?

Fodor defended the need for a central processor that was non-
modular—that is, domain-general and unencapsulated—by arguing
that many cognitive operations cut across cognitive domains. Percep-
tual learning, for example, cuts across various past representations of
the environment, regardless of source. Beliefs and predictions, deci-
sions and hypotheses, require a central system that can look at the
contents of memory, or look at any of the outputs of input modules,
to formulate its own integrated view of the world. Such a system
must be unencapsulated, or unbounded. Language, in Fodor’s view, is
partly dependent upon the existence of an unbounded central proces-
sor, even though it also requires a special input module for its gener-
ation. This is because it must have access to the outputs of both per-
ception and memory. The only way it could gain such access, given
the internal constraints upon the “language module” itself, would be
through access to a central processor of some sort.

A serious difficulty with this view is that there do not appear to be
any good neuroanatomical candidates for an unconstrained central
processor. All known cortical or subcortical regions have severe con-
straints upon their input and output pathways. The so-called tertiary
cortical regions in the temporal, frontal, and parietal cortex, the new-
est and highest order of cortical organization, are broken up into nu-
merous subregions and gyri, with distinguishable architectures, just
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like other cortical regions. Each subregion has its own distinct input
and output paths, its own thalamic projections, its own relations to
subcortical structures like the corpus striatum or the hippocampus or
various other cortical areas.

Thus, in humans the insular and opercular regions, the dorsolateral
frontal regions, and the areas around the angular gyrus and the su-
pramarginal gyrus are all candidates for high-level integration; but
each of them is architectonically distinct and subdividable. Even ad-
jacent areas of the temporal or parietal “association cortex” often
prove distinct in their internal neuronal wiring patterns. This fact in
itself seems to argue against the existence of a central processor in
any simple sense of the term. There seem to be a variety of high-level
integrators, but on anatomical grounds each appears to have what
Fodor calls a modular structure, that is, it has constraints regarding
the information it can access.

Moreover, the functions of cortical association regions are not
neatly definable. No single area seems to be truly the top of the cog-
nitive pyramid, in the sense of being absolutely essential to all higher
function. The effects of local injury to any one of these areas may be
highly unpredictable from one patient to the next, and this unpredict-
ability does not appear to be due to the limitations of psychological
testing. The improved radiological data of the past decade has allowed
more precise localization of the lesions causing aphasia, and our worst
predictions have been confirmed. “Broca’s region” and “Wernicke's
region” are convenient fictions, the truth being that aphasia can be
caused by a wide variety of lesions that spare these areas, while occa-
sionally the complete loss of these areas will spare language function
altogether, provided the adjacent white matter and basal ganglia are
not damaged (Mohr, 1976; Stuss and Benson, 1986; Alexander, Nae-
ser and Palumbo, 1987). The implication is that higher-level integra-
tion appears to be fluid and plastic in its underlying anatomy, and the
anatomy itself looks modular throughout.

Does this matter? Could an unbounded central processor be sup-
ported by a somewhat arbitrary, largely software-configured (learned)
device that had no fixed instantiation in predetermined anatomy?
This would fly in the face of everything we now know about brain
function and about efficiency of function. If simpler cognitive func-
tions are largely dependent upon the inherent efficiency of anatomi-
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cally fixed modular devices, then it is not unreasonable to expect that
more complex functions, like discourse construction, would also re-
quire a specialized device, albeit one that had the required intercon-
nections to read the outputs of lower-level systems. Taking Goldman-
Rakic’s gyral-clustering model to its logical extreme, we might argue
that if a tertiary region were to serve as a common pool for general-
purpose processing, it should have been designed for precisely that
purpose. Ideally, it should consist of a single, presumably rather large
gyrus, with a relatively homogeneous internal architecture, so that it
could be configured and reconfigured for various functions on de-
mand. It should have extensive connections to every perceptual and
motor module, it should mature late, as a unit, and it should continue
to mature long after other cortical structures have finished maturing.
Its loss should be devastating for all higher function. On the present
evidence, no such cortical region exists.

Nevertheless, there are cortical structures that fulfill some of the
requirements of a central processor. Eidelberg and Galaburda (1984)
proposed that a particular subregion of the inferior parietal lobule
(IPL) might serve a very broad computational function, allowing hor-
izontal integration of informarion from various input modules. Their
starting premises were somewhat different from Fodor’s, and they did
not propose that the IPL was truly a general-purpose device. Never-
theless, they attributed functions to the IPL that were very general.
Various other authors, starting with Goldstein (1948), have attributed
aspects of broad cognitive integration to the frontal lobes, especially
the dorsolateral frontal region, which is still sometimes loosely re-
ferred to as the “supervisory system” (Shallice, 1988). However, the
local neuroanatomy of the dorsolateral frontal region is complex
enough to have justified at least six large Brodmann subregions; this
does not support the idea of a unitary functional organization for this
entire region.

Thus, in the typical neuropsychological model there is no Fodorian
central processor; there are usually several central functional regions
that contrive to produce the illusion of universal access to memory
and perceptual inputs. But each aspect of thought is the output of
some special device. Thought and language operate despite the ab-
sence of a central device, much in the manner suggested by Minsky
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(1985) in his speculations about how the computational mind might
be configured. Although he was not concerned with hardware, his
proposal that autonomous “agents” worked together to produce vari-
ous apparently integrated forms of computation amounts to the same
kind of solution. (The medieval Scholastic concept most like a central
processor, the so-called agent intellect, seems uncomfortably close to
this idea.)

An evolutionary scenario is implicit in Fodor’s proposal, just as in
most structural models, whether or not the scenario is made explicit.
The scenario implied by Fodor’s modular structure would involve at
least two major evolutionary adaptations, both uniquely human. One
adaptation would be a special vertically integrated language module
controlling certain linguistic functions. The other would be a more
general cognitive change, involving the development, or at least en-
largement, of a superordinate, nonmodular cognitive processor that
would play a supervisory role over conscious processing.

Although Fodor's proposal could be seen as a prototype of global
model construction in cognitive science, many variations on his struc-
tural theme have been proposed. Most neuropsychological solutions
would be compatible with his postulation of input modules for lan-
guage and various other special kinds of computation, while disagree-
ing with the idea of a single central module. For instance, Shallice
(1988) has proposed a slightly different modular structure, based on
his work with Norman (Norman and Shallice, 1986). Instead of a
single central processor, Shallice’s conceptual brain contains several
superordinate central devices that enable higher cognitive function.
Shallice returns to the old problem of central control, or attention. If
the brain contains many parallel modules and relatively autonomous
subsystems, how can it avoid the conflicts and discoordination typical
of decentralized systems? Whereas Fodor proposed an unbounded
central system to handle any form of processing that cuts across mo-
dalities and input modules in general, Norman and Shallice proposed
that, in place of a single central system, there is a hierarchy of control
systems of increasing generality. Local control is handled by special-
ized subsystems, such as the one for visual attention, while complex
routine activity is handled by a second-tier system, which they call
“contention scheduling.” There is, however, a supervisory system at
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the top of the pyramid, and even the supervisory system is probably
broken up into various subsystems, although they are not clear what
these are.

Norman and Shallice’s approach presents the prospective evolution-
ist with difficulties. For one thing, very little about their central atten-
tional hierarchy is uniquely human. Apes, and other mammals, pre-
sumably require the same sort of hierarchical control of attention and
thus the same trio of local schemata, contention schedules, and cen-
tral supervision as humans. Nothing in their proposal specifies pre-
cisely what must have changed in the course of evolving our unique
cognitive skills. Unlike Corballis’s (1989) theory, for instance, their
theory does not spell out a special cognitive feature that might lie at
the heart of humanity’s remarkable achievements.

On the other hand, to be fair to Norman and Shallice, it may well
be that the supervisory hierarchy did not change in qualitative terms
in humans. Perhaps it only grew larger in capacity. Perhaps all of the
qualitative changes that underlie symbolic thought took place else-
where. If this was the case, then the evolutionary scenario leading up
to modern humans might be similar both for Fodor’s modular struc-
ture and for the one proposed by Norman and Shallice. That is to say,
the cerebral cortex, including the supervisory hierarchy, might have
grown larger in a fairly nonspecific way to accommodate cognitive
growth in hominids. In addition, at least one totally new type of input
module evolved, the one for language.

Neuropsychological Aspects of Evolution

The above evolutionary scenario is implicit in Fodor’s idea of the mod-
ular mind; but there have been several explicit attempts to create a
neuropsychological model for the evolution of both language and
higher cognitive functions. The majority of these attempts have fo-
cused on the three most salient features of the human brain: ence-
phalization (brain size), the localization of language, and the laterali-
zation (sidedness) of cerebral function.

The most salient distinct physical feature of the human brain is its
size relative to the rest of the body. Within the primate line, the jump
from ape to human involved roughly a tripling of relative brain size
and a doubling of the number of neurons {Jerison, 1973; Passingham,
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1982). As relative brain size increased, neural density decreased, ac-
companied by an increase in dendritic growth and in the number of
synapses. The growth in synapses is thought to reflect the increasing
number and complexity of interconnections between neurons in
larger nervous systems. This increase in size and complexity is espe-
cially prominent in the cortex, cerebellum, and hippocampus; and
within the cortex, it is most evident in association areas. Since the
idea that human language and knowledge depend largely upon in-
creases in processor size, rather than upon changes in structure, is
uncharacteristic of Wernicke and his neurolinguistic descendants, dis-
cussion of encephalization will be postponed until the next chapter.

The issues that are most important in any neuropsychological ap-
proach to evolution are the localization of language and the laterali-
zation of human cognitive function. Language is a unique human
trait, and thus an attempt to localize language amounts to an attempt
to discover what is special about the human brain. Cerebral laterali-
zation is also a distinctly human feature, at least in degree, and lan-
guage appears to be the most highly lateralized of human cognitive
systems. Thus, it is not surprising that the evolution of language and
lateralization have been approached as two sides of the same coin. The
evolution of cerebral laterality was already an important matter to
Jackson (1868), and many neuropsychological thinkers have specu-
lated on this subject, culminating in the modern era in a number of
articles by Geschwind (1965, 1984) and his colleagues.

Although laterality provides a vehicle for considering the evolu-
tionary scenario preceding language, it is not always the primary phe-
nomenon of investigation. Aphasiologists have been interested in the
fine-grained analysis of language breakdown, a modular approach
that is to some extent independent of the laterality issue. An impor-
tant related question asks what the human mind can do without
speech and language: can language alone account for all that is dis-
tinctly human in cognition? The answer to this question has impli-
cations for any prospective evolutionary scenario. The integrity of the
language system is also an issue. Some theorists have argued for dif-
ferent evolutionary courses for speech and language capacity in the
more general sense; Lyons (1988) sees the two as having evolved
separately, with a general language capacity having preceded the more
specific adaptation for vocal language.
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Neuropsychological theories must also account for the available
evidence on language ontogenesis, which can provide clues about the
underlying structure of language. It was the ease and rapidity with
which children acquire language under all but the most adverse con-
ditions that led Chomsky (1965) to argue for an innate language ac-
quisition device, as we have seen. Although he never tried to specify
what physical form such a mechanism might take, he implied that a
special neural device must have evolved at some point in human evo-
lution. In making this proposal he relied upon the neuropsychological
data pointing to a critical period for language acquisition, particularly
speech acquisition, compiled by Lenneberg (1967). Chomsky thought
that the innate speech device was capable of computational functions
that are both distinctly human and discontinuous, in the Cartesian
sense, with all of earlier evolution. Chomsky’s proposal was remark-
able in that he attributed innate, specific grammatical knowledge to
the brain of the human child, implying the evolution of a specific
language device that contained what are normally thought of as both
hardware and software features.

Other ontogenetic hypotheses have de-emphasized innate mecha-
nisms and relied on learning to allow for acquisition of specific se-
mantic and syntactic features. Parker and Gibson (1979) have mod-
eled the course of language evolution on cognitive and linguistic
ontogenesis, placing more emphasis on improved human learning ca-
pacity than on innately stored knowledge. Thus, where Chomsky em-
phasized innate modular mechanisms, Parker and Gibson used essen-
tially the same neuropsychological database to propose a more diffuse,
unstructured cognitive expansion, whose by-product was a general
capacity for symbolic representation. These two positions are at the
extremes of the nativism-empiricism continuum; most neuropsycho-
logical theories are located more comfortably in the middle of the
road.

Language Evolution and Cerebral Laterality

Hemispheric lateralization of function is the most global, and inclu-
sive, level at which higher cognition appears to be modular. The initial
division of function between hernispheres early in the hominid line
probably did not include language. Lateral differences appeared earlier
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in mammalian evolution; some lateralization of cortical function ap-
pears in lower mammals. In rats, the right hemisphere assumes the
role of controlling orientation in space (Denenberg, 1984), while in
nonhuman primates the left might control unimanual skills (though
the behavioral evidence for this hypothesis is thin). Anatomical asym-
metries in primates and other mammals are more solidly established:
the right hemisphere tends to be heavier, and the left Sylvian fissure
tends to have a lower, more posterior projection in cats, monkeys, and
apes (Kolb and Whishaw, 1990), just as in humans. Some earlier di-
vision of labor between the hemispheres might have served as the
basis for a later, uniquely hominid, pattern of specialization. For in-
stance, the left hemisphere might have gradually evolved the basis for
an extended system of communication, while the right evolved an
extended representation of the external environment.

Early theories of left and right cerebral organization run the gamut
from master-slave to more balanced theories. Master-slave theories
usually attribute some form of global dominance to the left hemi-
sphere and relegate the right to the role of a slave, holding tank, or
echo chamber for the left, at least in the majority of humans. Jackson
(1868) initially called the left the “leading,” and the right the “auto-
matic,” hemisphere in right-handed persons; thus, in both perception
and language, the left was dominant. The right possessed word rep-
resentations, he held, but these could not be used in forming propo-
sitions, which is the essence of language; they could only be used
automatically, in straightforward associations.

In 1874 Jackson reconsidered the role of the right side and sug-
gested that both hemispheres might have their own unique speciali-
zations. He proposed that the right parieto-occipital region was the
leading side in conscious visual imagery (the “voluntary revival” of
images), with the left serving an automatic role. The left frontal re-
gion was seen to be the leading side in expressive language, with the
right serving as an automatic linguistic slave system. Jackson had
moved from a position of total left-dominance to a balanced, or recip-
rocal, dominance view, attributing the leading role in some functions
to the right, so that neither hemisphere was globally dominant over
the other. Thus, early in the history of neuropsychological theory,
both hemispheres were thought to be involved in both imagery and
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SPEECH
A. GLOBAL LEFT
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Figure 3.2 Jackson's first (1868) and second (1874) proposals regarding the domi-
nance of the right and left cerebral hemispheres. The "leading” side in speech is able
to construct propositions, while the “automatic” side is only capable of involuntary
associative language. The “leading" side in vision can voluntarily generate images,
while the "automatic” side can only retrieve them involuntarily. LH: left hemisphere;
RH: right hemisphere.

language; laterality did not imply an all-or-none division of function.
Rather, it was a matter of which hemisphere was in the lead, that is,
of where control finally resided.

Early theories of dominance linked speech to handedness, and it
was widely held that speech in the left-handed was localized on the
right (Broca, 1861; Jackson, 1868). This theory survived in some form
until Penfield and Roberts (1959) presented conclusive evidence that
the left hemisphere was dominant for speech in most left-handers as
well as right-handers. The notion of a dominant hemisphere that con-
trols language, skilled motor activity, and consciousness is not en-
tirely dead. Bogen (1969, 1985) and Sperry (1966, 1968) have attrib-
uted consciousness to the left hemisphere; Gazzaniga (1983) has
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claimed the right hemisphere is mute and primitive; and Kimura
(1976, 1979) has argued that not only language but skilled serial mo-
tor control in general may be vested in the left hemisphere. Corballis
(1989) similarly attributes most of what we recognize as uniquely
human in cognition to the left hemisphere. All of these authors, how-
ever, concede some special, mostly visual, functions to the right side
of the brain.

Jackson (1874) was one of the earliest to support this idea. He be-
lieved that both sides of the brain were normally involved in “verbal-
izing,” that is, formulating and comprehending the content of lan-
guage. Since speech depends on perception, especially visual imagery,
he believed damage to the right hemisphere affects how language is
used. Many others have come to essentially the same conclusion,
holding the left to be verbal-logical, or propositional, and the right to
be visual-synthetic or appositional (Humphrey and Zangwill, 1951;
Hécaen and Angelergues, 1963; Gazzaniga, 1970; Sperry, 1966). Bo-
gen (1969) has proposed a strong form of this theory, proposing that
the neurologically normal mind can alternate between two modes of
thought, which are essentially right- and left-hemisphere modes.

In some form, this hypothesis is very widely accepted. It could be
called, without exaggeration, the established theory of cerebral later-
ality of function. But the assumptions underlying this theory are
rather curious. Specific memories and thoughts are not generally be-
lieved to be localized; in fact they are held to be distributed through-
out the system bilaterally. No one is willing to claim that aphasic left-
sided stroke patients cannot possess and comprehend the semantic
contents of events, or that they are incapable of thought. But the
“computational style” of right-hemisphere processing apparently dif-
fers. Why? What could there possibly be in the left hemisphere that
predisposes it to analytic thought? Or in the right to appositional
thinking? Is language secondary to the left hemisphere’s more fun-
damental capacity for analytic thought?

By extension, the computational style of the right might “force”
anyone unfortunate enough to have to read with their right hemi-
sphere (perhaps because of early brain damage) into using a gra-
phemic, or visual, reading strategy. Kolb and Whishaw (1990) have
made a proposal to this effect. The assumptions underlying the pro-



64 Wernicke's Machine

posal are left unstated, for the very good reason that they are quite
radical: the implication is that the left hemisphere has recently
evolved not so much an exclusive capacity for language as a different
computational style from the right. That computational style is gen-
eralized to a variety of functions: planning, thinking, perceiving,
memory, and representation. Because the computational style of the
right hemisphere is vestigial, it cannot think or communicate analyt-
ically, employ syntax, or reason symbolically. The left hemisphere,
enjoying the benefits of its more recent evolutionary acquisitions, has
a virtual monopoly on these functions; thus, when the right hemi-
sphere is forced to read, it falls back on a different reading strategy.

Corballis and Beale (1976) wrote that cerebral cognitive duality
might have been driven solely by the lateralization of language. In
their view, more concrete, or sensorimotor, forms of cognition depend
on bilateral symmetry. This is because the environment is bilaterally
symmetrical, and perceptual representations and motor activity have
to be able to respond with equal efficiency from either the right or the
left. Manual skills, on the other hand, could be lateralized, and might
actually benefit in neural efficiency from being represented in only
one hemisphere. Thus right-handedness, and left dominance for the
hands, emerged.

Hand control involved improved sequential motor skill, that is, mo-
tor programming. In Fodor’s terms, such programming skill would
probably not be informationally encapsulated, given the interaction
of manual skill with other perceptual and motor events. Given such
skills, the left hemisphere was better equipped to handle the expres-
sive, or motor, aspects of speech when it first evolved, and thus left-
dominance for language began. Then, given a bias toward the left
hemisphere for the production of language, speech perception might
also have become lateralized to the left. This would have occurred for
reasons of efficiency, since speech perception is so closely tied to vo-
calization, and speech would be better served by a single hemisphere.

Thus, Corballis and Beale (1976) proposed that speech effectively
“invaded” the left hemisphere, leaving the right to perform preverbal
styles of thinking that preceded speech in evolution. The reason the
right has some capacity for speech perception is that some referents
of speech are nonsymbolic, and the right hemisphere might have
forms of knowledge that would be useful in language comprehension.
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Moreover, some forms of thinking (for instance, in the fine arts) lend
themselves to nonverbal modes of expression, and the right hemi-
sphere might be better equipped in this regard, since it is not heavily
invested in analytic or linguistic modes of thought.

Corballis and Beale thus defined the capacities of the right hemi-
sphere by default, or negation; it does not have language, except in a
very limited way, so it manifests a form of cognition that is, by impli-
cation, more primitive. The default hypothesis is in many ways easier
to handle in biological terms. There is no need to postulate two scen-
arios, one for each hemisphere. The presence of manual skill and lan-
guage are the major determining factors in the difference between
hemispheres, and they share certain properties. Language was our
major evolutionary innovation, and since the right hemisphere has
less of it, it retains our primitive modes of cognition. By implication,
if we can describe the functions of the right hemisphere, we might
catch a glimpse of what human thought was like, at least in general
qualitative terms, before language came along,

The default hypothesis is attractive because it is simple. Corballis
and Beale’s underlying assumption appears to have been that, prior to
language, higher cognitive skills were more or less symmetrically rep-
resented. After reviewing the literature on right-hemisphere func-
tion, they concluded “not that the right hemisphere is intrinsically
specialized for these functions, but that the left hemisphere is defi-
cient in them, presumably because of its specialization for language
and verbal processes If this is so, then there is no need to assume
that right-hemisphere specialization evolved separately from left-
hemisphere specialization. Rather, it is acquired by default, a by-
product of the lateralization of language representation” (1976, p.
103).

Recent comparative data on animal lateralization, although still
very limited, suggests that this early version of the default hypothesis
was wrong. The right hemisphere might have become specialized for
spatial functions before the left specialized for the control of certain
motor functions. Thus, each hemisphere’s special style may have its
own evolutionary origins. Corballis has acknowledged this and re-
vised his view slightly in a more recent article on the evolution of
laterality (1989).

Kinsbourne (1974) provided a somewhat similar perspective on the



66 Wernicke's Machine

biological reasons why lateral asymmetries may have developed. He
reviewed the functions of the brain, more or less in the order in which
they have appeared in evolution. On the most fundamental level, that
of arousal and orientation, he could see no reason for asymmetries,
since the environment was symmetrical and behavioral demands equi-
probable from any direction. Thus, a worm has to be able to turn with
equal facility in either direction and has symmetrical sensory and mo-
tor systems; the same principle applies even to higher animals. As
long as behavior remains on a rudimentary, stimulus—response level,
the need for bilateral symmetry would remain. However, abstract in-
formation processing and other tasks that do not require a symmet-
rical interaction with the environment (for instance, unimanual skills
practiced by monkeys) might become represented on only one side of
the brain. Asymmetry, Kinsbourne argued, is the default mode; it
appears when the biological need for symmetry relaxes. Thus, Kins-
bourne also falls into the default hypothesis camp.

Steklis and Harnad (1976) pointed out that it could not have been a
coincidence that both speech and hand dominance are usually in the
same (left) hemisphere. They used the label “serial motor praxis” to
describe the common element between the two types of skill. They
argued that although apes show cerebral dominance as individuals,
the distribution of dominance in the group is about evenly split be-
tween right and left. Steklis and Harnad observed that, from gross
anatomical clues, the first deviation from symmetry in the left—right
distribution seems to have occurred in australopithecines, simulta-
neously with the appearance of erect posture and humanlike hands.
They thought it likely that the first language was manual-gestural;
and since manual control was already left-dominant, the speech re-
gions became established on the left.

Kimura (1976, 1979) pursued this question on a more empirical
level, linking language loss (aphasia) to a loss of complex motor per-
formance. According to Kimura’s proposal, laterality was primarily
driven by the need for an efficient sequential motor device for the
hands, and was linked to speech only secondarily. Kimura’s theory
was built largely on clinical evidence of factorial clustering. Problems
with complex motor performance, clinically referred to as the aprax-
ias, often accompany aphasia and result from lesions to the left asso-
ciation cortex. Geschwind (1965) believed that apraxias were largely
the consequence of disconnecting the motor cortex from the speech
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areas and that the speech regions were necessary to the typical tasks
demanded of apraxics. Kimura turned this idea around and suggested
that apraxia is actually a direct disability of serial motor control, not
merely another aspect of language disturbance. The reason for the
association of aphasia and apraxia, Kimura argued, is that the left
hemisphere is primarily specialized for serial motor control, whether
manual or vocal. In other words, apraxias are the result of direct dam-
age to those parts of the cortex involved in complex motor skills,
which include speech. Kimura (1976) also observed the frequency
with which free hand movements occurred; she found that people
tended to produce such movements only during speaking. Moreover,
right-handers, who are overwhelmingly left-lateralized for speech,
move their right hands; while left-handers, who tend more toward
mixed dominance, move both hands. Thus, hand movements appear
to be involved with speech areas of the brain, both in clinical break-
down and in normal activity. Finally, when Kimura reviewed the few
(at that time) existing case studies of signing disorders in the deaf,
she found evidence of a clinical breakdown of signing linked to de-
struction of the speech areas on the left side of the brain.

Kimura therefore suggested that the initial evolutionary develop-
ment of manual dexterity for tool use led to the use of the hands in
gestural communication. Vocal speech probably came later and, as
another complex motor function, it was left-lateralized as well. She
concluded that the left hemisphere “is particularly well adapted, not
for symbolic function per se, but for the execution of some categories
of motor activity which happened to lend themselves readily to com-
munication.” Curiously, Konrad Lorenz (1965) once proposed a
closely related idea: that the unique human capacity for manual skill
was dependent upon the left hemisphere. Kimura’s theory amounts
to a strong form of the default hypothesis.

The default hypothesis has its attractions, but it leaves unanswered
(and, in fact, largely unasked) the question of precisely what special
neurophysiological features of the left hemisphere give it such an ad-
vantage over the right. There are tremendous gaps in the reasoning
by which left-dominance for manual skill is coupled to speech. Why
should a cognitive module dedicated to manual skill—that is, to the
sequential programming of hand action—generalize to language?
The evolution of language, as will become clear, involved a great deal
more than serial motor control; it involved representation, intention-
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ality, syntax, the invention of lexicons, and so on, none of which could
be explained simply by extrapolating a capacity for serial motor con-
trol. Just because manual skill was represented on the left, it does not
follow that higher levels of linguistic control would necessarily reside
on the left.

Geschwind's Search for the Speech Module

Geschwind (1965, 1970; Geschwind and Galaburda, 1984) and his col-
leagues have also examined the functional and anatomical asymme-
tries of the brain in an evolutionary context. However, Geschwind
approached the problem from a very different perspective. Geschwind
was a localizationist. He argued in favor of a localized language area
in the human left hemisphere; and in a seminal article published in
1965, he tried to explain most of the symptom clusters of aphasia as
the effects of disconnecting the speech region from sensory and motor
areas of the brain. Thus, “agnosias” could be seen as modality-specific
naming deficits, associated with isolation of the relevant sensory area
from the speech regions. “Apraxias” could result from disconnecting
the speech areas from the relevant areas of premotor cortex. The key
unifying element was a left-sided cortical area specifically devoted to
language. Disconnection of that area from other regions would leave
the patient without access to the language system.

Geschwind’s “language regions” bore some resemblance to Fodor’s
central unbounded processor. In his version, the language regions not
only produced language; they allowed cross-modal perceptual com-
parisons, assigned labels to inputs, and enabled certain kinds of
thought. Above all, they were seen to be at the peak, or at least near
the top, of a hierarchy of cognitive modules, each of which was car-
rying out its assigned function. Confirming in principle many of the
basic tenets of the early aphasiologists, Geschwind emerged as the
modern apologist for Wernicke’s approach.

The functional geography of the brain explored by Geschwind was
based on neuroanatomy and rooted more in fundamental neurophys-
iology than in neuropsychology. The best-explored part of that ge-
ography, the sensory and motor cortex, is not only well-defined in
function but its anatomy shows a continuous evolutionary history, in
which the human brain can be located with some precision. In the
same tradition, Geschwind explored the anatomy of cortical associa-
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tion areas involved with speech, looking especially for asymmetries of
the human brain as clues to forming hypotheses about precisely what
functions were to be found in them.

Early in his research (1965), Geschwind singled out the inferior
parietal lobule (IPL) as a crucial structure in language. It is situated
at the junction of the visual, somatosensory, and auditory cortical
areas. Geschwind surmised that cross-modal associations were the ba-
sis for speech development in humans; his clinical observations had
shown that many aphasic symptoms were due to isolation of the IPL
from association regions devoted to the higher processing of vision,
audition, and touch. In order to make comparisons between the per-
ceptual outputs of completely different sense modalities, those out-
puts would have to be encoded at quite an abstract level and fed into
a central comparator system, which could read the perceptual outputs
at that level. Thus, cross-modal comparisons require abstraction, if
not symbolic representation; assuming it supports cross-modal com-
parisons, the IPL thus loomed large in the perceptual hierarchy.

Later work by Geschwind's colleagues (Eidelberg and Galaburda,
1984) showed that the IPL could be divided into six subregions, of
which three were in the angular gyrus. These regions have their cy-
toarchitectonic counterparts in monkey and ape brains; but as the
authors observed, “The human parietal lobe is distinguished in
its massive expansion in size and in the elaboration of subregions.”
And whereas right and left parietal subregions tend to be symmetrical
in monkeys and apes, they are strikingly asymmetrical in humans. In
particular, two subregions of the angular gyrus appear to be lateral-
ized. The PEG subregion constitutes about one quarter of the angular
gyrus and tends to be larger on the right side; its damage leads to
unilateral neglect, suggesting its involvement in spatial attention.

The PG subregion, which corresponds to part of Brodmann's area
39, forms the larger part of the angular gyrus and is usually larger on
the left. It apparently descends from a supramodal association area in
the monkey, which receives inputs from several polymodal sources
in the Sylvian region. PG is heavily interconnected with an area of
the temporal lobe, the planum temporale (PT), which corresponds
roughly to Wernicke’s area. In fact, they observed a significant cor-
relation between the anatomical asymmetries they could measure in
those two regions. Eidelberg and Galaburda concluded that the left-
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ward lateralization of language to the angular gyrus is closely related
to the size of the subregion PG. The authors concluded that “the
posterior Sylvian-angular gyrus relationship is simply one link of a
chain of interconnected regions of the brain that are specialized for
language function, lateralized behaviorally for the most part to the
left hemisphere, and bear a characteristic profile of anatomic left—
right asymmetries.”

Geschwind, and Eidelberg and Galaburda, were attempting a higher
degree of precision in attributing cognitive functions to specific right-
and left-hemisphere regions. They were looking for the kind of exact
localization that has usually been found in the physiology of sensory
and motor systems. In contrast, most neuropsychologists, like Ki-
mura and Corballis and Beale, eschewed this ambition and settled for
much less exact localization, usually broadly assigning function either
to right or left.

One complaint that might be registered about Geschwind’s ap-
proach is that he did not try to deal with certain of the major features
of language. For the most part, he dealt with its perceptual and motor
aspects: where phonemes and graphemes might be represented, for
example, or where control of articulation resides, or which paths allow
visual and auditory representations to be compared. He did not ad-
dress the problem of syntax, or semantic representation, or the lexi-
con. Moreover, he and his colleagues did not articulate in detail the
kinds of linguistic functions to be attributed to specific structures like
PT or PG. He would have replied, perhaps, that such questions are
premature; but it is equally true that, in the absence of a larger cog-
nitive model, the anatomical data are hard to read. The history of
anatomical asymmetry in primates and humans remains a major
source of information, but in itself it is not sufficient for the construc-
tion of an evolutionary scenario. What is needed is a functional evo-
lutionary theory, rooted primarily at the cognitive level, and only sec-
ondarily at the anatomical level.

Corballis: Generativity and Left Dominance

Corballis (1989) has recently proposed a theory of cerebral laterality
that tries to deal with some of the limitations of earlier versions of
the default hypothesis. A major objection to the earlier theories was
the apparent lack of common cognitive elements between the serial
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motor skills thought to be controlled from the left hemisphere and
language, which evolved later. Although language is a serial motor
act, its essential features are surely in its unique syntactic and pho-
nological rules, which seem fundamentally different from motor skill.
Why should specialization of the left hemisphere for serial motor con-
trol, and especially manual skill, result in a left-bias for the rule-
governed aspects of speech and language, unless they depend on some
common feature, for which the left hemisphere is specialized?

There are two aspects to Corballis’s proposal. The first part is a
persuasive reiteration of what has come to be the shell of the standard
theory: the human pattern of right-handedness and left dominance
for language originated with the refinement of manual skill, particu-
larly toolmaking, in the genus Homo, about 2 million years ago.
High-speed articulate speech evolved more recently, within the past
100,000 years. The chronological evidence for this sequence comes
mostly from archeological data. The second part of Corballis’s pro-
posal postulates a novel reason why articulate speech had to be built
upon the unique cognitive style of the human left hemisphere, which
evolved earlier for the control of motor skill, or praxis. The reason is
that there was, and is, a common cognitive adaptation underlying hu-
man praxis and language: “‘generativity” —that is, the “general abil-
ity to form multipart representations from elementary canonical
parts.” Generativity is thus both an analytic and a combinatorial skill.

In language, this ability manifests itself in the combination and
recombination of phonemes and words into unlimited sets of utter-
ances. This combinatorial skill is also important in the comprehension
of speech; to perceive the speech stream accurately, the listener must
segment and parse the input into its salient features. A related point
was made some time ago by Warren (1976), in a discussion of the
evolution of auditory perception in humans. In Warren’s terminology,
all mammals, including humans, share the ability to perform “holistic
pattern recognition” (HPR), but only humans are able to perform a
kind of auditory analysis called “identification of components and
their order” (ICO). The latter involves categorical perception and re-
trieval of the elementary components of language.

In visual perception, image generativity involves “parsing” images
into components, which can be recombined and separately manipu-
lated; this can be seen in the breakdown of visual imagery into ele-
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mentary geometric components, or “geons” (Kosslyn, 1987). As ob-
served by Kosslyn (1988) and Farah (1984), the left hemisphere is able
to break down a stimulus into categorical elements and therefore bet-
ter able to generate novel images of its own than the right. Although
it is not proven that the left monopolizes imagery, it appears to be the
dominant hemisphere for actively generated imagery.

As in his earlier theory coauthored with Beale, Corballis has stayed
with the default hypothesis: the right hemisphere has its own cogni-
tive “style,” but its style is not distinctly human, Rather, it is the
default form of knowledge, a vestige of earlier adaptations, a style of
cognition resembling that of other mammals. The essential break-
through in human cognitive evolution was the emergence of one truly
novel adaptation that set us apart: our capacity for generativity, which
is typically lateralized to the left hemisphere. Thus, in Corballis’s
view, the right hemisphere (in isolation) should illustrate the cogni-
tive armamentarium of archaic hominids and the left that of modern
humans.

In his evolutionary scenario, Corballis argued that generativity first
emerged in the left hemisphere for praxic skill and was essential to
the development of toolmaking, where categorical analysis of the
fashioned object was essential to the ability to reproduce it, that is,
generate new ones. This generative ability expanded its range and
eventually enabled the development of, among other things, lan-
guage. The evolution of language was secondary, somehow dependent
upon the pre-existence of the underlying generative capacity. Since
generativity is the distinguishing feature of left-hemisphere cogni-
tion, laterality of function must have been a key neuropsychological
aspect of human cognitive evolution, perhaps because it allowed hu-
mans to retain their traditional cognitive skills in the right hemi-
sphere, while developing new ones in the left.

Unlike Geschwind, Corballis is not concerned with the finer details
of anatomy. He does not speculate about the possible role of particular
parts of the left hemisphere, such as the angular gyrus or the frontal
operculum, in enabling a capacity like generativity. He is more con-
cerned with describing the general cognitive role of the left hemi-
sphere, as a central cognitive system with a characteristic cognitive
style. Corballis’s hypothesis is thus mors in the Jacksonian tradition
than in Wernicke’s. He does not try to specify particular aspects of
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thought or language and localize them in particular parts of the left
hemisphere. Rather, he assigns each entire hemisphere, presumably
organized as a whole, a larger cognitive role. The generativity theory
somewhat resembles Jackson’s earliest views on lateral asymmetry, in
that both visual and linguistic thought are portrayed as left-dominant
skills.

Generativity involves a process of combinatorial-sequential analy-
sis that is not unlike the concept of analytic thought except that it is
not language-bound. By definition, a generative device must have ac-
cess to a wide variety of high-level inputs, presumably originating in
various specialized input modules. Thus, Corballis’s generative left
hemisphere would require internal wiring arranged so that it could
select and apply rules to its combinatorial procedures. There would be
no inherent reason why such a combinatorial device, once invented,
could not be used on a variety of qualitatively different inputs: for
instance, in the visual analysis of manmade objects and tools, or the
auditory analysis of phonemes, or the combination of words into sen-
tences.

But, given that Corballis has not placed any constraints on how this
skill might be distributed in the left hemisphere, there is also no rea-
son why there could not be several subsystems within the left hemi-
sphere, each with its own generative capacity. For instance, visual
analysis might be independent of vocalization in its neural represen-
tation. There could be a number of other such devices, all generative
in their own right, serving various perceptual and linguistic subsys-
tems. The theory in its present form holds only that, no matter how
many devices have generativity as a property, they are all lateralized
to the left and, to a degree, are interdependent on an overriding left-
hemisphere computational style.

Corballis’s inclusion of visual generativity among the skills of the
left hemisphere is based on Kosslyn's (1987) theory that the visual
imagery of the left hemisphere is categorical (that is, broken down
into identifiable parts) whereas that of the right is holistic (seen as a
unity or Gestalt). Generative operations act upon categorical ele-
ments; thus, they may be independently manipulated in imagery and
ultimately recombined. The process of visual invention depends on
such recombinations of elements. For example, if an observer notes
that a chair is made of a seat, legs, and a back, each forming a distinct
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category, then it is possible to envisage endless possibilities for new
chairs: ones with more or fewer, larger or smaller, more or less ornate,
components. If a chair is perceived only as a whole, however, it cannot
be decomposed, and there are no elements to recombine. To fabricate
a chair, the component parts must be decomposed and recombined;
thus generative ability may have been essential to toolmaking.

However, it is a very long leap from the visual analysis of a machine
or manufactured tool to the verbal analysis of sentences, and it is not
at all clear that the latter capacity can be “explained” by postulating a
single generative processor. Strong psychometric and neuropsycho-
logical evidence suggests that verbal and visual-spatial skills are or-
thogonal to each other and should be regarded as different intellectual
factors (Gardner, 1983). A test such as the Mechanical Aptitude sub-
test of the Differential Aptitude Test epitomizes an analytic, recom-
binatorial visual test. In the subtest the testee is asked to calculate
relationships between the parts of various mechanical devices, drawn
in two dimensions. But competence on this subtest has very little
correlation with verbal intelligence. In fact, integrating across many
factor-analytic studies of the intelligence distribution, researchers
have found that visual and verbal analysis constitute two of the most
robust and independent intellectual factors underlying human intel-
lectual skill. This argues against a single equipotential generative ca-
pacity available for any use and suggests at least two relatively inde-
pendent generative systems. Of course, this does not rule out the
possibility that both systems are on the left; but it does weaken the
bond between them, as well as the case for linking them anatomically
in evolution.

Is generativity just another label for rule-governed action? Some
linguists (such as Jackendoff, 1983) have pointed out the presence of
common rule-governed properties underlying both language and ac-
tion. Corballis is claiming (1) that the presence of this common ele-
ment, which he calls generativity, implies a common origin and mech-
anism for all forms of (apparently) rule-governed behavior (inasmuch
as it is rule-governed, if not in all respects); and (2) that the absence
of generativity in animals, including apes, has been demonstrated.
The first claim is closely tied to the second; if generativity is a single
adaptation, it must be unique to humans, since the behaviors it sup-
posedly explains—toolmaking and language—are uniquely human.
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If generativity, whether visual or linguistic, can be demonstrated in
any aspect of ape behavior, Corballis’s evolutionary hypothesis would
disintegrate. This question is addressed in Chapter 5.

Moreover, if generativity is a broad, generalizable skill, as it must
be if it applies to actions as diverse as speaking a sentence and visually
parsing a three-dimensional object, then there should be no areas of
human skill that are not potentially generative. The generative sys-
tem can be seen as Corballis’s substitute for Fodor’s unbounded cen-
tral system: it receives inputs from all lower-level encapsulated mod-
ules and applies a rule-governed, analytic intelligence to them. If it
can be shown that independent skill systems do not interpenetrate in
their generativity—that generativity occurs at a lower level, that of
the input module—then Corballis’s thesis would again be at risk.
Similarly, his claim that generativity is linked exclusively to the left
hemisphere is vulnerable to any demonstration that the cognitive
style of the human right hemisphere includes a generative element.
These questions will come up again as we extend our discussion in
subsequent chapters.

One final remark about the generativity hypothesis. Like Gesch-
wind’s search for the anatomical modules of language, it leaves out
semantic reference altogether. But semantic reference is the quintes-
sential core of human intellect and language. Visual generativity, of
the type described by Kosslyn, does not depend on semantic reference,
but generativity in language does. Surely this alone suggests that
generative language is sufficiently different from generative visual
analysis that the two do not necessarily have to be assigned to the
same hemisphere. Granting that Corballis claims not to be attempting
a global theory of higher intellect, he has in fact proposed a theory
that goes well beyond the question of laterality, and to the heart of
the nature of uniquely human intelligence. But the question that
must be asked is, given the reach of his ambition, did he go far
enough?

Despite these reservations and open questions, the notion of a left-
hemisphere mode of computation that is generative is much more
powerful than the earlier idea of left-lateralized serial motor control.
There was no compelling rationale for Kimura’s theory, which placed
linguistic functions in the same hemisphere that specialized at an ear-
lier stage of evolution for serial movement control. The motor sub-
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routines for hand movement or vocalization could just as easily be in
a different hemisphere from language. However, generativity is basic
to both praxis and language, and both might have been its evolution-
ary by-products.

Although some conceptual progress has been made, the question of
which function was lateralized first, or what the primary function of
the left hemisphere might be, has not been resolved with any cer-
tainty. The question may or may not have any direct relevance to the
evolution of language. One could argue that the evolution and struc-
ture of cognition are indifferent to anatomy; the same cognitive ar-
chitecture could, in theory, be implemented in a variety of different
physical arrangements. But in the real world the physical and mental
aspects of evolution are so closely interconnected that determining the
structure of modern human cognition may prove impossible without
a careful consideration of the underlying functional neuroanatomy.

The Right Hemisphere and Semantic Reference

Corballis assigned the left hemisphere a leading role in both visual
thinking and language, but some writers have gone even further in
asserting the superiority of the left hemisphere. Gazzaniga (1983)
reviewed twenty years of experience with testing split-brain patients
and concluded that “the cognitive skill of the right hemisphere with-
out language is vastly inferior to that of the chimpanzee”; and also
that “the price of lateral specialization for language on the left is a
state of rudimentary cognition for the right hemisphere” (1983, p.
536).

This idea is reinforced to some extent by the findings of Poizner,
Klima, and Bellugi (1987), who found that deaf subjects can develop
aphasias in sign language with left-hemisphere lesions similar to
those that interfere with speech. In a carefully documented series of
case studies, they showed that right-hemisphere lesions do not lead
to aphasia-like symptoms in the same population. Even when lan-
guage is channeled through visuospatial input modules, as it is in sign
language, the left hemisphere appears to be dominant. Taken at face
value, this seems to indicate that the physical mechanism of language
is localized on the left, in the normal case, for all aspects of language:
speaking, reading, writing, signing, recognizing, recalling, and listen-
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ing. It also confirms the linkage, in terms of gross localization, be-
tween categorical visual event perception, which underlies the com-
prehension of hand signs, and speech.

But there are reasons to doubt whether the dichotomy between the
cerebral hemispheres is so absolute. Zaidel (1983) has questioned the
validity of most of the split-brain cases for the study of right-
hemisphere function. The same question has been raised by others
(Myers, 1984; Patterson and Besner, 1984). Myers made a particu-
larly strong case against accepting Gazzaniga’s denial of any linguistic
competence to the right hemisphere. Of the 28 split-brain patients in
the East Coast series, 17 had major neurological deficits in addition to
a severed callosum, such as right cortical atrophy, mental retardation,
or left hemiparesis. In 9 patients the corpus callosum was not totally
split, and interhemispheric communication was therefore possible. In
addition, a number of the 28 patients either had not been tested for
right-hemisphere language or their results had never been published.
The 3 patients in the series who were thoroughly tested, who were
free of serious ancillary brain damage, dementia, or mental retarda-
tion, and who had a complete callosal transection all showed some
evidence of right-hemisphere language comprehension.

Based on his work with 5 carefully studied split-brain cases, Zaidel
claimed that “the disconnected or isolated right hemisphere has access
to a substantial auditory vocabulary and to fairly complex pictorial
representations of meanings of words in terms of common experi-
mentalsituations” (Zaidel, 1976, p. 202). Zaidel’s cases were better doc-
umented than most previous split-brain case reports. He used stan-
dardized tests, established better controls on cross-cueing between
hemispheres, and carried out a one-year follow-up of his results.

Zaidel used the Peabody Picture Vocabulary Test to test the right
hemisphere’s comprehension of language. The Peabody requires the
patient to choose an appropriate pictorial representation of a single
verbal idea (for example, to point out the picture that matches a con-
cretenoun like “cow” or a more abstract idea like “justice”). The right
hemisphere was tested independently of the left, by restricting the
visual stimuli to the left visual field and requiring a response from the
left hand only. In his selective sample of split-brain patients, the right
hemisphere’s level of comprehension had a mean-age equivalent of
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almost twelve years. Zaidel concluded that the right hemisphere pos-
sessed a great deal more proficiency in the comprehension of words
than Gazzaniga was willing to concede.

Zaidel then analyzed the vocabulary test results by further break-
ing down, separately for each hemisphere, the verbal responses to
concrete nouns, action names, and verbs, separately. The right hemi-
sphere was inferior to the left in all categories, as might have been
expected, since the performance of the left hemisphere was close to
perfect. But the mean right hemisphere results of the split-brain pa-
tients were well above chance, and fairly close to those of groups of
aphasics, who typically show considerable retention of language com-
prehension, especially of single words.

The right hemispheres of the same five split-brain patients per-
formed badly on the Token Test (De Renzi, Faglioni, and Scotti, 1970),
which requires the patient to remember longer, nonredundant audi-
tory phrases, such as “touch the large red square and the small yellow
circle.” Zaidel concluded from this that the right hemisphere was lack-
ing in auditory short-term memory but possessed a significant degree
of auditory comprehension of words, as well as the ability to map
words on to a pictorial representation of their meaning.

The key finding here is the duplication of function across hemi-
spheres. As far as can be determined, the left hemisphere, isolated
from the right, possesses normal linguistic competence. That is, no
parts of language seemed to be missing when the right hemisphere
was removed from the picture by disconnection and the left hemi-
sphere was tested. Therefore, the existence of any competence at all
in the right hemisphere implies duplication of that function. In Zai-
del’s studies, the duplication was selective. Duplication appears to
have been limited to three aspects of language: the ability to perceive
the phonetic components of the auditory message, to find the appro-
priate lexical items, and to match the lexical items to certain aspects
of their meaning, visually represented.

One might be tempted to try a maturational explanation for the
duplication of elementary auditory comprehension of words. Accord-
ing to Lenneberg’s venerable theory, cerebral lateralization for lan-
guage occurs gradually during the critical period for language acqui-
sition (Lenneberg, 1967). Therefore, one might expect some right-
sided vestiges of the earliest stages of acquisition, when language is
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still supposedly bilateral in its representation. In other words, the
right hemisphere in adults should have a childlike language skill, a
remnant of the early bilateral language phase. The problem with this
explanation is that normal young children do not have all of the spe-
cific skills found by Zaidel in the right hemispheres of split-brain
adults. The vocabulary used in the Peabody test is not an infant’s
vocabulary; and even the pictures are fairly sophisticated. Moreover,
many of the young child’s abilities are missing in the isolated right
hemisphere of the adult. The young child is able to comprehend
strings of words as long as those in the Token Test quite early in his
development. This aspect of the child’s skill is lacking in the right
hemisphere, as are the expressive skills that normally accompany the
development of comprehension. Most importantly, action names and
verbs, some of which are acquired very early in childhood, are also
missing in the right hemispheres of split-brain adults.

Thus, the isolated right hemisphere does not look anything like a
vestige of child language. This should not be entirely surprising, con-
sidering that Lenneberg did not believe lateralization was complete
until puberty. If vestiges continued to build in the right hemisphere
at a decreasing rate throughout the gradual lateralization of the cor-
tex, the right hemisphere would be expected to possess a great deal
more language than Zaidel found. (It is interesting that Zaidel re-
ported that the average isolated right hemisphere’s vocabulary is
about equal to that of a twelve-year-old, granting that it possessed
only a very restricted part of a twelve-year-old’s linguistic compe-
tence.)

Zaidels findings are compatible with the observation that stroke
patients with severe aphasia often retain the same aspects of language
as those found in the right hemispheres of split-brain patients. In fact,
when he compared his five cases with the performance of Broca’s and
Wernicke’s aphasics on the same test, he found a substantially similar
pattern of results (Zaidel, 1983). This suggests that some severely
aphasic stroke patients are probably comprehending language not
with the spared areas of the left hemisphere but with the right hemi-
sphere.

The evidence for the linguistic monopoly of the left is derived from
the very robust clinical fact that aphasia rarely develops following
right-hemisphere damage unless the patient has suffered from early
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left brain injury, and from the fact that unilateral cerebral anesthesia
of the right hemisphere will not cause loss of speech, while the same
procedure on the left temporarily blocks language function (Milner,
Branch, and Rasmussen, 1964). Both of these observations, however,
need to be regarded with caution. Unilateral anesthesia, which in-
volves injecting sodium amytal into one carotid artery, has a very
transient effect, and testing of the patient is necessarily limited to a
few simple and brief procedures. There is no opportunity to test the
higher linguistic aspects of language, and the temporary aphasia of
these patients could be restricted to a fairly low-level impairment of
the language system, involving input and output modules rather than
the central aspects of language.

Moreover, the typical right-hemisphere stroke or trauma patient
does not manifest obvious aphasic symptoms, and therefore is not
usually thoroughly tested for language functions. There is some evi-
dence, however, that the left hemisphere does not enjoy quite the
monopoly that some would give it. A long-standing claim in the neu-
rological literature that the speech of right-damaged patients is flat
and lacking in voice modulation, or prosody (Brain, 1965), has been
recently confirmed, and a classification of these symptoms has been
proposed (Ross and Mesulam, 1979; Ross, 1981). Aprosodias, as dis-
abilities of this type are called, do not usually follow from lesions
of the left hemisphere; rather, they result from damage to right-
hemisphere regions homologous to left “language” regions.

Prosody is nonphonetic and is considered by some to be nonlin-
guistic. However, as mentioned in the discussion of Darwin’s thesis,
prosody is a uniquely human vocal feature, involving voluntary voice
modulation that cannot be found in other primates. It is closely tied
to the timed meaning of utterances and is often used to convey mean-
ing. Whereas the production of the phonetic elements of language
depends upon an intact left hemisphere, their modulation in prosody
depends upon the right. At the very least this suggests that the actual
production of human vocal speech is, to some extent, controlled from
both hemispheres.

In addition, the isolated right hemisphere of the split-brain patient
has the ability to decode spoken language at the level of phonemes
and morphemes and to understand indiyidual words, particularly fre-
quently used words (Gazzaniga, 1970), although it has difficulty with
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syntactic features. Phonemic and morphemic analysis of input, search
and location of lexical addresses, and some degree of semantic refer-
ences are thus within the purview of the right hemisphere. Gainotti,
Caltagirone, and Miceli (1979) examined right-sided stroke and tumor
cases and found them to be unusually vulnerable to the presence of
semantic distractors in stimuli, suggesting that they had a signifi-
cantly reduced critical capacity for evaluating the meaning of words.
This would reinforce the results with split-brain patients and suggest
a role for the right hemisphere in the semantic analysis of words and
sentences.

This points to the conclusion that the right hemisphere has some
language competence and some comprehension skills that seem to be
dependent upon generative capacities—at least upon the analytic, cat-
egorical skills that lie at the heart of generative capacities. This fact
alone spells trouble for Corballis’s theory. But another finding spells
even greater trouble. A study by Gardner, Brownell, Wapner, and
Michelow (1983) explored the role of the right hemisphere in complex
discourse comprehension. Right-damaged patients were tested on the
recall, understanding, and integration of narrative and on their com-
prehension of humor. They had no difficulties with the phonology of
single words or the syntax of single sentences but considerable diffi-
culty with longer narratives. Compared with age-matched controls,
and with aphasics, they had greater difficulty recalling the main
events of a narrative, remembering the sequence of events, and attrib-
uting actions to appropriate agents in the narrative. They also had
difficulty understanding emotional or incongruous features in the
narrative and showed some disturbance in their understanding of hu-
mor. In a word, they could not get the gist of the stories; they seemed
to lack a framework, or schema, for their understanding.

Note that these patients had intact left hemispheres and no aphasia
in the normal clinical sense of that term. The errors they made were
high-level errors; the lexical and syntactic elements of the narrative
were understood, but meaning was disrupted at the level of discourse
comprehension. Keeping in mind that the input elements of a story
must be encoded linguistically, it is hard not to argue for a role for the
right hemisphere in the construction of schemas for discourse com-
prehension. Discourse comprehension involves a uniquely human
high-level analysis of linguistic input, a level of analysis sometimes
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called metalinguistic (see Kintsch, 1988). Therefore, the right hemi-
sphere seems to be implicated in the highest and most characteristi-
cally human of cognitive skills.

If decoding words and sentences taps generative skill, then surely
the decoding of longer discourses made up of words and sentences
demands even more powerful decompositional and recombinatory ca-
pacities. It follows that the right hemisphere, although perhaps only
partly implicated in the special encapsulated linguistic speech module
in Fodor’s sense, is involved in a generative mode of processing of the
outputs of that module. Thus, the exclusive attribution of generative
skills to the left is questionable, and the difference between right and
left may be only one of degree. It may also prove to be the case that
language generativity itself breaks down into a variety of subsystems,
distributed in a complementary way between both hemispheres.

The Case of Brother John

Gardner and colleagues’ (1983) study of discourse comprehension
brought out the importance of looking at large-scale discourse in as-
sessing deficiencies of language. It also raised the question of the re-
lationship of the “language machine”—the latter-day descendent of
Wernicke’s machine—to knowledge and semantic representation.
Gardner and colleagues would admit that their patients were free
from aphasia in the normal definition; thus, their “language ma-
chines,” or speech modules, were presumably left-lateralized. Never-
theless, their right-damaged patients suffered a considerable loss in
the ability to understand straightforward discourse. Was this loss
truly linguistic, or part of a broader intellectual deterioration?

This raises some difficult but absolutely central questions. If a pa-
tient can understand a sentence perfectly but cannot organize and
paraphrase a short story, there has been a breakdown in semantic rep-
resentation. Note that semantic breakdown in this case does not ap-
pear disguised as general dementia or as selective anterograde amne-
sia, as it does in Alzheimer’s disease. In fact, some of the elements of
the story are remembered but distorted, and some of the meanings
are misundérstood—never the meanings of individual words and
phrases but the schematic assignment.of actions to agents, the inter-
pretation of events, and the accurate extraction of themes from nar-
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rative. It might be tempting to attribute these misunderstandings to
a disturbance in the semantic representation of events, independently
of language per se. But can these events be represented without lan-
guage? What is the human mind capable of without an operative lan-
guage system?

This question was considered by Lecours and Joanette (1980) in a
case study of a paroxysmal aphasic, whom they refer to simply as
Brother John. Brother John was a 50-year-old man who worked as an
editor of letters for his religious order. He had suffered from epileptic
seizures for 25 years. Although he had a few grand mal seizures when
he had his first epileptic attacks as a younger man, they had been
brought under control by medication. When tested he suffered largely
from focal seizures and paroxysms, which were classified as short
spells (1-5 minutes, occurring up to five times a day) or long spells
(1-11 hours, occurring about once a month). Sleep electroencephal-
ography revealed typically epileptic spike-and-wave activity at the left
frontotemporal electrodes, and during a seizure he showed slow waves
over most of the left side of his scalp, with a peak in the mid-temporal
area.

The important fact about Brother John's spells was that they selec-
tively shut down language processing, while he remained conscious
and able to remember what he was experiencing. During his long
spells, his cognitive abilities returned gradually, progressing through
several stages of recovery. The authors recorded his responses and
comments in detail and thus had an unusual opportunity to observe
what a person can do in the absence of speech (including internal
speech) and written language.

During a long spell Brother John would reliably pass through a
series of stages which successively resembled most of the various clin-
ical subtypes of aphasia. He would initially manifest the symptoms
of global aphasia, and after about half an hour his symptoms gradu-
ally changed, going through a period of jargonaphasia until he began
to look more like a case of Wernicke's aphasia, characterized by ano-
mias and paraphasias. As his recovery progressed, his symptoms
gradually changed again, and he looked more like a conduction
aphasic, while in the final few hours he was left mostly with amnestic
symptoms.

The authors held up this case in support of Marie’s doctrine of the
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“oneness of aphasia,” a doctrine based on the idea that the various
types of aphasia are really only variations in severity of a single syn-
drome, which may or may not be combined with anarthria. More
importantly for the present review, they also examined nonlinguistic
cognitive function in their patient and concluded that, even while his
language was very severely impaired, the patient was able to record
and remember complex events in the environment and talk about
them accurately after his seizure.

The case is too rich in detail to review completely, but the conclu-
sions are worthy of detailed consideration. Even while he was globally
aphasic, dysarthric, or capable only of producing neologistic jargon,
Brother John was very much aware of his disability and able to cope
systematically with it. Often, he was able to anticipate a spell by a
few minutes and arrange with a friend to cover for him at the office.
He would arrange things so that, during the worst part of his spell,
he would not inconvenience himself or others. He would consciously
fight a tendency to become depressed and sleepy, and he kept a port-
able radio handy, in order to periodically test his ability to compre-
hend what he heard on it. In other words, he was fully conscious and
able to cope with the situation, despite the absence of language.
Moreover, he had full recall of the episode later.

The extent to which he retained the ability to cope with practical
challenges was quite remarkable. One episode, while he was traveling
in Switzerland, was particularly striking. He found himself at the
peak of one of his seizures as he arrived at his destination, a town he
had never seen before. He took his baggage and managed to disem-
bark. Although he could not read or speak, he managed to find a hotel
and show his medic-alert bracelet to the concierge, only to be sent
away. He then found another hotel, received a more sympathetic re-
ception, communicated by mime, and was given a room. He was able
to execute various procedures which formed a framework for linguis-
tic operations; for example, he was able to point out to the desk clerk
where in his passport to find the information required to fill out his
registration slip, while not being able to read it himself. Finding him-
self too hungry and miserable to sleep, he went to the hotel restau-
rant. He could not read the menu, but he pointed to a line which he
thought might be the hors d’oeuvres and randomly chose an item,
hoping he would like it. In fact, it was a dish he detested, but he ate
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it, returned to his room, and slept for the remainder of his paroxysmal
attack. When he awoke, he went to the hotel desk and explained the
episode in detail.

A number of important conclusions can be drawn from this case.
First, despite the complete absence of language, internal or external,
Brother John was able to cope in ways that are uniquely human. He
was capable of coherent thought, able to recognize music, voices, and
faces, and the uses of objects and places. His spatial orientation and
basic mechanical intelligence were intact. His episodic memory for the
events of his seizures was accurate (this was objectively verified by
the authors) and organized. During a seizure, he was able to remem-
ber and execute a request given to him weeks earlier by the authors—
for example, taping his spontaneous speech as it recovered during the
spell.

Second, visuographic language appeared to recover somewhat in-
dependently of the auditory—oral system. Early in the recovery pro-
cess, he usually went through a period when his ability to communi-
cate through reading and writing was much better than his auditory
comprehension or his ability to speak. During this phase he would
resort to paper and pencil for communication, and he was able to solve
arithmetical problems, such as correctly multiplying two- and three-
digit numbers, while remaining aphasic.

Finally, both gestural ability and practical knowledge were intact.
He could imitate or reproduce on demand a wide variety of gestures.
He could tune a radio, operate an elevator, and, as the Switzerland
episode shows, assess and respond appropriately to a social situation
of some complexity. All of this was achieved in the absence of visual
or oral language, and in the absence of internal speech as well. In his
own introspective account, he claimed that he could not “find the
words” for things and events. Nevertheless, he could think about
them coherently, deal with them appropriately, and remember them
later.

This case suggests strongly that human intellectual skill is uniquely
powerful, even in the absence of language. Most of the behaviors
demonstrated by this man during his seizures were well beyond the
abilities of any other primate or mammal. Language was obviously
not the vehicle by which he assessed events, formulated plans, and
evaluated his own responses. Nor was it important in his vivid and
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perceptive episodic registration of events or in the execution of ges-
tures and mime. Moreover, his semantic representations of the world
were accessible and useful to him, quite independently of language.
This, of course, did not apply to his work, which inherently involved
the use of written symbols, or to any knowledge encoded primarily in
symbolic form. But the boundaries between the linguistic and nonlin-
guisticworlds have seldom been so clearly seen, and the independence
of the one from the other so nicely demonstrated.

The Brain without Language

Neuropsychological studies are our best, and in some cases our only,
source of knowledge of the way the human mind can function in the
absence of one of its “modules.” Wernicke’s model was the start of a
way of thinking about the structure of mind, and modern neuropsy-
chological models have extended and enriched that approach. The la-
teralization of human higher cognitive function is, in itself, less in-
teresting than the demonstration that higher function is organized in
dissociable functional modules, some of which are left-lateralized.

The case for a single, unbounded central system, whose state is
roughly equivalent to what we experience as consciousness, appears
to be strengthened by the case of Brother John. Brother John's loss of
language was roughly like losing (temporarily) a sense modality; but
there was no loss of awareness. Language inputs and outputs were
simply not available, so he muddled through without them, just as
deaf people do without sound, and blind people do without vision..
Gnosis and praxis were intact, as were episodic storage, self-
representation, working memory, social intelligence, and scripts and
schemas for action. Despite the loss of internal speech, he was able to
cope with a variety of complex, uniquely human situations and prob-
lems.

Had language been an inherent part of the central system, or even
if the central system had become dependent upon language for its
functioning, the integrity of the central system would surely have
been shattered. At least, he might have appeared somewhat de-
mented, that is, confused, disoriented, and unable to cope with novel
or complex situations. But this did not happen; he was fully aware,
with no breakdown of basic conscious functioning.
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What was lost, then, from knowledge and memory, by excising all
forms of language and internal speech? In particular, what happened
to his semantic memory store, and what of propositional knowledge?
The verbal forms of this material were not available to him, and any
cognitive operations that were dependent upon symbolic representa-
tions could not be executed. But he evidently knew many of the
things that he normally would have expressed, and probably learned,
via the language system. Therefore, a great deal of his knowledge
must have been nonverbal, or at least stored outside of the language
system in nonsymbolic form.

Nonverbal knowledge is often described as a right-hemisphere
property, as if the memories of the left were usually encoded in verbal
form. But the knowledge base that allowed Brother John to cope was
not restricted to the “holistic” or Gestalt-like perceptual processing
identified with the right. His intact abilities included planning ahead,
carrying out social interactions, evaluating complex events, and deal-
ing with a variety of uniquely human devices such as telephones,
automobiles, elevators, hotels, and, especially, people. He apparently
needed language for none of these things.

The coping ability of Brother John is a surprise to many people. But
why should it be, when we consider the coping skills of people who
are raised without language, that is, the congenitally deaf who receive
no training in vocalization, sign language, or reading? Although the
majority of deaf people in modern society receive help and training in
communication, this was not the case for most of our past history, and
it is still not the case in many societies. The illiterate deaf-mutes of
the past, some of whose lives are recorded, were effectively without a
system for symbolic communication. They lived without any access
to the oral-auditory language system. Most of them had no formal
sign language and had to rely on spontaneous gesture and mime.
Since they did not form a community, and were a small, virtually
invisible, minority in society, there was no opportunity to develop a
formal sign language for their use. And prior to the last century, most
people in the world were illiterate, including the deaf. Therefore, they
could not use written or printed media for communication. Thus, the
congenitally deaf person, until very recently, was in a situation quite
similar to that of Brother John.

Of course the deaf-mutes were neurologically normal, where he was
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not. Moreover, their condition was permanent, and his wasn’t. And
he possessed language most of the time, and they didn't. Neverthe-
less, during one of his spells, he found himself in a comparable posi-
tion with regard to external linguistic communication. And from the
evidence, his position with regard to internal speech was similar to
theirs: just as they could not harness an internal phonetic, written,
or sign language that they had never learned, he could not access the
one he had learned.

From the extensive available historical evidence on the education of
the deaf (Lane, 1984), it is clear that in the past their intellectual
development was greatly held back by the absence of a common sign
language. In isolation, deaf people were capable only of gesture and
mime and were employed, for the most part, in menial occupations,
usually manual labor. Once deaf people began to be placed in schools,
they evolved their own signing systems and gradually gained access
to literate culture. But prior to widespread literacy and the invention
and standardization of sign language, they were isolated from sym-
bolic culture and the knowledge skills it made available.

However, despite the constraints placed until recently upon their
linguistic development, deaf-mute people have always been capable of
many of the more complex, and uniquely human, cognitive skills.
Darwin (1871) was aware of this and used this fact to emphasize the
differences between ape and human intelligence, even without lan-
guage. Just like Brother John during one of his spells, Darwin’s ex-
amples were able to cope with the basic social framework of behavior.
They were quite able to carry out the type of adaptive behaviors
Brother John showed during the Switzerland episode, for example,
when he located a hotel and managed to convey what he wanted to
the hotel clerk. They had normal praxic skills and were usually em-
ployed as domestics or in the trades, jobs that for the most part de-
manded a level of social and manual skill that was uniquely human.
They were able to solve problems and learn new facts about the en-
vironment—new places, new faces, new skills—when they moved
from place to place.

There is no reason to believe their episodic memory or their con-
scious awareness was in any way impaired by the absence of symbolic
language. Deaf people who learn some form of language typically
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recall episodes from their youth, despite the absence of normal lan-
guage development. Thus, the human brain, without language, can
still record the episodes of a life, assess events, assign meanings and
thematic roles to agents in various situations, acquire and execute
complex skills, learn and remember how to behave in a variety of
settings. Brother John was an exceptional neurological case: usually
brain injury does not “excise” language so precisely as this, and usu-
ally the patient does not have the opportunity to recover completely
and reflect on the experience. But his behavior without language is
entirely consistent with what we know of the deaf-mute person.

Why does the typical isolated right hemisphere not display the
skills of the deaf-mute or Brother John? One possible explanation is
the presence, even in the split-brain cases, of extensive permanent
brain damage that impairs cerebral function in a nonlocalized way.
Adults who have received either hemispherectomies or massive uni-
lateral brain injury often remain impaired not only by large-scale
brain damage on the lesioned side but by a disturbance of function on
the “good” side as well, due to destruction of millions of cross-
hemispheric and thalamocortical circuits.

A better comparison with Brother John would be with the typical
aphasic stroke patient. Severe aphasia sometimes occurs simulta-
neously with a general cognitive loss, but often severe aphasics are
still able to cope with many practical and social demands, despite per-
manent brain damage, a crippling language loss, and accompanying
depression. Aphasics typically still use gestures and mime, and many
do not suffer agnosia and apraxia, or any evidence of amnesia or dis-
orientation. In fact, these symptoms are sufficiently independent in
occurrence from the aphasia per se that they are described separately
from the aphasic symptoms themselves.

Conclusion: Wernicke's Machine in Evolution

What do the above data mean? What is the device that is destroyed
when Wernicke’s left-hemisphere machine, made up of left-sided
brain regions supposedly dedicated to language function, is damaged
or eliminated, or, in the case of the deaf-mutes of history, prevented
from developing? If humans can function at a high level without it, if
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their awareness—or rather the integrity of their person—is not de-
stroyed in its absence, and if objects, events, people, and social situa-
tions can be encoded, assessed, remembered and reacted to in the ab-
sence of this device, where does it fit into the scheme of human
cognitive structure?

Fodor’s notion that the language system is, at least in part, a verti-
cally integrated, somewhat self-contained input module, outside the
mainstream of thought and awareness, continues to be strongly sup-
ported by neuropsychological data. The language module supposedly
contains the encoding and decoding devices for speech and graphic
representation (of which signing and writing are two examples), and
the lexicon, or lexicons, that serve the system. Whether the same
module includes grammar is debatable; but it does not seem to con-
tain some of the basic human semantic reference systems, which
often remain intact during clinical language loss. On the other hand,
in the absence of language, it is impossible to test many aspects of
meaning, especially those that are inherently linguistic; and thus it
remains possible that certain aspects of semantic representations are
unique to the language module proper.

Corballis’s attempt to place generativity at the center of the left
hemisphere’s unique capabilities is an attractive idea but falls short of
accounting for the apparent dissociations between different forms of
generative skill. Various aspects of perceptual generativity, as mani-
fest in visual decomposition, and in the decoding of signs and phonetic
utterances, may have elements in common, but this does not neces-
sarily imply their inclusion in a single evolving system, and it is not
yet clear that all these skills are uniquely human. There are other
problems: it is not proven that generative ability is restricted to the
left hemisphere, nor is it known whether or how a generative device
might be harnessed to a semantic reference system.

Syntax appears to operate at a different level in the system and does
not break down in a clear-cut manner in aphasics. Apparent “agram-
matisms” may be better described as specific types of semantic dis-
orders (Shallice, 1988). In fact, pure agrammatism is a suspect symp-
tom in aphasiology inasmuch as its careful analysis has raised more
questions than it has answered; Badecker and Caramazza (1985) have
suggested that apparent agrammatismg are often only anomias for
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verbs and closed-class words.* The evidence for an independent
“grammar module,” or a specialized device that applies grammatical
rules to roughed-out prelinguistic constructs, is not good. Semantic
reference is another problem area: semantic reference is retained to a
degree in deaf-mute people, as it was in the case of Brother John and
in people with related neurological syndromes. This is not to say that
there is not a form of semantic reference that might be unique to
language; but there are obviously types of semantic reference that do
not depend on language. The whole question of reference and repre-
sentation looms large as the central issue of cognitive structure and
will receive extensive treatment in later chapters.

Where would a general-purpose adaptation like generativity fit into
the system? Inasmuch as it applies to the production and decoding of
speech, it would have to be built into the speech-input module itself.
Quite independently (since these things break down independently)
it would have to be built into the input module for visual symbolic
representation (which might or might not be identical with the mod-
ule for visual image generation hypothesized by Kosslyn). This sug-
gests separate evolution of two or more independent input modules,
each of which is generative.

But the central system or systems also have a generative aspect.
Fodor places syntax at least partially in his hypothetical central sys-
tem. Discourse and narrative are undoubtedly analyzed and produced
at this level as well. Plans, scripts, schemas, and conscious awareness
are all typically allocated to the unbounded central system. This
would appear to have been yet another evolutionary adaptation fea-
turing generativity; and yet, it is not clear that the central system is

*Function words are sometimes called closed-class words because they constitute a fixed
number of items at the core of a language. There are only 363 function words in English,
in contrast with hundreds of thousands of content words, such as nouns, adjectives, and
verbs, which make up most of the words in the dictionary and are continuously growing
in number. Function words carry meaning only in relation to other words and serve to
define relationships by connecting, substituting for, and modifying words and phrases.
They include determiners (the, those, neither), pronouns (he, she), conjunctions (and, but,
or, nor), and auxiliary verbs (do, be, have, will, may). Anomia (the inability to retrieve
the words needed for an intended utterance) for certain important closed-class words could
thus prevent the proper construction of sentences and look like agrammatism, whether or
not grammar per se had been affected.
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completely lateralized to the left, or that it is a unitary system in its
own right.

Would generativity have emerged independently in so many ways,
or is it perhaps just an inadequate word trying to account for too
many separate cognitive features? Visual decomposition, perceptual
recombination, phonetic segmentation, verbal invention, toolmaking,
parsing, and grammar are but a few of the complex acts that are sup-
posedly explained and enabled by this remarkable adaptation. Yet for
reasons that have already been cited, some of those activities are cen-
tral while others are probably attributable to a lower level in the sys-
tem, that is, to an input module. This does not lend itself to a simple
or convincing evolutionary scenario.

One way to resolve this dilemma is to avoid any direct linkage be-
tween the different generative systems that humans evolved—that is,
not to postulate “generativity” as an adaptation in itself. In fact, one
might extend this to the entire enterprise of proposing separate “cog-
nitive styles” for the right and left hemispheres. The difficulty with
proposing that the left is generative, analytic, propositional, logical,
or sequential, while the right is nongenerative, holistic, appositional,
intuitive, or spatial, is that we have to find a common element among
quite disparate skills and then construct an evolutionary scenario to
explain why these disparate skills had to cluster together in one hemi-
sphere (presumably because they all tap some common processor, or
some mysterious “processing style”). But there is no evidence for any
such common processor, and the conceptual linkages between the
clusters of skill attributed to each hemisphere are loose and poorly
documented.

However, if we abandon this strategy of clustering all the distinctly
human adaptations in the left hemisphere, under the aegis of one all-
encompassing cognitive adaptation, what alternatives are left? The
strong form of the default hypothesis—the idea that only the left
hemisphere advanced, leaving the right with vestigial forms of cog-
nition—has to be abandoned; the right hemisphere has its own
uniquely human features as well. The modular approach is still cred-
ible—this much is clear from the neuropsychological evidence—but
only a modular approach that de-emphasizes laterality as the domi-
nant issue. Laterality could still emerge as an issue in the cerebral
representation of particular aspects of cognition, but there would be
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no need to postulate some common property to tie together the skills
apparently clustered on one side of the cerebrum.

Where then does laterality fit in? Clearly, some aspects of speech
and language are usually left-lateralized. The perceptual and motor
skills supporting speech, writing, and formal sign language are largely
on the left, and the lexical addresses of words appear to be largely on
the left. Although most humans are right-handed, the lateralization
of praxis is not so dramatic as is the lateralization of speech, and the
pattern of lateralization of perceptual skill is even less well estab-
lished. The right hemisphere is capable of prosodic expression and
some phonetic decoding, at least at the level of words and simple
phrases. And the right hemisphere is probably capable of some degree
of componential visual analysis, both of which could be considered
both categorical and generative. Although apraxias are typically left-
hemisphere symptoms, they may still be attributable to the discon-
nection of language from action, as Geschwind proposed; thus we
cannot necessarily place the control of praxis exclusively in the left
hemisphere. Praxis might be bilaterally represented and selectively
impaired when its control by language is damaged.

In summary, the case for clustering all uniquely human cognitive
skills together under one umbrella, and placing them in a single line
of phylogenetic adaptation, lateralized exclusively to the left hemi-
sphere, is not strong. It is not established that all aspects of linguistic
function are left-lateralized; in fact, it seems more likely that both
cerebral hemispheres are involved in distinctively human forms of
cognition. But perhaps the most important conclusion to be drawn
from the neuropsychological literature is that human intelligence
without language has properties that set it apart from ape intelligence,
just as Darwin predicted. Among the uniquely human capacities
found in the complete absence of language are a capacity for sponta-
neous gesture and mime, which can be retained after language loss;
toolmaking and praxis in general; emotional expression and social
intelligence, including an ability to comprehend complex events and
remember roles, customs, and appropriate behavior. These fundamen-
tal abilities, robust and so important to human survival, might have
emerged early in the human line, before language evolved. Their neu-
ropsychological dissociability from language suggests a distinctly hu-
man, but prelinguistic, level of cognitive development and a possible
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basis for an early hominid adaptation that set the scene for the later
arrival of language. This possibility is addressed in detail in Chapters
5 and 6.

Neuropsychological theories of brain evolution are a useful exer-
cise, but one general criticism of this approach might be that it is too
narrow in its functional view of language and thought. Wernicke’s
machine is not the whole story. A broader view of the evidence—
especially from anthropology and biology—might help place the neu-
ropsychological aspects of human cognitive evolution in perspective.
In addition, the neglect of representational systems and symbolic ref-
erence needs to be addressed if we are to deal realistically with the
applications for which human language has apparently evolved. Lat-
eralization and language localization can be placed in perspective as
part of a pattern of human cognitive evolution that can best be seen
as part of a larger adaptation with social and cultural dimensions.
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Markers in the Chronology of Change

The reconstruction of human prehistory is a necessary component in
tracing the origins of the human mind, but much of the evidence
available on primates and early Homo is tangential to the present
inquiry, and I shall try to focus selectively on findings that are central
to the emergence of thought and language. It might be argued from
the outset that gross morphology is irrelevant. Bipedalism, the op-
posed thumb, an elaborate vocal apparatus, and even a large brain are
not in themselves necessary or sufficient for language. Each of these
features may be found to some degree in other species that possess
nothing resembling human language, and humans have been shown
to have language capacity in the absence (owing to genetic abnormal-
ities or disease) of some or all of them. Even trying to find a simple
cause-and-effect relationship between the modern human supra-
laryngeal vocal tract and speech would be a futile exercise. Wind
(1976) has made this point convincingly.

However, in evolution a major anatomical change inevitably signals
a concomitant functional change; thus, the study of morphology can
help establish how many major evolutionary steps were taken on the
way to modern humanity, and when those steps were taken. Anatomy
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has been, above all else, the evidence used to establish the succession
of species in the line of descent. It gives us a time-tag to place on
major change. A gross anatomical change such as the emergence of
the human vocal tract is part of a larger biological picture, and a prod-
uct of interactions with continuing cultural change. The vocal tract
would not appear in isolation from a radical change in hominid com-
munication; this in turn would not occur without the existence of
appropriate cognitive skills.

The modern ape is the logical starting point of our speculations.
Our closest genetic relatives, chimpanzees and gorillas, differ from
modern humans along a number of physical dimensions, but these
differences are mostly of quantity rather than quality. The physical
resemblances between humans and apes are striking, and the anatom-
ical transition from ape to human is primarily. manifest as a series of
geometric transformations. The cranium of the ape is smaller, with a
lower dome, while the face protrudes much more ahead of the orbital
plane, producing a prognathous appearance. The intervening species
in the hominid line fall fairly smoothly on a line of gradual transfor-
mations, until the modern human skull and face shape is reached.

The same applies to other aspects of anatomy. In most of its aspects,
the human body seems to have emerged as a transformation of the
ape body. The great apes are shorter and more heavily built, with
longer, more powerful arms and a pelvic girdle that does not permit
them to walk fully erect. Because they do not walk erect, their rib
cage and lung structure are different from our own, as is their vestib-
ular and motor-control apparatus. Also as a consequence of posture,
their heads do not sit squarely on top of their spinal cords but rather
lean forward, although somewhat less than most four-legged mam-
mals. Thus, the hole at the base of their skulls (the foramen magnum)
through which the spinal cord enters the brain is at the back of the
cranium, and their necks are much more muscular than ours. They
possess hands which, although not human in form, are remarkably
similar to our own when compared with their presimian forebears.

These transformations could have accumulated gradually over mil-
lions of years, or they might have occurred in relatively discrete steps,
that is, over thousands of years. The latter view has come to dominate
in recent decades. The theory of punctuated equilibria holds that ma-
jor evolutionary changes take place in sudden, radical steps that
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lead to the emergence of new species (Gould and Eldredge, 1977).*
The chronology of evolutionary changes leading to Homo sapiens
sapiens, established primarily in terms of gross anatomical differ-
ences, appears to support this notion. This does not rule out very
gradual change as well; this also occurs. But there are periods when
evolution seems to accelerate, and radical change is more likely.

The changes from Miocene ape to human appear to have involved
a number of successive but discrete adaptations, each adaptation mov-
ing a little further along the continuum toward human form. Table
4.1 shows a working interpretation of this succession and the esti-
mated time at which each intermediate form appeared. Note that,
although these species appeared successively and are sometimes pre-
sented as though one blended into the next, the exact time and order
of transitions to new species are not known. The process of speciation
is thought to occur rapidly, in a small, in-breeding founder population
that is geographically isolated from the larger ancestral species. The
result, in terms of the archaeological record, is a series of document-
able new species, with little or no fossil evidence on transitory forms
during speciation.

The fossil record is better than average on the question of human
emergence, perhaps because we are of such recent origin. On the basis
of this record, as well as on genetic and biochemical evidence (Sarich,
1980), the hominid line of evolution deviated from the line that led
to the chimpanzee about 5 million years ago. Australopithecines, the
earliest documented hominids, existed from approximately 4 million
to 1.5 million years ago. Homo came into existence about 2 million
years ago. The earliest species regarded as Homo, the habilines, ex-
isted from about 2 to 1.5 million years ago; but the habilines were in
many ways more similar to australopithecines than to humans. The
first distinctly human species was Homo erectus, who lived from 1.5
to about 0.3 million years ago. Archaic Homo sapiens, our immediate
ancestor, came into being about 250,000 years ago (Stringer and An-
drews 1988).

*Discrete steps in evolution are not defined as instantaneous changes, or saltations, in
single individuals. Even the sudden, radical punctuations in the process of punctuated
equilibria would require hundreds of generations. Such steps are discrete and sudden only
in a relative sense, when contrasted with much longer periods involving millions of years
of relative stasis that have been observed in the fossil remains of many species.
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Table 4.1 Approximate time-line for the succession of hominids, in years
before present.

5 million years: Hominid line and chimpanzee line split from a common
ancestor

4 million years: Oldest known australopithecines
* erect posture
* shared food
* division of labor
* nuclear family structure
* larger number of children
* longer weaning period

2 million years: Oldest known habilines
* as above, with crude stone-cutting tools
* variable but larger brain size

.5 million years: Homo erectus
* much larger brain
* more elaborate tools
* migration out of Africa
* seasonal base camps
* use of fire, shelters

0.3 million years: archaic sapient humans
* second major increase in brain size
* anatomy of vocal tract starts to assume modern form

0.05 million years: Fully modern humans

Jerison (1973) and others have developed the concept of an ence-
phalization quotient, or EQ, a ratio between the expected brain size
of a species, based on regression lines calculated from samples of hun-
dreds of different species, and the actual size. Jerison reports that the
regression lines of brain size on body size are different for fishes and
reptiles than for birds and mammals, with the latter having, on aver-
age, larger brains for the same body mass. Of all the mammalian
species measured, humans had by far the largest EQ, possessing about
6.9 times as much brain as an average mammal with a similar body
weight. The nonhuman species with the closest EQ to humans was
the chimpanzee, with an EQ of 2.6.
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Taking his analysis one important step further, Jerison examined
the hominid endocast data, obtained by casting brain molds from fos-
sil hominid cranial reconstructions (see Holloway, 1974) and estimat-
ing body mass from skeletal reconstructions. His analysis revealed the
time course of hominid brain expansion over the past 5 million years.
This brain expansion, relative to the brains of apes and prosimians, is
illustrated in Figure 4.1, based on data of Passingham (1982) and Jer-
ison (1973).

The most primitive primates, the prosimians (P), have average
mammalian EQs of 1. Great apes (GA) have about 2.5 times more
brain for the same body mass, while hominids have increasingly
more. The earliest hominids, australopithecines (A), had larger aver-
age EQs than apes, but they still overlapped the ape range, as did the
habilines (H). Erectus (E), however, moved outside of the ape range;
thus, the first great demarcation line in EQ had been crossed with
Homo erectus, whose EQ was roughly double the ape EQ. The latter
‘was averaged across early and late erectus, but in fact the later erectus
skulls had a significantly larger cranial capacity than the earliest ones.
The cranial expansion culminated in modern humans (S), who have
almost 3 times as much brain, per gram of body mass, as the average

EQ
01

s F A§ ?H% j
2£P¥

J 1SS N T T T T U Y O N O T N Y A |
-4 -3 -2 -1 Present

Time (millions of years b.p.)

Figure 4.1 Time course of hominid encephalization. Means and approximate ranges
of the EQs of each species are shown by the open circles and vertical bars, respec-
tively. P: prosimians; GA: great apes; A: australopithecines; H: Homo habilis; E: Homo
erectus; S: Homo sapiens.
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ape. Thus, within the primate line, from prosimians to apes to hu-
mans, there was a sevenfold increase in relative brain size.

The succession from ape to human involved two particularly large
changes in EQ, both of which occurred rapidly over a period of a few
hundred thousand years. The first occurred with the emergence of
Homo erectus, who reached an EQ double the average of the great
apes and roughly five times the mammalian average. The second ma-
jor change occurred with Homo sapiens, whose increased cranial ca-
pacity is roughly three times that of the great apes, and seven times
the mammalian average. Using estimated EQ alone as a time marker,
this suggests there were very major cognitive changes in the human
line about 2 million, and 200,000, years ago.

Another useful marker is any evidence of radical cultural change;
and in hominids evidence of radical cultural change has tended to
correlate with increases in brain size. Homo erectus was characterized
by major cultural innovation as well as a larger brain: erectus pro-
duced tools of great refinement, eventually domesticated fire, and mi-
grated over much of the globe. Homo sapiens, with the largest hom-
inid brain, produced the exponential rate of cultural change that
characterizes modern human society.

But cranial capacity is not the only relevant anatomical time
marker. Erect posture is another important one. Approximately one
million years after the hominid line deviated from the chimpanzee
line, the australopithecines adopted bipedal locomotion, with concom-
itant changes in their method of respiration, in cranial and spinal
anatomy, and in the anatomy of the hands. Although their cranial
capacity was slightly larger on average than that of great apes, the
range of their EQs greatly overlaps the range of ape EQs; thus, erect
posture evolved before the first major increase in the relative brain
size of hominids.

There are other markers, derived from a finer analysis of fossil
crania. Exterior brain molds have been obtained from some of the
better-preserved crania of hominids by Holloway (1974). As the skull
grows in concert with the brain, its interior surface contains a crude
imprint of the major surface characteristics of the brain. This has
allowed the recreation of the gross surface appearance of hominid
brains at various times in our evolution. The major points of interest
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are the surface correlates of cerebral laterality. LeMay (1984) has
shown that Homo erectus already possessed the characteristic asym-
metry in the angle of the Sylvian fissure (higher on the right, longer
on the left) that is found both in later fossil species and in most mod-
ern humans. This superficial asymmetry, assessed in hundreds of
modern humans with radiography, is reliably correlated with the rel-
ative volume of a specific language region of the cortex (the planum
temporale), on the left side, as well as with degree of handedness and
speech laterality. Another related asymmetry, the slight clockwise
protrusions of the frontal and occipital lobes, called fronto- and
occipito-petalia, can also be found in fossil species (LeMay, 1976,
1984). Both of these findings indicate the presence of gross morpho-
logical right—left asymmetries in early hominids.

Unfortunately, at least for those who are looking for a direct link
between laterality and the appearance of characteristically human cul-
ture, the Sylvian markers are also present in australopithecines and
apes (LeMay, 1984). Thus, gross surface asymmetries in the cerebral
cortex must be more archaic than the cognitive changes most charac-
teristic of humans. However, Holloway and de la Coste-Lareymondie
(1982) have argued that the other measurable markers of laterality,
the fronto- and occipito-petalias, were found first in archaic Homo
and were absent in australopithecines. Thus, some markers of later-
ality may have changed during the course of emergence of the hom-
inids, but the significance of this change is not clear.

Another cranial measure that has received considerable attention in
the literature on human language evolution is the flexure of the bas-
icranium, that is, the curvature of the basal surface of the skull. Lie-
berman (1984), who has summarized the relation of this measure to
the shape of the modern vocal tract, reports that the angle of the
major articulatory muscles of the pharynx is a direct function of this
curvature. The human vocal tract is characterized by an extreme de-
scent of the larynx and a high pharynx that rests at right angles to
the oral cavity. The length of the soft palate and the descent of the
tongue and larynx are characteristic only of modern humans.

Lieberman'’s analysis is summarized in Figure 4.2, which shows the
mean basicranial flexures of gorillas, chimpanzees, australopithecines,
Neanderthalers, and modern humans. The primate mouth is long and
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Figure 4.2 The curvature of the base of the skull (basicranial flexure) in selected
primates and hominids, modified from Lieberman (1984). The curvatures are out-
lined against profiles of a chimpanzee skull and a modern human skull (not drawn to
scale), to show approximately where the five points on each curve were measured.
G: gorilla; C: chimpanzee; A: australopithecine; N: Neanderthalers; S: sapient hu-
mans. The number (N) of skulls in each sample is indicated on the left. Some of the
critical constrictor muscles of speech are anchored at right angles to the line con-
necting point D to point E, which is much more steeply sloped in modern humans.,

narrow and largely filled by the tongue. The adaptation central to
human vocalization is the descended larynx, which leaves room for an
elaborate supralaryngeal vocal apparatus that can create a greatly in-
creased variety of sounds. The figure shows the contour of the basi-
cranium—that is, the base of the skull—which reflects the shape of
the upper vocal tract: points A through E are bony landmarks that
trace the shape of the cranial area where many of the vocal muscles
are inserted. In the gorilla and chimpanzee, the basicranium is rela-
tively flat, reflecting the lack of an enlarged supralaryngeal and pha-
ryngeal area. The australopithecines are also relatively flat in this re-
gard but had started to move toward more flexure in the basicranial
line. The Neanderthalers, who are very recent, had much less basi-
cranial flexure than modern humans. Assuming for the moment that
Lieberman is right—that the existencg of the human supralaryngeal
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vocal tract is closely tied to basicranial flexure—this places a very
recent date on the human vocal apparatus.

These markers can be used together to draw a time-line on which
major cognitive landmarks might be located. The critical dates are 4
million, 2 million, and 200,000, years ago. Although the precise lineal
relation of the australopithecines to the hominids is a disputed topic,
it is a reasonable assumption that australopithecines in general are
either directly ancestral to Homo or share a common ancestor with
us, and that various species of Homo are ancestral to modern humans
(Johanson and White, 1979; Passingham, 1982). On this assumption,
humans must contain within their makeup some vestiges of their ma-
jor transitions from the ape, and it is likely that these changes would
continue to be in evidence both anatomically and culturally. Thus, a
guiding principle in reconstructing the cognitive succession should be
to look for evidence of earlier cognitive adaptations within the cogni-
tive structure of modern humans.

Thus, the time course of human morphological evolution shows
periods of very rapid, and fundamental, change—for instance, in the
transitions from ape to australopithecine about 4 million years ago,
then to Homo erectus 2 million years ago, and finally to Homo sap-
iens 200,000 years ago. In between these rapid changes, there were
periods of less dramatic change, such as the well-documented varia-
tions in the specific anatomy of australopithecines, from early afar-
ensis to the later gracile and robust subspecies, found over their col-
lective lifetime of about 2.5 million years. There was also an apparent
gradual increase in brain size of Homo erectus over a period of 1
million years, as seen in the increased average EQ of the later erectus
skulls, specifically in Peking Man.

From the evidence summarized in this section, the demarcation
lines between species are the large markers in our evolutionary sce-
nario: bipedalism (—4M years), followed by cranial enlargement and
some changes in the gross morphological asymmetry of the hemi-
spheres (—2M years), then a second cranial enlargement and the
modern vocal apparatus (—0.2M years). The significance of some of
these markers, particularly of the last, is controversial. They can only
be interpreted in terms of available reconstructions of the cultures of
successive species of hominid.
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Bipedalism: The Australopithecines

In the chain of evolutionary change that led from the ancestor we
shared with our fellow primates to Homo sapiens sapiens, the first
major event was the adoption of bipedalism. Earlier in this century
the “brain-first” theories had dominated; that is, it was held that the
brain expanded in size before bipedalism emerged in the evolutionary
sequence. However, those theories depended heavily on the Piltdown
skull, and when the finding was exposed by Weiner and Oakley (1954)
as a fraud, brain-first theories were largely discredited. Dart’s (1925)
evidence for the existence of a very ancient bipedal species, the aus-
tralopithecines, had questioned the “brain-first” theories thirty years
earlier, before the exposure of the Piltdown hoax; Dart had shown
that australopithecines possessed small brains, about the same size as
an ape, while possessing erect posture and fairly modern hands.
Through the work of LeGros Clark (1967) and the use of radiocarbon
dating, the australopithecines were shown to be much older than any
existing hominid remains, as much as 2 million years old. More re-
cently, Johanson and Coppens (1976) produced evidence of early aus-
tralopithecines that were almost 4 million years old. The era of aus-
tralopithecines thus extends from about 4 million years, or more,
before present, to about 1.5 million years.

There were several species of australopithecine, the most ancient
being the afarensis species discovered in Ethiopia (Johanson and
Taieb, 1976) and the most modern the boisei species found in Olduvai
Gorge, in Tanzania (Leakey and Leakey, 1959). The various species of
australopithecines had essentially the same anatomical features, EQ,
and survival strategies. Thus, they will be grouped together in this
discussion.

Australopithecine bipedalism involved a great many structural
changes in primate anatomy, not only to the pelvis and thigh bones
but also to the foot, hand, rib cage, and respiratory apparatus. Gould
(1980) has called it the greatest single adaptation in the line of human
evolution, and from the viewpoint of gross physiological and anatom-
ical change, he is right. Bipedalism involved the abandonment of the
safety of the trees and the loss of prehensile feet, the adoption of a

much less energy-efficient means of locomotion, and much greater
\
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risk from terrestrial predators. What would have been the immediate
advantage of adopting such an innovation? Freeing the hand for ex-
tensive tool use could not have been the initial advantage; tool man-
ufacture, even in the crudest form, did not appear until well over a
million years after bipedal locomotion. Nor could the initial reason
have been to achieve greater height for better distance vision in the
savannah; without such an ability already in place, primates would
have perished soon after leaving the forest. Lovejoy (1980) argued
that bipedalism could not have emerged without a complete change in
the social structure and survival strategies of australopithecines; the
risks of bipedalism were simply too great.

Social stability among humans is a function of, among other
things, pair-bonding between males and females to reduce male
aggression, food sharing, a stable home base, and sharing of infant
care. This family structure is not typically found in ape society, al-
though some elements of the pattern, such as occasional food sharing,
do occur in chimpanzees. In effect, Lovejoy was suggesting that the
presence of bipedal locomotion in australopithecines signaled the
emergence of a characteristically human family structure, with an
increase in birth rate and group size, social stability, and social coop-
eration in raising young and obtaining food. Australopithecines may
not have produced complex cultural artifacts or ranged across the
planet to various new habitats as erectus did, but they probably
achieved a social structure that had many human characteristics.

Aside from social change, there is no evidence of a profound change
in intellectual capacity in the reconstructed culture of the australopi-
thecines. They did not manufacture tools, although they undoubtedly
used them, perhaps in a more flexible way than apes. Their modified
hands allowed them a precision grip, and their erect posture freed
their hands for carrying things, digging, and more accurately throw-
ing projectiles. But their habitat did not change; they stayed in sub-
Saharan Africa, within the same narrow geographical zone, with ap-
proximately the same range of action. Australopithecines might be
regarded as bipedal, terrestrial primates, with more sophisticated
manual skills and a social structure that had some essentially human
features but a mind that was still essentially apelike in its cognitive
aspects. A critical step had been taken toward human anatomical form
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and social structure, but the cognitive restructuring that led to human
mental powers was yet to come. Bipedalism, in itself, did not lead to
that restructuring.

Encephalization: The Hominids

The aspect of physical evolution most often linked with the emergence
of human cogpnitive capacity is relative brain size. The strong form of
the encephalization hypothesis holds that primates may eventually
have acquired a “critical mass” of cortex, which gradually increased
overall cognitive capacity and eventually led to the human capacity
for language (Jerison, 1973). The notion of a critical cortical mass is,
as we have seen, integral to the unitary hypothesis that a single ad-
aptation—brain size—would sulffice to trigger the novel cognitive ca-
pacities of humans.

But how should encephalization be measured? Is overall brain size,
even the EQ, a useful metric? Hebb had proposed (1949) that the ratio
between the association cortex and the rest of the brain would be a
more useful measurement, since the association cortex at that time
was thought to be the locus of memory and learning capacity. Hebb
suggested that it was the increased capacity to form associations or
memories, implied by the expansion of association cortex, that served
as the basis for humanity’s great intellectual skills. His position
amounted to a belief in the regional localization of learning, that is,
localization of higher cognitive skills in a very general way. His
theory was a compromise between the position held by his mentor,
Karl Lashley, who proposed that it was the overall size, or total mass,
of the entire cortex that mattered, and the earlier view of strict local-
izationists of the Wernicke school, who looked for specific brain “cen-
ters” for each putative higher mental function.

One of the many difficulties with testing Hebb’s proposal is that it
is hard to estimate the precise volume of association cortex in isola-
tion from other cortical areas. This is not only because there are so
many complex anatomical structures involved but also because the
detailed functional neuroanatomy of “association” cortex suggests
that it is not a homogeneous structure. When Jerison published his
study of brain size in several hundred species, he did not try to quan-
tify association areas separately; rather, he measured either total
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brain mass or total cortical mass, both of which can be determined
fairly easily.

Passingham (1982) added considerably to the earlier analyses of
Jerison by exploring the relative size of different subregions of the
brain. His chain of reasoning was as follows: brain size has a reliable
relationship to the relative size of various structures within the brain;
for example, the ratio of total cortical volume to brain volume follows
a predictable mathematical function; so does the ratio of the medulla
to the rest of the brain, or the thalamus. Brain size also has a reliable
relationship to the density of neurons in the brain; generally, density
goes down as brain size increases, so that, for mammals, the number
of neurons roughly doubles if the brain triples in volume. The num-
ber of “additional neurons” can therefore be predicted as a function
of EQ, at least within the history of a given species. In the brain, as
in a computer, the number of computational units supposedly deter-
mines the power of the device; and since the EQ predicts that number,
it also predicts intellectual power.

This theory appears to agree with some of the facts: as we ascend
the primate line from prosimians, through Old World monkeys, to
New World monkeys and apes, the EQs and intelligence of species
become greater. This increase has been shown both in the laboratory
and in the field; the higher primates perform better at a variety of
problem-solving tasks, live in larger groups, and demonstrate greater
aptitude in event representation and self-representation. They also
have a higher ratio of brain volume to medullar volume; monkeys
have 50-75 percent more total brain than prosimians for the same
medullar volume, and the great apes have 300 percent more (Pas-
singham and Ettlinger, 1974). In other words, it is the more en-
cephalized primates who have the widest behavioral repertoire, the
highest levels of concept formation, the best ability to solve problems,
and the general attributes of greater intelligence. The genus Homo is
thus the latest in a long line of more encephalized, and therefore more
intelligent, primates.

Passingham explored the many avenues open to the anatomist: the
ratio of one structure to another within the brain; the ratio of each
major structure to the whole brain; the relative size of each structure
across various primate species, and so on. The uniform, and system-
atic outcome, of his studies is that the primate brain expanded accord-
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ing to a certain logic when it increased in relative size. Certain struc-
tures expanded more than others; generally the brainstem (medulla)
did not increase much in size, the diencephalon (thalamus and hypo-
thalamus) showed a small but significant increase, the hippocampus a
greater increase, and the cerebellum and neocortex showed the great-
est increase. This is shown in Figure 4.3, which is based on some of
Passingham'’s calculations (1982).

Moreover, Passingham found that within the cortex, the premotor
cortex expanded more than the sensory or motor cortex, and the as-
sociation areas expanded the most, as Hebb might have predicted. In
fact, the pattern of human brain expansion is a direct extension of the
earlier primate expansion, from prosimians to apes: when the volume
of the neocortex is plotted as a function of the volume of the brain,
the human brain is seen as exactly what would have been predicted
by extrapolating the expansion pattern of the brain across the other
primate species. We possess, in other words, a typical primate brain,
proportioned the way a very large primate brain would be expected to
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Figure 4.3  Evolutionary expansion of selected regions of the human brain. The
numbers, derived from Passingham (1982), express the differences in size between
areas of the modern human brain, compared with the values predicted for nonhu-
man primates of the same body weight. A value of .0 means that humans have the
same proportion of that brain area as primates; a higher value indicates an increase
in the relative size of that region in humans. The value of 3.2 given for neocortex,
for example, means that humans have more than three times as much neocortex as
a nonhuman primate of the same size.
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be proportioned (Passingham, 1982). As Passingham himself admits,
the fossil estimates are open to a large margin of error, since they are
based on small samples; nevertheless, they point to our continuity
with the ape brain and to our consistency with the statistical trend of
brain expansion across the entire primate line.

However, this result does not rule out certain types of specialized
adaptation. While it may be broadly true that relative brain size pre-
dicts the intelligence of a species, there is a danger in taking this ap-
proach too far, because it may ignore the many enormous and impor-
tant differences that exist between species without an accompanying
difference in relative brain size. For instance, dogs and prosimians
have similar brain-body ratios but very different forms of intelli-
gence. Dogs construct highly specialized olfactory maps of the envi-
ronment, which serve a variety of purposes in defining territory, in
mating behavior, in aggression, and in identifying friend and foe. Pro-
simians lack this ability but possess excellent binocular vision and
manual skills completely lacking in dogs. Both skill systems obviously
involve specific features of perception, memory, and action, none of
which is evident in the overall EQ measures of canines and prosimi-
ans. It is still an open question whether these differences are reflected
in more detailed anatomical ratios in the nervous system, but an over-
all encephalization index, such as the EQ, would sometimes fail to
capture important differences in the forms of intelligence between
species.

It may be countered that within the primate line such qualitative
differences are less likely to muddy the picture. Passingham goes into
considerable detail on the sensory, perceptual, mnemonic, and motoric
similarities between apes and humans, to demonstrate precisely this
point. Humans are primates, and our basic cognitive capabilities, as
well as our bias toward visual-manual skills, are primate in deriva-
tion. Given our clear primate origins, and the predictably primate
form of our brains, the only things that single us out are, physically,
the enormous size of our brain and, behaviorally, our one special skill,
language. The temptation to link language ability to brain size is
understandable.

Passingham (1982) was fully aware of the perils involved in such
speculation. His introduction contained a veritable panegyric on the
virtue of scientific caution. Alas, on page 106 he revealed himself to
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be human, in stating his belief that brain size is the major factor in
language development; and on page 234 gave in completely to an orgy
of speculation on the origins of higher intelligence in brain expansion.
Jerison (1973) fell prey to the same temptation, going so far as to place
a number on the critical brain size needed for language—600 cc. Pas-
singham avoided getting in quite that deep, but he and Jerison are
both representatives of a school of thought that Hebb would have
found compatible: they believe that some global learning or memory
capacity, dependent on cortical size, underlies human cognition.

Habilines

The first major step in encephalization came with the advent of the
genus Homo, and additional brain growth has accompanied virtually
every step on the road to modern humanity. The most ancient ex-
amples of these encephalized primates were named Homo habilis,
who appeared a little over 2 million years ago.

Habilines looked very much like australopithecines in both size and
overall appearance; they weighed about 40 kilos, walked erect, and
had a similar skull shape, except for a slightly less prognathous muz-
zle. However, they differed in two important respects: their relative
brain size was slightly larger, and they seem to have manufactured
simple stone tools, although it is still debatable whether they were the
only users of the simple stone implements, about 2.5 million years
old, found near their remains. (It is possible that the later australopi-
thecines also used simple stone tools.) The EQ of habilines went up
to 4.5, from the average of 3.4 for australopithecines.

Much has been made of the stone tools found by Leakey, and la-
beled Oldowan, after Olduvai Gorge, Tanzania, where they were first
found. The tools have a characteristic shape and are very primitive,
consisting of sharpened pebbles. Oldowan culture was the predomi-
nant tool culture for the period from about 2.5 million years to about
1.5 million, when more advanced tools appeared. The Oldowan toolkit
survived until at least a million years before present. The main reason
habilines are classified as Homo, rather than australopithecine, is the
evidence for their possession of stone tools; otherwise they looked,
and appear to have lived, much like australopithecines.

The habilines are a controversial sgecies, because there are so few
skeletal remains to use in their reconstruction. Brace (1979) consid-
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ered them to be a later australopithecine subspecies, rather than
Homo. Moreover, the link between them and the Oldowan tool cul-
ture is not nearly as strong as the links between later hominid species
and later tool cultures. In fact, the link is simply the lack of a feasible
alternative; the dates attributed to the earliest Oldowan tools corre-
spond, roughly, to those of the earliest habiline remains, although the
oldest finds are actually older than any known remains of habilis. The
Oldowan tools are from the same geographic regions and strata as the
habilines and later australopithecines. In Hadar, Ethiopia, Johanson
and his coworkers discovered Oldowan tools at strata that were be-
tween 2 and 3 million years old, antedating the oldest Homo finds,
though even Johanson was hesitant to suggest that the tools were used
by australopithecines. However, there were australopithecine remains
in the same time and place. Since they are a much older species, with
slightly smaller brains, and did not possess manufactured tools earlier,
Johanson considered them less likely to be the inventors of the tools
than a new species, whose time of appearance coincides roughly with
Oldowan tools.

How sure can we be that the Oldowan tools are in fact manufac-
tured tools? This is not an easy judgment to make, since the artifacts
identified as tools consist simply of small pieces of rock that are sharp-
ened on one side. Could they not have been “found” tools, similar to
those used by apes, but hoarded and accumulated in one place in a
more systematic manner? Archeologists answer that the choppers and
scrapers identified as Oldowan must have been manufactured because
they are consistent in shape and size, appear to have been intention-
ally flaked to a sharp edge, and are fairly difficult to reproduce. They
also tend to come in groups, as though the tools were left after having
been used. But this would not necessarily indicate tool manufac-
ture; found tools could have been collected, perhaps slightly refined
by striking against a harder surface, and left behind in one place
after use.

Regardless of whether or not they were manufactured, what were
Oldowan tools used for? Electron-microscopic examination of habi-
line dentition (Walker, 1987) suggests that habilines were unlikely to
have been mainly meateaters; their diet seems to have been largely
fruit, like that of australopithecines. Therefore, the main use of stone
tools may not have been for butchering meat, as has often been sug-
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gested. It seems they may have been used for sharpening wooden
implements, splitting fruits and nuts, and only occasionally for
butchering small game.

An additional complication is that the size of the habiline brain is
not agreed upon. The few existing samples of habiline skeletons come
from different times and places, and in some cases are so discrepant
that there is no agreement as to whether they come from the same
species. Estimates of increased habiline cranial size depend heavily on
the famous skull 1470 discovered by Richard Leakey at Lake Turkana,
Kenya, in 1972, which had a cranial capacity of 775 cc (Leakey, 1973).
However, other skull fragments do not point to such a large average
size for habiline brains. In fact, skull 1470 is the exception rather than
the rule; most habiline crania look very much like those of gracile
australopithecines and are closer to 600 cc in measured volume.

In conclusion, habilines appear to be a borderline hominid species,
perhaps a transition type from australopithecine to Homo erectus.
Their EQ is hard to establish but appears to be significantly greater
than that of the australopithecines. Skull 1470, even taken in isola-
tion, seems to confirm the existence of a large-brained hominid be-
tween 2 and 3 million years ago. The Oldowan tool culture is very
primitive and, this, combined with their conservative survival strat-
egy, does not point to a great cognitive difference from the australo-
pithecines.

Homo Erectus

The situation, however, changes dramatically with the next species of
hominid, Homo erectus. This is a very well-documented species, with
many independently corroborated pieces of archeological evidence
from a variety of locations. Virtually complete skeletons and crania,
numerous tools and artifacts, and, for late specimens, even complete
campsites have been found. Moreover, there is no possibility of con-
fusing Homo erectus with a preceding species. Homo erectus is clearly
different from australopithecines and habilines—much more human
in appearance, brain size, stature, and culture. With this species, a
major threshold had been crossed in human evolution.

Homo erectus appeared about 1.5 million years ago, and survived
until several hundred thousand years ago. A number of major mor-
phological changes marked the advent of this new species. The brain
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was enlarged, at first by about 20 percent, to 900 cc, but eventually, in
late Homo erectus, to 1,100 cc, or about 80 percent of modern human
cranial capacity. The face became flatter and the dome of the cranium
higher. The height of the species increased considerably over the ha-
bilines, to slightly over five feet. In appearance, Homo erectus looked
quite human but had a prominent brow ridge over the eyes, a fore-
head that was still sloped back when compared with modern humans,
and a thickening of the skull at the inion, or back of the cranium. The
face was still prognathous.

Endocasts have been made of several Homo erectus crania, and the
chief exterior landmarks of brain anatomy are all there: the Rolandic
and Sylvian fissures, the large temporal and frontal lobes, the ex-
panded parietal lobe, and an enlarged cerebellum. The brain was ex-
panding toward its modern human counterpart, without any drastic
changes in overall shape. The EQ reached 5 and in late specimens is
closer to 6 (Jerison, 1973).

The expansion of the brain in Homo erectus was accompanied by
increased tool manufacture. The evidence in this case is extensive and
solid, compared with the rather thin evidence on habiline tools. Some
of the earliest Homo erectus finds are associated with Oldowan-type
stone tools, but most are associated with a more sophisticated toolkit,
which is identified with the Acheulian culture. The Acheulian toolkit
remained in use for over a million years and has been found in various
sites across Eurasia and Africa. The main tools are handaxes and
choppers, but a number of other devices were also manufactured. The
quality of the tools was much higher than that of the Oldowan kit
and could be said to be qualitatively different in terms of the amount
of planning and organization required to produce them. Without
doubt these are manufactured tools, with considerable finish. Some
authors have classified Acheulian tools into two or three categories,
according to the degree of detail and specialization in their design.
The most advanced category is found only in the later sites, suggest-
ing a capacity for gradual cultural change.

Drawing appropriate conclusions about the cognitive capacities of
Homo erectus is an important task, because advanced tools and
greater encephalization appeared approximately at the same time and
in proximity to one another on the archeological scene. Homo erectus
is thought to have changed significantly in eating patterns and accord-
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ingly in overall survival strategy. The toothwear patterns of erectus
indicate a marked change in diet, suggesting a meateating omnivore.
The basicranium was more flexed than in the earlier species, indicat-
ing a slight descent of the larynx, but Lieberman (1984) did not con-
clude from this that erectus possessed any form of speech. Rather, he
concluded that the slight descent of the larynx freed them from oblig-
atory nose breathing, allowing the large intakes of oxygen through
the mouth that large bipedal creatures required. This adaptation
might have laid the groundwork for the later descent of the larynx
and development of the supralaryngeal vocal tractin modern humans.

Stable seasonal home bases were found, even in some of the early
erectus finds dating back over a million years before the present, sug-
gesting that this species had a stable social structure from the start,
probably building upon the survival strategies Lovejoy proposed for
australopithecines and, by extension, habilines. Home bases served as
the geographic focus of cooperative seasonal hunting of large game,
which represented an improvement of the opportunistic scavenging
thought to characterize habilines.

Later erectus sites in the caves of Choukoutien, China, have yielded
evidence of continuous fire use in the same location 400,000 years
ago. Earlier fire sites have been reported in China and in Kenya. The
latter would push back the date of the first use of fire to well over a
million years ago, but it is disputed whether those early fires were
permanent firesites, deliberately set and maintained, or natural acci-
dents used opportunistically.

Migrations were characteristic of this species, and over a period of
several hundred thousand years erectus spread out of Africa to Europe
and Asia, reaching sites as widely dispersed as China, Indonesia, and
France. This migratory capacity testifies to a completely different
creature, in terms of adaptability and cognitive resources, from any
that had preceded. The main impression erectus leaves is one of a
systematic, organized creature who was able to hunt and manufacture
tools cooperatively, cook food, transmit skills across generations, and
grow culturally, albeit at a snail’s pace compared with modern hu-
mans.

Homo Sapiens

The last stage in the encephalization\of hominids came with the ar-
rival of Homo sapiens, about 200,000 to 100,000 years ago. The final
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increase in brain size entailed a further increment of about 20 percent
in overall brain volume. At the same time, there was a continuous
acceleration of the rate of cultural change. Tools did not change ini-
tially; the Acheulian toolkit survived until fairly recently. However,
around 100,000 years ago, Mousterian culture emerged, and toolmak-
ing became gradually more refined, until it was revolutionized in the
Mesolithic and Neolithic cultures. The correlation with brain size
breaks down during this period; cultural change, once it began to ac-
celerate, proceeded without any further change in brain size or, as far
as can be determined, brain structure. Whereas change had been ag-
onizingly slow during the period of Homo erectus, it now became an
increasingly visible characteristic of human society. Ritual, art, myth,
and social organizations developed and flourished in rapid succession.
A new cognitive factor had obviously been introduced into the equa-
tion. The human capacity for continuous innovation and cultural
change became our most prominent characteristic.

The question is, what was changing? Toolmaking was only a part
of it, albeit a particularly visible part, since stone tools survive so well
in the archeological record. Extensive effort has gone into reconstruct-
ing the societies of the past using knowledge of climate and geogra-
phy, diet, food sources, hunting techniques, and population move-
ments. The one lasting impression a psychologist gets as he makes
his way along this very well-traveled path is that the more sophisti-
cated manufacture of tools, although critically important in allowing
humans to adapt to their environment in new ways, was only the tip
of the cognitive iceberg.

Speech: A Recent Innovation

Philip Lieberman, while acknowledging that EQ is important, has ar-
gued that human intellectual power resulted from a specialized adap-
tation, rather than from encephalization per se. He ceded the point
that encephalization, bipedalism, and the various cultural changes ac-
companying them carried hominids to a level of primate culture never
before achieved, but it was a primate culture nonetheless, and no
more. Language changed that, and initiated the rapid, cumulative cul-
tural evolution that has led to modern human society.

Lieberman’s theory of language evolution (1973, 1975, 1984) tied
the arrival of language firmly to a special linguistic adaptation, which
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was manifest both in gross anatomy and in the functional organiza-
tion of the human brain. Lieberman holds that language came very
recently, with the specialized vocal tract of modern humans, that is,
with the advent of Homo sapiens sapiens. Through a complex chain
of reasoning, he has taken a strong theoretical position, which he
stated in a clear, testable hypothesis.

His basic proposal is that symbolic language originated with the
recent arrival of a completely novel human trait: speech. Speech could
not have evolved slowly by half-measures; it was too complete a break
with our primate ancestry. Primates are remarkably poor at vocaliz-
ing, given the level of their visual-motor intelligence. This had been
previously observed by the many comparative psychologists who tried
to condition primate vocalizations, including B. F. Skinner (1957).
The neural apparatus of human vocalization would have evolved in
conjunction with the unique, and highly specialized, human vocal
tract. The perceptual and motor devices that make speech possible
evolved as a single, radical adaptation, according to Lieberman’s hy-
pothesis.

Lieberman attempted to construct a model of the vocal apparatus of
early hominids, using skeletal remains and cranial endocasts (1973,
1975). His reconstructions suggested that even Neanderthalers lacked
the elevated vocal tract that characterizes modern humans. The pri-
mary evidence for this, other than the absence of the large basicranial
flexure mentioned above, is the relative height of the cervical verte-
brae. The length and angle of the Neanderthal neck could not accom-
modate the human supralaryngeal vocal apparatus, which is elevated
relative to the vocal cords. The supralaryngeal apparatus includes the
soft palate and a highly flexible tongue, which permit changes in the
place of articulation and the shape of the oral cavity. When a modern
right-angled vocal tract was superimposed upon the outline of a
Neanderthal head and neck, it simply did not fit. It wasn’t even close;
the modern larynx ended up in the Neanderthal chest. The lack of a
modern vocal tract in a species as highly evolved as the Neanderthal-
ers suggests that this anatomical change occurred during the past
100,000 to 200,000 years. Even if we are not directly descended from
the Neanderthalers, we undoubtedly shared an ancestor with them
within the past 200,000 years, and their immediate ancestor would
necessarily have lacked the modern vocal tract as well.
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The validity of Lieberman’s anatomical reconstructions has been
questioned. LeMay (1975), Burr (1976), and Falk (1976) have chal-
lenged some of the assumptions underlying his modeling process;
and, as Passingham (1982) has pointed out, the elevated vocal tract
did not necessarily have to accompany the first occurrence of spoken
language. It is possible that hominids had some form of voluntary
vocal communication system before the modern vocal tract evolved.
Passingham favors some form of speech earlier in hominid develop-
ment, as does Holloway (1974). Steklis and Harnad (1976) agree, be-
lieving that toolmaking would have required some form of symbolic
representation, not just to coordinate manufacturing but also to
transmit the skill across generations. Neanderthalers, and even earlier
hominids, might have possessed partly evolved vocal tracts, that is,
something other than the standard-plan primate vocal tracts assigned
to them by Lieberman. The limited archeological evidence contains
enough room for error to support this possibility, and Lieberman has
acknowledged this. Lieberman did not deny the possibility of some
form of Neanderthal speech; he only pointed out that in view of the
differences in their anatomy, significant differences between Neander-
thaler vocalizations and those of modern humans were likely.

However, attributing speech to archaic hominids would imply sev-
eral successive major vocal-tract innovations during the course of evo-
lution, and it would also leave unexplained why the sudden accelera-
tion in the rate of human cultural innovation came so late. For these
reasons, it appears more likely that speech per se is a very recent
invention. Whether the vocal tract, and its corresponding central ner-
vous system changes, started to change earlier and went through sev-
eral gradual adaptations, we cannot know with certainty, at least not
yet. But it is likely that the essence of Lieberman’s message is correct,
namely, that the modern vocal tract, and the more abstract aspects of
language, came very recently with Homo sapiens sapiens.

Lieberman'’s theory holds that the new vocal tract necessitated a
prior or concurrent change in the nervous system, in both sensory
and motor areas of the brain. On the sensory side, Lieberman re-
viewed extensive evidence that human speech perception is specially
“tuned” to discriminate certain features of sound that are central to
speech. He goes so far as to postulate that there are specialized acous-
tic analyzers for each of the major speech sound parameters: voice
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onset time; formant transitions; vowel sound parameters correspond-
ing to particular places of articulation, and so on. The perceptual ap-
paratus is thus constructed so as to map smoothly onto the motor
controls for phonological production. The new vocal tract involved
new muscles and a radically altered respiratory control system, both
of which needed appropriate central neural innovations. The overall
patterning and sequencing of high-speed speech sounds, which are
unlike anything that preceded them, required a systematic mapping
of the perceptual apparatus onto the new motor anatomy as well,
since reception and production are necessarily two sides of the same
functional system, especially during language learning,

What Lieberman proposed is a complete, self-contained vocaliza-
tion system that was built according to the general principles of mam-
malian sensory and motor control but, like many other special adap-
tations, required its own special apparatus. Although he did concede
that some limited degree of voluntary control over vocalization might
have been achieved by Homo erectus, this control would not have
constituted anything like high-speed symbolic language.

The fact that human children learn speech so early, and so effort-
lessly, argues in favor of their possessing a special language apparatus,
not merely a more encephalized nervous system. The brain, especially
the association cortex, is nowhere near fully mature when speech is
acquired. Unlike general-purpose skills, which are acquired gradually
and late in both apes and humans, speech arrives early and rapidly. A
general-purpose capacity for language, such as might be implied by
Jerison’s extra-neuron model or Passingham’s encephalization model,
would not develop in this way; it would grow slowly during life, like
general knowledge and social skills.

Lieberman is not suggesting, as Chomsky did, that language is en-
tirely different from what preceded it. Chomsky (1965, 1980) argued
that human children innately possess not merely a capacity to learn
language but an actual model of the linguistic universe against which
to test whatever information they pick up from the environment.
Lieberman, on the contrary, argues that language is built upon exist-
ing mammalian capabilities and falls into the category of a novel skill,
but one that still goes by the same rules that govern other skilled
motor behavior. Phonetic sequencing is fundamentally an extension
of our motor-sequencing skills, which were already rule-governed.
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This argument bears a certain resemblance to Corballis’s notion,
reviewed in Chapter 3, that the left-hemisphere capacity for “gener-
ativity” originally developed for manual praxis and later generalized
to speech, with the difference that Lieberman sees language as a more
specialized generalization of vocomotor, rather than manual, skill.
Even syntax, for Lieberman, is an extension of basic vocomotor skill.
Corballis pointed out that skilled motor behavior in animals is usually
not generative, that is, it does not involve categorical analysis and
recombination of elementary parts, the way human praxis does.
Thus, the line of descent was not directly from motor skill to lan-
guage; it was from generative praxis to language. But both authors
hold to the principle that there was some precedent in human motor
behavior for the kinds of operation underlying language; language
was not the qualitative break with all pre-existing skills that Chomsky
had proposed. Thus, speech perception may involve special neural ad-
aptations, but these are not qualitatively different from other percep-
tual adaptations for other purposes. Language is learned, just as other
skills are learned; but it is learned with a special apparatus that
evolved recently, rather than a general-purpose cerebral expansion
that evolved over a period of millions of years.

What did Lieberman have to say about the preceding expansions of
the human brain, as reflected in successive increases in the EQ of
hominids? He held that these imply a continuing evolution of ape
skills—an elaboration of the lines of cognitive development that
would naturally develop, given the basic character of pongids. Thus,
we might expect improvements in manual skills, tool use, spatial rep-
resentation, memory, social cooperation, and any other skills that
were already in place. These would occur with each successive new
hominid species; but they would not inevitably lead to speech, be-
cause speech broke with the primate line in a more fundamental way.

Conclusion: The Question of Cognitive Stages

Both lines of reasoning about the origin of language have a basis in
fact and logic. The existing evidence suggests both that the EQ in-
creased in a series of successive changes and that the vocal apparatus
did appear late in human evolution, coinciding roughly in time with
a sudden, rapid acceleration in the rate of human cultural change. It
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is possible that encephalization alone could account for most of the
physical basis of language, and that our special vocal apparatus was
only the icing on the cake, serving to improve a capacity that had
gradually emerged. It is also possible that the opposite was true: that
hominid culture was essentially apelike until speech appeared on the
scene, very recently, and that development of the special vocal appa-
ratus that gave us the capacity for speech was the watershed event in
our cognitive evolution.

This points to a dilemma confronting anyone who would try to
construct a theory of language evolution without an underlying cog-
nitive rationale. If the theorist relies entirely, or largely, on archeolog-
ical and morphological evidence to reconstruct the stages of develop-
ment, it is difficult to choose between the alternatives that emerge
from the physical data. Lieberman, of course, relied on more than the
physical data, and so did Passingham, but both approaches were
largely biological rather than psychological. There was no cognitive
theory driving either approach. Yet the cognitive realm is obviously
the appropriate arena for the debate over the genesis of language.
Language is a reflection of the intelligence of the speaker; it is limited
by the memory, knowledge, and ability of the speaker. It receives its
meaning from the broader cognitive realm of experience and-context.
Language is, in a sense, secondary to the evolution of fundamental
cognitive skills. Thus, the debate over the emergence of language is
also a debate about the emergence of all uniquely human styles of
representation.

In this context, it is not reasonable to expect that the gulf between
ape and human can be bridged by language alone. A great many cog-
nitive differences between ape and human are not specifically linguis-
tic in nature. In fact, relatively few of the many tasks that humans
routinely master can be learned by apes. It isn’t just that apes cannot
master symbol-driven tasks like mathematics, musical performance,
reading, and conversation. It is that they cannot master any number
of nonverbal tasks as well. They cannot acquire our athletic or play
skills, for example. Human children play rule-governed games by im-
itation, often without any formalized instruction. They invent and
learn new games, often without using language. Apes, like other an-
imals, cannot learn similar games; they are restricted to games that,
by our standards, are very simple. Yet games, in human society, are
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at the bottom of the cognitive pecking order; they are identified with
childhood. Most informal games have little or no verbal component,
and deaf-mute children have no difficulty mastering them. Yet these
games are already beyond the reach of apes. The problem of bridging
from ape to human would thus appear to involve a great deal more
than pinpointing the arrival time of vocal language, as though lan-
guage could, in itself, explain our cognitive advantage over apes.

The definition of cognitive stages will thus require human culture
to be reinterpreted in cognitive terms. The various known species of
hominids and australopithecines have been defined primarily in terms
of anatomy, but culture, and therefore cognition, has also been taken
into account. This is especially true of Homo habilis, who would
probably have been classified as australopithecine if it were not for the
primitive stone tools of the Oldowan culture, which were associated
with habiline remains. Homo erectus stands out as an anatomically
identifiable species, but the culture of Homo erectus is also of
central importance in defining that species. The culture of hominids
showed signs of radical changes at certain points, and this implies,
indeed insists upon, the existence of intermediate hominid cognitive
abilities between that of the ape and our modern human culture. The
foundations of these intervening levels of culture must have been suc-
cessive underlying cognitive adaptations.

The successive cultures of hominid evolution have been recon-
structed by archeologists and anthropologists on the best available
evidence and constitute an important set of theory and data that has
been largely ignored by psychology, presumably because it is not ex-
perimental in nature and is therefore seen as speculative. Yet the lan-
guage of experimental psychology provides a useful set of concepts
by which to interpret what little is known of our predecessors. If, for
the moment, we suspend our dismissal of this evidence and try to
understand it in our own terms, it may reward us with insights into
the evolutionary history as well as the underlying structure of mod-
ern human cognition. To reiterate Darwin: Evolution produces ves-
tiges. The history of the species lives on in the modern species, and
one of the most important pieces of evidence for this lies in vestiges
of previous adaptations that may prove redundant, or useless, or even
maladaptive, today. Just as this is obviously true of human emotional
expressions, it must also be true of cognition.
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In conclusion, the chronological time-line of human evolution con-
tains marker events, both anatomical and cultural, that suggest major
changes at 4 million, 1.5 million, and about 200,000 years before pre-
sent. Between these markers are long periods of slower
change, during which less major variations in both the anatomy and
culture of hominids occurred. The advent of australopithecine anat-
omy and culture 4 million years ago probably established some of the
essential social structures that are still characteristic of human society,
especially pair bonding to reduce intragroup aggression and social co-
operation in obtaining food and caring for children. Without these
changes in survival strategy, bipedalism would have exposed austral-
opithecines to the risk of rapid extinction.

Starting about 2 million years ago, both a major expansion of the
cerebrum and a radical cultural change occurred, whereby hominids
commenced to accumulate skills that led to distinctive toolmaking in-
dustries, systematic group hunting, seasonal home bases, migration
out of Africa, and use of fire. These cultural changes imply funda-
mental cognitive changes; thus, the first major cognitive marker
should be placed around 1.5 million years, with the advent of Homo
erectus.

The second major cognitive marker should be placed at the time of
speciation of Homo sapiens, about 200,000 years ago, when both
anatomy and culture again changed in a major way. The cerebrum
expanded once again, to its present size, and the vocal apparatus
changed. Cultural innovation became much more rapid, leading to
Neolithic culture and eventually to the very high rate of cultural
change we know today. There is general agreement that high-speed
symbolic language is a recent innovation, and this implies that
language-based cognitive abilities are of recent origin. There is con-
siderable disagreement about what, precisely, the recent invention of
symbolic language involved, in terms of basic cognitive and neural
structures. This question is closely tied to the order of succession of
cognitive changes.

How did language fit into the existing cognitive architecture of
hominids? This major question depends on what cognitive capacities
are attributed to Homo erectus, that is, on what the major intervening
hominid culture was like. Conceding that australopithecines were
probably still primatelike in their intellectual skills, and that archaic
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Homo sapiens was biologically very close to us, the cognitive archi-
tecture of Homo erectus, and also of other intermediate species such
as habilines, becomes a central issue. If there is an intervening layer
of function—an archaic hominid brain, nearly but not quite human—
what would its structure have been, and what did it enable erectus to
do? What sort of culture would this prelinguistic human intelligence
have developed? The starting point of such an inquiry must be the
cognitive structure, and culture, of the great apes.



rimate Cognition:
Episodic Culture

Ape Skill: An Overview

It is still possible, a century after Darwin’s admonitions about our
prejudices, to underestimate the intelligence of the great apes. This is
perhaps because their culture resembles the cultures of other mam-
mals more than it resembles our own. Apes produce no enduring cul-
tural artifacts and, when transported into our culture, find it difficult
to learn even the most elementary human tasks and habits. Never-
theless, a list of their highest cognitive achievements reveals that their
intellectual skills are rich and diverse.

Munn (1971) reviewed the early literature on pongid higher learn-
ing, problem solving, and concept formation and tried to specify what
was distinctive about primate cognition. He concluded that most lab-
oratory procedures such as classical or operant conditioning, sensory
discrimination, and maze running did not differentiate the higher
from the lower mammals, although in some cases they could distin-
guish mammals from fishes and reptiles (Bitterman, 1965).

However, two procedures in particular were successful in demon-
strating a significant superiority of apes over other mammals: the
“insight” experiments of Wolfgang Kohler (1925) and the delayed re-
action experiment, in many variations. The “insight” experiments re-
quired the animals to invent solutions to problems, usually of gaining
access to food. In a famous example, chimps piled boxes on top of one
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another to reach a banana suspended from the ceiling. Lower mam-
mals could not solve such a problem, given any amount of time. The
solution of the problem depended upon the recognition of relational
properties of the visual environment.

The delayed reaction test usually involved showing the animal
where to find a reward, then removing the stimulus for a period of
time before allowing the animal an opportunity to react. Apes are
much more adept at delayed reactions than simpler animals, and this
was taken as evidence that they possess an abstract central represen-
tation of the environment, or what Hebb (1949) called”autonomous
processes.” This was confirmed by their ability to learn the solution
to a problem through observation and imitation. In other laboratory
demonstrations, apes were found to be uniquely successful at solving
visual-manual puzzles. They could combine objects in the laboratory
to use them instrumentally. They were able to learn various tasks
following a single demonstration. In all of these things they exceeded
the capacities of lower mammals.

Their use of found tools is now well-documented. They can even
combine tools, as shown in their use of natural hammer stones and
anvils to shatter nuts (Boesch and Boesch, 1984). Their ability to em-
ploy name signs, like visual tokens or sign language for the deaf
(ASL), has been demonstrated many times. To a limited degree, they
can transmit some name signs to their offspring (Premack, 1987). In
addition, Gallup (1970, 1982) has shown that apes possess the ability
of self-identification in front of a mirror, an ability lacking even in
simpler primates, like monkeys. They are very good at certain kinds
of imitation; in fact, that ability is at the heart of their acquisition of
sign language. Moreover, it is clear from the early studies of Kohler
(1925) and Yerkes (1943) and from recent studies of ape representa-
tion that they possess what we would call an ability to perceive
“events” and “situations.” That is, they do not simply perceive dis-
crete stimuli; they perceive objects in relation to context and discrim-
inate easily between a wide variety of complex perceptual arrays in-
volving the same subjects in different relationships—for example,
different dominance relationships, or affective relationships. Premack
(1987) devised a task requiring chimpanzees to make judgments of
the similarity or difference of complex visual displays and showed that
they can perceive abstract second-order relationships.
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Moreover, to borrow a phrase from Schank and Abelson (1977),
they behave as though they employ “scripts,” or sets of rules and
procedures guiding behavior in different contexts. Where humans
may have scripts for typical behaviors like eating in restaurants, or
attending a movie, apes have scripts for sharing food, or behaving in
the trainer’s office, or playing with offspring. An aspect of such be-
havior is the ability to perceive the “scenario” unfolding in a sequence
of actions and to know exactly what to do as it develops. Note that
many of these cognitive achievements are found not only in apes but
also in other mammals, and all without the use of language. But apes
seem to stand above most other species because of their capacity for
signing and self-recognition and their increased tool use. And as Pre-
mack (1987) has pointed out, we should also concede to them some
limited capacity for social attribution and delayed social imitation.
Cooperative social behavior, including the pongid equivalent of a
highly organized war against another tribe, is found among chimps in
the wild (Goodall, 1971, 1986).

Given this impressive list of abilities, the question arises, why can’t
they represent their knowledge somehow? Why do they not develop
languages of their own? Despite their cognitive achievements, apes in
the wild do not possess even a rudimentary system of voluntary ges-
tures or signs. The absence of language is their most obvious cogni-
tive limitation and the most frequently cited difference from humans.
But an even more striking limitation in ape behavior is that they have
relatively few “skills.” Their culture appears invariant and stereo-
typed compared with human culture, which seems infinitely variable
in terms of play, custom, sport, craft, and expression. Goodall (1971,
1986) has shown that two different groups of chimpanzees may be
significantly different in their collective behavior patterns, but for the
most part the range of variation is small. Human groups can vary
along many more dimensions of behavior.

Nevertheless, given their abilities, which are clearly superior to
other mammals in many ways, one might expect apes to possess some
form of voluntary communication system. Everything would appear
to be in place: memory representations of the environment, highly
developed visual-manual skills, problem solving, including tool use
and elementary toolmaking ability, and a,capacity for self-perception.
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With this expectation, there have been many attempts to teach lan-
guage to apes.

Training Apes to Use Signs

The earliest attempts to raise an ape in a controlled human environ-
ment, by Hayes and Hayes (1951) and Kellogg and Kellogg (1933),
were largely unsuccessful in teaching language to apes. However,
these pioneering studies did show several important things about the
cognitive strengths and weaknesses of our nearest living relatives.
They showed, for instance, that apes can imitate many daily activities
of humans without special training (Kellogg, 1980). They also showed
that apes can learn to understand many spoken commands and utter-
ances. Unfortunately, apes are very poor at vocalizing; after years of
special training, the most successful subject, the chimpanzee Viki,
trained by the Hayes, only managed four spoken words, and with
great difficulty.

The observations of these early experimenters on the gestural ca-
pabilities of apes were particularly interesting. They were not trying
specifically to train gestural signs, as in later studies of chimpanzee
communication. Therefore, they were observing what capacity the
apes may have had for spontaneous gesturing in a supportive environ-
ment. They did not find anything that could be confirmed as an inten-
tional signal, even though they observed a number of behaviors that
served to communicate information. For instance, Viki would attempt
to lead the experimenter by the hand (Hayes, 1951), and one of
Yerkes’ orangutans did the same. Kellogg (1980) reported a variety of
pseudo-gestures produced by the chimpanzee Gua that were reliably
paired with certain behaviors. These included climbing into the high
chair (indicating hunger), removing her bib from her neck (finished
eating), and holding the genitalia (need to urinate). As Kellogg
pointed out, these behaviors might well be regarded more as antici-
patory reactions regularly occurring during a common sequence of
behavior rather than as communicative gestures. They superficially
resemble many of the gestures used by human children, but they
seem to lack the intentionality that is evident in the child’s gesturing,
This is emphasized by the absence of spontaneous pointing behavior,
which is common in human children (Terrace and Bever, 1980; Bru-
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ner, 1986). This issue will resurface later; apes simply do not use
intentional gestural signals in the wild.

The first ape to learn to use sign language was Washoe, a chimpan-
zee trained by the Gardners (1969, 1978). Washoe learned a modified
version of American Sign Language for the Deaf, or ASL. Finger
spelling, normally an integral part of ASL, was left out of training, as
was the gestural component of ASL, which normally develops along-
side the formal signs as an equivalent of prosody in spoken language.
The prowess of Washoe has been well-documented; the main point
here is that the use of manual signs allowed Washoe to progress much
further than any previously trained ape. Evidently the limitations of
Viki's and Gua’s achievements were due in part to their difficulties
with vocalization rather than to an inability to learn and use signs.

What was the nature of Washoe’s achievement? Without doubt,
Washoe learned a substantial number of gestural signals with specific
meanings, or semantic content. Moreover, those signals were both
comprehended and produced in appropriate contexts, and were gen-
eralized in meaning much the way young children initially generalize
newly acquired words. For example, the ASL signal for “more” was
initially learned as a request for more tickling; but it was quickly used
to ask for more hair brushing, more games, extra helpings of food,
and more entertainment (Gardner and Gardner, 1978). Washoe had a
vocabulary of 34 ASL signs at the age of three years and often used
them in combinations of two or three signs, much as young chil-
dren do.

As Washoe grew older, there was a tendency for the strings of signs
to get longer, so that combinations of three or four signs became more
frequent, just as the mean lengths of utterances of young children
become longer with increasing age (Brown, 1980). However, devel-
opment stalled at that level; Washoe did not progress to the subse-
quent stages of human language development, where vocabulary ex-
pands rapidly into thousands of words and sentence structure becomes
much more complex and subtle. Since the Gardners’ experience with
Washoe, many other apes have been trained in similar ways. The re-
sults have tended to confirm the Gardners’ main findings: apes can
learn a significant number of signs and use strings of two or three
signs appropriately; but none of them has yet progressed beyond that
limit.
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Much debate has centered on whether Washoe and other recently
trained apes have acquired “true” language. It is not difficult to find
essential features of language that are lacking from their repertoire.
Lenneberg (1980) set down a set of criteria for anointing an ape
communication system as true language. He proposed a simple, min-
imal language, corresponding to the language of a young child, con-
sisting of about 20 words, including object names (hat, shoe); actions
(take, point); a few qualifiers (small, big); positions (up, under); and
function words (no, yes, is?). To demonstrate mastery of this lan-
guage, the ape would have to be tested objectively, using questions
that required responses. The key requirements, in Lenneberg’s view,
are the use of sentences rather than single words as the elementary
units of expression and the ability to answer essentially any question
possible within this circumscribed elementary language.

Clearly, by Lenneberg’s criteria apes cannot acquire language. Crit-
ical examinations of the utterances of ASL-trained apes fail to produce
any convincing evidence for sentence construction or awareness of
word order rules (Brown, 1980; Lenneberg, 1980). Strings of ASL
signs may be selected appropriately to describe a situation, but there
is no evidence of syntax. The words are strung out in no particular
order, usually two or three at a time, such as “door open,” “Washoe
ball hit,” and so on. Longer strings are rare, tend to contain many rote
repetitions of previous words, and show no structure. The lists of
linguistic games primates can’t play is seemingly endless: Anderson
(1983) singled out iteration and recursion, and Bronowski and Bellugi
(1980) singled out the process of reconstitution of the environment.

There is no point in belaboring the point; human linguistic supe-
riority appears safe for the moment, apes and their trainers have been
put in their place, and splitting hairs will not change things. But the
more important question is surely unresolved: these experiments
have shown a signaling capacity that had not been previously dem-
onstrated in apes. In a sense, apes trained to use ASL have been pro-
vided with a lexicon. Why is a similar lexicon, however limited, not
invented or used in the wild? There are obviously no motoric or per-
ceptual impediments to apes’ using sign language, and they under-
stand enough of the world to possess something to communicate
about it. They are very close to a form of communication that, if not
language, is surely proto-language. What is missing?
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The answer may be contained in Terrace and Bever’s (1980) critical
analysis of Premack’s (1976) book entitled Intelligence in Apes and
Man. Premack was the first person to train apes to communicate with
a system of sign tokens, or symbols, that were entirely exterior to the
animal, much like various kinds of iconic symbols in human lan-
guage. Plastic chips were used, and for the most part the form of the
chips had no similarity to the things and ideas being represented. The
chips represented words, rather than phonemes, much like the visual
symbols we know as “emblems” (McNeill, 1985), except that they
were much more constricted in meaning than the latter.

Just as Washoe had mastered hand signs, Premack’s protegée Sarah
mastered the use of plastic chips to communicate with humans. Un-
like ASL signs, which had to be reproduced from memory, the plastic
chips were always present, and this reduced the memory demands
placed on the ape by the task. Thus, Premack reasoned, if the limita-
tions of ape linguistic ability are partly or wholly due to memory
limitations, this factor would be eliminated in his training regimen.
Moreover, the rules for using the chips could be defined much more
precisely than the rules for using ASL signs, since the chips were used
in a fixed place, under virtual laboratory conditions, with controlled
reinforcement schedules, and so on. On paper, Premack’s plan had
great appeal, as a means of testing out the communicative capacities
of apes under controlled, almost unambiguous conditions.

Curiously, Premack’s apes progressed much as Washoe had. They
acquired a basic vocabulary of several dozen signs and then learned to
use them in combinations of two, three, and four, to make requests,
answer questions, and solve problems. However, in addition they ap-
peared to acquire order rules, or syntax. That is, the apes apparently
understood that the order in which the chips were placed on the table
had significance. At first glance it appeared as though Premack had
guessed right in using a controlled laboratory training situation with
a low memory load. Sarah appeared to have some capacity for both
understanding and producing syntax (Premack, 1976).

Terrace and Bever (1980) addressed this claim in their critical re-
view. In particular, they focused on the training regimen used by Pre-
mack. Training had progressed through a series of stages, and the
teaching of correct word order was gradually extended from two-word
sequences through three- and four-word sequences. At each level the
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animal was only rewarded if the correct word order was produced. At
the highest level, the four-word sequences, a sequence had to contain
the name of the subject (“Sarah”), followed by a verb (“give”), fol-
lowed by an object (“banana”), and finally by the name of the recipi-
ent (“Gussie”). If the order was wrong, for instance, the donor and
recipient were interchanged, the reward went elsewhere or wasn't
awarded at all. The sequence had to be correct. Since there were many
different possible word orders, Premack built up from shorter se-
quences so that by the time the ape had to master four-word se-
quences, it had already been trained thoroughly at the three-word
level, and thus effectively had only to learn where to place the fourth
word.

Human children, of course, receive no such training. No one sys-
tematically reinforces correct sequences of words, and the child does
not become locked into, or dependent upon, such a rigid, fixed sched-
ule of rewards. One of the striking features of human language is its
fluidity and the ease with which it is learned by children simply
through observation. However, even if the apes were more limited
and rigid than human children, it might be claimed that they were
performing qualitatively similar syntactic tasks, provided that it could
be shown that they truly understood the meaning of word order.

Terrace and Bever argued that there was no evidence to support the
claim that apes understood word order. Premack’s data presentation
was incomplete, especially on the longer sequences; thus, it was not
clear how well the apes did on the task, even within the constraints of
his experimental design. Sarah’s understanding of word order was
never tested rigorously, since there was never more than one alterna-
tive response pattern available on any given trial. In fact, in teaching
propositional signs for words like on and in front of, the signs were
never contrasted with other prepositions. In terms of action, the ape
had only one possible response; the only linguistic problem confront-
ing the animal was to identify the correct object that had to be placed
on top of, or in front of, the other object (Terrace and Bever, 1980).
In other words, the task had been so streamlined and constrained that
it did not appear to involve much more than a complex event discrim-
ination.

More importantly, the referents of the iconic signs were usually
present during a trial. That is, the names of the subject and object
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may have been the experimenter, the ape who was being tested
(Sarah), or someone else who was in the room. Each of these individ-
uals, including the apes, was wearing a tag containing the same iconic
sign used on the problem board. Moreover, the motive in every case
was the obtaining of reward, usually food reward. Terrace and Bever’s
objection, then, is that the ape could solve the problem of obtaining
food simply by making a discrimination between two alternative sets
of plastic symbols. Unless it could be shown that the apes could solve
sentences that cut across many categories of possible responses, they
could not be said to possess any syntactic competence. Rather, they
had learned sequences of signs by rote.

The apes did at least appear to have the ability to use the plastic
chips to represent things. But even their lexical mastery has been
called into doubt. Savage-Rumbaugh (1980) stated that “there is no
evidence other than anecdote to suggest that Washoe and other sign-
ing apes are producing anything more than short-circuited iconic im-
ages.” It was not clear, she argued, whether signs could be used across
randomly varied trials, for instance, naming a variety of fruits while
eating ice cream. Moreover, the communications had always taken
place in the presence of highly motivated and highly sophisticated
human beings, who undoubtedly structured the situation and inter-
preted the signs of the ape.

Despite these objections, it is clear that Washoe and other signing
apes used the ASL signs in appropriate ways, both in attributing prop-
erties to objects and in indicating actions. Premack’s apes similarly
have demonstrated considerable mastery of quasi-symbolic situations
which, if not meeting all the requirements of linguists, were still suf-
ficiently subtle and complex to suggest that apes were close to some
form of signing.

Moreover, their uses of signs were not directed exclusively to hu-
mans; Savage-Rumbaugh and colleagues (1978, 1980) have demon-
strated that chimpanzees can use signs to communicate meaningfully
with one another. In a series of studies, they have trained chimpan-
zees to use symbols to request tools or to produce tools if requested.
Initially, they were shown six simple tools: (1) a key, to unlock various
locks on doors and boxes; (2) a sponge, to soak up liquids; (3) a
wrench, to unscrew bolts in various locatjons; (4) a stick, to access
food out of reach; (5) money, to operate a vending machine for food;



Episodic Culture 133

and (6) a straw, to drink liquids from containers out of reach. The apes
learned to use the tools through observation and trial and had previ-
ously been trained to use Rumbaugh’s symbolic communication sys-
tem (Rumbaugh, 1974, 1977). After repeated trials, the apes were able
to use the correct symbols to request the tools appropriate to the task
at hand. They were also able to name the tools without immediate
food reward. The naming of the tools, however, was difficult for them
to learn, and in general their ability to remember labels for things in
the environment was very limited and subject to forgetting, distrac-
tion, and confusion. The authors pointed out that their criterion of
competence in naming was the presence of robust, virtually 100 per-
cent correct performance, whereas the Gardners and Premack had em-
ployed a criterion of only one correct trial, making their chimps ap-
pear much more competent than they really were. Savage-Rumbaugh
persisted in training until the chimps had virtually perfect perform-
ance on tool-naming tasks before proceeding to the next stage of the
experiment.

Once the chimps could both make and reply to requests for specific
tools with humans, their ability to communicate with one another
was tested. Two chimps were placed in separate rooms, in visual con-
tact with each other. One chimp had access to food but no tools; the
other had the necessary tools to get the food. The first could ask the
second for the appropriate tool, using Rumbaugh’s apparatus. The
chimps discovered this possibility rather quickly, once the human ex-
perimenter refused to play the role of tool provider. Within one day’s
training time, the chimps were communicating with one another
using Rumbaugh’s symbols.

This result is most interesting in the light of some earlier experi-
ments by Meredith Crawford, as reported by Munn (1971). Crawford
trained two apes to cooperate in obtaining food; they had to pull on
ropes simultaneously to obtain access to a heavy platform containing
food that was placed outside their cage. Although the apes learned
that they had to pull together, they were apparently unable to com-
municate with one another in any specific way about their knowledge.
When one ape wanted food and needed the cooperation of the other,
Crawford reported that the first one would try to get the other’ at-
tention turned to the food platform by trying to turn its head, or pull
its hand over to the bars. If this failed, the only other thing it would
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do would be to act excited, or signal its frustration in some nonspeci-
fic way.

Crawford’s apes had not received any training in the use of either
gestural or other forms of signing. Here was a clear case where the
apes possessed the knowledge of what to do, the ability to cooperate,
and the motivation to obtain food. But there was no spontaneous
signing. Savage-Rumbaugh'’s apes were in a similar position, and with
their previous training in the use of signs, they were able to see the
uses of that skill in a relatively new situation. They were capable of
using signs, but somehow the idea of inventing a signing system
never occurred to them.

Invention was, of course, the key piece of the puzzle; the first user
of specific gestural signs had to be able to invent them de novo. And
invention is also a key aspect of human language capacity. Chomsky’s
(1965) emphasis on the generative nature of the human language ac-
quisition device was unquestionably correct. Language would not
have emerged in humans, and probably could not have been sustained,
unless each succeeding generation was capable of reinventing it.

The Importance of Symbolic Invention

After twenty years of systematic experimental effort, it is evident that
apes do not have anything like the human capacity for syntactically
complex, high-speed communication. But we now know that apes
have internal representations, perhaps everi intentions, and some ca-
pacity to label their cognitions when a signaling system is tailored to
their abilities. Although not quite language, these symbolic commu-
nications show how close apes are, and how far away. They also vin-
dicate Chomsky’s fundamental criticism of the behavioral theory of
language acquisition (Skinner, 1957). Many of the sign-using apes of
the last twenty years, and particularly those trained by Premack, have
been perfect Skinnerian performers. But they cannot be programmed
to produce any syntax other than simple two-word order rules (even
Skinner acknowledged this limitation). Nor can they be led to fully
represent what they evidently know about the environment. Most
importantly, they cannot invent any sign or symbol spontaneously,
even when the capacity for using signs in the Skinnerian manner is
present, as it evidently is. And the Skinnerian approach cannot ever
achieve a useful system of signs, let alone a fully developed language,
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in apes, despite the presence of the required discriminanda, operants,
reinforcers, and raw “associative ability.”

Of course, some attempts to train apes in symbol use have not used
either Skinnerian techniques or the carefully controlled training sit-
uations used by the Gardners. For instance, Savage-Rumbaugh (1986)
taught a bonobo (pygmy chimpanzee) named Kanzi in a quasi-natural
environment on a 55-acre reserve. Kanzi learned mostly through im-
itation, and his human caretakers were free to use spoken language.
Kanzi carried a laminated board containing over two hundred visual
symbols; he or his caretakers could point to the board to communi-
cate, even when moving about in the woods. This relatively unstruc-
tured situation worked very well; Kanzi was free to use other com-
munication media than the visual symbols, and in fact occasionally
did so, using both vocalizations and gestures. His vocalizations and
gestures were somewhat reminiscent of those reported by the Kel-
loggs, except that fairly often Kanzi would combine a gesture (such as
touching a person) with symbol pointing (usually to an action sign
like “carry”). Such combinations were not specifically taught, al-
though they were obviously reinforced: for instance, after producing
a sign combination, someone would carry Kanzi around, a result that
Kanzi found highly reinforcing.

Nevertheless, a significant percentage of Kanzi’s outputs were spon-
taneous; and before he could receive reinforcement, he had to invent
these combinations. Some of Terrace and Bever’s criticisms of earlier
studies, especially those of Premack, would not seem to apply here:
Kanzi went beyond his specific training sessions to use symbols in
self-initiated novel combinations, often with accompanying gestures.
He appeared to be both spontaneous and intentional in his sym-
bol use.

Greenfield and Savage-Rumbaugh (1990) have interpreted Kanzi’s
behavior as support for the argument for “true” ape language. Their
position is that Kanzi's symbol use is similar to that of very young
deaf children with hearing (that is, nonsigning) parents, as de-
scribed by Goldin-Meadow (1979) and Goldin-Meadow and Mylander
(1984). These children typically use two-sign combinations consisting
of a pointing gesture (for instance, pointing at a door) combined with
an iconic sign (as in a turning of the hand, for “open”). The parallel
with the two-sign combinations of bonobos was clear. Moreover, the
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parallel extended to the level of what the authors define as elementary
grammar: simple ordering rules. For instance, after four months of
practice, the animals learned that action preceded object, a rule used
by their human trainers but never specifically taught.

Kanzi was not as adept as human children, even children at the two-
word stage, in several respects. First, he learned much more slowly.
Second, he made very few observations, or declarative statements,
producing mostly requests for action (97 percent). But most impor-
tantly, he remained basically locked in at the two-word combination
level, failing to produce more than a few three-word combinations.
The latter, moreover, were extremely simple in structure, as in
“chase-bite-person,” where “chase-bite” might be interpreted as a
single lexical item describing a very common event sequence.

Without wanting to enter the treacherous waters of linguistic de-
bates over what constitutes the minimum requirement for true “lan-
guage,” I would judge human language to be light-years removed
from Kanzi’s accomplishments. Kanzi was given a structured com-
municative device that he could use very effectively, but to call his
simple ordering rules “grammar” is stretching the definition of the
word. And although his symbol use was more spontaneous than that
found in any previously trained ape, this may have been a testimony
to the clever design of the signing device. Kanzi’s sign use remained
at the presentence level, and certainly at a prepropositional level. This
is not to diminish his, or his trainers, remarkable accomplishments;
but it is important to think clearly on this rather emotion-laden issue.
As our definition of language is laid out in the next few chapters, it
will become clear that Kanzi remains several crucial steps removed
from human linguistic ability.

He is close, however, to a more elementary level of human culture.
As discussed in the next chapter, pygmy chimpanzees, and possibly
other apes, are close to the first distinctly human level of representa-
tion, but far removed from meeting the conditions for language. It is
most important to remember that, although they could learn to use,
and recombine, a symbol set given to them, they did not invent the
symbol set. In contrast, somewhere in the course of human evolution,
hominids did precisely that: they invented an infinitely expandable
symbol set. To proceed from the limited representational capabilities
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of apes to the next level of symbol use required a qualitative cognitive
change, a move towards symbolic invention, with the concomitant
cultural change such a capacity would imply. In its initial form, such
a capacity might still have fallen far short of human language. But it
would have been a necessary first step up, and a necessary precursor
to the much faster, complex, syntax-governed languages of humans.

Social Intelfligence in Apes

Training apes to use signs and symbols may be the most direct attack
on the problem of describing their linguistic skills, but language can-
not easily be dissociated from social intelligence in the more general
sense of the term. Since language is a social device first and foremost,
it is logical to expect the growth of language to be tied to the evolution
of social structure. As social groups increase in complexity and size,
the control and stabilization of group behavior, as well as the sharing
of knowledge, becomes important. Individuals who are part of a large
social structure have to comprehend, and remember, a number of
dyadic (two-way) relationships. In addition, rules and customs have
to be understood. The usefulness of symbols in social regulation is
self-evident.

Social intelligence has never received an adequate definition, per-
haps because it is difficult for humans, whose thought processes are
so dependent on symbolic expression, to conceptualize what nonsym-
bolic or presymbolic forms of social intelligence may be. But whatever
forms preverbal social intelligence may take, it is clear that language
was the final step, and that presymbolic forms of social intelligence
must have been its foundation.

One index of social intelligence is the average size of the elemen-
tary social group of a species, that is, the weight of its social “atoms.”
Social complexity increases with group size in primates, because the
social groupings are exquisitely structured, unlike, large herds of
cattle or flocks of sheep, for instance, which possess simple structure.
Dunbar (1988, 1990, in preparation) has proposed that relative brain
size, measured by the EQ, in primates increases with the size of the
social groups they form. As demonstrated in Chapter 4, the EQs of
prosimians, simians, and apes range from 1, the mammalian average,
to well over 2. Dunbar has shown that the EQ in this line of succes-
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sion correlates highly with group size.* In fact, he argued that the
primary selection factor driving up the EQ in primates was the intel-
lectual ability required to service large groups.

The cognitive skill needed for servicing large groups is consider-
able. As group size increases, apes must understand and remember an
increasing number of relationships. This is particularly true of groups
with the leisure time to interact closely for long periods of time, for
instance, while grooming; chimpanzees spend a great deal of time
grooming one another. As Dunbar points out, large groups are un-
stable unless the individual dyadic relationships within the group are
serviced regularly. This would require considerable memory capacity
and the ability to comprehend social complexity.

Dunbar’s data refute another popular theory, sometimes called eco-
logical theory, which also tries to account for the evolutionary expan-
sion of the primate brain. Ecological theories claim that primate in-
telligence was a response to the demands of the ecological niche in
which primates live. Clutton-Brook and Harvey (1980) and Milton
(1988) have attributed the greater cognitive skill of primates to the
intellectual demands created by having a larger home range, which in
turn is created by a dependence upon fruit, rather than more abun-
dant vegetation, as a principle source of food. They cite evidence that
frugivores have significantly greater EQs than folivores and that EQ
correlates with relative home-range size.

The underlying cognitive hypothesis of ecological theories is that
primates had to construct more elaborate cognitive maps of their en-
vironments in order to accommodate larger home ranges. In addition,
they had to be able to observe and remember when and where certain
types of trees came into fruit, since the fruit of any given tree is
available, and edible, only for a short time. The cognitive hypothesis
is closely tied to anatomical change; relative brain expansion is seen
as the other side of the coin. The frugivore diet also enabled apes to

*There are exceptions to this trend, most notably in orangutans, who are believed to be
virtually solitary. But Dunbar argues that so long as exceptions do not violate his cardinal
rule that group size cannot exceed the limit set by EQ, they do not invalidate his theory.
Moreover, he believes that the size of orangutan groups may have been underestimated
by modern observers, and that orangutans may have degenerated recently in their social
behavior, having once lived in larger groups. Thereshave been reports of orangutans living
in groups (Rodman, 1973; Mackinnon 1974).
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support the larger brains that their changed diet required. Martin
(1984) claims that a frugivore diet provides the surplus energy needed
to support an energy-intensive organ like a large brain. This all ap-
pears rather circular: obtaining fruit over a wide home range demands
considerable cognitive skill, which demands a large brain, which de-
mands an energy-rich diet. But in evolution, selection factors are
often interrelated and, if not circular, spiral upward. In this case the
same selection pressures favoring larger-brained apes would also re-
sult in the cognitive and nutritional adaptations required to sustain
the larger brain.

Dunbar (in preparation) believes that intense socialization was a
more important selection factor than ecological niche. He therefore
obtained data on both range size and social group size for a number
of primate species. Since the data supposedly supporting the ecologi-
cal hypothesis confounded range size with diet, he also entered an
index of diet into the correlations. The diet index measured percent-
age of diet obtained from leaves, which is the converse of percentage
from fruit. His EQ index was a modification of Jerison’s (1973) index,
using Harvey and colleagues’ (1986) correction of the baseline expo-
nent. His results show that group size is significantly correlated with
EQ, while range size and leafeating are not. The social evolution hy-
pothesis was strongly supported over the ecological theory.

Dunbar extrapolated his data to humans. This was difficult, since
group size in agricultural and industrial societies is an artificial num-
ber determined by institutional bureaucracies and governments. To
circumvent this problem, he estimated group size for the six surviving
aboriginal societies that were still either nomadic or hunter—gatherer
and were completely lacking in such superordinate structures. He
then extrapolated the EQ—group-size function by entering human en-
cephalization indices into the regression equation. Thus, the regres-
sion of EQ on group size was used to predict an average group size for
human society. Finally, he compared his prediction to his obtained
data on aboriginal group size.

He had initially predicted an ideal human group size of 223. The
average estimated size of human hunter—gatherer groups turned out
to be 155.8 and the size of the nomadic societies alone, 174.6. There
were difficulties in determining human group size, of course, since
several layers of social organization are found in human societies,



140 Primate Cognition

even the simplest ones. Dunbar used as his index an intermediate
level, equivalent to a clan or band. He dismissed temporary groups,
like hunting camps, and large tribal structures where relationships
between members were not intimate. He felt that intermediate hu-
man groups shared the properties of intimacy and permanence that
characterize ape social groupings. His conclusion was that, prior to
the development of agricultural society, human groups tended to be
within the 95 percent confidence intervals extrapolated from primate
data, as a function of their EQ. This supported his contention that it
was social factors, rather than ecological ones, that drove up the EQs
of primates.

There is always the possibility that both hypotheses are at least
partially correct. The social-intellect hypothesis was supported by
Dunbar’s research. However, on the basis of his data, it is hard to
dismiss completely the ecological variables that may have shaped the
human brain. Factors like range size and frugivore diet may be com-
plicated by any number of other relevant environmental factors, such
as the complexity and density and variety of vegetation within the
home range. To expect such a correlation to hold up across different
species and ecologies might be expecting too much. In contrast, a
measurement of group size is probably vulnerable to fewer such influ-
ences. This does not invalidate the strong correlations Dunbar found,
but it does throw into question his interpretation of the weak ones. It
remains entirely possible that both ecology and socialization were re-
sponsible for the continuous increase in primate encephalization.

In the final part of his argument, Dunbar proposed that human
language evolved because of the cognitive demands of maintaining
large group organizations. In effect, language allowed much more ef-
ficient servicing of social relationships. It enabled vicarious servicing;
that is, instead of acting out relationships on a behavioral level, they
could be explored, worked out, and controlled symbolically. The ad-
vantages of maintaining large groups, and exploiting the weaknesses
of smaller groups, are self-evident: in competition for food and ter-
ritory, and in self-defense, a well-serviced large group will dominate
a smaller one. It is only the unstable larger group that can be over-
thrown or undermined. If the members of the group have the intel-
lectual capabilities needed to solidify group organization, the group
will remain stable. In this way, the adoption of larger group structures
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would lead to evolutionary pressures favoring large brains. Dunbar
did not try to specify the precise nature of the intellectual capabilities
needed to support larger groups.

Dunbar’s theory raises important questions about what aspects of
primate intelligence are crucial to socialization. How are social rela-
tionships encoded? What kind of knowledge is involved? What de-
mands would large social groupings place on recognition memory?
How is the overall complexity of a group likely to influence the need
for communication? And finally, what specific aspects of this need
would be addressed by language?

Self-Awareness and Consciousness

A very different approach to cognitive evolution in apes has been
taken by a number of comparative psychologists and physiologists.
Oakley (1983, 1985) modeled the hierarchical structure of intellect in
primates in relation to higher cognitive processes in humans. His ap-
proach is representative of the physiological mainstream, and the fo-
cus is not on the sheer size of the brain but rather its structure. The
brain evolved in a series of systematic structural changes, with the
most “archaic” structures, like the brainstem, appearing in very prim-
itive creatures like lampreys and sharks. The midbrain appeared later
in evolution and remains the highest structure in most fish and am-
phibia. The hippocampus and cerebral cortex appeared even later on
the scene and are the dominant structures in mammals. In the sim-
plest possible terms, primitive nervous systems evolved first, pos-
sessed only the brainstem structures, and were not very intelligent.
The higher mammals evolved last, possessed elaborate cerebral cor-
tices, and were more intelligent. Because evolution always builds on
what already exists, the latest nervous systems, like those of the pri-
mates, contain within them the archaic structures of their primitive
ancestors. Thus, the brain is organized into layers, like an onion, that
reflect the stages of its evolutionary history.

This linkage between anatomy, evolutionary chronology, and cog-
nitive sophistication led McLean (1973) to coin the term “the triune
brain,” which referred to the three stages of evolution contained
within the human brain: reptilian (brainstem and midbrain), mam-
malian (hippocampus and cortex), and human (the speech and asso-
ciation areas of the cortex). A similar proposal was made earlier by



142 Primate Cognition

Lindsley (1958), and this line of thinking dates back to the evolution-
ary proposals of Hughlings Jackson in the nineteenth century. Oakley
has offered an updated, somewhat behavioristic version of this type of
theory, which tries to take into account recent data on decorticate an-
imals, human amnesics, and hypnotic dissociation.

Oakley’s theory is illustrated in Figure 5.1, a simplified version of
his own illustration. The drawing is quasi-anatomical, in that the two
halves of the brain are reflected in the symmetry of the drawing, and
the hierarchy from cortex to subcortex is also built into the scheme.
Broadly speaking, the “triune” brain concept is reflected in this
model: reflex systems, the basis of inframammalian cognition, are at
the core of the model, in the brainstem. Homeostatic systems (in-
stinctual drives and motives) and simple associative conditioning, typ-
ical of birds and lower mammalian species, evolved on this reflexive
base and were located in the midbrain and limbic structures. Repre-
sentational systems evolved most recently in higher mammals and are
dependent upon the hippocampus and neocortex. These form the
outer shell of the model and the highest level of control in the system.
Even though the basic triune concept is continued here, Oakley’s
model is more specific than its ancestors, attributing uniquely human
skills to a new representational system: self-awareness.

He distinguishes three levels of awareness in evolution. The first
level consists of “simple awareness” and is a by-product of simple
adaptation to the environment. At this level we have reflexes, hom-
eostats, Pavlovian conditioned responses, habituation, and instrumen-
tal learning. The corresponding brain structures are subcortical, and
the awareness of animals lacking a cerebral cortex is limited to this
level. The second level is what he calls “consciousness” (note that his
use of the term is unique), which implies an integrative cognitive
strategy of handling information, rather than simple association. At
this level, the environment is represented, that is, modeled, in the
cerebral cortex. An ongoing biographical record of experience is con-
structed and stored within a spatiotemporal framework, the basis of
our so-called episodic memory.

Consciousness evolved, in Oakley’s view, with the cortex and hip-
pocampus; therefore, its evolutionary origin can probably be best
placed at the point of emergence of these structures, in the more dif-
ferentiated reptiles. It developed further, if brain structures are taken
as the norm, in birds and mammals. Since birds and mammals are
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Figure 5.1 Oakley's (1985) anatomical model of systems of representation and

awareness in the human brain. The nervous system is schematically represented as a
bilaterally symmetrical layered structure, with the most archaic brain systems (re-
flexes and homeostatic functions) in the center, and the newest systems (self-
representation) on the outside shell. The computational styles of left and right cere-
bral cortex are depicted as "sequential” and “simultaneous.”

also more intelligent, by a number of measures, than fishes and rep-
tiles, this proposition seems reasonable.

The third and highest level, in Oakley’s view, is found only in
certain of the great apes and in more developed form in humans:
this level is called “self-awareness.” Self-awareness involves the re-
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representation of the contents of normal mammalian consciousness,
in which attention can be focused not only on representations of the
outside world but also on representations of the self. In other words,
the animal becomes the object of its own representations. This activ-
ity is easiest to verify in humans through introspection and is
co-extensive, in Oakley’s terms, with subjective experience. Self-
consciousness resides in a specific part of the brain, probably cortical
but as yet unidentified, that is permanently held in reserve for the
reworking of the contents of consciousness.

Self-awareness would have had high adaptive value for primates,
since it allowed a much more flexible approach to problem solving and
enabled planning and foresight. It freed the mind of its environmental
boundedness. One of the key tasks of the third-order system is to
form a model of the observer, a self-image. The same modeling pro-
cesses that served to construct a model of the outside world would be
used to construct a representation of the self—its relationships with
the outside world, its physical and social properties, and so on. One
interesting thing about Oakley’s model is that language is not men-
tioned except as a reflection of, or perhaps a by-product of, these
structural changes in basic cognition. Instead, self-representation is
placed at center stage.

Self-Representation in Apes

Self-representation is defined differently by various disciplines. James
(1890), attempting to describe the complexities of self-representation
in humans, decided that there were many “selves” and that the self
extended beyond body representation into personal property and the
social realm. However, most of his definitions of self would be difficult
to apply to animals, even to apes. Self-representation in animals is
inherently limited by the absence of language, and therefore specula-
tion about it is limited to evaluating the ability of animals to construct
a perceptual-motor model of their own behavior. Toward this end
there are two kinds of evidence, neurophysiological and behavioral.
Neurophysiology tends to view self-representation in terms of a
body image, that is, a sensory—perceptual device that records the state
of one’s own body. Accordingly, it has mapped out the projections of
the body senses on the brains of various species. Primates, like other
mammals, have several detailed body maps in the region of the Ro-
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landic cortex, one for light touch, another for deep touch, and separate
maps for muscle, joint, and tendon sensation. Each map is topograph-
ical and proportional to the discriminatory sensitivity of areas of the
body. But the body maps of primates, although more extensive and
detailed for the hands, are not distinguished from those of other
mammals by any qualitative markers. Thus, there is no hint in neu-
rophysiology of whether, and how, primates might have any unique-
ness in self-representation.

Behavioral tests prove more revealing. Most mammals possess at
least a rudimentary body image, as testified by their ability to produce
and learn complex coordinated actions. Such learning would not be
possible without an integrated motor system, in which the various
parts of the body involved in a movement are controlled by a super-
ordinate motor field. Animals without centralized nervous systems,
like insects with ganglionic nervous systems, are incapable of true
coordinated action, because each appendage is under local control. The
legs, for example, each work in parallel, and no part of the insect’s
nervous system has information on the state of all the legs. There-
fore, an insect deprived of a leg may circle endlessly, where a more
sophisticated creature, like a mammal, would drag itself with novel
locomotor action patterns to its destination. To do this, the motor
system must have an integrated cognitive map, including some sort
of body map, at its disposal.

This, however, does not mean that the animal has that information
consciously available. Many kinds of sensory information remain in-
accessible to consciousness, even in humans: for instance, the eye
muscles contain receptors that are used for guidance, but we are gen-
erally unable to “feel” passive eye movement. In fact, the output of
the millions of muscle spindle receptors used in movement control are
outside of perceptual awareness, as can be shown by passive move-
ment of a muscle injured in an accident (Merton, 1964). The body
maps employed in locomotion thus appear to have only limited value
as a basis for conscious self-representation.

However, higher mammals behave in ways that intuitively seem to
demand a different kind of self-representation, something approach-
ing self-awareness. The problem is, how can this be tested objec-
tively? The problem of assessing self-perception in animals was ap-
proached by Gallup (1970, 1982) in a simple but effective manner: the
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mirror-recognition test. In a series of experiments, Gallup placed apes
and monkeys in front of mirrors for extended periods of time and
observed their behavior. Some of them seemed to recognize them-
selves: they would use the mirror for grooming, for example. Others
showed no awareness that the image in the mirror reflected them-
selves and treated the image as another individual, attacking it or ig-
noring it.

Gallup decided to test their self-awareness by secretly, under anes-
thetic, placing colored marks on their bodies outside of their visual
field—for example, on the forehead—and putting them back in front
of the mirror. Those with self-recognition immediately and repeat-
edly touched the marked areas upon seeing their reflections, testify-
ing to their understanding that it was their own bodies being re-
flected. Among our closest relatives, the chimpanzees were fastest at
learning to recognize themselves in the mirror, with orangutans
somewhat slower, while gorillas failed the mirror test altogether.
None of the monkey species tested by Gallup and his collaborators
was capable of mirror self-recognition.

The fact that some apes, but not all apes, possess such a sophisti-
cated self-representation testifies to the recency of this development.
As pointed out by Oakley (1985), the mirror test is not entirely to be
trusted. Congenitally blind humans who later acquire sight initially
treat their mirror images as another person and, like chimps, take
time to learn to recognize the images as their own (Von Senden,
1960). The congenitally blind evidently have a self-image, since they
can do some of the things the rest of us do; but the mirror test re-
quires specific visual skills in addition. It is possible that the gorilla,
and by extension other animals who fail the mirror test, lack only
those specific visual skills but possess some other sort of self-image
(Oakley, 1985).

Fair enough. Butit is surely no coincidence that mirror recognition
occurs only in a few of our closest relatives. The question is, what is
being learned in the mirror test? And what sorts of skills did the
chimp acquire to become so adept at solving the test? One possibility
might be considered: of those that failed the test, the gorilla is a
knuckle-walker, and the monkeys are arboreal brachiators; both use
their hands a great deal in locomotior. By comparison, the chimpan-
zee’s hands are much freer for manual exploration as well as for ma-
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nipulative acts. The chimp uses its hands for a wide variety of func-
tions, and its remarkable tool-using abilities have been known since
the time of Darwin. Although gorillas have some manual skills, theirs
are not as developed as the chimpanzee’s, particularly with regard to
exploration. This suggests that chimps have a more sophisticated self-
representational system, at least as it relates to manual exploration.

Note that hand control involves, for the first time in evolution, a
coming together of visual, tactile, and proprioceptive feedback on the
same action system. Hand control may be regarded as the crossing of
a biological Rubicon, in that a dominant distal sense—vision—comes
to control and modulate actions directly. By way of comparison, the
type of visual locomotor control implied by the possession of a cog-
nitive map is indirect and aimed not at the specifics of limb movement
but rather at the animal’s destination in external space (O’Keefe and
Nadel, 1977). For the most part, the specific details of locomotor acts
are mostly under the control of balance, proprioception, and touch,
not vision. In these species, vision is a distal sense, reserved mostly
for the external world.

However, visual hand control is present in some form in most mon-
keys as well as in apes. What might the chimp have that makes it
successful at Gallup’s mirror test, when monkeys are not? Presumably
it is a computational strategy—a capacity to create a more complex
perceptual model. When a chimp explores the mirror, it typically
touches the mirror with its hands; this provides a link between an
action system for which it has a visual map and the rest of its visual
experience. Since, like all higher mammals, it has a capacity for com-
paring and relating two simultaneously present visual events, it has a
starting point for making the connection between the visual image
and its own actions (not merely between two external visual events).
The point is, there is a step from the limited visually guided hand
movements of most primates to the more general use of the hands in
the exploration of both self and world that is found in chimps. Such
exploration could have taken the next step, in hominids, to a com-
pletely new kind of self-representation, if extended to the whole body.

What relation does this have to the social intelligence theory of
Dunbar? Is it possible that the cognitive adaptations that were needed
to allow large groups to cohere were the same that enabled self-
awareness? An evolutionary stance forces us to examine cognitive



148 Primate Cognition

skills in relation to one another. At every point in evolution, the var-
ious capacities of a species must always combine to form a successful
survival strategy and a coherent culture.

Episodic Culture: A Definition

It is difficult to account for the evolution of human cognition without
considering the cultures of apes and hominids. As Lovejoy pointed
out in his treatment of the bipedal locomotion of australopithecines,
traditional one-dimensional explanations for the adoption of erect
posture—that walking erect enables better hunting and self-defense
in tall grasses, for instance—are inadequate; walking erect would
have been a fatal adaptation without other major changes in the sur-
vival strategies of apes. These included changes in habitat, food shar-
ing, rates of procreation, and child-rearing strategies. The resultis a
much richer, and more convincing, theory of how australopithecine
culture evolved.

As pointed out in Chapter 1, cognitive skills are necessarily imple-
mented in a culture, which we define as a collective system of knowl-
edge and behavior. The culture typical of a given species reflects the
cognitive capacities of the individuals making up the culture. It fol-
lows that, when considering the origins of a radical change in human
cognitive skill, we must also look at the sequence of cultural changes.
Cultural patterns constitute our most fundamental information on
the cognition of animals, and ethological observation is a more accu-
rate and more efficient method of mapping out basic cognitive features
of a species than laboratory experimentation. Knowledge can be fur-
thered by controlled experiment; but a rich ethological framework
gives meaning and context to the experimental data. The same prin-
ciple should apply to human cognition; there ought to be a cognitive
ethology of human culture, a temporal framework for the emergence
of mind.

There are no existing classifications of ape or human culture that
are based primarily on cognitive considerations. Ape cultures are usu-
ally described in terms of feeding habits or territory, as in “frugivo-
rous” or “arboreal” cultures. Human cultures are sometimes specified
in terms of technology—for instance, Stone Age and Bronze Age cul-
tures. Sometimes they are specified in terms of religion and myth:
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Campbell (1959, 1988) refers to the cultures of “animal powers,” re-
ferring to the common creation myths of certain aboriginal cultures.
Sometimes they are named after their manner of obtaining food:
hunter-gatherers, slash-and-burn agriculturalists, pastoralists, and so
on. They have been labeled after their tools, trading practices, diet,
level of social organization, and geographical setting. They have been
labeled as repressive and post-repressive, warlike and peaceful, patri-
lineal and matrilineal. But they have not typically been classified in
terms of their predominant cognitive features. In fact, the only such
classification in wide use is along the dimension of literacy, which is
not particularly useful in characterizing premodern cultures, since
they were all preliterate.

Yet when we are trying to develop a strategy for bridging the gap
between humans and the rest of the animal kingdom, cognition is the
most important dimension along which cultures are distributed. A
cognitive classification of culture could be built on any number of
cognitive dimensions, but the most likely place to start would seem
to be in the area of representational strategy. Modern humans have
many apparently novel systems of representation in memory, and
their development may be the central processes ‘underlying our cul-
tural evolution from the apes.

If apes are taken as the starting point, how might their overriding
representational strategy be described? Despite their formidable skills,
they lack language, and they also lack much of the nonverbal know-
ledge evident in humans who have been stripped of language. Their
behavior, complex as it is, seems unreflective, concrete, and situation-
bound. Even their uses of signing and their social behavior are im-
mediate, short-term responses to the environment. In fact, the word
that seems best to epitomize the cognitive culture of apes (and prob-
ably of many other mammals as well, although this is tangential to
the argument) is the term episodic. Their lives are lived entirely in
the present, as a series of concrete episodes, and the highest element
in their system of memory representation seems to be at the level of
event representation. Where humans have abstract symbolic memory
representations, apes are bound to the concrete situation or episode;
and their social behavior reflects this situational limitation. Their cul-
ture might be therefore classified as an episodic culture.

Although used here in a rather idiosyncratic sense, the term “epi-
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sodic” is ultimately derived from the commonly used term for con-
crete or time-bound memory, which Tulving (1983) labeled as episodic
memory. Episodic memory is, as the name implies, memory for spe-
cific episodes in life, that is, events with a specific time—space locus.
Thus, we can remember the specifics of an experience: the place, the
weather, the colors and smells, the voices of the past. Typical examples
of episodic memories are found in the details of specific experiences:
a death in the family, first love, and so on. Such memories are rich in
specific perceptual content. By definition, episodes are bound in time
and space to specific dates and places. The important feature of this
type of mernory is its concrete, perceptual nature and its retention of
specific episodic details.

The ancient foil to episodic memory is procedural memory. Proce-
dural memory is quite different and structurally more archaic. For the
most part, procedural memories can be regarded as the mnemonic
component of learned action patterns. Simple organisms can learn
patterns of action without any detailed episodic recall; procedural
memory involves the storage of the algorithms, or schemas, that un-
derlie action. Sherry and Schacter (1987) have observed that in terms
of its storage strategy, procedural memory is the opposite of episodic
memory. Whereas episodic memory preserves the specifics of events,
procedural memory preserves the generalities of action, across events.
Procedural memories must preserve general principles for action and
ignore the specifics of eachsituation. For example, in learning to catch
a ball one must learn the principle of tracking a moving object, no
matter what the speed of the object, the starting point, or one’s initial
posture at the time it is thrown. It would be cumbersome to remem-
ber the exact speed, starting point and position of each successful
practice catch; a new throw is unlikely to match any specific counter-
part in practice. Thus, learning a procedure, even on this level, in-
volves setting parameters and forming general rules. Detailed episodic
recall would interfere with this process.

Episodic and procedural memory involve different neural mecha-
nisms, as can be shown in birds, who will lose their songs (a proce-
dural memory system) if lesioned in one nucleus, and their ability to
hide and relocate food (an episodic memory system) if lesioned in
another. The same distinction exists in humans, as seen in amnesics.
In the famous case of H.M., followed by Milner and her associates
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(1966, 1975) for over twenty years, the patient developed catastrophic
anterograde amnesia following neurosurgery. He retained a capacity
for acquiring new procedural memories, that is, he could still learn
new motor skills. But his capacity for new episodic memories was
destroyed; he could not record any new events in his life. For in-
stance, he had to be reintroduced over and over to the doctors who
were treating him after his surgery. And although he acquired new
motor skills, he could not recall ever having learned them. Thus, new
procedural memories were acquired but the specific episodes during
which they were acquired were not recalled.

Both episodic and procedural memory systems seem to be present
in a variety of animals, including mammals and birds. Sherry and
Schacter (1987) reasoned that episodic memory evolved separately
from procedural memory for the very good reason that their storage
strategies are mutually incompatible. Whereas procedural memories
generalize across situations and life events, episodic memory stores
the specific details of situations and life events. Thus, one memory
system stores the generalities and discards the specifics; the other
system, the episodic, stores the specifics but does not generalize. Ob-
viously, the same neural mechanism would have difficulty doing both;
therefore, two separate mechanisms evolved for the two types of stor-
age, and the distinction has endured across many species.

Episodic memory is apparently more evolved in apes than it is in
many other species, in the sense that apes are sensitive to subtleties
of social and pragmatic situations that other animals cannot register.
This reminds us that there are significant gradations in the computa-
tional power of the episodic memory system; the complexity of its
contents may vary widely between species. This will become clearer
in the following section, which deals with event perception. But even
though it may vary tremendously in power, episodic memory differs
fundamentally from procedural memory in that it involves a degree
of conscious awareness; an animal lacking a capacity for episodic
memory and restricted to the procedural level would be not much
more than a stimulus-response organism, a high-level automaton of
the sort favored by the early behaviorists.

Episodic memory also differs fundamentally from the dominant
form of human memory, specifically semantic memory. The third cat-
egory mentioned by Tulving in his original taxonomy was semantic
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memory, which is usually considered to be symbolic in nature and
characteristic of humans. The kinds of facts usually tested on IQ tests
or college entrance examinations involve semantic memory. The clos-
est parallel to human semantic memory in animals might be found in
the signing behavior of trained apes; but even apes who sign or use
visual symbols do not appear to store up large numbers of facts and
propositions about the world, the way humans do.

Since humans and nonhuman mammals, including apes, differ so
fundamentally in the types of memories they can retain, it is possible
to use this fact to characterize their two types of society. Most ani-
mals, including humans, possess procedural memories, and therefore
the term is not particularly useful in characterizing the dominant cog-
nitive feature of mammalian culture. Episodic memory is probably
unique to birds and mammals, forming the basis for Oakley’s defini-
tion of rudimentary consciousness. Humans possess both procedural
and episodic memory systems, but these have been superseded in us
by semantic memory, which is by far the dominant form of memory
in human culture, at least in terms of the hierarchy of control. In
contrast, episodic memory is dominant in most mammals, including
apes. Animals do not seem to possess the systems of representation
that would allow them to have elaborate semantic networks. Their
experience, in this light, is entirely episodic. The pinnacle of episodic
culture, the culture of the great apes, marked the starting point of the
human journey.

The dependence of apes upon episodic memory throws light on
their difficulty with sign language, even when trained by humans
under extraordinarily favorable conditions. Signing has a procedural
aspect, which is simply the motor “skill” of reproducing the move-
ment that constitutes the sign. And it might be expected to have a
semantic memory aspect, much like the human use of words. But the
use of signing by apes is restricted to situations in which the eliciting
stimulus, and the reward, are clearly specified and present, or at least
very close to the ape at the time of signing (Terrace and Bever, 1980;
Savage-Rumbaugh, 1980). Situational specificity is not typical of se-
mantic memory. If apes possessed an abstract semantic representation
to which the sign referred, this concrete, situational limitation would
not apply. .

The reason apes use signs in such a concrete manner is that they
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are using episodic memory to remember how to use the sign; the best
they can manage is a virtual “flashback” of previous performances.
Thus, their understanding of the sign is largely perceptual and
situation-specific. To say their understanding is perceptual in nature
could be misunderstood to mean that they only perceive simple fea-
tures of the environment. In fact, event perception is the most evolved
form of cognition and the basic component of episodic memory. The
episode is the “atom” of ape experience, and event perception is the
building-block of episodic culture.

Event Perception in Apes

Event perception is, broadly speaking, the ability to perceive complex,
usually moving, clusters and patterns of stimuli as a unit. This prop-
erty also characterizes object perception, but event perception resolves
input into much more than a single object: motion and context are
taken into account. A passing car constitutes a perceptual event, and
so does a kick, or a threatening grimace, or the lifting of a spear, or a
hand sign. Event perception is a subject of some importance in the
fields of auditory perception, touch, and artificial intelligence research
(McCabe and Balzano, 1986). Visual event perception, in particular,
has been studied in recent years.

Poizner, Klima, and Bellugi (1987) have tried to model the signs of
American Sign Language for the Deaf (ASL) as complex visual
events. They have attempted to specify the physical parameters that
might be applied to decoding ASL signs, and it is clear that such visual
events are not simple. But they are indeed elementary when we con-
sider what mammals can perceive in the environment; they can cor-
rectly perceive not only individual patterns of motion but also social
situations in which many different agents and objects are involved
over a significant period of time.

The perception of events is the ultimate objective of the perceptual
process, at least in reasonably complex animals. Intelligence in ani-
mals might even be defined in terms of the complexity of events they
can perceive. Animals that we call intelligent are those that respond
to events of increasing complexity and abstraction. Apes can discrim-
inate hand signs that are too complex or subtle for dogs; but dogs can
read aspects of behavior that are missed completely by rats. Events
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can be arranged in a hierarchy of complexity; the simplest events are
those that are closest to the level of object perception. A hand sign is
an object in motion, and the perception of a hand sign or visual em-
blem as a unified event is well within the capacity of an ape. Yet, this
level of event perception obviously does not suffice for language.

Complex events are made up of smaller perceptual segments.
Higher mammals, including apes, have no difficulty in perceiving
complex life events, even when the perceptual segments change. A
dog can assess, quickly and effortlessly, a visual array that includes a
female in heat, another dominant male, and the presence of various
humans on the scene. His behavior will be affected by a variety of
contingencies and variables, each of which can be understood only
with reference to the other elements present in the situation. Substi-
tute a different cast of characters, change a single element, including
things as subtle as the weather conditions or the distances between
the animals and people in the scene, and the dog’s behavior will
change. Perceiving and reacting to events of this complexity are the
normal stock-in-trade of higher mammals.

Apes are particularly good at visual-event perception. In the “in-
sight” experiments cited earlier, Kohler's monkeys and apes were
asked to assess complex visual events in the laboratory; they proved
more than capable of assessing the relationships between the various
elements present in the room. Their capacity for event perception
“solved” the problem of how to reach the banana; they were able to
break down the perceptual components in the situation and imagine
another arrangement of the same components. This type of complex
event perception, which bears close resemblance to perceptual decom-
position in Corballis’s sense, appears to be the highest achievement of
the episodic mind.

The difference between an ape and a human child apparently resides
in how event perceptions are encoded and remembered. In the ape,
where episodic memory is the dominant device, the event can only be
remembered in a literal, situation-specific manner. Thus, the “mean-
ing” of an ASL sign to an ape is simply the episodic representation of
the events in which it has been rewarded. This is not qualitatively
different from more conventional forms of operant conditioning; the
only difference is in the degree of perceptual “intelligence” shown by
the ape, that is, in the complexity of the events so encoded. The hu-
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man child eventually breaks out of this episodic world and develops
completely different semantic representations. Apes and other large-
brained mammals such as whales, elephants, dogs, and cats may differ
greatly in which perceptual events they can encode, but they share
the same cognitive limitation: their dominant form of memory is ep-
isodic, and their cultures, whatever their individual features, are
therefore episodic. In this respect, these cultures are globally different
from human culture, in which the dominant forms of memory are
semantic.

Although the mechanisms of event perception are not well under-
stood, progress is being made in constructing models of simpler forms
of perception, including elementary event perception. Perception, by
its very nature, extracts generalities. Recent parallel distributed pro-
cessing (PDP) models of early perceptual processing demonstrate this
principle in a convincing manner. McClelland and Rumelhart’s Inter-
active Processing model (1986) showed that, even on the most ele-
mentary level of processing, circuits tend to generalize their initially
learned perceptual categories to new items on the basis of similarity.
Perceptual learning, in other words, even in simulations, does indeed
involve differentiation, as James Gibson wrote in 1950.

But it involves more than differentiation of the object. At the level
of object movement the perceiver effortlessly extracts what appear to
be perceptual templates of action. Johansson’s (1968) classic experi-
ments with the perception of dance steps illustrates this point. He
placed a few luminous strips of tape on dancers, either on major limbs
or on joints, and then had them go through various routines in the
dark. Videotapes of these luminous patterns wereimmediately under-
stood by observers; in fact, for those who were familiar with the danc-
ers, it was even possible to recognize individuals from their style of
walking and moving, with nothing but faint luminous lines and points
as cues to their body shapes and positions. The only way one could
explain this capability would be to posit a perceptual process that
could immediately and effortlessly perceive the resemblance between
the overall patterns of movement of the luminous lines and the move-
ment patterns stored during normal perceptual learning. This implies
a level of perceptual processing that integrates entire patterns of ac-
tion, This is a prerequisite for elementary event perception.

Jane Goodall (1971) has described the complexities of chimpanzee
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social life, which depends on the ability of the individual chimp to
comprehend such relationships and events. Two examples, drawn
from many possible ones, illustrate the subtlety of chimpanzee event
perception. One of Goodall’s most memorable descriptions was the
story of Mike, an imaginative male who started at the bottom of the
dominance hierarchy and worked his way to the top by developing an
improved method of display. Male chimps normally display their
aggression by swinging tree branches back and forth, occasionally hit-
ting their opponent, and making hooting sounds at the same time.
Males will do this to one another until a dominance hierarchy is es-
tablished; the submissive “loser” of a display contest will then ap-
proach the winner in a submissive posture and offer to groom him.
Mike was the usual loser of such contests.

But one day Mike made a discovery, one that was no trivial intellec-
tual achievement for a chimp. He discovered that two kerosene cans
made a much more effective display than branches. One day he
screwed up his courage, grabbed two kerosene cans, and charged the
other males in his group. The display, and especially the racket, was
so intimidating that the others ran away. One by one they returned
to indicate submission, and Mike ended up with three placated rival
males grooming him. He maintained his dominance even after the
cans were removed from the scene.

A number of cognitive factors had to enter into Mike’s use of the
cans. He was not the first chimp to pick up a can, with the ensuing
racket. Many of the others had done the same. But to use the can,
not by accident but by calculation (and, Goodall added, without im-
mediate emotion) in a series of displays, he had to generalize from a
number of event perceptions, and then interrelate them. First, ob-
viously, he had to have a perceptual template for display behavior, like
any male chimp. Then he had to recognize the correct conditions for
such displays, again like any healthy male chimp (displays in inappro-
priate situations could be fatal). He also had to recognize that the
sound of clanging kerosene cans can be intimidating and that this
might make them useful in displays. The latter could not have been
realized in so many words, but prelinguistic children also involve
themselves in rivalries and don't have difficulty making similar judg-
ments. Therefore the chimp’s ability to achieve this type of insight in
the absence of language should not surprlse us.
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Another of Goodall’s observations shows more clearly than any lab-
oratory experiment could how social event perception lies at the core
of chimpanzee social intelligence. Young chimpanzees play together
in an endless series of games. Typical games involve running around
trees, climbing branches, chasing, swinging, wrestling, and tickling
one another. Most of this activity serves to develop procedural skills
that become useful later in locomotion and fighting. But as Goodall
points out, in the process a great deal of social learning goes on. The
young chimp quickly learns which of its peers is stronger or weaker,
faster or slower, dominant or submissive. It even learns whose mother
will retaliate, who will be intimidated by a display, and who will call a
bluff. All of this depends on its ability to perceive social events accu-
rately and to remember them.

The young chimp thus maps out a complex set of relationships in
memory—a network of knowledge that will serve as the basis of later
social prowess. This is the type of knowledge Dunbar had in mind
when he wrote of the importance of memory in servicing social rela-
tionships. Complex societies demand a tremendous memory capacity,
and the type of memory that is important in social relationships is,
above all, episodic memory. Episodic memory is little else than a stor-
age system for event perceptions, and thus there is a close tie between
episodic memory and the capacity for social event perception.

Culture and Evolution

Cognition and culture both depend on the learning that takes place
during the lifetime of the organism. Episodic culture is heavily depen-
dent upon such learning. But how can cognitive and cultural factors
come to influence the course of biological evolution? Would they fa-
vor general-purpose adaptations, or would they favor highly specific
patterns of change? This question, which is at the center of cognitive
biology, has been addressed by Plotkin and his colleagues (1982, 1987,
1988), who have examined the basic assumptions of evolutionary
theory as applied to intelligence. Evolution for them involves the ac-
quisition of “knowledge,” and what is conventionally known as indi-
vidual intelligence is only a subset of the total knowledge of an evolv-
ing species.

Plotkin and colleagues have opted for a four-level process of evolu-
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tion, in which each level is sensitive to events of different frequency.
The base level (genetic) is sensitive only to very slow-moving events.
However, three levels of subsidiary evolutionary factors (developmen-
tal, learned, and sociocultural) speed up the selection process, by al-
lowing information that is obtained from more rapidly changing areas
of influence to affect survival and reproductive fitness. They propose
that the entire hierarchical evolutionary network acquires “know-
ledge,” and that much of cognition and learning can be encompassed
within a neo-Darwinian framework.

Intelligence, in this context, becomes much more than the capacity
and skill of one individual mind. Rather, it includes the entire
knowledge-structure of the species, as it is stored across the various
levels available to the multilevel evolutionary process. Variation is
generated at all four levels; the variants are tested, and the successful
variants are selected and then regenerated.

The generality of this type of model is such that behavioristic
learning theory can be absorbed as a subset of the evolutionary
growth of intelligence. The capacity to learn is basically an adaptation
that enabled organisms to respond to environmental variations in a
time frame not accessible to level one (genes) and level two (develop-
ment). As such, learning would always be tailored to the needs of a
particular species. One advantage of this model is that it accounts for
species-specific constraints on learning more effectively than other
approaches (Plotkin, 1988). And since variation and selection at each
level is an essential part of the process, the inventive and generative
aspect of learning and cognition is better accommodated than in a
traditional framework.

Plotkin discusses the case of manual dexterity in chimpanzees. The
unique manual skills of the chimpanzee were themselves a product of
evolution at levels one and two. But manual skills allow them to
change the environment at a high rate, and these changes cannot be
tracked by levels one and two. In Plothin’s (1988) words, “The chim-
panzee has therefore evolved modules of knowledge gain that extend
to the third level and hence can operate at the required frequency—
but the changes are specific to hand use.” The intellectual skills
of chimps are thus not a unitary nonspecific learning capacity but
very closely tied to manual skills. Volume conservation and analogical
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reasoning in chimps might be direct, specialized products of their vi-
sual-manual skills (Pasnak, 1979; Gillan, Premack, and Woodruff,
1981).

The same logic holds for the specific nature of human intelligence,
which depends to a great extent on the use of language. Humans can
track, and elaborate upon, the very rapid rate of information exchange
made possible by language. This is a clear case of a generative, inven-
tive mechanism whose outputs are continually put to the test and
regenerated in precisely the manner specified by Plotkin’s model. Lan-
guage would also have led to innovations at level four, culture, since
it would have increased the pace and complexity of sociocultural de-
velopment.

Plotkin’s message is especially relevant to the construction of an
evolutionary scenario for human language and intelligence, because
human cognitive innovations appear to have been focused mostly at
levels three and four. Plotkin takes a position that is in many ways
the opposite of the mainstream; there is no room for all-purpose,
nonspecific skills in this picture. Thus, concepts like a “critical mass”
of extra neurons, proposed by Jerison, would appear too vague and
unlikely if a multilevel evolutionary model is accepted. A multilevel
evolutionary model, however, provides a mechanism and a rationale
for the evolution of highly specific adaptations such as advanced
forms of social event perception in primates. Cultural changes are
thus closely tied to basic cognitive abilities in Plotkin’s model of evo-
lution. And the extraordinary event perceptions of higher mammals
make them increasingly sensitive to fast-moving variables at levels
three and four, which in turn could exert selection pressure for fur-
ther developments in this direction.

Conclusion: The Episodic Mind

In conclusion, apes represent the pinnacle of the episodic mind: pro-
cedurally skilled, as in the case of most animals possessing central
nervous systems, and extremely adept in the realms of event percep-
tion and episodic storage. Where mammals in general may excel in
both these areas, apes have an increased capacity for self-repre-
sentation and better problem-solving skills than other mammals, and
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even than other primates. In our closest relatives, chimpanzees, social
structures depend upon the servicing of numerous relationships, and
this requires both complex event perception and episodic memory.
Unlike complex insect societies, for instance, which operate on pher-
omones and automatic, stereotyped, reflexive principles, chimpanzees
remember large numbers of distinctly individual learned dyadic rela-
tionships.

From a human viewpoint, the limitations of episodic culture are in
the realm of representation. Animals excel at situational analysis and
recall but cannot re-present a situation to reflect on it, either individ-
ually or collectively. This is a serious memory limitation; there is no
equivalent of semantic structure in animal memory, despite the pres-
ence of a great deal of situational knowledge. Semantic memory de-
pends on the existence of abstract, distinctively human representa-
tional systems. The cognitive evolution of human culture is, on one
level, largely the story of the development of various semantic rep-
resentational systems.

As a result of the success of attempts to train chimpanzees and
gorillas to use sign language and other forms of communication, it is
generally acknowledged that they are able to use symbols, in the crit-
ical sense that they can use them as substitutes for their referents.
There is no room for debate; they are obviously able to learn to use
Saussurian-style signs and signifiers. But they are incapable of sym-
bolic invention; and therefore they have no natural language of their
own.

It is difficult to say whether those apes that have learned to use
signs have true semantic reference systems; in a sense they have.
After all, it cannot be denied that they possess a lexicon, in the strict-
est definition of the term; they have a set of “words,” albeit a limited
one, which refer to a set of “meanings.” Yet there is very little evi-
dence that they can use their hard-won symbol sets to construct any
kind -of useful semantic memory system. Human semantic memory
systems may contain thousands of easily accessible labels of things
and events, but they contain a great deal more than that. The labels
are, in a sense, the least important element in the human semantic
memory system, as will become clear. Protolanguage would involve
more than labels. \
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Premack (1987) wrote of protolanguage and its social context. He
argued that language should not necessarily be seen as the human
adaptation. Consciousness, pedagogy, social attribution, and aesthe-
tics are also uniquely human; in his view, our obsession with lan-
guage obscures this fact. He was willing to concede to apes some lim-
ited capacity for delayed social imitation but none for systematic
pedagogic training of the young. And he also conceded to apes a lim-
ited degree of social attribution, about at the level of a three-year-old
human, where a child can understand that another shares a similar
belief. But Premack did not concede significant linguistic skill to apes.
In fact, he pointed, with some puzzlement, to the fact that animal call
systems have not increased greatly in complexity from those of bees,
which possess about 20 signs, to those of apes in the wild, with about
35. But obviously in their individual cognitive capacities apes are in-
credibly more evolved than bees. In other words, despite the absence
of linguistic or symbolic evolution, social and cognitive evolution con-
tinued.

In apes, language was still at a standstill, despite great leaps forward
in the realms of procedural and episodic memory and self-recognition.
The distance from episodic culture to our own modern human culture
is so vast that it is difficult to conceive of a single adaptation that
would result in so great and so rapid a change. But after considering
both the archeological and neuropsychological evidence, it appears
unlikely that human cognitive culture was the product of a single
innovation. As Premack wrote, language was part of the change but
not the whole of it. At the very least, there appears to have been a
major break in the culture of Homo erectus. Whatever that culture
was, it must have been logically intermediate between the episodic
mind and the symbolic representational systems that characterize
modern humanity.



irst Transition: From Episodic
to Mimetic Culture

Mimetic Culture: The Missing Link

In this chapter [ propose a category of archaic but distinctly human
culture that mediated the transition from ape to human. This mediat-
ing, or intervening, layer of hominid culture is called mimetic, on the
basis of its dominant or governing mode of representation. Although
evidence for it is indirect, I feel it is persuasive; in fact, an intervening
layer of cognitive culture is a logical necessity in constructing a cred-
ible evolutionary scenario for human emergence. The specific notion
of a self-contained mimetic culture is consistent with the idea of cog-
nitive vestiges; I will argue that the use patterns of mimetic represen-
tations in modern human society have remained distinct from the
uses of our later cognitive acquisitions. In effect, there is still a vestig-
ial mimetic culture embedded within our modern culture, and a mi-
metic mind embedded within the overall architecture of the modern
human mind.

An archaic human cognitive adaptation serves several important
functions in the chain of evolutionary reasoning. On the one hand, it
can be systematically “built up” from the episodic culture of apes. On
the other hand, it can be made to dovetail with our knowledge of the
structure of modern human cognition and culture. Perhaps equally
important, it should provide a solid hasis for later cognitive innova-
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tions in the human line. Accordingly, there should be as smooth a
blend from archaic to modern human culture as can be achieved.
Given these constraints, three broad sources of evidence must be con-
sidered: the starting point (episodic culture), the finishing point (bio-
logically modern humans), and archeological evidence that bears di-
rectly on the cognitive capabilities of human ancestors.

The first hominid species to appear in the evolutionary record was
Australopithecus afarensis, which was present in Africa about 4 mil-
lion years ago and was believed to be ancestral to all later australopi-
thecines. None of the current reconstructions of afarensis habitat and
culture suggests a major cognitive change, at least not of the magni-
tude that would be needed to break the mold of the episodic mind.
Afarensis stayed in a small region of Africa, fixed in as narrow an
ecological niche as any ape. There are no signs of manufactured arti-
facts, long-distance migrations, or base camps. In the absence of any
evidence for major cognitive change, the culture of afarensis, on pres-
ent evidence, must be regarded as episodic.

Later australopithecines, and so-called Homo habilis, are a bit more
problematic. Loosely associated with their remains are crude artifacts,
the basis of Oldowan culture, a very primitive toolmaking culture.
But they were still narrowly fixed in geographical location and, by
implication, in their ecological niches. If it were not for the existence
of the famous (and anomalous) habiline skull 1470, with a cranial
capacity approaching 800 cc, it would be easy to dismiss the idea that
Homo had appeared so early in the archeological record. Without
trying to specify too much on the basis of this enigmatic fossil period,
one must concede that something was beginning to change. Primitive
stone tools, larger brains—these were at least signs of a transition in
progress. But the evidence is insufficient to draw clear conclusions
about this uncertain era.

With Homo erectus, the uncertainty disappears. Erectus developed
a variety of sophisticated manufactured tools and spread over the en-
tire Eurasian landmass, adapting to a wide variety of climates and
living in a society where cooperation and social coordination of action
were central to the species’ survival strategy. Such achievements were
well beyond those of apes or australopithecines and, on current evi-
dence, those of habilines.
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Could an elaborate ape culture, that is, an extended and improved
episodic culture, have achieved what erectus achieved? Those who
propose a linear, unitary process of encephalization and intellectual
evolution for this period might run into difficulty here. Some features
of the culture of erectus suggest qualitative changes in cognition,
rather than more of the same. Their systematic tool technology alone
would place demands on the intellect that go beyond the concrete,
literal, time-bound episodic mentality. Widespread tool manufacture
required both an elaborate mechanism for inventing and remember-
ing complex sets of procedures and the social skills to teach and coor-
dinate these procedures. Erectus also cooperated in seasonal hunting,
migrated over long distances, used fire, cooked food, and evolved a
brain that eventually reached 80 percent of the volume of the modern
human brain. What sort of mind, what sort of culture, could account
for this?

A review of conclusions drawn from previous chapters might help
here. One conclusion was that, on anatomical grounds, high-speed
vocal language was a relatively recent invention, unique to Homo sap-
iens. Since rapid cultural change is so closely tied to symbolic lan-
guage, it seems unlikely that slow-changing erectus, essentially stable
for a million years, would have possessed any form of symbolic lan-
guage. Nevertheless, erectus seems to have broken free of some of the
constraints of episodic culture and moved a major cognitive step for-
ward.

Another conclusion was that, prior to the evolution of a system as
revolutionary as human language. the cognitive stage had to be set.
There had to be an immediate rationale for the emergence of lan-
guage; the mechanisms of evolution do not possess foresight. The
immediate adaptive pressure for this new trait had to be closely tied
to structures already in place in the preceding culture. Therefore, the
culture of early hominids must not only have been built upon the
episodic cultures of apes and australopithecines; it must also have had
properties that served as the basis for the later arrival of human lan-
guage.

To create a picture of this adaptation—the archaic, original form of
hominid culture—it is not enough to single out some feature of the
human mind or brain (for example, encephalization, cerebral lateral-
ity, serial motor control, phonological skill, consciousness, generativ-
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ity, syntax, or intentionality) and try to build a model around that
feature. We should be looking for a complete, self-sufficient pattern
of adaptation intermediate between the modern human mind/culture
and the episodic mind/culture that preceded it.

Another conclusion, derived mostly from neuropsychological evi-
dence, was that language is an isolable skill, even in modern humans.
Brother John was perhaps the most dramatic clinical case in which the
human mind, stripped of a capacity for speaking, reading, writing,
and internal speech, could be observed. But there have been other
instances as well where partial language loss revealed something of
the nonlinguistic mind. And there are the intentional skills of the
prelinguistic child, and the illiterate deaf-mutes of past societies,
where glimpses can be caught of the human mind without symbolic
language. These glimpses all point to the same conclusion: without
language, the human mind is still far superior to that of the ape. It
has properties that clearly break the mold of episodic culture.

There is, of course, a danger in assuming that the modern mind
without language is equivalent to the archaic hominid mind to which
language was added. The acquisition of language may have been ac-
companied by other late cognitive changes, and precursors of lan-
guage may have developed in earlier hominid cultures. But one of the
basic principles of evolution is the conservation of previous gains in
adaptation. The human sensory and motor apparatus has remained
essentially similar to those of primates presumably because the pri-
mate sensory apparatus continued to serve its purpose perfectly well.
Changes in our brain, by contrast, were driven by a different level of
selection pressure. A qualitatively new cognitive culture like the one
that must have characterized erectus would have left vestiges in its
descendants; and a cognitive culture that was successful in inventing,
transmitting, and maintaining complex social and technological skills
would continue to be useful, even after language had been adopted.
Thus, we should be able to find cognitive vestiges of erectus in mod-
ern human society.

The idea of vestigial structures suggests one of the important
sources of evidence that must be considered in the next few chapters:
the architecture of modern cognition. Are there characteristics of the
modern human, isolable from language, that are logically intermedi-
ate between episodic and symbolic culture? Could those features have
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formed the basis of a well-integrated adaptation, and could they have
accounted for the achievements of early hominids, and especially of
Homo erectus?

Human Cognition without Language

The prelinguistic child, the illiterate deaf-mutes of history, and
Brother John during one of his long paroxysms share one interesting
characteristic: they are not incomplete. They are quite unlike most
neurological and neurosurgical patients who lose a specific function
and appear as though they are missing a cognitive “part.” In all three
cases, they are able to cope with the demands of living, provided the
use of symbolic language is not involved. Episodic memory continues
to function, skills are retained, general knowledge of the environment
remains in effect, and the individual is able to cope with complex so-
cial situations. Even while isolated from symbolic use, they appear to
be, quite literally, employing the cognitive skills of a different cogni-
tive culture, one that, in its own way, is self-sufficient.

In contrast, the neurological patient with global aphasia is usually
disordered in many other ways; thought, learning capacity, memory,
knowledge, affect, and movement are also likely to be affected. Neu-
rosurgical patients with a major resection of cortex—for instance, the
split-brain cases studied by Sperry and Gazzaniga—or the many pa-
tients with temporal or frontal lobectomies usually present a very
peculiar cognitive profile. There may be a discoordination of different
areas of mind, or clear dysfunctions of basic cognitive skills such as
memory or consciousness. The isolated right hemisphere in the split-
brain patient, so widely cited as a source of wisdom about laterality,
is perhaps the worst case in this regard. Judging from the heated ex-
change between the principals in the field published in the American
Psychologist (Gazzaniga, 1983; Zaidel, 1983), it seems impossible to
draw conclusions about the prelinguistic brain from these cases. The
reasons for this are complex and are related both to the crudity of
the physical lesions and to the disruptive effects of such lesions on the
functioning of the whole brain. It is very difficult, in such patients, to
dissociate language from thought, or the control of action from some
form of symbolic control. The same may\be said of the vast majority
of aphasic patients.

In the three cases mentioned above, however, the individuals can
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perform a variety of difficult cognitive functions without language,
without even the possibility of internal speech. The range of their
cognitive competence is impressive: it includes intentional commu-
nication, mimetic and gestural representation, categorical perception,
various generative patterns of action, and above all the comprehen-
sion of social relationships, which implies a capacity for social attri-
bution and considerable communicative ability.

The cognitive style of people stripped of symbolic language is fa-
miliar to us, because a significant part of normal human culture func-
tions without much involvement of symbolic language. Examples are
found in trades and crafts, games, athletics, in a significant percentage
of art forms, various aspects of theatre, including pantomime, and
most social ritual. Illiterate deaf-mute adults, studied intensively in
the nineteenth century (Lane, 1984), proved to be fully aware in every
sense of the term and could comprehend and remember events with
great accuracy. Thus, their episodic memories were intact, and con-
sciousness was not impaired. Their tendency to invent gestures and
mime on the spot, in highly creative ways, to communicate their
thoughts demonstrates that they possessed excellent intentional com-
municative skill. Their ability to operate machines and invent solu-
tions to practical problems is evidence that they possessed generative
praxic skills. They could recognize the functions of objects, emotional
responses, and social relationships, and their event perceptions
seemed intact. They were able to teach and communicate skills, man-
age socially complex scenarios, such as holding a job (usually a menial
one, unfortunately), and even produce works of art. They were fully
able to cooperate with and recognize the intentions of others.

Rudolf Arnheim wrote a chapter in his book Visual Thinking (1969)
entitled “Words in Their Place,” in which he argued that language
was not indispensable to artistic thought; on the contrary, in the case
of the visual arts it was largely irrelevant. Coming as the book did at
the peak of the popularity of transformational linguistics and artificial
intelligence, Arnheim’s claim was largely ignored. But Arnheim’s
view of visual metaphor and the nonsymbolic forms of representation
has endured and won out: visual thinking is now seen as largely au-
tonomous from language. The same may be said of nonliterate, or
naive, musical invention like much of early jazz, of most sports, and
of the most ancient human crafts like pottery and weaving, which are
learned, to this day, largely without language.
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When humans lack language, provided they do not suffer some
brutal brain lesion that robs them of other, more fundamental, cog-
nitive skills, they can continue to participate in all those forms of
human culture that do not require language. Surely these abilities in
themselves, even in abbreviated form, might constitute the basis for
a culture.

It is evident that some form of archaic hominid culture must have
existed that set out the fundamental cognitive architecture of the
modern mind. For over a million years that culture constituted the
main line of evolution toward modern symbolic cultures. If symbolic
language carne late, as an isolable skill, and was preceded by a culture
of some intellectual power, it stands to reason that the forms of ar-
chaic hominid cognition should bear some fundamental resemblance
to the extralinguistic features of the modern mind. Erectus may not
have had all the cognitive skills of modern humans without language,
but this would not have been necessary, if all the achievements of their
culture could be accounted for with less.

Mimetic Skill

Mimetic skill or mimesis rests on the ability to produce conscious,
self-initiated, representational acts that are intentional but not lin-
guistic. These mimetic acts are defined primarily in terms of their
representational function. Therefore, reflexive, instinctual, and rou-
tine locomotor acts are excluded from this definition, as are simple
imitative acts and conditioned responses, whether classical or operant
in origin. Also excluded, in the context of modern human society, are
gestures that occur in a linguistic context or serve a linguistic func-
tion; these may sometimes have a mimetic origin, but their method
of representation is too closely interleaved with language to be labeled
as “purely” mimetic.

A distinction can be made between mimicry, imitation, and mime-
sis. Mimicry is literal, an attempt to render as exact a duplicate as
possible. Thus, exact reproduction of a facial expression, or exact du-
plication of the sound of another bird by a parrot, would constitute
mimicry. Many animals possess some capacity for mimicry, usually of
conspecifics, although birds can mimic gther species. Imitation is not
so literal as mimicry; the offspring copying its parent’s behavior imi-
tates, but does not mimic, the parent’s ways of doing things. Imitation
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is found especially in monkeys and apes. Mimesis adds a representa-
tional dimension to imitation. It usually incorporates both mimicry
and imitation to a higher end, that of re-enacting and re-presenting
an event or relationship. Some gestures are mimetic, at least in ori-
gin—for example, holding the heart or covering the face to indicate
grief. The gesture may have originated in someone’s imitating the
actual grief reaction of someone else, but upon its being used for rep-
resentation, we would have to call the same act mimetic. It may have
been culturally diffused by simple imitation; but its original invention
was a mimetic act.

Thus, mimesis is fundamentally different from imitation and mim-
icry in that it involves the invention of intentional representations.
When there is an audience to interpret the action, mimesis also serves
the purpose of social communication. However, mimesis may simply
represent the event to oneself, for the purpose of rehearsing and refin-
ing a skill: the act itself may be analyzed, re-enacted and reanalyzed,
that is, represented to oneself. Mimesis is not absolutely tied to ex-
ternal communication.

Mimesis can incorporate a wide variety of actions and modalities to
its purpose. Tones of voice, facial expressions, eye movements, man-
ual signs and gestures, postural attitudes, patterned whole-body
movements of various sorts, and long sequences of these elements can
express many aspects of the perceived world. In an ancient game like
charades, which is still played by humans for fun despite their pos-
sessing speech, the innate mimetic capabilities of people, even young
children, become evident. Most of the actions in such games are un-
trained and unrehearsed and are unlikely to have a simple imitative
derivation. They are creative, novel, expressive acts.

Mimetic representation is still a central factor in human society. It
is at the very center of the arts. In some cases, art form is purely
mimetic: for example, pantomime or ritual dance. Certain forms of
drama that have little or no dialogue and are based on visual tableaux,
such as some medieval European plays, are largely mimetic. Early
Chinese and Indian dance, Greek and Roman mime, and many other
forms of mimetic representation in human civilization trace their ori-
gins back to prehistory. Archeological artifacts have verified that the
civilizations of Australian and Tasmanian aborigines have remained
unchanged for tens of thousands of years; and these groups have
maintained autochthonous dance rituals that are still essentially mi-
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metic: each dancer identifies with, and acts out the role of, a totemic
animal. (These traditional dancers also understand parody: when
Australian “corroborees” were first filmed by modern anthropolo-
gists, the performers added an unexpected bonus: a merciless satirical
mime of the film crew.)

Most modern art forms, even those that depend heavily on oral or
written language, are cognitive hybrids. Opera and theatre are good
examples, where the prosodic aspects of acting and singing, the facial
expressions and gestures, and the interrelationships between princi-
pals are mimetic, whereas the lyrics and script are linguistic in con-
tent. Cinema, which started out in imitation of theatre, has become
overwhelmingly mimetic in style; very little of what a good film com-
municates is capturable in words, although viewers commonly spend
hours afterward trying to represent it in a form compatible with lan-
guage.

The great literary theorist Eric Auerbach, in his book entitled Mi-
mesis (1953), used the word in the context of theatre, without making
the distinction I am making between the purely mimetic and the ver-
bal, since it may be argued, correctly, that words are also used mimet-
ically, in the broader sense of formulating the shape of a myth or
story and its attitude. In such cases, it is as though the mythic theme
was, at a deeper level, driven not strictly by verbal rules and ideas but
rather by an underlying mimetic form in which language is em-
bedded.

The point I would extract from the work of Auerbach, and from
that of a number of analytic thinkers in the field of literary theory,
especially Northrop Frye (1957), is that literary forms are driven by
what they call the underlying literary “imagination,” a capacity to
reconfigure the world in certain stylistic ways. The term used by Frye
is “mythic modes,” the forms into which literary productions may be
cast; these modes include the ironic, the heroic, the satiric, and the
high mimetic. They are literary stances that influence many aspects
of a play or poem; they may determine the style, the kind of outcome,
the ways in which characters and plots unfold, and so on. The purely
linguistic act of instantiating a given literary idea under the guidance
of a particular mythic mode may be more a technical, or “front-end,”
matter, but the driving forces behind the products of the literary
imagination go much deeper, to the author’s perceptions of large-scale
literary themes, whose cognitive roots are ultimately mimetic. These
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issues will be expanded in later chapters, as part of a discussion of the
later integration of mimetic into oral culture. For the moment I will
deal with the prelinguistic origins of mimetic representation, looking
only at those aspects of mimesis that do not involve language use.

Although it is logically prior to language, mimetic representation
has characteristics that are considered essential to language and would
thus have set the stage for the later emergence of speech. The impor-
tant properties of individual mimetic acts include intentionality, ge-
nerativity, communicativity, reference, autocueing, and the ability to
model an unlimited number of objects.

Intentionality

Mime is intentional; its objective is the representation of an event.
Intentional communication in modern humans is not restricted to
language; it precedes language in ontogenesis. The first evidence of
intentionality in children comes with pointing behavior, which was
first studied by Vygotsky (1934, translated 1962), and more recently
by others (Weiskrantz, 1988). Intentional pointing first emerges at
about fourteen months, following a period during which children have
learned to direct their gaze toward a point in space where their moth-
er’s gaze is fixed. To achieve this, the infant must have been able to
calculate the vector, and find the target, of the mother’s gaze. Children
at this stage can also estimate the projected point of disappearance of
an object. This is more than a spatial skill; the most important vari-
able is the child’s ability to attribute intention to the mother’s gaze.
Chimpanzees lack this central component of intentional gazing and
pointing: the ability to realize the intentions of others. Understand-
ing the intentions of others requires a break with cognitive egocen-
tricity; similarly, the desire to communicate one’s own intentions is a
break with the egocentricity of the episodic mind. Archaic hominid
mimetic skill must have started on this level, beginning with elemen-
tary intentional attribution, long before graduating to more exotic
communicative media.

Generativity

Mimetic representation involves the ability to “parse” one’s own mo-
tor actions into components and then recombine these components in
various ways, to reproduce the essential features of an event. The
perceptual component of this skill is present in apes but cannot be
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transformed into representational acts. In human children’s play,
however, the practice, rehearsal, and refinement of action takes on a
generative property; the same elementary actions (lifting, smiling,
hitting, falling) may be combined and recombined into sequences that
represent events. The most common form this takes is the re-
enactment of a situation or event. A child is spanked, then goes to its
room and spanks its doll, or tries to spank the dog. In Piagetian terms
(see, for instance, Piaget, 1980), the child is “assimilating” the event;
but from our viewpoint, the remarkable thing is the child’s ability to
reproduce the essential mimetic features of the event. Human chil-
dren routinely re-enact the events of the day and imitate the actions
of their parents and siblings. They do this very often without any
apparent reason other than to reflect on their representation of the
event. This element is largely absent from the behavior of apes.

Communicativity

Although mimesis may not have originated as a means of communi-
cation, and might have originated in a different use of reproductive
memory, such as toolmaking, mimetic acts by their nature are usually
public and inherently possess the potential to communicate. A mi-
metic act can be interpreted by others who possess a sufficient capacity
for event perception. Given the pre-established primate capacity for
event perception, the presence of mimetic skill would inevitably lead
to some form of social communication.

Reference

The act must be distinguished from its referent. A dog might perceive
the “meaning” of a fight that was realistically play-acted by humans,
but it could not reconstruct the message or distinguish the represen-
tation from its referent (a real fight). In contrast, in mimesis the rep-
resentational act must be distinguished from its referent. Trained apes
are able to make this distinction; young children make this distinction
early—hence, their effortless distinction between play-acting an
event and the event itself.

Unlimited Objects

Mimetic representations can model ag unlimited number of individ-
ual perceptual events. There are serious limitations on the devices
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that mimetic culture can employ in representation, and therefore on
the kind and complexity of the relationships it can express: mimesis
is inherently a concrete, episode-bound medium of representation.
But there are no apparent limits to the number of individual percep-
tual events that can be represented, or the physical modality of their
representation, once the ability is in place.

Autocueing

Mimetic acts are reproducible on the basis of internal, self-generated
cues. This permits voluntary recall of mimetic representations, with-
out the aid of external cues—probably the earliest form of represen-
tational “thinking.”

Social Consequences of Mimetic Representation

The presence of mimetic skill in the members of a group would im-
mediately alter the array of available action patterns and collective
cognitive skills available to them. Reciprocal mimetic interactions
would ensue, leading to collectively invented and maintained customs,
games, skills, and representations. Mimetic skill, added to a pre-
existing episodic culture, would necessarily lead to cultural innovation
and new forms of social control. In effect, the mimetic “customs” of
a group would serve as the collective definition of the society. The
forms of shared mimetic representations may be summarized as fol-
lows:

Modeling of Social Structure

Mimetic skill results in the sharing of knowledge, without every
member of a group having to reinvent that knowledge. Although a
precursor to this can be found in the accumulation of customs and
skills evident in gorillas and chimpanzees, these species do not repre-
sent what they know. Mimetic skill, extended to the social realm,
results in a collective conceptual “model” of society, expressed in com-
munal ritual and play, as well as in social structure. Social roles, in a
complex society, can only be defined with reference to an implicit
model of the larger society. Mimetic representations would thus be
tremendously important in building a stable social structure.

All higher mammals possess social knowledge; young chimps learn
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about dominance hierarchies in their play, for instance. But chimps
only learn how to react to each individual in the larger group; human
children model the group structure. A significant part of childhood is
spent rehearsing and modeling society, and children can act out not
only their own roles but those of other players. Human children can
“model” an interchange between parents, for example, taking either
role, or play-act a game with friends, taking various sides. This is clear
evidence that they are implicitly modeling the larger social structure.
Once again, this demands a break with an egocentric episodic view of
the world.

Reciprocal Mimetic Games

Reciprocal mimesis is one of the sequelae of acquiring mimetic skill.
If the members of a group of mimetically skilled individuals can re-
produce or re-enact their creative behaviors, by definition they can
reproduce similar acts generated by others. This leads to reciprocal
games, where one player acts and another replies with the same, or
another, act. Simple games with sticks and balls, common to all hu-
man societies, provide a good example. Someone invents a move; the
next player imitates it and perhaps adds something new. And so on.

Ritual dance is perhaps the best example of a reciprocal mimetic
game. People in every culture, especially very young children, fre-
quently indulge in this type of play. Mimetic games are universal in
human youth culture, often help to define roles, especially gender
roles, and can be played in the absence of language. Nonsigning deaf
children at play illustrate this point; they play essentially the same
games as hearing children. With mimetic games, it is possible to
“model” the behavior of adults, including social relationships, roles,
and activities, without recourse to symbolic language.

Conformity and Coordination

Mimetic games, even in children, soon lead to conformity, and even-
tually can lead to regular, repetitive patterns of group behavior that
resemble ritual. Children’s games are highly ritualistic, involving rig-
idly enforced rules and an authoritarian structure: there are usually
leaders and followers, “sides” and teams. Undoubtedly language has
led humans to invent much more comgplex games than would be pos-
sible without it, but the spontaneous games of prelinguistic and deaf
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children nevertheless have the same properties. Language is not nec-
essary for the development of complex social roles and rules, but mi-
mesis is essential.

The final phases of the Acheulian culture, which persisted until the
advent of Homo sapiens, had the earmarks of organized group activ-
ity. The campsites left in the later periods of erectus’ tenure on Earth
provide evidence of a society in which there must have been some
specialization of function, especially between the sexes, and group
coordination. The principal method of hunting larger animals, for
example, consisted of driving the game, say mammoths or deer, into
bogs or over cliffs, where they could be butchered—a hunting strat-
egy that requires considerable coordination of activity, with various
specialized roles. Hunting is widely believed to have been a male do-
main; some of the men—perhaps the majority, since they had to dis-
perse—must have driven the animals from behind with noisemaking
devices; others would have constructed blinds and hid behind them to
channel the stampeding herds; and yet others would have been re-
sponsible for dispatching and butchering the animals so caught. Rem-
nants of cutting and chopping tools, as well as the bones bearing the
marks of chopping, have been found around such sites, dating back
hundreds of thousands of years. Such an operation is not conceivable
without leadership and implies a coordinated hierarchy dependent on
the dominance, experience, and knowledge of one or a few individuals
in the group.

It is likely that mimesis was the basis, if not the only formative
element, behind this new cooperative, specialized social organization.
Even if mimesis had initially served solely as the basis for toolmaking
(an unlikely proposition, since mimetic skill would have been driven
simultaneously by many different selection pressures), it would have
enabled purposive signaling. Once hominids could self-generate a va-
riety of representations, they possessed the essential cognitive sup-
port system for a larger, more complex society.

Group Mimetic Acts

When mimesis takes the form of a collective, or group, action, one
common outcome is ritual. Ritual, and its derivatives in theatre, dif-
fers from most other forms of mimetic representation in that it is a
collective act in which individuals play different roles. A well-
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documented, widespread example from human Paleolithic cultures is
the acting out of conquest, often without the use of any words. A
mimetic representation of the enemy is accompanied by chanting,
drumming, and communal mimetic dance. The essence of the mi-
metic act in this case is not in the action of a single individual but in
the orchestration of several actors. Such representations are coordi-
nated social efforts, dependent upon the actors’, and the audience’s,
sharing a global cognitive model of the society. This is generally true
of ritual. Even in modern society, the power of mimetic forms in the
control of large crowds is much greater than that of language. The
carefully orchestrated action of a large crowd becomes a mimetic act
in itself, representing, for example, the consensus, fury, or power of
the group. Thus, the roots of public ritual are mimetic.

Innovation

A purely mimetic culture can evolve; the implicit model of the social
world projected by the customs and rituals of a society may change.
But it would tend to change slowly, precisely because mimetic group
behavior, even in modern humans, tends toward rigid conformity and
conservatism. In the complete absence of language, the complexity of
the social ritual and structure that could be achieved would undoubt-
edly be quite limited. It is difficult to estimate the outer limits of
mimetic culture, but in the absence of words and symbols, thought is
pretty well limited to the act of event modeling and representation;
no further analysis is possible. This point will be elaborated upon in
the next chapter.

Pedagogy

In a mimetic culture, the acculturation of the young would be com-
plex and would require time. Practical skills would be the basic peda-
gogical target: the use and manufacture of domestic tools, methods of
hunting, construction of simple shelters, fire, weapons, and fighting.
But rituals and games, and folkways and mores, would also require a
systematic transmission of knowledge by means of mimesis.

Much of the education of children in simple societies is still mi-
metic in nature. The basic vehicles of such training are reciprocal mi-
metic games and the imitation and rehearsal of skills. Children mime
adults in every respect, including mannerisms, posture, and gesture,
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they learn the customs and scenarios associated with each principal
arena of action, and they acquire the manufacturing and survival
skills essential to the tribal way of life. In addition, children learn a
series of subtle limitations on impulsive behavior in a variety of con-
texts; this very basic type of learning is difficult to achieve in pri-
mates. Lovejoy hypothesized that the period of childrearing was al-
ready being extended with the australopithecines, but it surely would
have become even more extended with erectus. A capacity for peda-
gogy in adults would be crucial in guaranteeing the child’s accultura-
tion into a mimetic society.

One necessary aspect of pedagogy is the ability of the teacher to
understand the limits of the pupil’s knowledge. This idea was central
to Vygotsky’s (1962) notion of the Zone of Proximal Development,
or ZPD. Instruction is aimed at the ZPD; if it is aimed too far away
from what the pupil already knows, learning will not take place. Pre-
mack (1987) listed the capacity for pedagogy as one of several dis-
tinctly human properties, since he was not able to observe any such
ability in apes. Pedagogy requires not only some form of mimetic skill
but the ability of the adult to sense what the child can, and cannot,
learn—in other words, to judge the ZPD. This skill is also mimetic,
inasmuch as it involves developing a “model” of the child’s current
knowledge. Evidently the same nonlinguistic skills that lead to the
construction of a model of society, the attribution of social roles, and
the development of ritual would allow the modeling of the pupil’s ZPD
in a mimetic society.

Modalities of Mimetic Expression

The primary form of mimetic expression was, and continues to be,
visuomotor. The mimetic skills basic to childrearing, toolmaking, co-
operative gathering and hunting, the sharing of food and other re-
sources, finding, constructing, and sharing shelter, and expressing so-
cial hierarchies and custom would have involved visuomotor behavior.
This includes virtually all forms of hand and limb movements, pos-
tural attitudes, and locomotor movements. Invention, rehearsal, and
transmission of these mimetic skills would have been primarily under
visual control, although visual control is correlated in complex ways
with skin sensation, joint and muscle sensation, and balance, or ves-
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tibular sensation. Facial expression and other aspects of emotional
expression, such as a variety of calls and cries, and strictly prosodic
aspects of voice modulation would also have fitted well into a purely
mimetic culture; this special case will be discussed separately.

Primate behavior in general is characterized by the integrated use
of hand and limb movements, along with a combination of facial
expression, sound, and gesticulation. Goodall’s (1971) descriptions,
which are the most detailed available accounts of primate behavior in
a natural setting, suggest the degree to which this integration is typ-
ical. When Mike wanted to ascend the dominance hierarchy, he did
not restrict his behavior to one modality or to the stereotyped displays
usually reported. He employed manual gestures, whole-body loco-
motor movements, threatening postures, sound (both his own hoot-
ing and panting and the sound made by his “instruments,” the kero-
sene cans), and facial expression.

It is important to note that his motor acts were not neatly com-
partmentalized into separate systems for separate social purposes.
That is, he did not restrict his gesticulating to the hands and arms, or
his emotive expressions to the face and voice. His whole body was
thrown into the performance, much the way a human actor will em-
ploy any available modality to achieve a given purpose. This kind of
flexibility in motor behavior indicates that the programming of Mike’s
displays occurred at a supramodal level—that is, at a level in the ner-
vous system that sits above all of the sensory and motor modalities
and therefore can exert control over all lower-level inputs. In Fodor’s
(1983) terms, this is a property of an unencapsulated “central” sys-
tem, rather than a property of specific modular input systems. Thus,
the first mimetic expressions were not necessarily manual or facial;
they could have involved posture, locomotion, or any of the available
motor repertoire. We might conclude that mimetic skill could not
have evolved solely or specifically for fine hand control, any more
than it might have evolved solely for vocal control. It evolved for the
purpose of re-enacting events and representing their structure. It
must have been built upon the highest control centers of action, in-
tegrated at a supramodal level.

Nevertheless, it is still possible that mimetic skill was supported by
additional special, modular adaptations at a lower level, for particu-
larly important aspects of mimetic behavior. Refined eye—hand coor-
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dination, which started with primates and advanced with austra-
lopithecines, would have been central to hominid culture. Given
a supramodal mimetic adaptation, essential even to the simple tool-
making skills attributed to Homo habilis, advanced manual dexterity
would have become even more important. Selection pressure would
thus have developed for a further specialized improvement in the
neural apparatus controlling hand skills.

The example of toolmaking shows how these general and special
skills might have combined to enable an important new mimetic skill.
Improved toolmaking stands out as one of the primary early adaptive
advantages of mimetic skill for erectus. Toolmaking is primarily a
visual-manual skill, but it also involves obtaining the necessary ma-
terials, fashioning the appropriate tools at the right time, apportion-
ing responsibility, and so on. Modeling this larger-scale scenario
would require a more general, supramodular mimetic capacity. Inno-
vative tool use could have occurred countless thousands of times with-
out resulting in an established toolmaking industry, unless the indi-
vidual who “invented” the tool could remember and re-enact or
reproduce the operations involved and then communicate them to
others.

The stone tools of erectus required expert fashioning; archeologists
require months of training and practice to become good at creating
Acheulian tools. They have to learn, and remember exactly how to
strike a sharp edge and not break off the finished part with the next
blow. The appropriate materials have.to be remembered; to flake or
chip a stone, two stones of relatively different hardness must be em-
ployed, the harder one as the shaping tool. The blows have to be
modulated as a function of the type of stone; certain stones break in
such a way that their edge is sharp and elongated, others flake in a
different way. Such skill would not have been restricted to the use of
stone: since there were so many other easier, but perishable and
breakable, materials available, tools were almost certainly made first
from materials like bones, teeth, shells, skins, and wood.

Toolmaking was probably the first instance of behavior that de-
pended entirely upon the existence of self-cued mimetic skill. The
reproduction could not be dependent on immediate environmental re-
inforcers or contingencies. Tool manufacturing is usually done at a
time and place remote from those where the tool is finally used. By
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contrast, apes use as tools objects they find in the immediate temporal
and spatial vicinity of the task. Tool manufacture, in other words,
demands an ability to self-cue and reproduce or re-enact the scenario
leading to the tool’s manufacture in the absence of immediately pre-
sent materials or even an immediate need for the tool.

Facial and Vocal Mimesis: Special Cases

Aside from advanced manual skill, there is another aspect of human
mimetic behavior that appears to need a special, modular neural ap-
paratus in addition to a general mimetic capability: facial and vocal
mimesis, which combine in the expression of emotion. The combi-
nation of vocal and facial emotional expression might have played a
paramount role in mimetic culture, as it still does in modern society.
As Darwin suggested, it makes good sense to place the evolution of
emotional expression early in human evolution, as part of an overall
pattern of mimetic social adaptation. In comparison, it does not make
a great deal of sense to place emotional expression in a later adapta-
tion, along with symbolic language, which enters into a very different
cognitive realm. The controlled use of emotional expression is an in-
tegral part of mimetic behavior, even in today’s society. The face in
particular is still one of the most widely used mimetic devices in the
human cognitive repertoire.

Izard (1971) observed an increase in the importance of facial, as
opposed to postural, emotional expression in the most highly evolved
mammals. Facial expressions are absent in the lower vertebrates, for
the very good reason that they lack the complex superficial facial
muscles needed to express emotion. Monkeys, on the other hand,
have a significant range of facial expressions. However, as Hinde and
Rowell (1962) showed, monkeys usually combine a facial expression
with a postural signal as well. In anthropoid apes facial expression is
more independent from postural display than it is in monkeys (Van
Hooff, 1967). In humans, facial expression emerges as a modality on
its own, with a far greater range of modulation, particularly volun-
tary modulation, than in apes (Izard, 1971).

Facial expression, often combined with vocalization, is a medium of
emotional communication and also of subtle, intimate expressions of
feeling. There are many surviving vestiges of the output of this ex-
pressive subsystem, all uniquely human: laughter is one of the para-
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mount examples, but humans also cry, growl in anger, gasp in aston-
ishment, talk in “motherese” with infants, and so on. Young lovers
giggle and make cooing sounds, groups express hatred and derision
with public laughter and shouting, and individuals express disgust
with exclamations and a typical screwing-up of the face, in all human
cultures (Ekman et al., 1969).

These new vehicles for emotional expression would have been a
useful visual device for social communication in the intimate family
and tribal groups thought to characterize early hominid culture. The
trend might have started with the australopithecines’ move toward
social stability and larger group structures, as Lovejoy proposed. The
expansion of the range of facial expression, in itself, would not have
represented any fundamental break with previous primate evolution,
but the introduction of a voluntary component would have been a
bigger change. Emotional expression is generally thought of as invol-
untary, at least in infrahuman species (Izard, 1971).

Voluntary expressive use of the human face and voice seems to have
advanced in two separate phases, the first coinciding with mimetic
culture and the second arriving later, with language. Some of the ma-
jor muscles underlying the flexibility, and voluntary control, of hu-
man facial expression are clearly tied to the modern vocal apparatus,
which appears to have evolved much later than erectus. As a result,
the lower half of the modern human face is extraordinarily mobile,
and our facial expressions are consequently much more variable, and
under more conscious control, than those of apes. Thus, it is possible
that some of the voluntary component of facial control was a by-
product of acquiring the speech musculature and was delayed until
the arrival of sapients.

Yet there is indirect anatomical evidence for an early increase in the
range of facial-vocal expression over that of australopithecines, an
increase that coincided with the advent of mimetic culture and erec-
tus. Lieberman (1984), points out that the facial musculature of er-
ectus appears to have been somewhat different from that of the aus-
tralopithecines. The basicranial line, described in Chapter 4, was more
flexed than in apes or australopithecines and would have had different
insertion points for the muscles of the lower face. This difference
would substantially alter the distribution and size of the musculature
in this area, probably increasing the range of hominid facial expres-
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sion and possibly indicating a corresponding vocal adaptation as well,
since the two tend to go together. It is possible that some of the ex-
pressiveness of the lower face, and changes in the vocal tract, occurred
as part of the overall move to mimetic culture.

Unlike the hands, limbs, and trunk, one’s own face cannot be seen
directly. Facial mimetic control is thus not directly dependent upon an
associative linkage of facial motor control with visual feedback. Hu-
man children engage in reciprocal mimetic exchanges of smiling with
their mothers, even though they can have no visual image of their
own faces. Voluntary control of facial expression is thus more likely
to depend on tactile and proprioceptive sensation (body sense) than
on vision; and this justifiably raises some doubt about the extent to
which emotional expressions are voluntary. Modern human actors
have to depend upon extensive mirror practice to achieve good vol-
untary facial control. However, actors develop a very atypical degree
of control; in most people, facial and vocal expressions appear to be
more emotional and less voluntary than other mimetic acts. The de-
gree of voluntary facial control evident in modern humans is still
quite limited and usually confined to modifications of stereotyped re-
sponse patterns.

Whereas voluntary modulation of facial expression would have fol-
lowed an evolutionary trend already visible in primates, improved
voluntary vocal expressive skill, by contrast, would have been a con-
siderable break with the primate line. As we have seen, primates are
remarkably lacking in vocal skill, considering their other attributes.
However, just as there appear to have been two adaptations involved
in facial expression, there is good reason to account for human vocal
skill with two adaptations rather than one. Voluntary control over
vocalization seems to involve at least two functionally independent
areas of the human cortex. Prosodic control may be lost after damage
to the right temporal region (Ross, 1981), while phonetic control may
be lost after damage to the left. The first deficiency can occur inde-
pendently of the second, and vice versa.

Prosodic control of the voice—that is, regulation of volume, pitch,
tone of voice, and emphasis—is logically more fundamental than, and
prior to, phonetic control; it is much closer to the capabilities of apes
than phonology. It is close to what Darwin thought might have been
the origin of the speech adaptation, a kind of rudimentary song. The
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limited vocalizations of apes are testimony to the great distance that
primates had to travel to reach a human level of vocal competence.
Primates produce a variety of vocalizations—a few dozen categories
at most, according to Passingham (1982)—and these are all in emo-
tional or manipulative contexts. Some chimpanzees, like Goodall’s
Mike, might well possess a rudimentary kind of voluntary vocal con-
trol, in their calculated, unemotional use of sham emotional signals.

According to stimulation-mapping studies of the macacque and
squirrel monkey cortex, control of vocalization in primates seems to
reside mostly in the limbic system and cingulate gyrus; hence the
expression “limbic speech” (Ploog, 1981; Sutton and Jurgens, 1988).
Humans still possess limbic speech; it has an emotional quality and is
restricted to emotional utterances. It is often spared in nonfluent
aphasia, testifying to its independence from the phonetic control of
vocalization. (There is some question as to whether this is not really
right-hemisphere speech, but this question does not affect the present
discussion, since the important issue is the distinctiveness of emotive
vocalization, not its precise localization.) The logical first step up from
limbic speech to some form of voluntary voice modulation would have
been improved prosodic modulation. The early emergence of prosodic
modulation would have helped set the stage for high-speed phonetic
control when language evolved. It is difficult to imagine the entire
human vocal apparatus evolving in a single step.

Voluntary control of vocalization may thus have evolved as part of
a general adaptation for bringing emotional responses under the con-
trol of the voluntary movement systems; for this specific purpose,
prosodic modulation would have sufficed. Major modifications to the
supralaryngeal vocal tract, so important in speech, would not have
been necessary at this stage.

Following the same definition used for visual-motor mimesis, vocal
mimesis would have allowed the self-cued regeneration of remem-
bered utterances and their subsequent modification. It would neces-
sarily have included a specialized vocal reproductive memory system,
capable of rehearsal. Thus, response patterns that were originally in-
voluntary would be stored for later voluntary reproduction; laughing,
crying, gasping, and so on, with their appropriate facial expressions,
would be integrated into the mimetic repertoire. Such a system could,
in theory, be used in the same manner as visual-motor mimesis to
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model not the specifically visual but the emotional aspects of the hu-
man world.

In the society of erectus, the most obvious initial use for vocal mi-
mesis would have been to supplement existing vocal emotional
expressions, which presumably at that time still resembled those of
primates. One obvious application would be to elaborate upon exist-
ing human cries and calls, using the prosodic modulation of features
already in place: for example, a whining or begging sound could be
sustained or made more urgent. Another use, which would have in-
volved a more fundamental break with the past, could have been the
unemotional use of cries and calls for instrumental reasons, mainly
to manipulate the behavior of others. A primate who could act excited
or submissive or dominant might enjoy some advantage from this.
As pointed out above, there are reports of limited manipulative uses
of emotional displays by modern apes.

Once mimetic culture was in place, vocal mimetic skill could have
found important new uses, and a good case for continued pressure
toward improved vocal modulation can be made. A more refined vocal
imitative skill that could go beyond modifying existing calls would
have required a radical redesign of the primate vocal apparatus, and
this did not happen in erectus, if the anatomical evidence is to be
believed. But even rudimentary imitations of animal and environ-
mental sounds would have very good uses, particularly in a hunting-
gathering culture that lacked speech: simulated bird calls and animal
cries are still used in hunting. Some of these might have been possible
without our elaborate vocal apparatus. Additionally, a flexible distal
call system, however simple, would have been a valuable asset for
achieving group coordination.

Vocalizations could also have supplemented mimetic re-enactment.
The mimetic reproduction of the emotional “tone” of an event is still
largely dependent upon the conscious use of face and vocal mimesis.
Greek tragedy and European opera, as well as modern cinema, have
used these dimensions to great effect. In addition, reproducing certain
relevant environmental sounds would have helped to punctuate and
elaborate the mimetic representation of events and situations. And
vocal mimesis, once established, would have been useful in extending
the range of intimate communication within tribal groups and fami-
lies. Considering all of these potentially useful functions—supple-
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menting mimetic representations, using sound instrumentally in
social control, and increasing the power and range of emotional
expression—the mimetic utility of nonlinguistic vocal modulation is
evident.

In conclusion, expanded hominid control over emotional expression
probably evolved in erectus (and possibly started even earlier than
this, in australopithecines and habilines, although there is no strong
anatomical indication in their case suggesting altered facial muscula-
ture), as part of the overall adaptation that established mimetic cul-
ture. This would make mimetic culture a very complex adaptation,
from a neuroanatomical point of view. But adaptations driven at this
high level of selection pressure are inevitably complex and may well
involve a variety of specific subcomponents. For example, Isaac’s and
Lovejoy’s proposals with regard to australopithecine culture involved
a number of complex anatomical and social changes, all driven by the
same high-level, iterative selection pressure.

Besides, neuroanatomical considerations should not dissuade us
from facing up to the complexity of human cognitive evolution. Brain
anatomy must have evolved as part of a much larger pattern of adap-
tation, and in accepting the theory of evolution in principle we have
no choice but to accept that some extremely radical and complex
changes took place during the emergence of hominids. A review by
Armstrong (1981) on evolutionary influences on the hominid thala-
mus concluded that thalamic nuclei evolved in a “mosaic” pattern,
that is, with different nuclei progressing at different rates. This would
suggest they did not evolve in unison as part of a diffuse increase in
brain size but differentially as part of a highly specific pattern of
change. Since mosaic evolution sometimes proceeds at an accelerated
pace, especially at times of speciation, this suggests that many differ-
ent brain structures may change simultaneously, or at least concur-
rently, as the evolving population encounters complex selection pres-
sures.

Plotkin’s notion of evolutionary epistemology, or some similar no-
tion, must apply here: given selection pressure at the highest-rate-of-
change, or cultural, level (a likely level of pressure with the emer-
gence of mimetic culture), many separate and specific anatomical
subcomponents are likely to be recruited into an adaptation. Austral-
opithecines changed radically from their predecessors’ primate skele-
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tal anatomy, but simultaneously they changed in terms of the female
reproductive apparatus, diet, use of hands and feet, brain size, and
emotional behavior; their adaptation was extremely complex. The
cognitive adaptation leading to the emergence of erectus was no more
complex, although its neural aspects, taken in isolation, were possibly
more so.

Integration across Mimetic Modalities

Mimetic capacity, in modern humans, is an integral skill, coupling a
variety of expressive subsystems. A single mimetic performance
might include manual signals, postural attitudes, facial expressions,
nonverbal vocalizations, and various forms of gesture, including
metaphoric gesture. Mimetic ability undoubtedly evolved quickly
into a system of standardized gestural signals, the implications of
which will be discussed at length in Chapter 7. Suffice it to say, at this
point, that any theoretical proposals about the neural systems con-
troling mimetic expression must take this integrative capability into
account.

One good illustration of the integrative capability of mimesis is
found in the human capacity for tracking, and creating, rhythm.
Rhythm is an integrative mimetic skill, related to both vocal and vis-
uomotor mimesis. Rhythm is a uniquely human attribute; no other
creature spontaneously tracks and imitates rhythms in the way hu-
mans do, without training. Rhythmic ability is supramodal; that is,
once a rthythm is established, it may be played out with any motor
modality, including the hands, feet, head, mouth, or the whole body.
It is apparently self-reinforcing, in the way that perceptual explora-
tion or motor play are self-reinforcing. Rhythm is, in a sense, the
quintessential mimetic skill, requiring the coordination of disparate
aspects and. qualltles of movement.

Rhythm is therefore evidence of a central mimetic controller that
can track various movement modalities simultaneously and in paral-
lel. It can interrelate the activities of these modalities in an incredibly
subtle and rapid manner—for instance, by maintaining different
rhythmic components for the hands, feet, and voice in the same per-
formance, or by maintaining different rhythms for the left and right
hands, or even by moving the whole body to one rhythm while beat-
ing out another in another modality. Rhythmic games are widespread
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among human children, and there are few, if any, human cultures that
have not employed rhythm as an expressive device.

Rhythm, however, is different from other mimetic devices; it does
not directly reproduce, represent, or signify any aspect of the natural
world. It has to be regarded as a mimetic game, usually a reciprocal
game, which is played for its own sake. Given the ubiquity of mimetic
games among humans, from the facial-vocal games of mothers and
children to the confrontations of whole societies in contest, it is not
surprising that a supremely integrative perceptual-motor game like
rhythm would emerge in hominid society, given a supramodal mi-
metic capacity.

Without a linguistic environment, it is likely that the uses of
rhythm and vocalization would be largely supplementary to the major
governing modes of mimetic representation, which are visually dom-
inated. Vocalization does not usually correlate well in time with vi-
sual-motor experience. Often the auditory aspect of an event is ines-
sential and secondary to its mimetic representation. This observation
holds true for most of the self-generated actions that lie at the heart
of visual mimetic skill; they have virtually no important or essential
auditory aspect. They have a tactile, or body-sense aspect, and a pro-
prioceptive aspect, but sound often has very little representational
role to play, other than communicating emotion.

Despite a secondary role in the governing forms of mimesis, vocal
mimetic skill in a social setting would provide an inevitable, and ul-
timately very important, offshoot: vocomotor games. Just as rhythm
would have been a by-product of general mimetic skill, vocal games
would be by-products of prosodic mimetic skill. Given a capacity to
generate self-cueable vocal imitations, there would be a tendency to
play with them, inventing and experimenting with new sounds. Vo-
comotor games would probably have led to new forms of emotional
expression. It is possible that human laughter, especially"group laugh-
ter, represents a vestige of this early vocomotor mimetic skill. It can
be used in cruel and entirely voluntary ways to express group aggres-
sion. Combined with pointing, slapping, and other mimetic expres-
sions of dislike, it can still be a very effective device in social control.

Possessing a range of mimetic modalities, erectus would have been
capable of representing many aspects of the world, primarily toward
the concrete, pragmatic ends of a fragile, survival-oriented society.
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But the collective system of representations, or meanings, built up
gradually in a purely mimetic culture would have been confined, by
definition, to modeling event perceptions. It would have been a means
of representing the outputs of the archaic episodic mind, embedded
within the wider embrace of mimetic culture.

Mimetic representations are still prominent in human society. No
better evidence of this been found than in the observations of Eibl-
Eibesfeldt (1989). He has documented the commonalities of human
nonverbal expression and has shown that many patterns of commu-
nication—tactile, visual, and vocal—recur in all human societies,
from hunter—gatherer to modern. The mimetic level of representation
underlies all modern cultures and forms the most basic medium of
human communication.

Eibl-Eibesfeldt and his colleagues, using high-speed cinematogra-
phy to reveal subtleties of expression and gesture that are impossible
to observe casually, found that many patterns recur across cultures.
For instance, in many cultures mothers discipline their infants by
showing the whites of their eyes (without raising the eyebrows), and
there are many other patterns of eye use that are universal. Many
tactile expressions, found in reciprocal stroking, embracing, cuddling,
and hand touching, are universal. Tongue displays are also universal:
flicking the tongue can be friendly, aggressive, or flirtatious. Eye-
brows are also a major human communication device; and as Eckman
(1969) has shown, their pattern of use has some culturally universal
components. Other examples include “opening” the face as affection,
and “closing” the face as rejection; the mocking expression of distort-
ing the features and curling the lips; pointing with the index finger
as a threat; “display strutting” accompanied by chest pounding, in
young males; and expressive patterns such as teasing, pouting, and
head shaking.

Most human expressions have multiple uses and occur in complex
social scenarios: for instance, two children might interact in play over
a few minutes with a whole complex of nonverbal communicative
exchanges, including aggression, rejection, reconciliation, and inti-
macy. The resemblances of such expressive scenarios, filmed in vastly
different cultures, are uncanny. The resemblances extend from the
expressions themselves to the actual sequences of their use.

Are all such expressive uses intentional and mimetic? Not neces-
sarily; apes have somewhat similar expressive exchanges, yet remain
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limited to episodic culture. However, human expressive exchanges
can be made to serve a representational purpose. Even young children
can use their expressive repertoires in a characteristically human, in-
tentional manner. They can manipulate, re-enact, mime, and play-act
various scenarios at will. And as already pointed out, they are able to
break out of an egocentric orientation and assume different roles in
such scenarios. The elaborate games of human children grow out of
such reciprocal mimetic interactions. Social roles are played out; rules
are made; hierarchies are created.

Of course, in modern human culture mimetic exchanges usually
occur within a larger semiotic framework that includes linguistic
expression, but words don’t substantially change the nonverbal ele-
ments of the exchange. Language seems to serve a different commu-
nicative purpose and carries on in parallel, without disturbing the fab-
ric of spontaneous mimetic expression. Eibl-Eibesfeldt’s evidence
demonstrates how the mimetic layer of representation survives under
the surface, in forms that remain universal, not necessarily because
they are genetically programmed but because mimesis forms the core
of an ancient root-culture that is distinctly human. No matter how
evolved our oral-linguistic culture, and no matter how sophisticated
the rich varieties of symbolic material surrounding us, mimetic scen-
arios still form the expressive heart of human social interchange.

Properties of the Mimetic Controller

The cognitive basis of mimetic action was the extended representation
of self and the consequent improvement of conscious motor control.
Sophisticated event perception was also an essential component, but
it was already highly developed in apes, to the level of perceptual
metaphor, as Premack has shown (1987). The major break with pri-
mate capabilities would have been in the way the individual's own
body, and its movement in space, was represented in the brain. The
essence of mimetic skill is thus to combine the power of primate event
perception with an extended conscious map of the body and its pat-
terns of action, in an objective event space; and that event space must
be superordinate to the representation of both the self and the exter-
nal world. Thus, there is a need for a new structure, which may be
called the mimetic controller. The controller stands at the peak of a
hierarchy. This is illustrated in Figure 6.1.

Self-representations can be evaluated and classified with reference
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Figure 6.1  The mimetic controller (M) juxtaposed with its principal input paths
from episodic memory (E), and self-representational systems. M controls and unifies
the outputs of various motor subsystems involved in mimetic action; it also serves as
a comparator-modeler for external events and actions of self.

to other self-representations, or to external events, in the mimetic
controller. For example the event /begging/, which is widely under-
stood by mammals in a variety of forms, could be metaphorically
related to one’s own self-representation of begging; this would enable
“mimesis” of the event /begging/ and variations thereof. The first
product of evolving mimetic skill would have been increased variabil-
ity, novelty, and reproducibility of self-movement patterns. For this,
conscious modeling of the self in action, and continuous rehearsal and
refinement of movement, was a necessity.

Mime, play, games, toolmaking, skilled rehearsal, and reproductive
memory are thus manifestations of the same superordinate mimetic
controller. The range of acts that can be produced by such a system is
limited only by the discriminatory power of event perception and the
accuracy of the self-model constructed by the mimetic actor. Basically,
anything that the event-recording episodic system can perceive and
store, the mimetic controller can-model, within its inherent limits.

The major direct inputs to the mimetic controller are (1) self-
representations and (2) the outputs of episodic memory. The latter,
containing a record of external event perceptions, was the governing
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memory system in primates. The mimetic system therefore su-
perceded, and encompassed, the episodic system in the cognitive hi-
erarchy. Episodic mind has no access to mimetic representations; but
the mimetic controller has access to episodic representations. Where
the outputs of episodic memory were perceptual and literal, the
mimetic controller could incorporate those outputs in action meta-
phors. Event perceptions thus became event reproductions and re-
enactments.

As hypothesized in this theory, mimetic representation was built
upon, and superseded, its episodic foundation. It follows that,
whereas episodic memory had been at the cognitive pinnacle in pri-
mates, it was later encapsulated by mimetic cognition. The mimetic
controller thus became the unencapsulated central system, a position
it must have held in the hominid mind until the evolution of lan-
guage. And in the absence of language, the mimetic controller re-
mains the dominant representational device.

Parsing and Modeling Event Sets

In principle, perceptual subcomponents can vary independently for
any complex event. Thus, the commonly perceived mammalian event
/begging/ encompasses many potential instances in which the sub-
components of the event will vary. Subsets of /begging/ might in-
clude: (1) different agents; (2) different actions: begging on the knees,
with the eyes, crying and whining, and so on; (3) different contexts:
begging in public, in groups; (4) different attitudes: defiantly, desper-
ately, with threats. Begging serves to elicit a constant response pattern
(giving or yielding) in the perceiver. But how can such varied patterns
of behavior elicit common response tendencies in the first place?

The essential elements in recognizing /begging/ include not only
aspects of posture, expression, and sound but also perceived domi-
nance relationships and, most importantly, the perceived intention of
the agent. Begging is a very powerful stimulus: it is found only in
higher mammals and is easily understood despite its abstract nature.
This testifies to the complexity of prehuman mammalian event per-
ception, even before the evolution of mimetic skill.

Since event sets are processed at a high level of abstraction, there is
no reason to postulate a simple perceptual prototype or “template” of
an event set such as /begging/. There may be templates of various spe-
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cific perceptual items that contribute to the perception of /begging/: a
specific posture, a specific sound. However, these items are usually
ambiguous in themselves. A whining sound, for instance, might in-
dicate pain as well as begging and thus might also be part of an event
set called /experiencing pain/. In the example made famous by Hebb
(1949), a female monkey drove a hungry male mad with repeated
begging for his food, until at last he threw the food against the cage
wall. The male had to know the purpose of the female’s actions—
leading to his understanding that it was his food that she wanted—
since identical behavior in a different context might have had other
purposes. Thus, the perception of /begging/ involves a complex and
abstract perceptual judgment and a degree of social attribution.

Event sets do not appear to be hierarchical, or pyramidal, in struc-
ture. There is no reason to assume a tree structure such as the one
commonly proposed for symbolically encoded concepts. A better
analogy than a pyramid might be a statistical “cloud” or cluster of
data in multidimensional space. The recognition of events by animals
is fuzzy, fluid, abstract, and entirely nondenotative; accordingly, even
simple imitative behavior has this characteristic (Moerck, 1989). Mi-
mesis, which goes far beyond simple imitation, nevertheless works on
a metaphorical principle, a principle of perceptual resemblance: the
differentiation of event classes is generally based on repeated expo-
sures to the class of event, and episodic event prototypes incorporate
more and more instances. The mimetic representations of others may
be evaluated as events in their own right.

Control of the Mimetic System

The differentiation of self-representations follows the same course as
the differentiation of external events, depending upon the resources
available for creating a self-image. Parts of self are differentiated;
classes of actions are differentiated; and the entire body is differen-
tiated from the environment. This computation is unified; that is, the
individual can envisage any part of the body in its surround and, at
least in imagination if not in practice, alter and move the body image
into a virtually unlimited variety of positions. The unique feature of
self-representations in humans is that they are much more extensive
than the self-representations of apes, and they are reproducible be-
cause they are incorporated into voluntary action schemas. The ulti-
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mate example of this skill might be in the human high-diver, whose
extraordinary body control ultimately resides in an executable self-
image.

The representation of event sets in terms of actions of self requires
a parallelism between models of self and models of event sets and a
common destination whereby they can be compared and evaluated.
When a mimetic mind “interprets” an event in terms of action, this
comparator process is at the heart of the interpretation. Self-
conscious action is thus the basis of mimesis. Human motor control
systems, which allow people to innovate and play with the modeling
of episodic experience, do not have to be special in themselves, as
motor control devices. They are distinguished by the direct awareness
of the human actors of their output and by the supramodal modeling
capability of the mimetic controller. In effect, the mimetic controller
is the high-powered successor to the self-awareness system Oakley
suggested in his models of the primate brain (Chapter 5). It is an
additional level of representation, capable of integrating models of
self and the external world and expressing these relations through the
movement systems.

To reiterate: mime, play, games, skilled rehearsal, nonlinguistic
gesticulation, toolmaking, other creative instrumental skills, many
nonsymbolic expressive devices used in social control, and reproduc-
tive memory in general are all by-products of the mimetic system, as
it continuously models the episodic world. In effect, this means that
the mimetic mind models, in action, the outputs of the episodic mind.
The mimetic system is thus a seminal hominid cognitive innovation,
a mode of cognition that remains dissociable from language even in
modern humans, and is the logical basis of the first truly human cul-
ture.

Neuroanatomical Considerations

When regarded as a complex adaptation, mimetic culture clearly could
not be attributed to any single anatomical change in early hominids,
any more than australopithecine culture could reasonably be attrib-
uted to any single anatomical change. The larger brain of erectus
would have been consistent with a great expansion of reproductive
memory and the invention of a new level of representation, with a
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concomitant increase in the general demand for memory storage. But
under the surface of that larger brain, the pattern of expansion would
have been far from diffuse and general: on the contrary, mimetic skill
is made up of a complex of highly specific adaptations that would
demand equally specialized brain adaptations.

These questions have not been explored as explicitly as they might,
even in modern humans. Nevertheless, from existing published case
material it can be said that in modern humans at least, the subsystems
underlying mimetic skill seem to be distributed through several brain
regions. For example, as reviewed in Chapter 3, emotive uses of vocal
and facial mimesis, including prosody, appear to depend heavily upon
right-hemisphere regions, while certain imitative (and possibly mi-
metic) visual-manual skills depend more on the left cerebral hemi-
sphere. Rhythm might also be controlled more from the right than
left; but whole-body mimesis, including postural and gestural signal-
ing, might well be bilaterally controlled, since this skill appears to be
highly robust after brain injury, even after hemiplegia. Mimetic uses
of the face are similarly robust after brain injury, even in cases of
facial hemiparalysis; bilateral, and possibly subcortical sources of con-
trol must be considered here as well.

Thus, some mimetic skill systems seem to be distributed primarily
in the left hemisphere, some in the right, and some bilaterally and
subcortically. The cerebellum, which expanded dramatically in size,
was also undoubtedly an important structure in the evolution of hu-
man fine motor control, including mimetic action. In other words, if
erectus is assumed to be the epitome of mimetic culture, the brain of
erectus should have shown fairly diffuse expansion, when viewed in
terms of gross anatomy, while differentiating tremendously in the
detail of its motor organization. In principle, the subsystems of mi-
mesis—emotional expression, manual coordination, self-representa-
tion, and so on—might be localized anywhere, so long as the outputs
of these subsystems could gain access to the central mimetic control-
ler, and so long as the outputs of episodic event-perception systems
could have access as well.

The location of the mimetic controlier is problematic. To my
knowledge, there have been no reports of generalized “dysmimetic”
syndromes in the neurological literature. Moreover, if such syn-
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dromes do exist, they might easily be labeled as generalized dementia,
since according to our precepts, a purely dysmimetic person would
lack the most elementary human representation system and even in
the best of circumstances would be reduced to an essentially primate
level of behavior. When there are failures of specific manual, vocal, or
postural mimetic skills, as there are in some apraxias, whatever intact
motor skills the patient is left with seem to suffice for a degree of
mimetic expression. Presumably this is because, in the latter cases,
the mimetic controller is intact. But if the mimetic controller were
destroyed, there would be no superordinate event-modeling system
to regulate the use of these subsystems, and the patient would revert
to rigid, stereotyped behavior.

It is important to remember that the mimetic controller is con-
ceived of as a supraordinate control center and is not directly motoric:
it is a very abstract programmer of action. Its most logical location is
the prefrontal cortex, or immediately adjacent regions of the dorso-
lateral frontal regions, whose functions have never been well under-
stood. Its largest input must be from the event-representational sys-
tems of the brain, which are very likely to reside in specific parietal
and temporal association areas. There are rich anatomical pathways
from the latter to dorsolateral frontal and prefrontal regions; thus, a
large bilateral frontal region might serve as the basis of the objective
mimetic event space, with its largest input path coming from the pa-
rietal cortex. This circuit, especially on the right side, is sometimes
invoked in theories of spatial attention in humans. But, as Hebb
(1949) observed long ago, attention is nothing but the directional as-
pect of any organized behavior; there is no need for theories of a
reified capacity called “attention.” More probably, the frontal-parietal
circuit is central to the objective representation of the active self in
three-dimensional space. And since most formal psychological tasks
activate this circuit in one way or another, it could be confused with
an “attention center.” But these questions must remain open until
more direct tests of the present hypothesis can be made.

Some theories of hippocampal function have suggested that the
hippocampus serves as a “cognitive map,” that is, an objective spatial
coordinate system onto which objects in the environment may be
mapped (O’Keefe and Nadel, 1977) and which serves as a working
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memory field (Olton, 1977). These models were constructed on ro-
dent and cat brains, and it is not clear how comparable simple spatial
locomotor tasks are to human mimetic skill. But in humans the hip-
pocampus is apparently part of a circuit related to episodic memory
storage (Milner, 1966); in effect, event perceptions have to be pro-
cessed through the hippocampus to be registered permanently. If the
hippocampus plays a role in mimetic behavior, it is probably indirect,
inasmuch as it plays a role in event perception and the episodic storage
system.

Poizner, Klima, and Bellugi’s (1987) theory that the self-image, or
intrapersonal space, is represented on the left while the external
world, or extrapersonal space, is represented on the right appears at-
tractive on initial examination. But the mimetic skills of left-damaged
people, other than their hand-signing skills, are far from destroyed,
and this fact does not agree with a strong version of their hypothesis.
The complex human self-image must occupy a major part of the brain
and must, by its very nature, have a number of component subsys-
tems; therefore it could be widely distributed and resilient after brain
injury. Accordingly, the mimetic brain, prior to language, should have
shown an expansion, relative to primates, of both right and left, fron-
tal and posterior cortex. And there is no reason to think mimetic skill
was strongly lateralized to the left or right, except possibly in the
subsystem for hand control.

One final point: localization is not crucial to any argument of this
type. It is not clear that the mimetic controller must be localized in
any single anatomical structure, although it must have functional
unity. There are conceptualizations of functional unity that could es-
chew easy neurological localization; for instance, in a hierarchical
chain of command, mimetic control might devolve from one structure
to another, depending on circumstance. Or it might be somewhat dif-
ferently distributed in each individual; this possibility will be dis-
cussed in Chapter 9. Finally, mimetic representation in modern hu-
mans may be distributed differently from the way it was upon its
initial evolution, whether in erectus or in an earlier species. In con-
clusion, available evidence suggests a wide, complex anatomical base
for an adaptation like mimesis; and the concept of mosaic evolution
would appear appropriate here. \
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Condlusion: Mimetic Culture as a Survival Strategy

On the principle of the conservation of previous gains, episodic cul-
ture would have been surrounded by, and largely preserved, within
the larger context of mimetic culture. Erectus, and modern humans,
retained the basic primate cognitive features that characterize episodic
culture; there is no reason to believe that any higher cognitive skills
were lost in the transition. For the most part, considering that the
new adaptations were entirely within the constraints established in
the primate line, the transition to mimetic culture involved adding
to the cognitive architecture already in place. The elements of the
case for an archaic hominid mimetic adaptation are summed up in
Table 6.1.

Could mimetic skill not have arrived simultaneously with speech,
as part of the same adaptation? For that matter, could it not be more
recent than speech? The strongest reason for putting mimesis first is
that it is inherently a more primitive form of repretentation. Mimesis
is closely tied to the concrete, episodic memory of an event and does
not involve the invention of an arbitrary set of symbols. It is much
closer to the cognitive culture of apes than it is to spoken or written
language. Even in modern humans, mimesis is usually an elaboration
of, or a summary of, episodic experience. The mimetic representation
of an emotional event such as triumph or anger revolves around pos-
tures, facial expressions, and gestures that epitomize the event. The
representation of skills, whether in crafts or athletics, involves an ep-
isodic re-enactment. In modeling social roles, events are assembled in
sequences that convey relationships. They resemble the events as
they occur in the real world; in fact, they could be seen as an idealized
template of those events.

Mimesis is thus a much more limited form of representation than
symbolic language; it is slow-moving, ambiguous, and very restricted
in its subject matter. But it blends in well with the level of event-
perception capabilities of the primate. It is logically the next step up,
one of the few available paths up the evolutionary scale for primates.
Episodic event registration continues to serve as the raw material of
higher cognition in mimetic culture, but rather than serving as the
peak of the cognitive hierarchy, it performs a subsidiary role. The
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Table 6.1  Elements of an archaic hominid mimetic adaptation, in which
language is completely absent. In a group context, the presence
of mimetic skills in individuals would combine and interact to
produce mimetic culture.

EPISODIC CULTURE (Primates)

+

MIMETIC SKILL * intentional representations
* generative, recursive capacity for mime
* voluntary, public communicative system
« differentiation of reference
* unlimited modeling of episodic events
* voluntary, autocued rehearsal

+
SOCIAL CONSEQUENCES ¢ shared modeling of social customs and hier-
archies
* reciprocal mimetic games
* enhanced conformity and coordination
* group mimetic acts
* slow-paced innovative capacity
* simple pedagogy and social attribution

MIMETIC CULTURE * toolmaking, eventual fire use
* coordinated seasonal hunting
* rapid adaptation to climate, ecology
* intricate social structure
* primitive ritual (group mimetic acts)

highest level of processing in the mimetically skilled brain is no
longer the analysis and breakdown of perceptual events; it is the mod-
eling of these events in self-initiated motor acts. The consequence, on
a larger scale, was a culture that could model its episodic predecessors.

Mimesis can be cleanly dissociated from the symbolic and semiotic
devices upon which modern culture depends. It serves different func-
tions and is still far more efficient than language in diffusing certain
kinds of knowledge; for instance, it is still supreme in the realm of
modeling social roles, communicating emotions, and transmitting ru-
dimentary skills. It is also dissociable m terms of its brain represen-
tation. Mimetic skill usually survives the disruption of symbolic lan-
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guage. Shallice (1988) reports a case in which a patient with a
devastating semantic disorder of language, unable to use words at all,
was nevertheless usually able to mime his intention. In the clinicit is
fairly common to use mimetic forms of expression to communicate
with the brain-injured patient who has lost speech and writing.
Brother John was able to employ mime to communicate with others
during his paroxysms. In general, the destruction of general mimetic
skill is extremely rare except in demented patients.

The latter fact serves to emphasize how fundamental mimetic rep-
resentation remains in the operation of the human brain. When mi-
metic representation is destroyed, the patient is classified as de-
mented, out of touch with human reality. The proper use of language
is always a casualty of lost mimetic representation. But when lan-
guage alone is lost, even completely lost, there is often considerable
residual representational capacity left.

The logic of evolutionary biology gives us another compelling rea-
son to place mimesis ahead of language in the evolutionary succes-
sion. Any change or variation needs an appropriate setting for its
adaptive advantage to become evident, or the individuals exhibiting
that variation will not be successful. In its first form a variation may
not serve the same function it ultimately serves; feathers first
achieved thermoregulation, not flight. Language is a very exotic ad-
aptation indeed; there is no precedent for it in other species. And
language is a social skill, dependent on the availability of a linguistic
milieu for its development in the individual. Bruner (1986) has writ-
ten convincingly of the need for an external support system, a lin-
guistic milieu, for the acquisition of language. Such a milieu could
not have existed when human speech began to evolve and probably
would not have developed for many generations after the first individ-
uals with a capacity for speech came into existence. Speech provided
humans with a rapid, efficient means of constructing and transmitting
verbal symbols; but what good would such an ability have done if
there was not even the most rudimentary form of representation al-
ready in place? There had to be some sort of semantic foundation for
a speech adaptation to have proven useful, and mimetic culture would
have provided it.

In conclusion, mimetic skill represented a new level of cultural de-
velopment, because it led to a variety of important new social struc-
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tures, including a collectively held model of the society itself. It pro-
vided a new vehicle for social control and coordination, as well as the
cognitive underpinnings of pedagogical skill and cultural innovation.
In the brain of the individual, mimesis was partly the product of a
new system of self-representation and mostly the product of a supra-
modular mimetic controller in which self-actions may be employed to
“model” perceptual event representations. Many of the cognitive fea-
tures usually identified exclusively with language were already pres-
ent in mimesis: for instance, intentional communication, recursion,
and differentiation of reference.

Mimetic culture had its pragmatic successes in toolmaking and so-
cially coordinated activities like hunting, maintaining a seasonal
home base, and using fire. But its greatest importance would have
been in the collective modeling, and hence the structuring, of hominid
society itself. Mimetic culture was a successful and stable adaptation,
a survival strategy for hominids that endured for over a million years.
It provided the basic social and semantic structures on which symbolic
language was later to be added. The brain structures supporting mi-
metic action, unique to the human line, constituted the archaic hu-
man brain, the brain that would be further modified to incorporate
linguistic skill into its armamentarium of systems and modules.



S EV E N

econd Transition: From Mimetic
to Mythic Culture

Language and the Rise of Human Culture

Human culture, in its most basic manifestations, is an integrated pat-
tern of adaptation, a complete survival strategy. It forms the larger
framework into which various cognitive components of that culture,
including language, must be fitted. This idea is difficult to keep in
perspective, given the dominant role language usually plays in models
of human cognition. Language is usually placed at the top of the cog-
nitive pyramid; but language evolved in, and continues to be em-
ployed in, a wider cultural context. To understand what adaptive value
language had in its initial development, we must consider the overall
pattern of aboriginal human culture. The problem is very much like
the problem of understanding the ramifications of bipedalism or mi-
metic skill. Neither would make sense in isolation; they were part of
a larger pattern of adaptation. The same is undoubtedly true of lan-
guage.

In human culture, language dominates: yet language is not used
equally in all areas of activity, nor is it the only means of communi-
cation and thought. It is possible that language is a “dedicated” sys-
tem, that is, a specialized system devised for special applications,
rather than a general-purpose device. The same applies for thought
skills associated with language.

Mimetic skill has many of the properties of language. If we place
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mimetic skill in an intermediate position between episodic cognition
and language, what, precisely, would language have added? How
would the overall pattern of adaptation have changed? Like earlier
cognitive adaptations, language would have been grafted onto an ex-
isting culture and an existing cognitive architecture. Presumably it
did not replace what was already functioning well; it developed in
response to new selection pressures. It was part of a complete cultural
adaptation and part of a larger cognitive architecture. From the view-
point of cognitive science, the essence of language lies in the ways it
changed the fundamental structure of mind.

What were the first uses of language, and how did linguistically
dependent cultures differ from earlier ones in terms of their overall
survival strategy? A direct, experimentally based answer is not avail-
able, since we cannot get more than a reconstructive glimpse of ar-
chaic Homo. But existing archeological and anthropological evidence
cannot be ignored simply because it is incomplete; some knowledge is
better than none. If the problem of emergence is not addressed know-
ingly, it will be addressed inadvertently, since, as we have already ar-
gued, an evolutionary scenario is implicit in any model of human
cognition.

The strategy adopted here must be, in part, reconstructive; early
human cultures can be evaluated not only from archeological data but
also from the extensive literature on surviving human hunter-gath-
erer societies. The salient features of a distinctively human cognitive
adaptation can be seen most clearly in these cases, when there is min-
imal “noise” introduced by the accumulated effects of later cultural
and technological change.

Transition Period

Mimetic skill is autonomous, isolable from language, and sufficient
for the cultural achievements of erectus. As such, mimetic culture
would have been the precursor to all modern human cultures. The
reign of erectus lasted until about 300,000 years ago; in fact, virtually
all hominid remains from most of that time appear to be from this
species, suggesting that earlier hominids simply could not compete in
the same niche. Between the reign of erectus and the appearance of
modern humanity about 50,000 years,ago, there was a long period of
transition that is not well-enough documented, at least in archeology,
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to yield a clear line, or lines, of descent. However, the exact line of
descent is not important here; what matters is whether there were
two successive major cognitive adaptations in modern human specia-
tion or only one.

The possibility of two cognitive adaptations is often raised because
European archeology indicates two phases of late hominid evolution:
a Neanderthal phase, from 150,000 to 35,000 years ago, and a modern
phase, from about 45,000 years ago to the present. Neanderthals
underwent a drastic, rapid extinction between 45,000 and 35,000
years ago, and concurrently were replaced by modern Cro-Magnons.
This seems to imply two successive adaptations: first an archaic hu-
man adaptation about 250,000 to 150,000 years ago, followed by one
about 50,000 years ago. But recent genetic studies suggest a common
human ancestor for all modern humans, about 200,000 years ago.
This suggests that truly modern humans might date back further
than the archeological record indicates, and it opens up the possibility
that a single fundamental human cognitive adaptation stretched out
over several hundred thousand years. This would simplify the evolu-
tionary scenario somewhat and remove the need to explain how mod-
ern humans could have emerged, with radically new cognitive abili-
ties, so quickly.

The problem is, perhaps, our dependence on evidence from Europe.
Modern-looking humans appeared very suddenly in Europe; skulls
preceding them in Europe seem to belong either to Neanderthal or to
predecessors of Neanderthal. And the late Neanderthal era is so well
documented that it skews our perception of the entire transition pe-
riod. But it now seems likely, even probable, that modern humans
evolved before Neanderthalers dominated Europe. Neanderthalers
may have been a conservative subspecies of sapient humans, evolving
alongside us. It would be more parsimonious to propose that there
was only one fundamental cognitive breakthrough in human specia-
tion, and that language, including speech, had started to evolve much
earlier than 50,000 years ago. In fact, there is evidence in favor of this
view.

Dating from about 400,000 years before present, new varieties of
hominid are found in Africa, Asia, and Europe that appear to be tran-
sitional types. They have some modern features, such as a larger,
rounder cranium, and some archaic features, such as the brow ridges
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and prognathous facial profile found in erectus. One of the oldest such
skulls is from Petralona, Greece, and dates to a period of 300-400,000
years ago. Although those dates are controversial, it is clearly from
the early transitional period, and it contains a mosaic of features of
both erectus and modern sapient humans. A number of European
skulls from that transitional era appear, judging by their features, to
have belonged to the predecessors of the Neanderthalers; brain size
had already increased into the modern range, and Neanderthal brains
were virtually equal in size to those of modern humans. The shape of
their crania, however, and their facial features retained many charac-
teristics of erectus, including an occipital thickening of the skull, a
ridge along the top of the cranium, heavy brow ridges, and a prog-
nathous profile. They were taller than erectus; and judging from their
skeletal remains, their physiques were extremely robust and heavily
muscled. As mentioned in Chapter 4, the base of the Neanderthal
cranium lacked the angled flexure of modern humans.

Lieberman’s measures of cranial endocasts, which are a clue to the
shape of the archaic larynx, suggest that some of the oldest African
and European skulls, notably those from Broken Hill, Zambia, and
Steinheim, Germany, both about 125,000 years old, had modern bas-
icranial flexures. These skulls, at least as old as the oldest Neanderthal
skull, look modern in other respects as well. This implies there may
have been two separate but parallel lines of human descent, one ter-
minating in Neanderthalers, the other leading to modern humans.

Studies of mitochondrial DNA point to a common ancestor for all
modern humans about 150-200,000 years ago, possibly in Africa.
Thus, the emergence of modern humans may have been under way as
long as 150—200,000 years ago. But the accelerated period of specia-
tion preceding the proliferation of modern humans, like the one pre-
ceding erectus, evidently produced considerable anatomical variety in
hominids; and the archeological record, with the exception of the
Neanderthalers, is rather hard to read.

During the Middle Paleolithic period, 150,000 to 40,000 years ago,
Mousterian tool culture appeared in the archeological record, in a pat-
tern consistent from Central Asia and the Near East to France and
Spain. Mousterian tool culture involved several new techniques and
included smaller, finer, pointed tools and burins. The remains of
Neanderthalers are coextensive with Mousterian tool sites. Neander-
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thalers also had clothing, body decoration, burial sites, and religious
ritual. They appear culturally somewhat similar to the earliest mod-
ern humans of the Upper Paleolithic (Hadingham, 1979). They lived
in caves, hunted large game, and constructed warm shelters from an-
imal skins.

Exploration of Neanderthal caves at Shanidar, in Iraq, yielded a
burial site in which the grave was decorated with several different
kinds of spring flowers, as though the flowers held an emotional sig-
nificance; this is not clear, however, since similar flowers have been
found elsewhere in the cave. At Le Moustier, France, a boy was buried
in a sleeping position with a beautifully crafted handaxe beside him,
as well as the bones of wild cattle, as though meat had been included
to sustain him in a journey. Evidence at this site suggests their ritual
and symbolic importance. Other Neanderthal burial sites have re-
vealed a different side to their grave rituals: at one site in France, a
child’s decapitated body was buried deep, with the head placed above
the body, under a limestone slab. Some burials show signs of canni-
balism on the remains; for instance, the skull had been opened as
though to remove the brain, or a femur was broken as to remove the
marrow.

A comparison of Neanderthalers with their predecessors leaves no
doubt that Neanderthalers were advanced in cognitive skills. How-
ever, they were apparently less adaptable than modern humans, who
co-existed alongside them for 5,000 to 7,000 years in some locations,
competing for the same resources. Contemporaneous Neanderthal
and Cro-Magnon campsites in Europe show that while Cro-Magnon
culture was evolving at a steady rate, Neanderthalers were not chang-
ing. Within a relatively short time after modern humans appeared,
Neanderthalers were extinct.

Remains of modern humans, classified as Homo sapiens sapiens,
have been reported in Africa from about 125,000 years ago and are
evident in European, Asian, and Australian archeological records from
about 45,000 years ago. The earliest North American remains appear
to be about 25,000 years old, but there are some claims of older finds;
South America was apparently occupied around the same time.

Considering how slowly the face and cranial shape of humans had
changed from early erectus, 1.5 million years earlier, to the Neander-
thalers, modern humans come as a bit of a shock. Their skull shape is
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very different from other hominids, including Neanderthalers: the
dome of the cranium is high, rising straight up from the orbits of the
eyes, and the occiput is flat, producing a square-shaped, thin-skulled
head. At the same time, the jaw is shortened, with a pointy chin,
producing a flatter facial profile. The basicranial line is highly flexed,
reflecting the changed shape of the jaw, nasopharynx, and upper vocal
cavity. All existing humans share these characteristics, from Austra-
lian aboriginals and pygmies, to modern Europeans, Asians, and Af-
ricans.

All modern humans possess also speech and highly developed semi-
otic skill. The latter may be defined generally as the ability to invent
and use signs to communicate thought. Speech may be thought of as
a specialized subsystem of this ability, which allows more rapid, port-
able, and extensive semiotic use. It is not clear how rapidly speech
and other semiotic devices might have come into use during the pe-
riod from 200,000 to 50,000 years ago; but their continued employ-
ment throughout the modern human era, that is, during the past
50,000 years, seems uncontestable.

Even the most isolated modern human groups, some of whom were
still living in the Stone Age when first “discovered” by Europeans,
possessed highly elaborated systems of religion, myth, and kinship
relations at the time of their discovery. For instance, the original Tas-
manians, who were driven into extinction in 1876 and whose cultural
artifacts had not changed for 35,000 years, had produced at least five
distinct linguistic dialects, a rigid tribal structure with clearly defined
territories, religious ritual, and various decorative arts, including
elaborate body decoration, and rock engravings. The Tasaday of the
Philippines, the pygmies of the African rain forest, and the Bushmen
of southern Africa when first contacted by Europeans still had the
same type of tool culture associated with the very earliest modern
human remains. But they all possessed elaborate spoken languages
and highly developed tribal structures, ritual, myth, and religion.

The cultural period associated with the arrival of modern humans
in Europe is called the Upper Paleolithic. This period extended
through several periods of differentiation and refinement until 10,000
years ago, the start of the Mesolithic era, when agricultural societies
started to develop. The Upper Paleolithic cultures of humans were not
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initially very different from that of Neanderthalers, and their unique-
ness was first evident in their rate of change. Whereas the Mousterian
culture had not changed in tens of thousands of years, Upper Paleo-
lithic humans kept innovating, so that every few thousand years hu-
man culture, judged by its artifacts, had moved up another notch. The
rate of change varied in different geographical locations; in some iso-
lated territories humans were still maintaining a late Upper Paleo-
lithic lifestyle until recently.

It is difficult to know why Neanderthalers were replaced so rapidly
by modern humans, but within 7,000 years of the appearance of mod-
ern humans, Neanderthalers disappeared from the archeological rec-
ord. Some authors, notably Lieberman, have concluded that speech
constituted the principal advantage of modern humans over Neander-
thalers. This is possible; but, as he acknowledges, it is difficult to rule
out completely the presence of some linguistic skill in Neanderthal
society. It is more likely that the long period of transition during
which the speciation of sapient humans occurred produced variants of
Homo sapiens, including Neanderthalers, who shared a fundamental
sapient cognitive adaptation that led to language, with varying de-
grees of proficiency.

The size of the Neanderthal brain is impressive, and the high state
of development of Neanderthal culture places it close to the early cul-
ture of Homo sapiens sapiens. If the latter possessed a special cogni-
tive advantage, high-speed speech is the most likely candidate. But it
is possible that Neanderthals shared an earlier vocal adaptation, a pro-
tolanguage, that culminated in the high-speed speech of modern hu-
mans. Thus, Neanderthalers may not have been as proficient at speech
as modern humans, but there is no reason to deny speech to them
altogether.

The entire transition period, from 400,000 to 50,000 years before
present, remains somewhat mysterious, but its end-result, the aborig-
inal human culture of the Upper Paleolithic, is not inaccessible or
mysterious; there are numerous anthropological studies to draw
upon. Humans by this time had taken on their modern biological
appearance, and human culture had all of its characteristic earmarks
and was just starting its rapid growth toward larger cognitive and
social structures. The biological transition from erectus was complete;
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and the complications introduced into the human cognitive profile by
literacy and modern information technology had not yet muddied the
waters,

Although the precise evolutionary events leading up to the modern
human during the transition period are not yet known, the outcome
is well-known. The Upper Paleolithic, and many still-extant Stone
Age cultures, have been well-documented in a vast and detailed liter-
ature. For the present purpose, what we need to determine is the
essential cognitive change, and biological adaptation, that might have
been fundamental to preliterate human culture, and that would have
differentiated it from the mimetic culture it superseded. A major part
of that adaptation was undoubtedly speech, but speech did not appear
in isolation. The first objective is thus to conceptualize the shift from
the mimetic culture to the first well-documented modern human cul-
tures. A closely related issue is the question of how to go about de-
veloping a cognitive classification of human culture.

Selection Pressures

The first appearance of linguistic skill, or its precursor, must have
produced a tangible advantage in the struggle for survival and repro-
ductive success. A common hypothesis about the selection pressure
that produced Homo sapiens sapiens rests on the stresses introduced
by the fourth glaciation. The onset of the last Ice Age (75-10,000
years ago) placed great stress on hominid populations and might have
demanded a new adaptation. The last great glaciation covered huge
areas of the northern and southern hemispheres but also opened up
new migration routes by soaking up large amounts of sea water and
exposing land. In Northern regions the water level dropped several
hundred feet, exposing a vast land bridge of frozen tundra a thousand
miles wide—and populated with various grazing animals—from Asia
to the Americas. In the Southern hemisphere, Australia and Malaysia
were virtually connected to Asia through a series of land bridges.
Humans are thought to have migrated all over the globe during this
period, presumably following the herds of grazing animals in search
of food sources. Conditions of life were extremely difficult, in both
north and south. Survival in this climate, under the arduous condi-
tions of a nomadic existence that was dependent on the hunting of
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large game, would require better social coordination and planning.
Enter language.

The difficulty with this idea is that some of the earlier migrations
of erectus also took place under arduous conditions and evidently did
not result in selection pressure for language. Stress can drive a new
adaptation; but it can also extinguish a species. In this case there is
no good reason to expect that hominids who became extinct, like
Neanderthalers, were any less well-adapted to the cold climate per se
than those who survived. In fact, Neanderthalers were much stronger
and more robust than modern humans and seemed to thrive in cold
European climates until their rapid disappearance about 35,000 years
ago. Besides, modern humans are usually thought to have come out
of Africa, where the fourth glaciation had a positive effect on the
climate, at least in some regions. Finally, if modern humans emerged
much earlier, as the genetic evidence suggests, the fourth glaciation
could not have been the initial source of selection pressure that led to
cognitive advance.

No convincing geographical or climactic conditions could have pro-
duced enough selection pressure to account for the emergence of mod-
ern humans. Hominid culture was already able to cope with a variety
of climates. Although climate may have played some role, other forces
must have been at work. The driving forces behind the new adaptation
probably had more to do with relative success—that is, with compet-
itive advantages over rival hominids who were battling for roughly
the same, huge ecological niche. It is surely no coincidence that only
one subspecies of the entire hominid line has survived; most other
species of mammals have at least several co-existing subspecies, each
occupying a special niche. But not humans. Apparently only one
hominid can occupy the human niche for any substantial length of
time.

Within such a species, able to adapt to virtually any climate ranging
over the whole globe, major advances would probably be driven by
this competition between subspecies. Moreover, competition would
no longer be between the survival strategies of individuals so much
as between the survival strategies of groups, and would test particu-
larly their ability to act as a cohesive society. Thus, the evolution of
humanity is likely to have been driven at the level of cultural change,
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and evolutionary pressure might have emerged when a cognitive in-
novation granted one group of hominids, as a group, a significant
cultural advantage over another.

The competitive advantages of human culture over that of erectus
are easy to illustrate. A direct conflict over food sources between mi-
metic and semiotically skilled cultures would not last very long. Hu-
mans are better and faster at everything: social coordination, tool
manufacture, systematic war, finding and building shelter, gathering
and hunting food. Archaic sapients must have outstripped erectus
rather quickly, because this enormously successful species disappeared
long before traces of modern humans appeared in the archeological
record, after having ruled the hominid world for over a million years.
What supported this competitive advantage? Mimetic communication
had already sufficed for a great deal of coordinated social effort: erec-
tus had mastered the coordinated hunt several hundred thousand
years earlier. Sapients must have possessed a more fundamental ad-
vantage.

This returns the argument to its main focus: the underlying nature
of the initial human cultural adaptation. Abandoning the idea that
humans developed cognitive skills specifically in response to the
fourth glaciation leaves the question of dates wide open. If intraspe-
cies competition was the main source of pressure for cognitive—
cultural change, the potential advantage of more powerful represen-
tations could have come into play at any time.

Mimetic versus Upper Paleolithic Culture

The shift from mimetic culture to the first truly human culture prob-
ably occupied most of the transition period from erectus to modern
humans. The fundamental question is how the constraints on mi-
metic culture and its representations—ywhich. were imposed by the
episodic referents of mimetic acts—came to be broken. Representa-
tions can be verified only with reference to their objects, and mimetic
culture was highly concrete, tied as it was to episodic experience. Mi-
metic culture introduced a number of novel features, but because of
its fixation on an episodic data base, it had a very slow rate of change
when compared with our own culture. The present evidence suggests
that erectus took half a million years or more to domesticate fire, and
three-quarters of a million years to adapt to colder climates.
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The contrasts between mimetic culture and the earliest human cul-
tures are considerable. The general characteristics of Upper Paleolithic
culture are fairly well known and appear equivalent to the cultures of
the early Stone Age. They fashioned clothing, the extent and com-
plexity of which depended upon the climate; they wove fabric and
sewed garments and other items made of hide. They developed meth-
ods of transporting heavy objects, constructed various forms of shel-
ter, and made a wide range of implements and weapons. They under-
stood a great deal about the growth, selection, and preparation of
food; they were remarkable navigators; and they probably used lim-
ited graphic devices for self-decoration. These same early human cul-
tures had a rich social and religious life, marked by the use of dance,
chants, masks, and costumes for various ritual performances. And
above all they had capacious verbal memories, capable of long, highly
formalized verbal exchanges. They had a political structure, although
not as developed as their later Mesolithic cousins. They used various
semiotic devices to indicate clan, status, and totemic identification.

All the basic properties of the human mind were present in early
human cultures: thought, group decision making, and verbal problem
solving; a shared lexicon or vocabulary; linguistic conventions, in-
cluding phonological rules and rules of grammar; an elaborate verbal
semantic memory; spatial and constructive skills. What sort of ad-
aptation could possibly explain the explosion of tools, artifacts, and
inventions of all sorts for all sorts of applications, and the eventual
creation and maintenance of tribal political and social structures,
which regulated everything from marriage to ownership, from justice
to personal obligation? What change could have broken the con-
straints on mimetic culture with such a vengeance, leading to the fast-
moving exchanges of information found in early human culture?

Speech and language are the obvigus candidates.to single out for
these roles. They could solve the problem of explaining virtually all
the new cognitive features of oral-semiotic culture, since these new
features all rely on language to various degrees. Words allow the
sharing of highly specific information, the rapid collection of new
knowledge, and the regulation of all aspects of behavior. Indeed, one
could argue that with language added to a pre-existing mimetic cul-
ture, many aspects of the previous culture could be elaborated and
improved, from social complexity to manufacturing, while totally
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new cognitive features, like vast amounts of shared, rapidly changing
knowledge, would become possible.

But what is language? What is speech? What kinds of structures
would have to be added to a mimetic mind/culture to allow languages
to develop and flourish? Words and grammars are mysterious
achievements without precedent in evolution. We do not know what
they are. Are they primarily memory-access devices? Do they map
directly on to mimetic representations? Or are they new representa-
tional systems in themselves? It is an empty statement to say simply
that language is the crucial adaptation that led to the first semiotic
cultures.

The cognitive adaptations underlying language did not necessarily
develop for the specific purpose of enabling what we call speech. There
would have been no existing linguistic environment and, in Bruner’s
(1986) terms, no language acquisition support system at the time of
its arrival to help individuals develop or learn language. It is impor-
tant, therefore, to consider carefully the kind of advantage that
speech, or any other linguistic skill, in its earliest form, might have
conferred upon the first articulate hominids.

We have to assume that the descent of the larynx and the refine-
ment of the supralaryngeal vocal apparatus in biologically modern
humans signaled a very major cognitive change. It is difficult not to
make this assumption, because our vocal communication system is
such a radical break in the primate line. But the main importance of
the vocal apparatus does not reside in how it might have enabled
speech; in itself, it couldn’t have. Like bipedalism in the australopi-
thecines, it is probably only the tip of the iceberg, anatomical testi-
mony to a more complex pattern of adaptation. The accompanying
conceptual changes are more basic, and even these formed only part
of a larger cultural chiange.

Early human culture was characterized by more than the possession
of speech and other novel vocal skills. Simultaneously with the ap-
pearance of speech there appeared a whole constellation of thought
skills that are associated with language and are, broadly speaking,
linear, analytic, rule-governed, and segmented. Semiotic cultures also
triggered completely new forms of information processing and stor-
age: semantic memory, proposmonal memory, discourse comprehen-
sion, analytic thought, induction, and verification, among others. De-
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termining whether these skills were present in early human culture,
or were a product of later transitions, is important to our understand-
ing of the emergence of modern mind.

Integrative Modeling and Myth

One way of examining how language evolved is to look at the earliest
uses to which it was put. Language has become so central to the func-
tioning of recent industrial societies that we too easily assume its
equally wide use from the earliest times. Yet the evidence belies this
idea; in surviving Stone Age cultures language has been used in some
areas of endeavor much more than in others.

Stone Age cultures demonstrate how far language development ini-
tially outstripped technology. Technology in these societies is primi-
tive, while language in social contexts soars to great heights. Lan-
guage is the ultimate social arbitrator. It is used for watching the
activities of others, keeping records of interpersonal relationships,
regulating interactions, coordinating people, sharing practical knowl-
edge of things like food sources and neighboring human tribes, and
making collective plans and decisions. The use of language in tool
technology, by contrast, is limited; most trades and skills are trans-
mitted by apprenticeship, that is, by mimetic modeling. Many cus-
toms and mannerisms (including accents and linguistic gesticulation)
are passed on mimetically. Skill with weaponry, cooking, and so on
has a minimal verbal component.

The most elevated use of language in tribal societies is in the area
of mythic invention—in the construction of conceptual “models” of
the human universe. Even in the most primitive human societies,
where technology has remained essentially unchanged for tens of
thousands of years, there are always myths of creation and death and
stories that serve to encapsulate tribally held ideas of origin and world
structure. Stories about seminal events in history—attempts to con-
struct a coherent image of the tribe and its relationship with the
world—abound. These uses were not late developments, after lan-
guage had proven itself in concrete practical applications; they were
among the first.

Lee and De Vore (1976) have documented the culture of the 'Kung
Bushmen, whose technology, if uncovered by an archeologist and
taken in isolation, would place them in the late Stone Age. The Bush-
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men apparently descended from one of the most ancient African pop-
ulations, forced into the interior of the continent by pressure from
both Caucasoid and Congoid competition. They lived, and continue
to live, by hunting and gathering, and they use tools made mostly of
wood, hide, gourds, stone, and bone. They also employ very effective,
and deadly, poisoned arrows in hunting.

Their social structure, language, ritual, myth, and religious life are
highly evolved. Their society lacks very little, from the viewpoint of
a cultivated social life. Myth and religion permeate every activity, and
these modes of thinking are not dissociated from daily life or com-
partmentalized, as they have become in our society. This may be seen
in their attitude toward hunting the eland, classed in their mythology
as the Master Animal, the first creation of their principal divinity.
The eland must only be killed with a special poisoned spear or arrow.
As the animal slowly dies from the poison over a period of hours, the
hunter identifies himself with the victim and observes behavioral ta-
boos that are thought to speed the action of the poison by virtue of
mystic identification. In a ceremonial masquerade of identification
with the eland, a dancer wears a headdress of eland’s horns, to harness
mystical energy, for which the mimed animal is seen as the vehicle.

The religious beliefs of the !'Kung people are taken so seriously
that, as Campbell (1988) pointed out, they are extremely reticent to
talk of such matters, and if they do, it is only in hushed voices. Mar-
shall (1962) reported that they were afraid even to utter their gods’
names. As in most early religions, their god myths are closely tied to
their idea of causality: gods cause pain and death, create life and the
heavens, cause rain and thunder. The eland, identified with the moon
through a creation myth, was also important in the ceremonial cele-
bration of a young girl’s first menstruation, since they knew of the
correlation between the duration of the menstrual cycle and the lunar
cycle.

Their mythical thought, in our terms, might be regarded as a uni-
fied, collectively held system of explanatory and regulatory meta-
phors. The mind has expanded its reach beyond the episodic percep-
tion of events, beyond the mimetic reconstruction of episodes, to a
comprehensive modeling of the entire human universe. Causal expla-
nation, prediction, control—myth constitutes an attempt at all three,
and every aspect of life is permeated*by myth.
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Every hunter—gatherer society appears to have an elaborate myth-
ological system that is similar in principle. Myth permeates and reg-
ulates daily life, channels perceptions, determines the significance of
every object and event in life. Clothing, food, shelter, family—all
receive their “meaning” from myth. As a result, myths are taken
with deadly seriousness: a person who violates a tribal taboo may die
of fear or stress within days, or be ostracized, or put to death.

Thus, although language was first and foremost a social device, its
initial utility was not so much in enabling a new level of collective
technology or social organization, which it eventually did, or in trans-
mitting skill, or in achieving larger political organizations, which it
eventually did. Initially, it was used to construct conceptual models of
the human universe. Its function was evidently tied to the develop-
ment of integrative thought—to the grand unifying synthesis of for-
merly disconnected, time-bound snippets of information. Where mi-
metic representation was limited to concrete episodes, metaphorical
thought could compare across episodes, deriving general principles
and extracting thematic content.

The myth is the prototypal, fundamental, integrative mind tool. It
tries to integrate a variety of events in a temporal and causal frame-
work. It is inherently a modeling device, whose primary level of rep-
resentation is thematic. The pre-eminence of myth in early human
society is testimony that humans were using language for a totally
new kind of integrative thought. Therefore, the possibility must be
entertained that the primary human adaptation was not language qua
language but rather integrative, initially mythical, thought. Modern
humans developed language in response to pressure to improve their
conceptual apparatus, not vice versa.

When the Gestalt movement attacked structuralism in the early
twentieth century, its most compelling point was that the psycholo-
gists of perception were looking at the wrong level. Structuralism
believed that perceptions were constructed out of mental atoms, in a
pointilliste strategy, like a Seurat painting. For the structuralists, a
picture would have been assembled from points of light; thus the per-
cept of a picture was constructed first by analyzing the individual de-
tails of the array and then synthesizing the overall pattern contained
therein. The Gestaltists objected, pointing out that the primary per-
ceptual impression was always holistic; for instance, upon entering a
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room, the first impression is its general shape, its light, and the major
objects in it. Details are secondary and are perceived later. On a very
brief exposure, the details, the points of light, are rarely perceived at
all. In other words, the nervous system is designed to extract the
Gestalt first; it gets around to the details later. The structuralists had
it reversed.

What the Gestaltists said about perception might also be true of
language. The rule structure of language, the unique phonetic prop-
erties of speech, and the apparently impossible complexity of linguis-
tic constructs at the level of word and sentence might well be second-
ary phenomena. The primary objects of language and speech are
thematic; their most salient achievements are discourse and symbolic
thought. Words and sentences, lexicons and grammars, would have
become necessary evils, tools that had to be invented to achieve this
higher representational goal. In this view, language would have rep-
resented not an end in itself but an adaptation that met specific cog-
nitive and cultural needs, that is, ultimately for the formalization and
unification of thought and knowledge. It was not so much a commu-
nication system as an integral by-product of a new, much more pow-
erful method of thinking.

Above all, language was a public, collective invention. Thus, the
emergence of a new peripheral adaptation such as the modern vocal
apparatus must have been contingent upon a corresponding change
on the level of thought skills, a fundamental change that enabled, and
then accelerated, linguistic invention.

Symbolic Invention

Every symbolic device humans collectively possess, whether it be a
word, an ideogram, or a grammar, was originally an invention. The
invention of words is sometimes regarded as the basic requirement,
the sine qua non of language. We have hypothesized that archaic
hominids did not invent true language, despite their capacity for mi-
metic representation. What modifications to mimetic skill might have
allowed the invention of words? The idea of an archaic mimetic cul-
ture forces us to reconsider what language is. Mimesis is intentional,
representational, communicative, generative, and it creates a semantic
reference system. It assumes a degree of social attribution, some skill
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at pedagogy, and both social coordination and collective knowledge.
Many of these attributes have, in the past, been attributed uniquely
to language, and yet we have argued that mimetic culture, possessing
all of them, could not have led to the invention of language. How can
this be? If intentionality and semantic reference do not suffice to cre-
ate the cognitive underpinnings of language, what is missing?

What the Language Adaptation Was Not

Apes have been taught to use arbitrary symbols; they use “words” as
substitutes for their referents and possess a “vocabulary,” in some
cases, of 50 or 100 or entries. The specific forms of ASL signs taught
to apes by the Gardners, or the visual symbols preferred by Premack
and various other psychologists, prove that apes can learn a basic lex-
icon that possesses the arbitrary sign—signifier relation characteristic
of true symbols.

However, apes have never shown signs of inventing symbols, and
the depth of their understanding of symbols, other than pragmatically
or instrumentally, is questionable. For example, Premack used a fa-
miliar plastic symbol for eliciting the judgment “same” in his apes. It
was one of the most important symbols they learned, and served as
the basis of further training. The symbol Premack chose to use for
“same” judgments was the traditional equal sign, similar to that used
in mathematics. Humans did not invent that particular sign until at
least 40,000 years after they started to speak, and yet an ape could be
taught to use it; how can this be? Why wasn't it, or its equivalent,
invented earlier?

The confusion results from confounding the external form of the
symbols themselves, and the behaviors associated with their use, with
the type of intelligence informing their use. It may be true that an
ape can be taught to use an equal sign in a conventional way, or at
least in line with the inventor’s intention. The equal sign was in-
vented by Robert Recorde in 1557, one of the more useful conventions
to emerge from British mathematics. The ape uses the sign to indicate
sameness; so did the inventor. Recorde wrote that he invented the
sign “to avoid the tediouse repetition of these words: is equalle to.”
The ape uses the symbol to indicate whether two things fall into the
same or a different category: alive, red, edible, and so on. This seems
very much in line with Recorde’s intention.
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But we are intuitively suspicious of the ape’s competence in using
this sign (for one thing, apes don’t do math). A hint of the gap be-
tween the ape’s use and the inventor’s is given by reading a little fur-
ther into the inventor’s thoughts about his invention. He chose as his
symbol a pair of parallel lines of equal length, “because no two
thynges, can be moare equalle.” So the symbol, in its invention, was
not originally arbitrary; the two lines refer obliquely to a very ab-
stract conceptualization of the symmetry of equivalence relation-
ships. Moreover, the symbol, although useful, was an invention that
took some thought and care; its simplicity concealed a great deal of
knowledge.

For the ape (and for most of us) the equal sign’s linkage with the
concept of equivalence is arbitrary, since we did not know the inven-
tor’s intention. But in this case the arbitrariness of the symbol signi-
fies only the inferiority of our grasp of the symbol’s meaning; and it
allows us no advantage in the process of representation. The point is,
the invention of new symbols is not a trivial matter; even in literate
Elizabethans, a new idea, or at least its encapsulation in symbols, was
not to be taken lightly.

What is missing from the ape’s use of the equal sign? Nothing, on
one level. In the strict, curiously behavioristic, Saussurian definition
of a symbol, apes can obviously be taught to use symbols to signify
things. But this ability did not get them a language; it did not even
get them a mimetic culture. The ability simply to link an arbitrary
sign with its signifier evidently does not lead to language of any sort.
In fact, the linking of signifiers to signs is not evidence of much more
than the presence of conditioned discriminations, or of elementary
event perceptions. The linkage of sign to signifier is a job for episodic
cognition, and in the realm of episodic cognition, apes are masters.

The invention of symbols seems to have required a great deal more
than a capacity for linking signs and signifiers. The equal sign might
seem to be an esoteric case; but even the first word inventions of
young children, when they are in the earliest stages of acquiring lan-
guage, have the quality of an intellectual adventure. Capturing a
chunk of episodic experience, or a concept, with a word requires ex-
perimentation. The use of the word reflects a process of sorting out
the world into categories, of differentiating the things that may be
named. The term “definition” is a particularly elegant invention in



From Mimetic to Mythic Culture 219

this regard: symbols “define” the world (rather than vice versa). Pre-
viously fuzzy properties become sharper after symbolization.

The invention of a symbol requires a capacity for thought; a sym-
bol is an example of what Gregory (1981) has called a “mind-tool.”
Symbols are invented to facilitate a cognitive operation or purpose;
and the purpose, and its solution in symbols, must somehow occur to
the inventor. The ape lacks this competence and cannot invent a mind-
tool. The equal sign does not represent “equivalence” to an ape; it is
a pragmatic device, a given of the environment. Seven-year-old hu-
man children learning mathematics seem able to use the same symbol
in a somewhat wiser way, and many adult humans can comprehend
the symbol perfectly. But prior to its invention, few humans could
have arrived at a level of understanding of equivalence relations that
would allow them to perceive the value of inventing the equal sign, as
Recorde did. In other words, the possession of symbols alone, defined
in the traditional way, would change nothing. It is the representa-
tional intelligence underlying the symbol that defines its power and
leads to its invention. It is thus the nascent mental model that cries
out for the perfect symbol, the appropriate device, to express its as-
yet-uncaptured concept.

Symbolic invention is a creative act, the elemental component of
human model building. Symbols require rules for their use, and these
rules are also inventions. The rules for calculus, and new computa-
tional algorithms, are obvious recent rule inventions. Many terms
and conventions in modern English are of recent origin; the English
language itself is a very recent innovation. By extension, the very
first languages were also inventions, in all aspects. This suggests it
would be wrong to attribute the power of the initial human speech
adaptation to the acquisition of arbitrary symbols, the possession of a
lexicon per se, or the evolution of an associative device for linking
symbol to referent, such as the “second-signaling system” of the neo-
Pavlovians (Vygotsky, 1962). This is putting the cart before the horse.
Symbols could not have come first and triggered language and
thought by their invention. The invention of symbols, including
words, must have followed an advance in thought skills, and was an
integral part of the evolution of model building.

Similarly, it is even more unlikely that the emergence of a high-
speed vocalization apparatus in the brain and vocal tract of an ape, or
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even of erectus, in itself would have led to the invention of symbols
or to speech. It would have led only to imitation and further prag-
matic use of imitative vocalization. This is not to devalue anatomical
evidence; major changes in anatomy probably, in fact inevitably, re-
flect functional change. But vocal skill would not have driven cogni-
tive change; it would have followed, or at least paralleled, a funda-
mental change in the modeling intellect that made vocal skill useful.
The most important source of selection pressure for an improved vocal
apparatus would have been a mind that needed the features of vocal
language for its modeling agenda.

Archaic Semiotic Invention: Gesture

How then did hominids evolve from mimesis to language? The first
step could not have been simply to acquire phonological skill and con-
struct an oral—verbal lexicon, grafted onto a mimetic brain. Nor could
it have resided in the sudden acquisition of intentionality, reference,
or any of the other features already present in mimetic culture. The
most likely initial source of arbitrary symbols in mimetic culture
would have been in the standardization of mimetic performance—
that is, in gesture. Some degree of semiotic invention was inevitable
in a mimetic culture, in the form of gesture.

As shown in the last chapter, some use of gesture was well within
the capabilities of mimetic culture. Would the elaboration and stan-
dardization of gesture have served as the precursor of the more ad-
vanced semiotic inventions underlying speech? Or is the modern hu-
man use of gesture part of the same biological adaptation as speech?
The best evidence on this question comes from recent experimental
and observational data obtained from modern humans.

David McNeill (1985) has argued that gesture is closely tied to
speech in modern humans; in fact, certain kinds of gesture are found
only during speaking. McNeill argues that gesture and speech share a
computational stage. But this does not imply they evolved together.
”Sharing a computational stage” does not even necessarily mean that
gesture is generated on the same cognitive level as speech, or that it
could not exist entirely on its own. This is a critical issue; it is impor-
tant to establish the identity, or independence, of these two levels of
symbolic expression. .

McNeill realized the independence of certain gestural elements
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from speech; these are what he calls “emblems,” which are stereo-
typed signs that can be interpreted outside of language. He gave the
example of gestures for “okay” (thumbs up) or “psychologically pe-
culiar” (index finger circling the temple), which can be used entirely
on their own. There are many such emblematic gestures, and some
are still in use. Some cultures use emblematic gesticulation more than
others, but all cultures have some system of expression involving fa-
cial and postural attitudes to express approval and disapproval, anger
and sadness, puzzlement, derision, and so on. Many of these gestures
are stereotyped and expanded variations of what were once sponta-
neous emotional reactions and are well within the capacity of mimetic
culture,

Emblematic gestures can be used for a variety of purposes and may
be combined with simple semiotic devices in other sensory modalities.
Andeans use hand-to-mouth whistling to signal across from one
mountain to another; the Plains Indians of North America used a
hand-signaling system for silent communication while hunting;
other systems include smoke signals and drums for long-distance
communication. Such forms of expression are probably elaborations
of the most ancient human uses of symbols. Gestures may have
started out as variants on emotional expressions: these would appear
to be the most rudimentary symbols, that is, the symbols closest to a
mimetic level of representation, one step removed from the mimetic
scenarios documented by Eibl-Eibesfeldt (1989). Gestures of this sort
include shrugging the shoulders, pursing the lips, and shaking the
head to indicate puzzlement; waving and smiling to greet someone;
saluting or salaaming to indicate submission; shaking hands, or re-
fusing to shake hands, to indicate attitude. Putting the fingers to the
lips and producing a “shh” sound indicates silence both in modern
Western culture and in the Kalahari Bushmen. Pointing, combined
with various facial and postural attitudes, can indicate accusation, in-
terest, acceptance, or a command to depart.

Emblematic gestures very in detail from one culture to the next,
and this demonstrates their arbitrariness; the same representational
functions are served by a variety of gestures, even at this rudimentary
level. Such gestures are not only useful in simple exchanges but as
supplements to larger mimetic representations. In group ritual, em-
blematic gesture is often combined with re-enactive mime, group
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chanting, and dance; but it does not represent much of a break from
mimetic cognition. This just reiterates what was said earlier: the in-
vention of symbols, per se, would not necessarily revolutionize
thought.

McNeill pointed to a different class of gesture, closely tied to hu-
man speech and supposedly not intelligible without a linguistic con-
text: linguistic gesticulation. The use of this type of gesture is some-
times lost in aphasia, whereas the use of mime and emblematic
gesture are seldom lost in aphasia. Linguistic gesticulation is complex,
and includes three subtypes. The first type is called iconic gesturing,
of which exemplars are labeled “iconix.” Iconix are images, traced in
air, which relate to the meaning of an utterance. For instance, while
saying “he picked up the box,” the speaker might hold the hands apart
as if holding a box. McNeill and Levy (1982) studied this type of
gesturing in six narrators, producing a complex of gestural types that
had 44 movement features and 38 meaning features. The correlation
of meaning with movement pattern revealed that there were distinc-
tive gesture profiles for each meaning. Thus, the gestures were not
completely arbitrary and had a predictable relation to the meaning of
the utterance.

A second kind of gesture is metaphoric gesturing, which McNeill
called metaphorix. These are also manually traced images but have a
more abstract relation to what is said. Mathematical metaphorix are
common in technical discussions; for instance, McNeill gave the ex-
ample of how the concept of limits was expressed by two of his sub-
jects. The utterance “this gives a direct limit” was accompanied by the
following metaphorical gesture: left index finger slides along right,
and comes to stop just beyond the tip. “Conduit” metaphorix are even
more abstract; the speaker creates the image of a container, such as a
cup, while discussing an abstract concept. Montaigne’s account of
Zeno’s division of the faculties of the soul, 2,300 years ago, pictured
the following conduit gesture: “The hand, spread and open, was ap-
pearance; the hand half shut and the fingers a little hooked, consent;
the closed fist, comprehension ., his fist still tighter, knowledge.”

Metaphoric gestures seem to abound in aboriginal cultures. Mc-
Neill examined more than 100 gestures recorded in an anthropological
film about the Turkana and found qumerous metaphorical gestures.
For example, the speaker (in what appears to be a liberal translation)
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says, “These Europeans want to extract all our knowledge—pft!”
while producing a short sequence of accompanying gestures: hand
moves to brow and appears to remove something, fingers create small
object rising upward, object seems to fly away on its own.

A third category of linguistic gesture is the “beat.” Beats (some-
times called batons) are off-propositional gestures that have no con-
tent of their own. They are small, simple movements that do not
evoke imagery but indicate an extranarrative comment. A beat might
show that the material it accompanies was not part of the main nar-
rative. For example, the utterance, “The runner—he’s the one who
you saw yesterday—continued in that direction,” could be accompa-
nied by a simple batonic gesture, such as a hand movement, marking
the phrase “he’s the one you saw yesterday” as a subpropositional, or
extranarrative, element.

In contrast with emblems, iconix, metaphorix, and beats are closely
tied to speech. They are closely tied in real-time to the utterance,
never crossing clause boundaries. They parallel speech in develop-
ment (Bates, Bretherton, Shore and McNew, 1983); in fact, during
development, gesture and word use are driven by the same scripts.
Iconix appear at about two-and-a-half years of age and take the form
of fairly literal enactments. As the child’s understanding of the world
progresses to more and more abstract levels, gestures and speech re-
flect this together. Standard metaphoric gestures appear at 5-6 years,
and more original metaphorix appear about age 9 (Stephens and Tuite,
1983), closely tied to conceptual development.

It is difficult to accept that metaphoric or iconic gestures are always
bound to a linguistic context; in some situations gestures may actu-
ally override a linguistic message. Contradiction between spoken and
gestural meaning has been a standard dramatic device in comedy for
as long as there are written records of comedies, and is a device used
as well in aboriginal societies. Aristophanes’ parody of absent-minded
intellectuals in his play The Clouds (423 B.c.) was built on such a
device: Socrates is shown wandering, open-mouthed, contemplating
the universe, just as a bird lands its droppings in his mouth. Socrates’
words convey one thing, while his actions provide the contradiction.
Parallel meanings: one linguistic, the other mimetic.

In the case of emblematic gesture, the parallel and independent
course of gestural meaning is a common phenomenon. An example



224 Second Transition

might be, “Global free trade obviously works to the advantage of the
Third World,” accompanied by the standard emblematic gesture for
insanity (index finger circling temple). There are two parallel mean-
ings in counterpoint, the one contradicting the other. Children learn
to use and appreciate parallel mimetic-verbal puns and jokes very
early; a simple pun might consist of making an angry face while
speaking in a friendly voice. A more complex metaphoric example,
which I have seen acted out many times by young boys, would be the
following: the utterance, “Here’s the world’s greatest X (cyclist, tree
climber, football player, whatever),” accompanied by a mime of in-
competence at X's skill. The same skill, using parallel mimetic-
linguistic channels, can be used for manipulative purposes, such as
social ridicule.

The loss of gesture in aphasia is not a simple pattern of deficit but
reinforces the independence of the mimetic and linguistic systems.
Broca’s aphasics—nonfluent but able to comprehend—continue to
produce numerous and elaborate iconic gestures but, understandably
in the absence of speech, few or no beats (Cicone et al., 1979). Pedelty
(1985) claims that Broca’s aphasics can use iconix only in a referential
manner, losing the ability to mark relationships between items. Wer-
nicke’s aphasics—fluent but uncomprehending—seem to lose iconix
and metaphorix altogether, while retaining beats. However, Pedelty
has observed correct gestures accompanied by paraphasic errors in
word choice or word construction. This suggests that gesture may
sometimes be independent of the process of word finding. Pedelty has
never observed the opposite—an incorrect. gesture with correct
speech—which reinforces his idea that mimetic representation is the
more fundamental level of representation.

Considering the whole literature on linguistic gesturing, it is diffi-
cult to disagree with McNeill’s conclusion that gesture and speech
share a computational stage, or with Bates’ conclusion that gesture
and speech develop together and reflect the progress of developing
thought. But nothing in McNeill’s argument precludes the possibility
that the gestural ability which normally accompanies speech might
have preceded speech in evolution. Indeed, Butterworth and Hadar
(1989) have asserted the global autonomy of gesture. Given the hier-
archical organization of skill and knowledge, it would be expected that
language would often dominate lower levels of skill. This might pro-
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duce a real-time correlation between speech and gesture, but it does
not imply an identity of mechanism.

Moreover, the data on aphasic gesticulation supports the distinct-
ness of gesture and speech. In the aphasic we can see the underlying
modular structure exposed. Speech production, including internal
speech, can be completely destroyed without affecting the ability to
produce and invent iconic and metaphoric gestures. This suggests that
iconix and metaphorix are not absolutely tied to speech, any more
than emblematic gestures are. Beats are more closely tied to speech,
but this is hardly surprising, given their definition.

Inconclusion, the mimetic brain can generate a rich variety of ges-
tures. It does not follow, however, that all of the forms of gesture
available to modern humans, usually used as a supplement to speech,
were available to earlier human cultures. McNeill noted a lack of cer-
tain conduit gestures in the Turkana, and it may well be that the
modern human repertoire of gestures is the result of millennia of
gestural, and conceptual, accumulation. It does follow, however, that
fairly elaborate systems of gestural symbolism might have preceded
the speech adaptation, especially during the transition period.

Symbols and Mental Models

Episodic minds (as in apes) can use symbols when provided with
them, and mimetic minds employ symbolic mimetic displays; each
uses symbols in its own way. Modern humans, similarly, use symbols
in our own way. The value of a symbol depends on the kind of mind
putting it to use. Episodic minds create episodic models of the world;
mimetic minds create mimetic models. Signs and symbols, given to
such minds, possess no magical powers to change this. By extension,
modern minds create the kinds of symbols that they do because their
thought processes are different. The symbol-driven cultures of hu-
mans did not advance because they were suddenly the beneficiaries of
symbols that unleashed hitherto unheard-of cognitive powers. On the
contrary, humans must have invented their symbols because they
needed them for the types of mental models they were creating.

The mental models of apes derive from event perception. Higher
mammals could develop very complex models based on this data
base—models of social situations and relationships, for example, that
would involve the integration of numerous visual “scenes” into scen-
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arios. Mimetic representation, as conceptualized in the last chapter, is
also directly dependent on a high-level modeling process. But it must
be able, in addition, to map models of event sets onto models of self-
action—an achievement impossible for the episodic minds of apes.

Spontaneous mimetic representation must derive from a mental
model; in an original mimetic representation there are no notations,
no grammars, to help in the act of representing. Mimes must gener-
ate the representation directly from a perceptual model. They cannot
proceed any other way; there are no other data to go on. For example,
a fight might be mimed by retrieving an episodic memory of a fight
and re-enacting it fairly literally; or by means of a more abstract,
prototypal mime. Either way, the mimetic act is guided by perceptual
metaphor. It is also understood by the perceiver by means of percep-
tual metaphor.

Iconic and metaphoric gestures also work directly from perceptual
metaphors; they are perhaps not so literal as most mime, but their
meaning still resides in a direct use of episodic representations. In
McNeill’s example of a Turkana speaker using a conduit metaphor to
express how Europeans were “extracting” all his knowledge, the ges-
ture (something flying out of the head) stands on its own, even
though it was, in this instance, closely tied to its context in the sen-
tence. In McNeill’s theory the gesture acquires its specific meaning
from its linguistic context; but the inherent meaning of the gesture
is entirely mimetic: the gesture /something flying out of the head/
could be employed mimetically in any context where such a meaning
was appropriate.

True arbitrary symbols, on the surface, do not appear to model in
the same way; they seem only to signify, not to model. Words, or
hand signs, or even written ideograms do not seem to be models of
anything but only the objective carriers of information, arbitrary ac-
cess devices for addressing certain memories. The model appears to
exist elsewhere, at another level of representation. The symbol can
thus be detached from its meaning, the lexicon and syntax detached
from semantics, and the problem of reference ignored, or left to a
“lower” level of intellect.

Carrying this curious but common logic to its conclusion, the in-
vention of a simple language should require only that a lexicon be
built, to connect the “knowledge” of the world, on level 1, to appro-
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priate symbols on level 2. But this strategy runs into serious diffi-
culty. Aphasics equipped with rules and symbols do not learn to use
them competently. And the “rules” apparently needed to connect hu-
man language to the real world turn out to be extraordinarily convo-
luted and awkward; see, for example, Jackendoff’s (1983) heroic at-
tempt to describe the rules regulating extralinguistic reference.

Perhaps for this reason, most linguistic and psychological theories
of meaning have tried to define semantics in isolation from the prob-
lem of reference. Three theoretical schools of thought have tried to do
this: semantic networks theory, meaning postulate theory, and lexical
decomposition theory. Johnson-Laird has effectively scuppered all of
them in his book Mental Models (1983).

It seems intuitively odd that psycholinguists would even have con-
sidered the possibility of constructing theories of meaning without
addressing the problem of reference, but the reason becomes clear
when the history of the field is considered. Lexicographers live in a
world of words; the “definition” of a word thus consists of other
words. Grammarians live in a world of words; grammars are verbal
descriptions of rules that are implicit in word use. In this context,
meanings are easily perceived as just another part of an entirely sym-
bolic, self-contained system. Within the self-contained world of lan-
guage, to find the meaning of a word in the mind one merely looks
up its definition, or searches through a mental filing system (net-
work); or reduces it to a set of elementary symbols or semantic mark-
ers. In all three cases, there is no need to leave (that is, refer outside
of) the symbolic system.

The three approaches mentioned have been elaborated at various
times during the past twenty years. Lexical decomposition theory,
proposed by Katz and Fodor in 1965, held that when an utterance is
received as an input, it is decomposed into various universal and: in-
nate concepts. Thus, the statement “A man lifts a child,” when decom-
posed, might be represented thus:

Cause [activity (human, adult, male) upwards (move) (human, not
adult)]

The more specific a statement, the more decomposition is required to
reduce it to universals; therefore it should take more time to com-
prehend some utterances than others. Experimental tests of lexical
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decomposition theory have tested this by measuring the average pro-
cessing time required by different types of utterances. The experi-
ments yielded negative results; Fodor and his colleagues (1975, 1980)
did not find any evidence of increased processing time with increases
in the semantic complexity of an utterance. The theory has since
drifted out of favor.

Semantic network theory had its origin in the work of Collins and
Quillian (1972), who regarded words primarily as nodes in a hierar-
chical system of memory retrieval. Meaning networks were supposed
to gather assertions, stored in memory, about an entity; such net-
works were centered on the word representing the entity. Experimen-
tal data on retrieval time seemed to support the idea; the more
“nodes” to pass through to find a word, the longer it took to find it.
However, the initial support dwindled when it was realized that cate-
gory size was a confound; moving up the semantic hierarchy from,
say, “tiger” to “feline” to “mammal,” the number of exemplars in
each category increases. Increases in search times as the network is
traveled could be therefore due to the larger number of items scanned
in each category, rather than the number of nodes. Other problems
developed for the theory, even within the limits of its own limited
objectives. Johnson-Laird’s key complaint, however, is that the theory
serves no semantic function; it merely provides a search mechanism
within the symbolic system.

Meaning-postulate theories were proposed by Kintsch (1974) and
by Fodor, Fodor, and Garrett (1975). The basic idea here is that utter-
ances, to be understood, are translated into a form of internal speech
(or mentalese) made up of tokens that resemble the original surface
utterance but are not literally identical to it. The meaning of the ut-
terance is tested, again entirely within the symbolic system, by means
of postulates that resemble the operations of formal logic. The inter-
nal consistency of the language system is thus testable, without ex-
ternal reference.

The problem with all three theories, according to Johnson-Laird, is
that they have nothing to say on the question of how language is
related to the world. They are primarily concerned with resolving
ambiguities and anomalies in sentences without reference to the out-
side world. Their logic is similar to that of mathematics, where it is
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possible to state that the statements a=c and a=b imply that b=c,
even if a, b, and c are left undefined.

The underlying assumption of this approach to semantics is the
assumption of the “autonomy of intensions,” or the idea that the
intended meaning of an utterance can be processed independently of
extralinguistic reference. This assumption is fundamentally unjusti-
fied, for a variety of reasons. For one thing, context is absolutely
necessary for the resolution of lexical ambiguity, and ambiguity is the
rule, not the exception. That is, very few words have good definitions,
and the most frequently used words are generally the most ambigu-
ous. One of Johnson-Laird’s examples: “The plane banked just before
landing, but then the pilot lost control. The strip on the field runs for
only the barest of yards, and the plane just twisted out of the turn
before shooting into the ground” (p. 233).

Virtually every word in this expression is ambiguous. Yet the
expression is effortlessly comprehended; the most appropriate mean-
ing of each word is understood with reference to its context. Since the
utterance is unique, it would not be possible to understand it with
reference to standardized sets of postulates, or interpretative contin-
gencies; the only solution would be to construct a “mental model” of
the message contained in the utterance. The construction of such a
model would provide an efficient mechanism for dealing with inherent
ambiguities. Ambiguity is often resolvable only through indirect ref-
erence, as in: “The ham sandwich is sitting at table number 5 and
getting impatient” (p. 241). This statement is intelligible only if a
model of the situation is constructed so as to “make sense” of the
utterance. There are many such examples; geometric inferences in
particular run into difficulty without reference to context, as in the
following: A is on B’s right, B is on C’s right; therefore, A is on C’s
right. As Johnson-Laird points out, the conclusion would be true of a
rectangular table but not a round one. Therefore access to the refer-
ential context, in the outside world, is the only way to resolve the
issue; the internal logic of the language system does not contain the
answer.

Johnson-Laird’s theory of semantics explores a different idea, which
is attractive because it tackles the problem of reference somewhat
more directly. An utterance is understood in terms of a mental model.
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The mental model is a theoretical construct; it is an attempt to under-
stand the underlying structure and objectives of the processes of hu-
man thought, especially inferences. Models represent states of affairs,
sequences of events, the appearances of things, social situations, and
actions of varying degrees of complexity and abstraction. Mental
models are necessary to draw inferences, to understand utterances,
and so on.

The crucial question to ask about Johnson-Laird’s theory of mental
models, of course, is the same question he was asking about other
theories of meaning: How do mental models represent the external
world? Curiously, Johnson-Laird falls back on an evolutionary ap-
proach in trying to answer this question. He defines the problem
nicely: the problem is how to establish the intentional correspondence
between a symbolic expression and a state of affairs. Automatons,
even the most complex automatons such as insects, do not have this
problem, since they are incapable of constructing their own reference
systems. Higher creatures, like mammals, are not mere automatons.
They construct their own mental models. The origin of this modelling
ability is in the evolution of perceptual systems that provide a model
of the world, in which perceptual objects may be located. Mental mod-
els, or as Johnson-Laird puts it, “three dimensional kinematic models
of the world,” are still primarily perceptual in origin, even in humans,
having emerged as a consequence of further evolutionary advances.

Mental models can be used to understand linguistic discourse.
There are underlying cognitive devices that construct, interpret, and
revise models; these can use algorithms that map propositions into
the model. One remarkable implication of this proposal is that such
algorithms would forego the need for specifying the semantic rela-
tions between words; there is no need for mental equivalents of dic-
tionary entries, semantic networks, or meaning postulates.

Mental models are a somewhat effective device for dealing with the
problem of extralinguistic reference. Extralinguistic reference starts
early; a child points and utters a monosyllable such as “Boh,” and the
mother understands the intention by assessing the extralinguistic
context. The child’s skill in representing “what it means” is still prim-
itive; but the mother, more skilled perhaps, but still probably imper-
fect in language use, understands the game the child is playing. She
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too has been trying to bend words to her own extralinguistic purposes
most of her life.

A very clear example of extralinguistic reference is seen in prag-
matic anaphora, which are in wide daily use by adults. Pragmatic
anaphora are utterances that cannot be understood without nonlin-
guistic reference to the real world, as in: “I picked those up at the park
yesterday.” This sentence is unintelligible unless the word “those” is
defined, and it can be defined only by looking where the speaker is
pointing or somehow assessing the speaker’s intent. Jackendoff (1983)
describes at least seven different classes of anaphora, each referring to
a different ontological category: thing, place, direction, action, event,
manner, and amount. Mental models thus provide a referential basis
for the “wh-" questions: why, which, where, when, who, what, and
how much.

Ultimately, however, Johnson-Laird’s proposals fail to break out of
the self-contained symbolic world. His approach to model construc-
tion requires tokens and algorithms that must operate in a quasi-
symbolic way, since his implementations of them are entirely sym-
bolic. The mind must be capable of attaching tokens to aspects of
events without any outside help (that is, without a programmer). But
it is not obvious how this can be achieved. Where is the perceiver who
“knows” the intention of the speaker from context and finds the ap-
propriate tokens? Presumably, the presymbolic mind cannot read the
tokens, while the symbolic mind, which can read the tokens, cannot
read the perceptual model. There is a need for a level of mind that is
competent in both ways of knowing—one that can “read” both the
perceptual and the symbolic inputs and construct the most likely res-
olution, or model, of the situation, based on both inputs.

Where would the evolution of language and thought fit into this
picture: Are mental models—or, in general, theories of this sort that
emphasize formal structures in a computational framework—com-
patible with the evolutionary data on the emergence of hominid cul-
ture? Johnson-Laird does not address this question directly, and it is
risky to bend such a distinctive theory to a different purpose. But the
question must be asked. All higher mammals evidently employ, and
construct, complex mental models in their dealings with the world.
As we have seen in the discussion of episodic cultures, their perceptual



232 Second Transition

models of the world, or their event perceptions, can be remarkably
subtle and complex. Their limitations would seem to come in primar-
ily on Johnson-Laird’s higher conceptual levels; that is, they might
appear incapable of constructing what he calls relational, metalinguis-
tic, or set-theoretic models. This suggests that specific aspects of his
system, perhaps certain recursive procedures, come late in evolution,
allowing humans to construct these high-order models.

However, Johnson-Laird’s framework is generally difficult to trans-
late into biologically implementable terms. I have argued that mi-
metic modeling is virtually independent of linguistic modeling; yet a
clear distinction between the linguistic level and the mimetic level is
not easy to tease out of Johnson-Laird’s magnificent edifice. At least,
I have difficulty deciding exactly where in his version of mind/brain,
filled with recursive procedures, propositional representations, and
models, this distinction would fit in.

The most obvious place to look for a simple evolutionary break in
the hierarchy of mental models is in his split between “perceptual”
and “conceptual” models. However, the distinction between percep-
tual and conceptual models does not correspond perfectly to the
linguistic-mimetic distinction. Mimetic representation is at an inter-
mediate level; that is, perceptual models seem to correspond nicely to
the realm of episodic cognition, while conceptual models correspond
to the realm of symbolic thought. However, mimetic representation
has some properties of both levels, while evidently missing some of
the crucial properties that support symbolic thought.

There are many anomalies in the hierarchy, when mimetic repre-
sentation is taken into account. Mime and metaphoric gestures are
by-products of what appear to be metalinguistic models; they involve
reference, and they assert meanings. They also contain relational ele-
ments; it is possible to express relations like “more than” or “higher
than” with metaphoric gesture. Yet they are rather poor at creating
simple situational models and apparently could not be used in isola-
tion to express or construct highly abstract set-theoretic models.

Thus, the specific adaptation that led to symbolic language is not
easy to single out in Johnson-Laird’s paradigm. This is not a trivial
difficulty, since in the present theory, the demarcation line between
mimetic and linguistic representations Jooms very large indeed, in-
volving much more than a simple step up from physical models to
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conceptual models. Mimetic representation laid the groundwork for
language and symbolic thought, but lacked some critical element; the
mental modeling apparatus was still incomplete.

It should be emphasized that this problem is not contingent upon
accepting the evolutionary proposal set out in this book; it is inherent
in the structure of modern human cognition. Mimetic representation
is an isolable, parallel channel of representation that requires its own
level of description regardless of the evolutionary scenario leading up
to it. New mental models of mental models have to account for mi-
metic culture.

The principal conclusion to carry away from this brief discussion is
that modeling is at center stage, especially in areas like discourse com-
prehension and syllogistic logic. Moreover, thought and language are
so closely related as to be two sides of the same coin; there are many
forms of thought that are literally unthinkable without language and
other semiotic devices. Most importantly, where humans differ from
apes and other mammals is not so much in their possession of signs
and symbols but in the types of mental models they construct.

Linguistic Invention and Its Market

Johnson-Laird was concerned primarily with the process of construct-
ing mental models in order to understand logic and thought; mental
models are seen primarily as a device needed to understand the use of
symbols. But the evolutionary approach taken here is the opposite;
the modeling process would have first been needed not to decode a
language that did not yet exist but rather to invent it in the first place.
How was the mind able to invent symbols in the first place? And how
were these preexisting mental models enhanced by the acquisition of
linguistic capacity?

The need for an extralinguistic referential system reminds us of a
more fundamental truth: the words and symbols of language must
ultimately have originated outside of language. Symbols, like the
countless new words introduced over the millennia of humankind’s
existence, were initially invented for nonlinguistic purposes. This had
to be so, especially in their initial appearance in the collective lexicon.
At one time, none of the words we possess existed, and literally none
of the concepts expressible in English today existed in the lexicon. If
Recorde’s relatively minor invention of the equal sign within a highly
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developed symbolic repertoire of his time was a creative leap, then
imagine the leap it required to have invented, for the first time in the
history of evolving mind, a word to express the concept “equal.” Or a
symbol for any number of common objects, actions, feelings, and re-
lations, as each received its first representation.

Linguistic invention is public and market-driven. The rapid modern
growth of the number of available verbal symbols shows that sym-
bols—new words, expressions, and notations—continue to emerge in
large numbers and enter the public domain in an unending stream.
Some of these become part of the accepted linguistic convention,
whether of society in general or of a special group or class, and some
are abandoned. Language is dynamic and collectively determined; it
must have been this way from the start.

Each invention is a hard-won linguistic victory. Even street talk,
which used to be unfairly regarded among the educated as the “vul-
gar” tongue, is enormously creative in generating new ways of ex-
pressing things, and vulgar expressions survive only if they capture,
in a very competitive market, a notion the public wants expressed.
Most importantly, each invention has to serve a useful representa-
tional purpose; that is, its usefulness is evaluated in terms of its public
verifiability in terms of some publicly understood extralinguistic re-
ferent.

The mind needs, evaluates, and accepts various cognitive tools for
its immediate purposes. Just as a carpenter evaluates and accepts a
new tool, a mathematician, or a modern city dweller, might discover
the need for a new symbolic device to express some important as-yet-
uncaptured knowledge. This kind of invention must be driven by an
underlying conceptual agenda. Once the appropriate symbols and use
rules have been developed, the operations that the mind has been
trying to encapsulate can be carried out symbolically. They become
easier to learn, and easier to execute. Certain types of new operation
may appear as well. The process of symbolic encapsulation of truly
new ideas is our strongest clue to the true nature of language. For
‘most modern humans, language is a given. A collective lexicon is our
inheritance, as surely as any set of genes. The use of the lexicon and
the use of the accepted grammatical conventions of a society allow us
easy entrance to society’s symbolically held collective knowledge.
Anyone lacking this key is excluded. Anyone possessing it is included,
if they can grasp the underlying model.
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Ideas that are not within the purview of one’s language are not
accessible. Through the efforts of a few individuals, new ideas may be
introduced and the collective system will grow, gradually. But for
most people, ideational growth is limited to the constraints set by the
existing language, and in most cases the existing language far exceeds
the capacity of any single individual to grasp it in its entirety. The
point is, the invention of language was a collective enterprise, one that
depended heavily on the capacity for truly original linguistic inven-
tion, as opposed to the “innovative” uses attributed to children, which
are not inventions in the same sense but rather experiments to verify
existing use rules.

Chomsky (1965) coined the phrase “linguistic competence” to de-
scribe the child’s rapid, innovative use of language; but the compe-
tence of the average language user, impressive though it may be, is
far less than the competence required to invent truly new symbols.
Some individuals have had a determining effect upon an entire cul-
ture; their efforts at linguistic invention created new words and
phrases—and, perhaps more importantly, new grammatical conven-
tions—that endured across the centuries: Spenser in the English lan-
guage and Dante in Italian, for example. They and other great inno-
vators were probably close to the kind of linguistic invention that led
to the initial creation of language.

The same holds for grammar and other conventions of use, such as
prosodic rules. Each rule, and each convention, must have had its
original invention, followed by the collective acceptance and imple-
mentation of the new rule. Invention required the capacity to have
conceptualized the need, and represented the convention, in a com-
municable way. Once in existence, new rules would have been easier
to master than in their original invention. The notions of the sub-
junictive, the conditional, the idea of plurals and tenses, of conjuga-
tions and declensions, of active and passive voice: these all had, at
some time, to be invented. They are obviously useful; they serve clear
pragmatic and referential functions. They disambiguate and clarify
otherwise ambiguous and vague utterances. Presumably their origins
were closely related to their anticipated and perceived usefulness to
the growing human cognitive agenda.

Symbolic invention within the context of an existing lexicon would
become somewhat simpler, in the sense that many words can be in-
vented from other words, and many linguistic conventions could be
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seen merely as improvement over existing, but qualitatively similar,
conventions. But even within the context of highly evolved lan-
guages, the process of fundamental linguistic invention continues.
Constant inventions and modifications of use rules are going on in all
living languages, despite the efforts of the academies to freeze and
prevent linguistic change. A new word is defined by rules of use, and
the rules keep changing. Every new lexical invention requires a man-
ual of use on its arrival. Word grammars are never given; they are
won honorably, on the linguistic battlefield. Inventive individuals
continue to pace the development of language, 50,000 years after
modern language started its explosive growth. Users of a language
vote for each new invention by adoption; when a really effective new
expression comes along, its usefulness is afirmed by plebiscite.

The process of fundamental linguistic invention is close to the phy-
logenetic roots of language. The bond that ties language to extralin-
guistic knowledge can never be clearer than in the case of original
linguistic invention; it is extralinguistic knowledge that recognizes
the need, and perceives the utility, of new symbols. Language was
something humanity needed for another cognitive agenda, an adap-
tation driven by something it could provide for the prelinguistic
brain. The absurdity of dualistic arguments for isolating symbolically
encoded knowledge from other kinds of knowledge becomes especially
clear in an evolutionary context.

The Speech Adaptation

As observed earlier, the accelerated human invention of semiotic de-
vices seems closely correlated in time with the arrival of a new type
of vocal apparatus. This is no coincidence. The speech system has
inherent advantages over other media that made it a necessary step in
the evolution of human linguistic capacity and in the emergence of
modern mind.

Speech was the primary form of human linguistic expression; writ-
ing and its relatives are very recent developments. It is important to
remember from the start that speech is not the only medium of hu-
man language; sign language, written script, and Braille are other
media that allow truly linguistic cognitive operations. Nevertheless,
the speech adaptation was a necessary trigger for early linguistic in-
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vention and conceptual evolution. Like the earlier adoption of bipe-
dalism, speech involved a complex pattern of change, of which vocal
skills constituted only a part.

An overview of relevant cognitive changes in the pattern of adap-
tation accompanying speech should include (1) a high-speed phonetic
vocomotor control device, consisting of a new, descended larynx with
a more supple glottis, an altered suboral cavity and tongue, changed
oral and lower facial musculature, and corresponding new sensory and
motor pathways, and new cortical representation of vocal skill; (2) a
new auditory adaptation, allowing the perception of “auditory ob-
jects” and “auditory events”; (3) a related device sometimes called the
“articulatory loop,” which involves a dedicated short-term phonolog-
ical store for vocal and subvocal rehearsal; (4) a great increase in the
vocal repertoire, to include tens of thousands of sound-units for use
as symbols and hence an increase in specialized auditory memory and
procedural phonological algorithms; (5) an enhanced capacity for the
definition of event features, including what we call syntactic features;
and (6) new cognitive skills on the integrative-modeling level,
whereby the analysis of discourse and narrative, and formalized
thought, could eventually be achieved under symbolic control. These
last two features must have been on the leading edge of the adapta-
tion; but they would have developed in concert with the first four, in
an iterative loop of selection pressure originating at the cultural level.

The degree of cognitive change at this stage of human evolution is
tremendous to contemplate—even after conceding that mimetic skill
and a degree of symbolic gesture, along with many of the emotional
and social structures characteristic of human society, were already in
place. Yet this cognitive change must have happened, and it must have
happened as part of a single adaptation, albeit an adaptation that
evolved over 200,000 or more years, culminating in modern humans.
Language and advanced conceptual development on the symbolic level
are so closely interdependent in the brain that they appear to be in-
separable; they must have taken the great leap together.

The High-Speed Phonological Device

The human speech adaptation involved a major change in the anat-
omy of the primate vocal apparatus. The result of that change was an
increase in the range and variability of the sounds that hominids could
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produce, especially in the rate at which they could be produced and
modulated and in the length of time over which phonation could be
maintained. The best available discussion of the physical evolution of
the speech apparatus may still be found in Lenneberg (1967), who
illustrated the many anatomical features involved in the adaptation.
Both Lenneberg and Lieberman (1984) have relied heavily on the
unique anatomy of the vocal apparatus as evidence for a single biolog-
ical speech adaptation.

The physical mechanism that enabled sustained, high-speed pro-
duction involved a change in the voluntary control of respiration.
Speech outputs tend to ride on long waves of expiration, and therefore
the length of utterances tends to be influenced by breathing, and vice
versa. Humans have a unique ability to override the reflexive loops
controlling breathing, allowing very long expiratory phases, with
short, rapid inspirations between utterances. Utterances thus cluster
into what are called breath groups—a single expiratory phase that
usually contains a coherent syntactic unit such as a sentence or
phrase. The changes in respiration were apparently more neural than
peripheral, although there were also changes to the shape of the rib
cage and lungs. Their new respiratory apparatus gave humans the
ability to break up their otherwise regular cycle of inspiration and
expiration to sustain long, and sometimes irregular, utterances. An
extreme form of this ability is evident in opera singers and classically
trained actors, who can hold a note, or sustain an oration, for very
long periods, breaking up and concealing the inspiratory phases of
their breathing.

The facial musculature and vocal tract also underwent great change.
The muscles of the lower face became more complex and mobile, es-
pecially those around the mouth. The tongue became more flexible,
and the back of the tongue, in combination with the elevated soft
palate, became able to alter its position in the vocal tract so as to vary
the shape of the supralaryngeal cavity; this allowed humans to pro-
duce vowel sounds that no other primate could produce, particularly
the so-called point vowel sounds, /i/, /a/, and /u/.

The laryngeal apparatus itself, however, was the major peripheral
change enabling speech. The larynx descended so that there is a con-
siderable vertical distance from the glotsis to the soft palate (the upper
part of the back of the throat). This created a right-angled turn in the
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vocal tract, above the larynx, and a larger cavity, whose shape can be
changed to alter the frequency characteristics of the sounds produced
by vibrations of the vocal cords. The glottis (the opening between the
vocal cords in the larynx) became more supple and easier to vibrate
during respiration.

The degree, and speed, of voluntary control over the larynx is phe-
nomenal in humans: high-speed motion pictures of the larynx in ac-
tion during speech reveal a process even more complex than the
mouth movements that control the other end of the vocal apparatus.
The tension on the vocal cords, and the size of the laryngeal opening,
can be controlled by several sets of muscles. The fundamental fre-
quency of sounds emitted by expiring air through the partially closed
glottis is altered by the shape of the supralaryngeal cavity and the
shape of the mouth opening. Sudden, or fast-rising, sound patterns
can be created by rapidly closing and opening the vocal tract at various
points.

The whole complex represents a distinct anatomical device that is
largely absent in apes and, according to reconstructive evidence, in
archaic hominids. The ability to sustain vocalization for minutes or
hours at a time, to produce such a wide range of sounds, and to pro-
duce complex sequences of sound modulations at a very rapid rate was
novel. The neural control of this apparatus was an integral part of the
adaptation, and the brain areas representing the vocal apparatus—
tongue, lips, soft palate, larynx, and respiratory cycles—were ex-
panded, particularly in the cerebral cortex. Compared with apes,
whose vocalizations are largely controlled from the subcortical limbic
regions of the brain, humans have a greatly increased cortical repre-
sentation of the vocal apparatus.

This new human speech device was a vertically integrated system.
It involved not only changes in the various anatomical structures
underlying the skill but also new sensory receptors, new motor path-
ways innervating the new arrangements of muscles, and new neural
machinery capable of the coordination of several parallel channels of
vocomotor activity at once. Speech sounds are the integrated product
of the entire apparatus working as a unit, even though the separate
parts—larynx, mouth, pharynx, tongue, and soft palate—each have
separate innervations and must serve other, nonlinguistic purposes
such as swallowing, smiling, and breathing. Therefore, the speech
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system requires a neural integrator, a single mechanism where all the
various phonological devices available to the speaker come together
for programming.

As outlined in Chapter 3, Broca’s region is sometimes thought of
as such a device, but evidence remains somewhat equivocal on the
question of exactly what function the area serves. There seems little
doubt that the neural control of phonology is normally on the left
side of the brain and involves the inferior frontal and prefrontal areas
of the cortex, as well as interconnected parts of the thalamus, basal
ganglia, and cerebellum. Damage to these regions, and in fact damage
to the entire left perisylvian area of the brain or to the circuitry in-
terconnecting this region with other areas, can result in specific pho-
nological dysfunctions.

As mentioned above, Lieberman (1984) claimed that some archaic
humans possessed the vocal adaptation, while others (notably the
Neanderthalers) did not, or at least they possessed it only in part.
This claim should be evaluated in the light of the interconnectedness
of the adaptation just described. The central neural apparatus, the
new muscles, sensory receptors, and motor fibers of the lower face,
the newly designed and descended larynx and its new innervation,
the changed tongue and its innervation, and the central device that
brings together all these anatomical features in a coordinated speech
output must have evolved as a functional unit. This is not to say it
evolved all at once; selection pressure might have been sustained over
the whole transition period, that is, over several hundred thousand
years. But it is unlikely that the new neural apparatus would develop
in the absence of the new peripheral anatomy it is designed to control.
Therefore, it seems improbable that hominids who lacked the anatom-
ical features of the lower face and throat would have had the high-
speed phonological device underlying human speech.

The phonological device needs considerable programming to
achieve the range of control required for speech production. Levelt
(1989), who has reviewed current theories of speech production, pro-
vides a useful summary of the features of the phonological system,
illustrating the complexities of the system at this level. Once a mes-
sage has been formulated, it must be translated into an articulatory
program, or a phonetic plan. The plan usually runs ahead of the actual
execution; that is, the formulated plan is “unpacked” in chunks and
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then unfolded into overt speech. This process is highly automatic, at
least in adults, and the result is a high-speed pattern of articulation
which may run as high as 15 phonemes per second.

The phonetic plan is a detailed motor program, delivered word by
word, or preferably phrase by phrase. The speaker has to retrieve the
detailed phonetic plan as each phrase is initiated and then unpack the
phonetic plan for each phrase. The amount of time needed to as-
semble and unpack the detailed phonetic plan depends on the com-
plexity of the motor unit and the number of such units involved in a
particular phrase. These phases are shown in Table 7.1.

The final stage is the execution of the motor commands by the
musculature. This involves setting goals for each small segment in
time, phoneme by phoneme. Successive segments of speech each have
oral-sensory features that have to be preplanned, down to the timing
of the onset and duration of each feature in the utterance. This is
done by setting motor goals for successive chunks of time and fine-

Table 7.1  Phases in speech motor control (after Levelt, 1989).

Stage |: Assembling the program

This is the stage of phonological encoding, with a phonetic plan as output.
The phonetic plan is a detailed motor program, delivered phonological word
by phonological word. When the task requires, phonetic plans can be stored
in the Articulatory Buffer. The preferred units of storage are phonological
phrases.

Stage 2: Retrieving the motor program

When the speaker decides to start a prepared utterance, its motor units
(the phonetic plans for the phonological phrases) are retrieved from the Ar-
ticulatory Buffer. The time needed to retrieve each unit depends on the
number of units in the buffer.

Stage 3: Unpacking the subprograms

Once retrieved, the phonetic plan for a phonological phrase has to be un-
packed, making available the whole hierarchy of motor commands. The
more complex a motor unit, the more time unpacking takes.

Stage 4: Executing the motor commands

At this stage the motor commands are issued to the neuromotor circuits
and executed by the musculature. Syllables can be drawled to absorb re-
trieval latencies.
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tuning the relative strengths of each motor unit involved at each mo-
ment in the utterance.

The assembling, unpacking, and execution of speech is done auto-
matically. This automaticity can be seen in fine-grained chronometric
experiments. In a particularly clear demonstration, Gracco and Abbs
(1985) constructed an apparatus that unpredictably interfered with
lip-closing while speakers were trying to produce the labial sound [b].
The speakers were able to compensate very rapidly (within 40 milli-
seconds) in response to the apparatus, by increasing the amount of
force on their lips so that they could produce a sound close to the
correct sound. This extremely short latency of response showed that
the complex phonetic plan for the labial sound [b] had been altered
too fast to be the product of a conscious feedback loop; conscious
responses take 100 milliseconds or more to come into play (Evarts,
1973, 1979; Evarts and Tanji, 1976). In addition to automatic moni-
toring of speech output, there is also conscious monitoring of the
phonetic plan during its execution. This can be seen in the slower
corrections people make—for instance, the speaker may start to say
“vertical” but speak only the first syllable thus “ve—no, I mean hor-
izontal.”

Many of the features seen in the articulation of speech segments
are also found in other skilled motor behaviors. All conscious motor
acts involve retrieving a plan, modifying for it the particular condi-
tions of execution, and then unpacking it in a finely tuned temporal
order under constant conscious supervision. Motor-learning theory
has built these considerations into the concept of the “motor
schema”; MacNeilage (1980) and a variety of other theorists.in the
field of speech control have studied these issues. The distinctiveness
of speech at this level is found mostly in its speed and complexity, but
it is a mistake to underestimate the speed and complexity of athletic
skill, or manual skill. The major evolutionary fact is not that articu-
latory skill is unique in all of nature, but that it was completely new
in the primate line and that it arrived as part of a specialized cognitive
adaptation.

Synthesis of Auditory “Objects” and “Events”

As an integral part of the new speech apparatus there had to be
changes to the auditory system. There were two reasons why this had
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to happen. First, feedback modulation of speech output requires a ded-
icated auditory mechanism for regulating sound production. Second,
the decoding of speech inputs would place new demands on the audi-
tory system, specifically on the ability to perceive words and phrases
as auditory “objects” or “events” rather than simply as sequences of
sound.

The importance of feedback in speech regulation is evident from
the literature on training the deaf to speak. Deaf humans, prior to the
nineteenth century, simply did not learn to speak. Auditory feedback
in the natural human environment (that is, prior to the intervention
of science) was absolutely necessary for learning speech. Disturbances
of feedback—distortion or delay of the sound of one’s own' voice—
disturb speech greatly, and medical conditions such as middle ear in-
fections in children that chronically interfere with feedback can lead
to phonological disorders. The timing of feedback is precise and rapid,
as can be imagined from the rate at which humans can produce
speech. A difference of one-tenth of a second in the rate of feedback
will cause stammering and stuttering in normal people (Taylor, 1976).

Finely tuned feedback implies a specialized auditory path that maps
sound input onto the speech output device. The auditory map appears
to be specialized for the categories of sound important to speech, that
is, to vowel and consonant sounds, which have peculiar characteristics
when compared with other (nonspeech) sounds. Lieberman and oth-
ers have proposed the existence of dedicated speech-sound analyzers,
each of which specializes in a particular sound feature important to
speech: for instance, voice-onset time, or place of articulation, or
formant-frequency transition. These analyzers, in the secondary au-
ditory cortex, should feed directly into the frontal speech-production
areas.

This claim is very probably true; feedback systems in the body
typically are quite specialized. Examples may be found in the periph-
eral visual control of eye movements, vestibular control of limb co-
ordination, and stereoscopic control of manual skill. In each case, a
specialized cortical area or subcortical nucleus (often both) brings spe-
cialized sensory information to bear on a specialized motor system.
In the case of speech, phonological rules—the programs that control
the serial formation, organization, and pronunciation of speech
sounds—are probably vested in a feedback-controlled circuit going
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from the secondary auditory centers to the speech motor areas.
Geschwind (1970) proposed such a circuit, flowing from secondary
auditory regions of the cortex to Broca’s area, via a large direct fiber
tract known as the arcuate fasciculus. It is also likely that the basal
ganglia are an important component of that circuit (Lieberman, Fried-
man, and Feldman, 1990).

The human auditory system, however, goes beyond providing feed-
back for fast, sophisticated sound modulation. It has a second major
feature: speech sounds are “reified,” that is, heard as if they were
objects or events. A word, or a common phrase, stands out from the
other sounds of the environment in much the same way that visual
objects stand out. In resolving a word, the human auditory system
achieves object constancy, much like vision and touch. Therefore, the
term “auditory object” will be used to refer to this property in words.
The brain can recognize tens of thousands of auditory objects; and
longer utterances are perceived as events containing a number of ob-
jects in juxtaposition, much like visual events. The difference, how-
ever, is that auditory objects are synthesized primarily in time, rather
than in space, Auditory objects possess the properties of other percep-
tual objects: they are constant under various transformations; they
are difficult to describe precisely yet they possess a complex unity;
and, once identified, they stand out from background information.

The perceptual skills needed for breaking down the speech stream
into its constituent parts are uniquely powerful in humans. Many
animals can hear as well as humans in terms of basic sensitivity and
range, most nonhuman mammals apparently cannot segment and
break down long human speech utterances into independent word
units. This is perhaps because the words of speech are not clearly
separated in the sound stream, and animals therefore hear the speech
stream as a continuous, highly complex sound instead of a series of
independent, identifiable auditory objects. To circumvent this limita-
tion in most animals, trainers usually emphasize the first or most
salient syllable of a command, and reduce the need to segment the
sound stream into separable units.

Apes may be the sole exception to this rule, at least among mam-
mals. Patterson (1980) used speech as well as manual signing while
training Koko (a gorilla) to use sign lansuage, and claimed Koko could
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eventually follow speech commands somewhat independently of the
accompanying manual signs. However, Koko’s speech comprehension
was restricted to predictable contexts in which there were many other
clues as to what was being said, and there was no evidence that she
had an independent grasp of spoken words. However, Savage-Rum-
baugh and her colleagues (1990) have recently produced convincing
evidence that some apes (bonobos) can segment speech into meaning-
ful word units. Their subjects learned to recognize many individual
English words by about 4 years of age and also learned to understand
simple spoken sentences.

Importantly, they responded appropriately to changes in the posi-
tion of a word in a sentence: for instance, they could tell the difference
between “the snake bites the elephant” and “the elephant bites the
snake,” showing that the lexical items were perceived as interchange-
able units in their own right. It is not yet known whether this ability
is special to bonobos or shared with other apes; nor is it known how
far it can develop. But the presence of this perceptual skill in bonobos,
who are thought to be close to humanity’s apelike ancestors, appears
to be an evolutionary antecedent to the exceptional auditory segmen-
tation skills of humans.

Auditory-object constancy should not be confused with the notion
of categorical perception, which originated with the Haskins labora-
tories some thirty years ago (Studdert-Kennedy, 1975). The idea of
categorical perception was originally applied to the phonetic compo-
nents of speech, which had a curious property: gradual variations
along phonetic dimensions were perceived not as graduated changes
but as sudden switches from one category of sound into another. For
instance, the gradual physical alteration of the consonant sound “ba”
into the sound “da,” which generates a number of intermediate stim-
uli, is perceived as a sudden switch. Given, say, five intermediate stim-
uli, the observer might hear the sequence, ba, ba, ba, ba, da, da, da.
There would be no intermediate perceptions.

But this categorical ability is not unique to humans; chinchillas can
also achieve it, as can a variety of other animals (Kuhl and Miller,
1975; Trehub et al., 1981). Moreover, it is not unique to hearing;
many visual stimuli are perceived categorically. In fact, categorical
perception is now seen more as the rule than the exception (see Har-
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nad, 1987, for a thorough review). Given its ubiquity, categorical per-
ception of stop-consonants cannot be held up as evidence for a unique
auditory speech adaptation.

The idea of auditory-object constancy, and its extension in complex
auditory event perception, goes well beyond the categorical perception
of features to the synthesis of complex objects. Words, and more com-
plex auditory events such as sentences and longer utterances, take on
the perceptual characteristics usually attributed to three-dimensional
visual and tactile objects. This is quite independent of their meaning;
a meaningless speech utterance may be heard as a series of auditory
objects, although it is less accurately perceived than a familiar sound.
But most environmental sounds are aspects of events, rather than
events in themselves; words stand out as events on their own. Some
nonverbal sounds are highly salient and recognizable items—for in-
stance, a bird call or a crackling fire—and come close to being auditory
objects, but they do not constitute a class of sound objects so infinitely
variable as speech. Words are at least as recognizable, and as variable,
as faces, another class of perceptions for which humans have a very
large memory capacity. This suggests a specialized storage device.

Phenomenologically, speech perception involves the clear percep-
tion of much longer streams of sound, as though there were an audi-
tory buffer that allows the simultaneous analysis of fairly substantial
segments of the sound stream at once, or at least a sliding window of
sound several seconds in width. The tendency of the system to ana-
lyze large chunks of sound as a unit can be seen in a variety of so-
called top-down effects found in psycholinguistics. For instance, the
semantic context of words greatly influences our perception of them.
Words are better understood when presented in intelligible sentences
(Miller, Heise and Lichten, 1951), and when isolated from context
they become harder to identify (Pollack and Pickett, 1964). Word per-
ception, in turn, influences the way syllables and phonemes are heard.
The best example is found in the phonemic restoration effect (Warren,
1970) in which subjects tend to perceptually “fill in” missing sounds
in a speech stream, as though whole words were called up on partial
information, much the way half-obscured visual objects are perceived
accurately by filling in missing detail. These effects show that the
listener is able to hold a number of p{'eviously heard words in mem-
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ory while trying to decode new inputs. In effect, expectations are at
work in speech perception, as in other kinds of event perception.

The ability of humans to discriminate and remember long utter-
ances raises the issue of auditory memory. Part of the speech adapta-
tion seems to involve two enhanced aspects of auditory memory. The
long-term verbal memory store consists of a lexicon of thousands of
words carried by every speaker; and the short-term aspect is the so-
called “articulatory loop.”

The Articulatory Loop

Baddeley (1986) has proposed a model of working memory that has
an interesting property, from an evolutionary standpoint: it has two
semiautonomous subsystems, one auditory—verbal, the other visual-
spatial, both feeding into a central-executive system. These working
memory systems correspond to the two great subsystems of human
thought, which, between them, process the vast majority of semiotic
representations. Both subsystems appear to have properties that are
uniquely human. The visual-spatial subsystem will be discussed in
the next chapter. The auditory subsystem, which Baddeley (1986) has
called the articulatory loop, is properly seen as a necessary aspect of
the speech adaptation. It is really the mnemonic aspect of the pho-
nological system; that is, in possessing the ability to produce words
and sentences, the brain needs to be able to hold a significant amount
of material available for enough time to process larger chunks of
sound and to “rehearse” material.

The articulatory loop works on a phonological code; that is, the
sounds of words themselves are important to its function. This is ev-
ident in the phonological similarity effect, first shown by Conrad
(1964)—the systematic phonetic errors made by subjects trying to
memorize lists of consonants. Speakers evidently relied on literal re-
production of the sounds in the list rather than on a more abstract
semantic record of what the items were. Similarly, Baddeley (1966)
showed that lists of similar-sounding words are harder to memorize,
in the short term, than different-sounding words, regardless of their
meaning. This reinforces the impression that the short-term memory
system recalls the items literally, according to their sound. Murray
(1967) contributed to the evidence for this by demonstrating the value
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of articulation in strengthening short-term verbal memorization;
suppression of articulation reduces recall of auditory—verbal material.
These effects break down for long-term memory storage; that is, it is
the meaning of what was said that determines long-term memories,
not literal phonetic replays. But in the short term, phonological stor-
age predominates.

The span of the articulatory loop appears to be quite short—Bad-
deley estimates slightly under two seconds—but has proven hard to
quantify, perhaps because it varies somewhat with different recall con-
ditions. Word duration is crucial in memory span; even when the
number of syllables is held equal, sets of long-syllable words (har-
poon, Friday) are harder to remember than short-syllable words
(bishop, wicket). Baddeley interpreted this to mean that there was an
absolute time constraint on the articulatory loop, which would show
up whether memory span was measured in number of syllables or
total spoken duration. Words are held in a temporary auditory store,
then channeled into a rehearsal loop, which can maintain the trace for
several seconds.

The loop can function subvocally, but the traces are weaker in this
case; this is what Baddeley calls the “inner voice.” The inner voice
has the same properties as the articulatory loop and supports inner
speech, or verbal thought. The articulatory loop is the basis of verbal
rehearsal and thus an integral part of the speech adaptation. Vocal
rehearsal is vital to language acquisition and the development of
thought.

The first three aspects of the speech adaptation—the new vocomo-
tor device, the new auditory phonetic analyzers, and the articulatory
loop—constitute a self-contained system. The system represents a
considerable advance on prosodic vocomotor control, which is attrib-
uted, in this evolutionary scenario, to an earlier, purely mimetic ad-
aptation. The advance is evident in the increased range and complex-
ity of the sound repertoire that can be remembered and reproduced;
instead of the two dozen or so sounds in the possession of the ape,
humans can utilize tens of thousands of morphemes. It is also evident
in the speed, or rate of speech, factor: prosody, the archaic mimetic
precursor of phonetic speech, is a very slow-moving skill compared
with phonology.

Phonology was apparently such a‘radical change that completely
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new neuroanatomy was called for. Instead of replacing or elaborating
upon the archaic vocomotor apparatus, phonological skills were built
upon a new, parallel vocal apparatus and did not supplant the older
adaptation, which still served for emotional vocalizations and their
modulation. The neurological dissociability of both aprosodia and
emotional speech from phonological disorders (Ross, 1981) shows
that these aspects of voice control have remained separate in the mod-
ern human brain. In normal speech, phonetic and prosodic elements
are often (not always) coordinated; but the elements are nevertheless
dissociable.

The phonological system possessed great advantages over previ-
ously available media for symbolic invention. Distinctive utterances
could be generated in virtually unlimited numbers, and they could be
remembered and rehearsed. This feature allowed the symbolic reper-
toire to expand rapidly into a very large body of easily remembered,
retrievable items. Moreover, phonological invention and communica-
tion did not interfere with other major ongoing brain activities, like
locomotion, skilled manual behavior, orientation in space, and visual
perception. Thus, phonological invention could go on in parallel with
the rest of behavior. It remains the ideal medium in which a primarily
visual-motor organism, living in close proximity to his conspecifics,
can develop a system of symbols to use concurrently with other men-
tal activities.

The Lexicon

The phonological system, in itself, is nothing but an elaborate voco-
motor skill system. It invents, recognizes, rehearses, and recalls ut-
terances at a fast rate and in large numbers of permutations and com-
binations. It acts as though it is rule-driven on two levels, which can
be roughly labeled phonological/morphological and semantic/syntac-
tic. The phonological and morphological “rules” for constructing
words in a language seem to be able to function somewhat indepen-
dently of semantic and syntactic rules, suggesting that they are stored
and executed separately from the latter. This can be seen in certain
cases of pure Wernicke's aphasia, where patients lose the higher con-
trol functions of language but continue to construct phonologically
legal utterances. But the latter is a limited residual ability, since the
correct phonology of many words depends upon their meaning. And
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the phonological apparatus, complex and skilled as it may be, cannot
generate meaningful, grammatical, language on its own; for this it
must have a linkage to the real world, that is, a referential system.

The linkage to reference invests the utterances of the phonological
system with meaning and syntactic structure. The primary symbolic
device in this reference system is the “word,” and collectively words
are often referred to as the “lexicon.” A lexicon, in ancient Greek or
Arabic, was a dictionary, a list of words and their definitions. An al-
ternate term is “vocabulary,” which is also an expression of Greek
origin for a list of definitions, or a dictionary. But the parallel with
written dictionaries is deceiving. The phonology of a word provides a
memory address, or the equivalent of its dictionary entry, and a
means of its reproduction. But the “meaning” of a word in the brain,
as we have seen, cannot be a definition entirely in terms of other
words, tokens, or symbolic devices, on whatever level. Because it does
not need to provide a system of reference for its contents, a dictionary
makes a poor metaphor for the lexicon. Ultimately, all dictionaries
and symbolic devices, including the products of computational algo-
rithms, depend upon human lexical entries for their interpretation.

The idea that the lexicon is at the center of the language system is
sometimes called the lexical hypothesis. The lexical hypothesis holds
that lexical entries are unifying devices that tie together grammar,
meaning, phonology, and specific morphological rules. Levelt (1989)
places the lexicon at the heart of the speech system, mediating gram-
mar and phonology, and mediating the conceptual message and its
verbal surface structure. In his view, illustrated in Figure 7.1, each
lexical entry is the center of a complex network that contains four
classes of information: (1) meaning, or reference; (2) syntactic prop-
erties, which include the category of the entry (for example, verb)
and the types of arguments attachable to it (transitive); (3) morpho-
logical details, concerning things like affixes for plurals or tenses, and
(4) form specifications, or phonological information, which includes
syllabic structure and accents. Hudson (1984) has proposed a related
theory of “word-grammars” that adopts a similar position with re-
gard to the central role of the lexicon in syntax. In his proposal, the
internal structure of the word-system determines the syntactic struc-
ture of a sentence, so that the rules of grammar are inherent in the
lexical entries themselves.
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Figure 7.1 A lexical entry system (after Levelt, 1989) consists of an elaborate sys-
termi of knowledge, usually centered on a word. For any lexical entry there are two
major parts: morphophonological form, including the rules for pronunciation as well
as modifications for plurals and tenses; and the lemma, including syntax (the rules for
using the word in a sentence) and meaning (the word's various semantic referents).
The lemma controls grammatical encoding, while the lower part of the diagram con-
trols phonological encoding, and uitimately pronunciation. The lemma “points” to its
corresponding form, that is, it can find the form address in the brain to produce the
intended word.

In some formulations, the meaning and syntax information are
called the “lemma” (Kempen and Huijbers, 1983) of a lexical entry,
while the form information, items 3 and 4 on Levelt’s list, are a sepa-
rate part of the lexical entry. The form information aids in the decod-
ing of phonological inputs, while the lemma encompasses both refer-
ence and syntax. The dissociability of lemmas from word-form
information is an essential point: a lexical entry can harness the pho-
nological system quite independently of its central role in the forma-
tion of meaningful utterances, in which role the lemma plays a key
part.

The lexicon must be regarded as part of a representational system
that is separate from the mimetic system. Phonetic symbols would
have been somewhat separate from the start, partly because they orig-
inated in a completely different perceptual-motor module. But the
accelerated evolution of speech, when it occurred, involved more than
a phonological adaptation; it involved a lexical explosion, a capacity
for symbolic invention on a grand scale, and a whole new repertoire
of reproducible and rehearsable acts. Perhaps it was the detachment
of speech from most mundane sensorimotor activities that allowed it
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to extend its reach beyond the concrete. Precisely because it was a
new system, unencumbered by the demands placed on the visuomotor
mimetic system, it could grow in capacity, in parallel, without inter-
fering with pre-existing cognitive functions.

Undoubtedly, the words of speech constitute the brain’s “mother”
lexicon. One strong indication of this is its universality; speech, in
the absence of medical abnormality, is truly a species-universal skill
in humans. Writing, Braille, sign languages such as ASL, and various
other symbolic systems are modern inventions and are far from
species-universal. Speech is also the only modality of language pro-
duction that is self-triggering in development, another testimony to
the special, and primary, biological role of speech in language. But
given the variety of symbolic media that can supplement speech, the
mechanism of forming a lexicon cannot be a restricted part of the
phonological “speech machine.” Unlike, for instance, bird songs,
which are restricted to one sensorimotor system, words are inherently
supramodal constructs. Even though words in the first instance might
have been vocalizations, they must have been inherently general-
purpose constructs from the start.

If we follow Levelt or Hudson, the lexicon would have emerged
specifically to link together a unified language system, as the central
part of the language adaptation. But this appears to be putting the
cart before the horse. In view of what was said previously in this
chapter about mythic culture and the earliest uses of language, the
lexicon must have been a by-product of evolving narrative skill, a
necessary device in the formulation of commentaries upon experi-
ence. Thus, the lexicon was really a secondary result of the attempt
to impose meaning, by the “upper” end of the language adaptation,
upon specific phonological and morphological codes, through a pro-
cess of social consensus.

Language could not have developed, especially in its early stages,
without fundamental changes in the mental models held by individ-
uals. The process of defining the world is really one of bringing these
models under symbolic control. But this process also results in differ-
ent kinds of models, in which the event structure of the world has
been differentiated and the components made independently acces-
sible in memory. In this sense, the models so constructed encompass
the words used in their definition, and the words are an integral part
of their definition.
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Once the mind starts to construct a verbally encoded mental
“world” of its own, the products of this operation—thoughts and
words—cannot be dissociated from one another. Thus, Brother John
(Lecours and Joanette, 1980), our archetype of the mind stripped of
its words, cannot think linguistically at all; the models and their
words are so closely intertwined that, in the absence of words, the
whole system simply shuts down. There is no surviving “language of
thought” from which the words have become disconnected. No sym-
bols, no symbolic thought, no complex symbolic models.

But what about anomias? Patients with anomias cannot find the
precise word but often seem to have retained their mental models. In
searching for a word, they may access the category of the word but
not the word itself, and their mimetic representations show they often
have a good sense of what it was they were trying to say. But anomia
does not throw into question what was said about the linkage between
thought and the lexicon—on the contrary. Most anomias are specific
failures of memory, not a general dysfunction of language; most of
the system is still up and running, and failures to find a word can be
circumvented in various ways.

The lexicon contains a variety of entries, and the standards for clas-
sifying something as an entry in the lexicon are debatable. For in-
stance, is the lexicon strictly limited to “legal” core words or does it
include within it various stock phrases and partial words as well? Lev-
elt is willing to admit idioms, such as the expression “red herring,” as
lexical entries. This seems a reasonable position to take, since the
meanings of idioms cannot be inferred from their component words.
In daily discourse, the lexicon does not appear to be limited to words
and conceivably might contain entries even larger than idioms, such
as larger stock phrases and even proverbs. In practice, the lexicon is a
collection of utterances of variable length, each of which has a set of
specific symbolic functions and use rules attached to it. Most of the
time, words appear to be the functional units of the lexicon, but
longer and shorter units may also be included in the lexicon when
they are treated like words.

How many lexicons are there? This is another red herring; in some
neuropsychological theories there are as many as four different lexi-
cons: (1) the auditory-input lexicon; (2) the visual-input lexicon; (3)
the vocal-output lexicon; (4) the graphemic (written-output) lexicon.
This is based on the study of modern, literate humans, of course; in
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preliterate societies (2) and (4) are completely absent. One might add
Brailled lexicons (both input and output) for the blind; sign-language
lexicons (both input and output) for the deaf; and in the case of some
reading systems, ideographically or hieroglyphically encoded lexi-
cons. For instance, in Japanese there are kana symbols, which are al-
phabetic, and kanji, which are ideographic (see Paradis, Hagiwara, and
Hildebrandt, 1985). In a multilingual polymath, in theory, one could
establish all of these, in a number of languages. Thus, one could have,
in one brain, a dozen lexicons or more, all independent in the sense
that they may all contain different items, with different rule systems
governing their use. For instance, the same brain may have many
more vocabulary items available for reading than for writing, or for
one language as opposed to another.

Note that most of these different “lexicons” are defined in terms of
the perceptual modality or motor system of use. But some lexicons
are only labeled in terms of their specific content—for instance, lexi-
cons for different languages, including special languages for mathe-
matics, computing, or music. Given the number of. different ways
lexicons can be constructed, it is clear that the construction of sym-
bols is not in principle restricted to speech and involves a general-
purpose capacity that extends beyond the vocal-auditory pathway. In
other words, no matter how many lexicons, real or potential, one
might postulate, there is one superordinate process supervising lexical
invention, and it is rooted somewhere in the higher end of the sys-
tem. Speech is easy, natural, and efficient, and tends to be the first
path to lexical invention. Butin the absence of a phonological system,
other media may be substituted, because symbolic invention is only
an aspect of the linguistic modeling process.

In speech, each word system has a phonological address, and the
same address may be used by a variety of word systems, producing
apparent ambiguities in speech. But this is not a problem if the dic-
tionary model of the lexicon is abandoned in favor of an embedding
model; the currently dominant mental model determines the tempo-
rary meaning of a specific utterance. Words are virtually never used
outside of an embedding cognitive context. The notion that words are
“embedded” in mental models is not new; Wittgenstein (1922) appre-
ciated this aspect of language and perhaps expressed the complexities
of word functions better than anyone else. In the Tractatus he repeat-
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edly stressed the difficulties involved in defining words precisely, even
while the same “undefinable” words are used successfully in thought
and discourse: “Man possesses the ability to construct languages ca-
pable of expressing every sense, without having any idea how each
word has meaning or what its meaning is—just as people speak with-
out knowing how the individual sounds are produced” (4.002). In
fact, the process of thinking and formulating propositions seems to
go on without any precise definition of the component words: “The
meanings of simple signs (words) must be explained to us if we are to
understand them. With propositions, however, we make ourselves
understood” (4.026).

In other words, symbolic thought is primary; it is the driving force,
the invisible engine, behind word use. This idea is not a minor point,
or a diversion, from the more serious business of understanding the
lexicon: items in the lexicon cannot always be identified in terms of
their surface form. Their identification resides in their meaning in
specific instances, that is, in their current use. Wittgenstein gives this
example: “In the proposition ‘Green is green’—where the first word
is the proper name of a person and the last an adjective—these words
do not merely have different meanings: they are different symbols”
(3.323). These two words are different symbols, not because they dif-
fer in some aspect of their input value, or phonetic properties, but
because they are embedded in different models.

The same physical symbol can be ambiguous, and in fact usually is
ambiguous in itself. Lexical ambiguity and indefinability is not un-
usual or restricted to the writings of philosophers; it is the norm in
word use, particularly in street talk, where metaphor reigns and words
continually evolve in their uses. As Johnson-Laird reiterated, follow-
ing up Wittgenstein's conclusion, humans formulate unambiguous
propositions, which are easily understood, from inherently ambigu-
ous material. It is a mistake to assume that most words, especially
common words, are definable; they usually are not.

So why is the lexicon of interest? Why not focus exclusively on the
modeling process itself? For one thing, the lexicon is the most easily
describable access route to linguistic knowledge; we have no alterna-
tive but to use words as addresses for the complexities contained
therein. For another, during the process of learning language, children
acquire individual words as thought tools, and it is these that are the
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most direct and visible evidence of their progress. They acquire a vo-
cabulary and use it in an indeterminate number of situations. They
also acquire thought skills and knowledge, but these are less easily
analyzed and measured. Moreover, the words in the lexicon, difficult
as they are to define, are key symbolic units and the principal tools
available to the thinker.

The lexicon is probably best regarded simply as a compendium of
available devices, a glimpse of the mind seen from a single viewpoint:
from the lexical switchboard, from the central meeting place of myr-
iads of word systems. The complexity of these systems cannot be
overestimated: a human being is constantly modeling the world and
storing the result; modeling again and storing the result. During a
lifetime, a modern educated human in English-speaking society will
utilize 30,000-40,000 words in production and, according to Old-
field’s (1963) estimates, 75,000 in the passive or receptive lexicon.
These are drawn out of the pool of half a million or more words avail-
able in modern English.

The cumulative memory load involved must also be taken into ac-
count. Assuming each speaker lives for 70 years or more as an active
speaker, tending to use language more or less continuously during
waking hours during that 70-year period, a person will produce at
least 25 million utterances, of which the vast majority will be in sen-
tence form or in longer discourses, embedded in a more complex the-
matic or narrative context. Conceding that there will be redundancies
in these utterances, on every level, there is a tremendous cumulative
load on semantic memory that psychologists and linguists still do not
have the slightest idea how to assess. The richness of the semantic
network contained within a single brain at the end of such a life has
so far defied any formalisms or experimental methods. In light of
such complexity, the lexicon may appear a poor thing, and only a part
of the system, but it provides a valuable access route to the system,
one of the very few available.

Narrative Skill and Myth

Bruner (1986) distinguishes two major modes of thought, the narra-
tive and the paradigmatic. Narrative imagination constructs stories
and historical accounts of events. Paradigmatic imagination seeks log-
ical truth. Narrative skill develops early and naturally in children,
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whereas the logical-scientific skills that support paradigmatic thought
emerge only after systematic education. The difference between these
modes of thought run very deep, even to the definition of truth em-
ployed by each. In modern culture, the narrative mode still predomi-
nates in the arts, while the paradigmatic predominates in the sciences.
There is little doubt that narrative thought developed earlier in hu-
man history than scientific and logical thought. The latter depends on
certain symbolic tools that will be discussed in the next chapter; but
narrative imagination can be supported in a purely oral, or preliterate,
tradition. Aboriginal hunter—gatherer cultures, in their possession of
elaborate mythical accounts of reality and in their daily uses of lan-
guage, show a predominantly narrative mode of thinking,

Narrative skill is the basic driving force behind language use, par-
ticularly speech: the ability to describe and define events and objects
lies at the heart of language acquisition. Group narrative skills lead to
a collective version of reality; the narrative is almost always public.
Thus, the adaptive pressure driving the expansion of symbolic capac-
ity, the usefulness of symbolic invention, and the value of a high-
speed speech mechanism with a huge memory capacity all depend
upon the ability of the mind to harness these abilities toward the
reconstruction of reality or, in the minds of some philosophers such
as Goodman (1976) toward its construction in the first place.

Bruner classified narrative.skill as a form of thinking, rather than
as an aspect of language. But it might be seen more simply as the
natural product of language itself. Language, in a preliterate society
lacking the apparatus of the modern information-state, is basically for
telling stories. Language is used to exchange information about the
daily activities of the members of the group, to recount past events,
and to some extent to arrive at collective decisions. Narrative is so
fundamental that it appears to have been fully developed, at least in
its pattern of daily use, in the Upper Paleolithic. A gathering of mod-
ern postindustrial Westerners around the family table, exchanging
anecdotes and accounts of recent events, does not look much different
from a similar gathering in a Stone age setting. Talk flows freely,
almost entirely in the narrative mode. Stories are told and disputed;
and a collective version of recent events is gradually hammered out as

the meal progresses. The narrative mode is basic, perhaps the basic
product of language.
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The supreme product of the narrative mode, in smaller preliterate
societies, is the myth. The myth is the authoritative version, the de-
bated, disputed, filtered product of generations of narrative inter-
change about reality. In conquering a rival society, the first act of the
conquerors is to impose their myth on the conquered. And the
strongest instinct of the conquered is to resist this pressure; the loss
of one’s myth involves a profoundly disorienting loss of identity. The
myth stands at the top of the cognitive pyramid in such a society; it
not only regulates behavior and enshrines knowledge, but it also con-
strains the perception of reality and channels the thought skills of its
adherents. And those who preserve and regulate myth—priests and
shamans—hold positions of great power in the collective cognitive
hierarchy.

The importance of this role is seen clearly if the place of myth in
the architecture of mind is considered. Myth is the inevitable outcome
of narrative skill and the supreme organizing force in Upper Paleo-
lithic society. Judging from the continuing role of mimetic represen-
tations, as seen in ritual, song, dance, and games, the construction of
narrative and myth did not displace mimetic cognition but rather
complemented it perfectly. Myth had its special place in the cognitive
armamentarium; it stood at the very center, in a controlling role.
Mimetic skill, so crucial in the cultural achievements of early Homo,
was still important but relegated to a less central role.

Linguistic Innovation and Diffusion

One feature of spoken language that is very well documented is its
extremely rapid and continued growth and development. Compara-
tive linguists have documented the evolution of various language
groups, and the one consistent rule is change and experimentation.
All of the modern European languages, whose immediate roots are
well understood, are products of the last millennium: English took its
modern form in the thirteenth century, French in the twelfth, Spanish
in the fourteenth, Portuguese in the sixteenth. We have excellent doc-
umentation on the rate of change of written languages and consider-
able evidence on the spread and evolution of unwritten ones as well.
For instance, the languages of Pacific Islands spread out south of Ma-
laysia have been thoroughly studied (Renfrew, 1987), and their rate
of linguistic change has been estimated.
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Recent studies of the Indo-European linguistic family (Renfrew,
1987; Gamkrelidze and Ivanov, 1990), which includes most languages
of Western Europe, Eastern Europe, the Mediterranean, and India,
suggests that they all derived from a common ancestor about 8,000
years ago, spreading across Eurasia with agriculture. Thus, languages
as diverse as English and Sanskrit differentiated from a common
tongue only eight millennia ago. Given this evidence on the common
origins of very diverse tongues, it is conceivable that all known hu-
man languages, including such diverse types of language as the many
agglutinative tongues found around the world, descended from a
common ancestor in less than a hundred thousand years. The linguis-
tic heritage of Homo sapiens sapiens is a heritage of incredibly rapid,
unceasing change and innovation.

Rapid, continuous innovation is thus an inherent property of lan-
guage. This serves to justify, in retrospect, the emphasis I have placed
on symbolic invention as the central underlying linguistic skill. This
inventive, unifying, imaginative force must have had an explosive im-
pact on mimetic culture, which had moved very slowly for more than
1 million years, changing in relatively minor ways. Some aspect of
language had a multiplier effect on every cognitive capacity-that had
gone before. Words somehow enabled a new level of cognitive dis-
course, in a realm of their own.

An Overview of the Language Adaptation as a Unity

Viewed from an evolutionary perspective, the language system
brought with it not only a new. vocal apparatus but a wholly new
system for representing reality. The entire propositional storage sys-
tem and the whole of what is known as verbal semantic memory were
products of language, and form part of one vertically integrated ad-
aptation, ultimately unified under a “linguistic controller.” The ver-
tically integrated language system is illustrated in Figure 7.2. Note
that the linguistic controller (L) encapsulates the mimetic controller;
that is, access is one-way, with the linguistic system able to model the
outputs of the mimetic system but not vice versa. It also has direct
access to episodic event representations.

The linguistic controller is a representational process whose prod-:
ucts are narrative models. Narrative thought is the normal, automatic
activity of the linguistic controller; it produces oral-verbal commen-
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Figure 7.2 The linguistic controller (L) at the peak of a vertically integrated speech
system. L constructs narrative models of inputs from episodic memory (E) and the
mimetic controller (M); in turn, it drives the lexical assembly process. Lexical as-
sembly involves not only the correct sequencing of lexical entries but also their cor-
rect form. The phonetic plan maps the assembled utterance onto neuromotor paths
and, ultimately, the vocal musculature. Inner speech constitutes the slent monitoring
of a phonetic plan. The articulatory loop constitutes temporary storage of a speech
input.

taries on experiences just as effortlessly as the mimetic system pro-
duces representations in terms of action patterns. It is a modeling
device, and the driving force behind linguistic invention. The control-
ler operates the rest of the system: specifically, it directs the process
of lexical assembly, whereby appropriate lexical entries are assembled
into complex sentences, according to syntactic and morphological con-
straints. Accordingly, the core of the language adaptation resides at
the top of the system, not below.

Lexical assembly must occur at the word-form, or morphological,
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level; it is the generic form of a word that is initially selected for a
given utterance. Only after morphological constraints (such as affixes
on particular words) and syntactic constraints (on appropriate word
order) are taken into account can the specific utterance be assembled.
Once assembled, a phonetic plan is devised, employing appropriate
phonological constraints; prosodic inputs are also integrated into the
utterance at this level, presumably through a parallel vocomimetic
pathway (not shown) that is monitored by (L) but driven directly
from (M). In the same manner, gestures can interact with spoken
language by parallel pathways; the mimetic controller independently
provides the “mimetic envelope” for an utterance, but (L) is the ulti-
mate governor of any synchronization between the two representa-
tional systems. Note that the semantic content of a word is altered by
its context and is specific to the particular operative mental model
resident in (L).

What Is Localized?

Just as in the case of mimesis, the language adaptation had to involve
many different parts of the brain; one cannot hope to place the whole
of such a complex adaptation in any single brain area. The phonolog-
ical device, auditory object constancy, the articulatory loop, and even
the lexical entry system may be tracked to a number of different spe-
cific regions of the brain: these include the cerebellum, premotor cor-
tex, supplementary motor cortex, thalamus, basal ganglia, superior
temporal lobe, hippocampus, angular gyrus, supramarginal gyrus, in-
sular and opercular regions, and inferior frontal cortex. Lesions in any
of these areas may affect language in a variety of ways, and yet it is
not clear that any of these lesions is destroying the linguistic control-
ler. We cannot even conclusively limit language control to the left
side of the brain; as shown in Chapter 3, the right side seems to play
a complementary role to the left in a variety of metalinguistic tasks.
In other words, when the language adaptation evolved, most brain
regions changed to some degree. Once again we are looking at mosaic
evolution driven at level four—the programming of a highly complex
anatomical change by forces largely ensconced at the sociocultural
level of selection pressure.

Pierre Marie thought he knew the location of the linguistic con-
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troller: it must be, he thought, in Wernicke’s region, in the first tem-
poral gyrus. The temptation to assign this role to Wernicke’s region
was understandably great, since the most crippling aphasias seemed
usually to involve this area. Yet there are tremendous difficulties with
this position. The greatest problem is the variability of symptoms
that result from its destruction. Take the following two cases, drawn
almost at random from the many single case studies in the literature.
Case number one was reported by Badecker and Caramazza (1985): a
54-year-old male with an extensive posterior perisylvian lesion ex-
tending from the first temporal gyrus to the supramarginal gyrus,
with some involvement of the internal capsule (deep motor paths) and
the insular part of the temporal lobe. His primary symptom was
“agrammatism,” a symptom that involves difficulty with the produc-
tion of complex sentences and discourse. His comprehension was pre-
served, and he could find the appropriate word in a fill-in-the-blanks
test; but he could not produce a sentence without missing preposi-
tions, omitting auxiliary verbs, or substituting inappropriate words.
He seemed unable to retrieve and assemble complex sequences of
words, whereas he had no difficulty finding words one at a time.

Case number two is a famous one reported by Marshall and New-
combe (1973) in their classification of dyslexia. A 45-year-old male
with a left temporal-parietal (perisylvian) lesion that 75 percent over-
lapped the lesion in the previous case, the main difference being that
it spared the internal capsule and extended down to the angular gyrus
instead of up to the supramarginal gyrus. The main symptom here
was a specific impairment of reading and writing; there was no
agrammatism and no difficulty with oral language. In both cases, the
first temporal gyrus on the left was severely damaged, and in neither
case was there evidence of the devastating comprehension deficit that
is supposed, according to the classical theory, to follow damage to
Wernicke’s region. Expressive language was seriously impaired in
both cases, but in drastically different ways: spoken grammar was
impaired in one, and writing in the other. Oral comprehension was
intact in both. Such cases are not exceptional; a lesion to either Wer-
nicke’s or Broca’s area might result in any number of neurolinguistic
symptoms, and in some cases none at all (Mohr, 1976).

Computerized tomographic (CT) brain scans have confirmed these
clinical observations. Selnes, Knopman, Niccum, and Rubens (1983)
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measured auditory compreher.lsion in 39 stroke patients, classifying
them into four groups according to the degree of initial impairment
and subsequent recovery; CT scans were used to localize lesions. They
found that the physical lesion most common in impaired patients was
roughly in, or close to, Wernicke's area: the superior temporal gyrus
and the supramarginal gyrus. However, 22 percent of the least im-
paired patients, including some who had no measurable language def-
icit, also had lesions in Wernicke’s area! Moreover, when the same
research group looked at patients with severe deficits in articulation
and speech, the CT scans showed lesions primarily in the face area of
the motor cortex rather than in Broca’s region. In fact, there was no
significant difference in the incidence of Broca’s area lesions between
the most fluent and least fluent patients! Thus, we are faced with the
:"rzeélity of a significant number of patients with lesions in the classical
speech areas, and yet with none of the predicted aphasic symptoms.
Such inconsistencies in the underlying anatomy raise serious ques-
tions about the viability of the classic model, and introduce the dis-
tinct possibility that cortical language localization is not as fixed
across individuals as the model predicts. This would apply especially
to the highest levels of linguistic and metalinguistic control.
~ Another difficulty with the classic model is that it does not account
for complementary evolution of many other structures in the emer-
gence of language. Mythic culture, like all major hominid innovations
before it, was a complete pattern of cultural adaptation, including
some very complex anatomical adaptations. The variety of structures
involved in such a major change is staggering. Changes occurred to
most areas of the brain, as well as to many peripheral nerves and
receptor surfaces. There was major muscular and skeletal redesign,
"iﬂcluding the face, body mass, cranial shape, respiration, and posture;
there was a revolution in social structure; and there was a great
rghange in the fundamental survival strategies of the human race. The
entire nervous system had to adjust to its new selection pressures and
changing conditions; it was not a simple matter of acquiring a new
'language system” with a cleanly isolated cerebral region attached to
modified vocal tract.
Through all of this, however, the mimetic system remained func-
nally distinct from language; and this is the most compelling rea-
son for predicting broadly different cortical representations for the
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two systems. The big difference at the top of the two great cognitive
hierarchies, mimetic and linguistic, seems to be shown in the broad
demarcation between the “perisylvian brain” of language, and the
dorsally located association areas probably underlying mimetic rep-
resentation and reproductive memory. If local cortical expansion re-
flects the relative growth of these two systems (admittedly a very big
assumption), then the association cortex of erectus should have ex-
panded (relative to habilines and australopithecines) more dorsally
and less in the temporal—perisylvian region, while the sapient expan-
sion (relative to erectus) should have had a much larger temporal as-
pect. Further comparative examination of fossil skulls may resolve
this issue.

Regarding the inevitable issue of laterality: phonology is highly
lateralized, probably because it is an axial skill; that is, it harnesses
vocal muscle-groups that straddle the central vertical axis of the body.
Thus, it requires precise, high-speed integration of the two sides of
the vocal tract and mouth. Cortical motor representation is generally
crossed, with the right brain controlling the left side of the mouth,
and vice versa; this might impede high-speed coordination of the two
halves of the vocal apparatus. Integration of the two sides might be
achieved more efficiently from one locus, rather than two. In this
regard it is interesting that split-brain patients do not show any asym-
metry in speech motor control, even immediately after the opera-
tion. If any aspect of their vocomotor apparatus was bilaterally con-
trolled at the cortical level, and the callosum was completely severed,
they ought to speak normally from only one side of their mouth,
much like some hemiplegic stroke patients. But they don’t; they ar-
ticulate symmetrically, apparently controlling both sides of the vo-
comotor apparatus from the isolated left hemisphere.* This is pow-
erful testimony to how strongly lateralized phonology has become in
the modern human brain.

*The critical neural structures on the left might be subcortical, as well as cortical; this
applies especially to the basal ganglia. As reviewed in Chapter 3, recent radiological evi-
dence suggests that most expressive aphasias involve damage to these areas, which sit just
below the inferior frontal region and are often injured simultaneously with the surface
cortex. The basal ganglia are closely interconnected with frontal and prefrontal cortex, and
broadly involved with various forms of skilled motor control. Injury to the right basal
ganglia region apparently produces no expresstve aphasia; thus, the lateralization of phon-
ology extends to subcortical structures as well.
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If the phonological apparatus is usually lateralized, then following
the hierarchical, lexically driven model espoused in this chapter we
must conclude that the phonological (and morphological) aspects of
lexical entries are lateralized. This in turn implies that lexical access
could be severely impaired by left-sided lesions, even if the linguistic
controller, and thus the semantic content of lexical entries, had been
left unscathed. If sentence construction is lexically driven, as Levelt
has argued, then apparent “agrammatisms” could also result from
impaired lexical access, due entirely to the remote effects of partial
disconnection and destruction of the phonological apparatus. Anom-
jas could be another product of impaired lexical access, explainable
without necessarily implicating the highest levels of the system. Par-
agrammatisms, paraphasias, verbal amnesias—a whole range of ap-
parently distinct symptomatology might similarly be due to the dis-
ruption and removal of critical addresses and related elements of the
lexical entry system.

But studies of “signing aphasia” in the deaf suggest that the later-
alization of expressive language in the deaf brain extends beyond
phonology, to include formal sign languages. Poizner, Klima, and Bel-
lugi (1987) also found that those left-sided cortical regions involved
in signing aphasia in the deaf were somewhat different from those
supporting phonology in the hearing population. Specifically, the pa-
rietal lobes appeared to play a more important role, and the temporal
lobes a somewhat different role, in the deaf population. It is not yet
known whether this is a result of a general redeployment of temporal
cortex in the deaf or evidence for a fundamentally different cortical
organization for sign language that would prove valid in both hearing
and deaf people.

The left lateralization of signing in the deaf has been typically ex-
plained at the modular level, and the language module, at least as far
as it is made visible in aphasia, appears to be localized on the left,
regardless of modality of expression. Poizner and colleagues have
drawn an even broader conclusion, that the representation of intra-
personal space, and hence of skilled movement, generally resides in
the left hemisphere. However, this is moving somewhat ahead of this
part of our evolutionary scenario, since formal sign language is a very
recent invention. Sign language is really more similar to ideographic
reading and writing than to speech, and neither sign language nor
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writing were part of the linguistic picture in oral-mythic cultures.
Thus, the localization of these skills is not relevant at this stage. Both
topics are addressed again in Chapters 8 and 9.

Damage that was restricted to the linguistic controller would result
in quite a distinct syndrome: spoken language would remain fluent
and word finding would not be impaired. There would be no reason
to expect difficulty with repetition or with limited comprehension and
production of single words and short, highly overpracticed stock sen-
tences and phrases. Mimetic uses of vocalization would likewise re-
main unaffected. But narrative and discourse-level uses of language
would kreak down; symbolically based thought would be selectively
impaired; and the comprehension of linguistically encoded ideas
would be destroyed. Moreover, linguistic invention would be lost. In
short, damage to the linguistic controller would produce symptomatic
evidence that narrative skill, the dominant form of representation
driving language invention and use, was impaired.

Is there an aphasia syndrome (call in discourse-level aphasia) cor-
responding to the above? There would have to be a reassessment of
Wernicke-style aphasias, whereby those whose symptoms were ex-
plainable without recourse to the controller were separated from the
population and those remaining were reclassified as deficient primar-
ily in the highest (narrative/discourse) aspects of language. The clos-
est thing in the existing literature to discourse-level aphasia might be
the deficit in the recall of stories shown by some left temporal-lobe
epileptics (Milner, 1965). These patients have difficulty recalling the
details of narrative material, even very short narratives. They have
difficulty attributing agency and action; if asked about the content of
a story, they have difficulty even with major aspects of the plot and
the major characters. The deficit is made worse (although the epileptic
symptoms are usually relieved somewhat) by neurosurgery of the dis-
eased areas. This is a very specific cognitive loss, not attributable to
aphasia in the normal sense, or to dementia, intellectual loss, or sen-
sory loss.

Frisk and Milner (1990a, 1990b) have shown further that this defi-
cit is not due to a reduction in immediate working memory capacity,
or in the rate at which verbal information can be processed. The def-
icit is characterized by loss of narrative information after a short delay
(even overlearned material is lost in 20 minutes) and is made worse
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in proportion to the amount of left hippocampal tissue removed in the
surgery. The specificity of this deficit points in the general direction
of discourse-level aphasia, but also illustrates the difficulty of distin-
guishing between the mnemonic and linguistic aspects of discourse
comprehension and expression. Further work will be needed, espe-
cially on the question of whether these patients suffer an equivalent
and parallel deficit in the self-directed organization and production of
discourse.

Until more careful neuropsychological investigation of these ques-
tions, we cannot say where the linguistic controller is, or even
whether it is exclusively on the left. Perhaps the highest levels of both
the mimetic and linguistic systems are bilaterally organized. (Why
not? It is not clear that high-speed lateralized systems would retain
any advantage at this slower-moving level of control.)

We cannot even say to what degree language is localized in similar
ways in different individuals. The information-flow pattern in lin-
guistic modeling is crucial here. The linguistic controller receives its
inputs from a variety of sources, and Geschwind’s (1965) idea that
many symptoms may result from disconnection might apply: inter-
rupt the flow of information in a complex system and the results are
somewhat unpredictable. Fortunately, for the type of model presented
here, localization is not a critical issue. Neuropsychological informa-
tion was critically important in establishing the functional indepen-
dence of cognitive subsystems but not in locating them in specific
neural structures. Nevertheless, functional localization, or at least a
localization principle, must remain a long-term goal in this field.

Conclusion: Mythic Culture and the Uses of Language

Mythic culture tended rapidly toward the integration of knowledge.
The scattered, concrete repertoire of mimetic culture came under the
governance of integrative myth. The importance of myth is that it
signaled the first attempts at symbolic models of the human universe,
and the firstattempts at coherent historical reconstruction of the past.
By definition, history, and most narrative, is a reconstructive act; it is
an attempt to piece together a large number of episodes so as to give
a place and a meaning to the smaller-scale events the myth encom-
passes. The intellectual gulf between an episodic culture and a mythic
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culture is huge and obvious; but the intellectual leap from mimetic
representations to an integrative system of myth, however primitive,
was also formidable.

Mythic integration was contingent on symbolic invention and on
the deployment of a more efficient symbol-making apparatus. The
phonological adaptation, with its articulatory buffer memory, pro-
vided this. Once the mechanism was in place for developing and re-
hearsing narrative commentaries on events, an expansion of semantic
and propositional memory was inevitable and would have formed an
integral part of the same iterative process of evolutionary change. At
the same time, a major role in human attentional control was as-
sumed by the language system. The rehearsal loops of the verbal sys-
tem allowed rapid access and self-cueing of memory. Language thus
provided a much improved means of conscious, volitional manipula-
tion of the mental modeling process.

The social consequences of mythic integration were evident at the
cultural level: narratives gave events contextual meaning for individ-
uals. In Paleolithic cultures, and in aboriginal cultures in general, the
entire scenario of human life gains its perceived importance from
myth; decisions are influenced by myth; and the place of every object,
animal, plant, and social custom is set in myth. Myth governs the
collective mind. This remains essentially true today, even in modern
postindustrial cultures, at least in the realm of social values.

Symbolic invention on a grand scale allowed the inherent structure
of episodic events to be articulated. Symbolic devices, particularly the
lexicon, enabled and triggered mythic invention, by which events
could be mentally restructured, interrelated, and reshaped in the
mind’s eye. The human mind had come full circle, starting as the
concrete, environmentally bound representational apparatus of epi-
sodic culture and eventually becoming a device capable of imposing
an interpretation of the world from above, that is, from its collective,
shared, mythic creations.
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hird Transition: External Symbolic
Storage and Theoretic Culture

From Mythic to Theoretic Governance

Episodic, mimetic, and mythic culture are all broad, unifying concepts
that express the dominant cognitive quality of the individual mind in
relation to society. The two previous transitions represented major
qualitative breaks with the cognitive past. A third cognitive transi-
tion, which will be developed in this chapter, likewise is signaled by a
major break with the previous cultural pattern—that is, a break with
the dominance of spoken language and narrative styles of thought.

From the start, | have made the simplifying assumption that each
cognitive adaptation in human evolutionary history has been retained
as a fully functional vestige. The simplest working hypothesis, by far,
is that, when we acquired the apparatus required for mime and speech,
in that order, we retained the knowledge structures, and the cultural
consequences, of previous adaptations. A corollary is that evidence of
fundamental change would not be found within expansions of exist-
ing representational systems; evidence should rather be sought in
new systems and new classes of cognitive output.

I have also used a structural criterion for establishing previous cog-
nitive transitions: they were accompanied by basic architectural
change, meaning that a different superordinate organization was im-
posed on cognition. Thus, we might be justified in postulating a new
level of cognitive functioning if it could be documented that there
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were truly new representational systems in the human brain and if
there was a new overall architecture to human cognition.

But before attempting that documentation, it might be useful to
review, diagrammatically, the changes in the architecture of cognition
that occurred during the first two transitions (Figure 8.1). For the
purposes of this summary diagram, the details of each subsystem are
left out, and each new representational system in human cognitive
evolution is represented simply by a circle. Each level of development
is shown as a complete architectonic configuration, that is, an ar-
rangement of representational modules. These modules are func-
tional, and not necessarily anatomical, entities.

Thus atlevel I, the starting point, representational structure is very
simple; the mind had only one way of representing reality—as event
perceptions. Therefore, the whole range of complex event represen-
tations held by chimpanzees, and by extension australopithecines, is
enclosed within a circle, labeled “episodic” (E). The transition from
level I (episodic) to level II (mimetic) is also simple to conceive in this
way; the entire range of mimetic knowledge, from games and tool-
making skills to group ritual and standardized gesture, is enclosed

® O——©

Level I Level I
Episodic (Primate) Mimetic (Erectus)

Level II1
Linguistic (Archaic Human)

Figure 8.1 Emergence of distinctively human representational systems. The entire
repertoire of primate episodic representations is enclosed within the circle marked
E. The mimetic system (M) came with the first transition’in human cognitive evolu-
tion; the linguistic (L) system came with the second. Newer representational systems
can model the outputs of archaic and vestigial ones; thus L encapsulates both E and
M, while M encapsulates E.
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within another circle (M). Mimetic representations are metaphoric,
rehearsable self-representations built upon episodic knowledge; there-
fore, by definition, episodic outputs are available to the mimetic rep-
resentational process. An arrow indicates this access route. This
relationship is asymmetrical: episodic systems cannot model the out-
puts of the mimetic representational system; hence, the arrow is uni-
directional,

Note that the new representations emerge at the top of the system;
cognitive structures that formerly served as the “central processor”
of mind are superseded, and encapsulated, by other structures. This
is clearly the case after the first transition; episodic representations
could not have been informationally encapsulated in the primate. In
apes, episodic event representations are at the cognitive pinnacle; they
are supramodal, and it is reasonable to assume that they can access
outputs from all sensory modules and thus define the forms of their
conscious experience. But, after becoming embedded in a matrix of
higher representations at level II, the episodic mind would have be-
come encapsulated, gradually surrounded by more powerful methods
of representing reality, while it continued to produce its traditional
outputs. Fodor would have little choice but to place episodic experi-
ence in his “central processor” category in apes. But in humans, the
central processor—that is, the highest, unencapsulated structure—
seems to have moved elsewhere. The integrative machinery of epi-
sodic experience was superseded by higher mimetic structures: sic
transit gloria mundi.

Mimetic skill was at the core of the cognitive style of erectus, and
it could access all that went before. Therefore, in its time, it must
have been unencapsulated; but it too was bypassed and relegated to
the cognitive provinces, when the linguistic system emerged at level
I, after the second transition. Although mimetic representations
continued to access episodic experience, they could not model linguis-
tic content. Thus, they suffered the same fate as episodic mind and
were encircled by a more powerful representational apparatus. Never-
theless, mimesis continues to exist as an independent representational
system: for someone lacking language, mimesis remains the highest,
or governing, way of representing reality and presumably dominates
the forms of conscious experience. But a linguistically able mind will
relegate mimesis to a secondary role.
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The architectonic configuration of level III, where speech is intro-
duced into the structure, is more complex, since speech—that is, nar-
rative skill—can encompass both lower levels but not vice versa: thus
two more asymmetrical relationships appear. Speakers can assign de-
scriptions to episodic material—events and things—and they can
construct commentaries built on mimetic representations, for in-
stance, on a rehearsed skill sequence, or an event re-enactment, or a
group ritual, or a pattern of gestural communication; but speech is
not transparent to the mimetic or episodic mind. In the diagram,
speech and narrative skill are enclosed within a circle labeled “linguis-
tic” (L), which encompasses all of the oral-narrative knowledge held
by an individual. It includes a collection of stored commentaries on
episodic and mimetic material, which amounts to a superordinate
class of models held by the linguistic system.

The speech system thus has a special status at the top of the hier-
archy; it can access, independently, both episodic and mimetic outputs
and formulate linguistic descriptions and encapsulations of these; and
this relationship is unidirectional. Neither episodic nor mimetic mind
can, by definition, comprehend speech outputs per se; it follows that,
when skilled mimetic acts are synchronized with speech, semantic
control of this synchronization must rest with the language system;
the governing system is oral-linguistic.

This was the situation in oral-mythic culture. The main source of
evidence in favor of a further evolutionary transition in human cog-
nition ‘would lie in evidence of a fundamental change in this overall
architecture, and therefore architectural change will be reviewed re-
peatedly in this chapter as a history of modern symbolic representa-
tional systems is developed. The evidence for this change might be
found in the anthropological and historical record, as in the case of
previous transitions; but there is a great deal more evidence to con-
sider, almost too much. The third transition must have been recent;
the key question is whether there are aspects of modern cognition
that were absent from oral-mythic culture, that is, from simple hunt-
ing—gathering .cultures.

Three crucial cognitive phenomena appear to have been underde-
veloped, or virtually absent, in oral-mythic culture. These phenom-
ena are graphic invention, external\memory, and theory construction.
Graphic invention is the first clue to what has happened in recent
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cultural transformations; accordingly, the next section will examine
the emergence of new methods of graphic representation over the past
few thousand years and the parallel development of thought skills.
On a simple level, the invention of graphic representations signaled a
shift in the relative importance of the two major distal-perceptual
modalities, from auditory to visual representation. On another more
important level, it signaled the invention of entirely new classes of
symbols from those used in mimetic and oral linguistic communica-
tion. Visual symbols have become the dominant form of representa-
tion in modern society.

The second major clue is likely to be found in the realm of memory.
Whereas oral-mythic cultures rely heavily on individual biological
memory, modern cultures rely much more on external memory de-
vices, mostly on various classes of graphic symbols, from pictures and
graphs to ideograms and writing. Thus, the shift is from internal to
external memory storage devices. As the pattern of memory use
shifts toward the external symbolic store, the architecture of the in-
dividual mind must change in a fundamental way, just as the architec-
ture of a computer changes if it becomes part of a larger network.
This architectural change will be discussed in a later part of this
chapter.

But the most important cultural product of human cognition is less
obvious, and much more dominant in terms of cognitive governance:
it is a relatively new kind of thought product known as theory. As we
have seen, Bruner (1986) pointed out that there are two broadly dif-
ferent modes of thinking evident in modern humans. One is some-
times called narrative thought, and the other is variously called ana-
lytic, paradigmatic, or logicoscientific. In modern culture, narrative
thought is dominant in the literary arts, while analytic thought pre-
dominates in science, law, and government. The narrative, or mythic,
dimension of modern culture has been expressed in print, but it is
well to keep in mind that in its inception, mythic thought did not
depend upon print or visual symbolism; it was an extension, in its
basic form, of the oral narrative.

The major products of analytic thought, on the other hand, are
generally absent from purely mythic cultures. A partial list of fea-
tures that are absent include: formal arguments, systematic taxon-
omies, induction, deduction, verification, differentiation, quantifica-
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tion, idealization, and formal methods of measurement. Argument,
discovery, proof, and theoretical synthesis are part of the legacy of
this kind of thought. The highest product of analytic thought, and its
governing construct, is the formal theory, an integrative device that
is much more than a symbolic invention; it is a system of thought
and argument that predicts and explains. Successful theories often
convey power.

Combining the three variables just mentioned, the governing cog-
nitive structures of the most recent human cultures must be very
different from those of simple mythic cultures. They exist mostly
outside of the individual mind, in external symbolic memory repre-
sentations, which are dependent upon visuographic invention, and
they culminate in governing theories. The aspects of culture that fall
under the governance of theories are here labeled “theoretic.” The
third transition, from mythic to theoretic culture, was different from
the preceding two, in its hardware: whereas the first two transitions
were dependent upon new biological hardware, specifically upon
changes in the nervous system, the third transition was dependent on
an equivalent change in technological hardware, specifically, on exter-
nal memory devices. Theoretic culture was from its inception ex-
ternally encoded; and its construction involved an entirely new su-
perstructure of cognitive mechanisms external to the individual
biological memory. As in previous transitions, earlier adaptations
were retained; thus, theoretic culture gradually encompassed the ep-
isodic, mimetic, and mythic dimensions of mind and indeed extended
each of them into new realms. The last part of this chapter will focus
on theoretic development.

What was truly new in the third transition was not so much the
nature of basic visuocognitive operations as the very fact of plugging
into, and becoming a part of, an external symbolic system. Reading,
for example, is a very distinctive mode of knowing, one that raises
disturbing questions about the true locus of human memory. More-
over, theoretic culture broke with the metaphoric style of meaning in
oral-mythic culture. Where narrative and myth attribute signifi-
cances, theory is not concerned with significance in the same sense at
all. Rather than modeling events by infusing them with meaning and
linking them by analogy, theory, dissects, analyzes, states laws and
formulas, establishes principles and taxonomies, and determines pro-
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cedures for the verification and analysis of information. It depends
for its advanced development on specialized memory devices, lan-
guages, and grammars.

The first step in any new area of theory development is always
antimythic: things and events must be stripped of their previous
mythic significances before they can be subjected to what we call “ob-
jective” theoretic analysis. In fact, the meaning of “objectivity” is
precisely this: a process of demythologization. Before the human
body could be dissected and catalogued, it had to be demythologized.
Before ritual or religion could be subjected to “objective” scholarly
study, they had to be demythologized. Before nature could be classi-
fied and placed into a theoretical framework, it too had to be demyth-
ologized. Nothing illustrates the transition from mythic to theoretic
culture better than this agonizing process of demythologization,
which is still going on, thousands of years after it began. The switch
from a predominantly narrative mode of thought to a predominantly
analytic or theoretic mode apparently requires a wrenching cultural
transformation.

Mythic culture, in the purest sense of the word, extended to include
all Upper Paleolithic, Mesolithic, and Neolithic societies. It continues
today in many traditions, and its vestiges are still highly visible in
some' sectors of postindustrial civilization. Its exact outer boundary
cannot easily be drawn. Theoretic culture grew from within and has
gradually encompassed mythic culture. It has been developing for
several millennia, and has become the dominant thought form of
postindustrial society.

The three central cognitive innovations underlying theoretic cul-
ture will be discussed in the following sections, which deal respec-
tively with visuographic invention, external memory, and theoretic
thought.

Visuographic Invention

The critical innovation underlying theoretic culture is visuographic
invention, or the symbolic use of graphic devices. Judging from avail-
able archaeological evidence, it took sapient humans thousands of
years to develop the first methods of visual symbolic representation.
Visuographic invention ultimately provided three new visual sym-
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bolic paths. The historical order of emergence of these three paths is
important, because it demonstrates the independence of the three vi-
sual paths and speaks to the original underlying function of each.
Thus, the history of visuographic invention has to be reviewed in
some detail. *

Visuographic invention developed within a predominantly mythic
cultural environment, but it did not unfold all at once. Very early in
human prehistory, progress was slow. There was very little use of
graphic devices prior to 40,000 years ago, when they proliferated
more or less simultaneously in Africa, Europe, Australia, and Asia;
only much later did they appear in the Americas. The development of
visuographic symbols then went through several apparently orderly
stages, independently following a roughly similar course in a number
of locations.

Prior to the late Upper Paleolithic, some antecedent developments
pointed the way to intentional visual symbolism. Body painting prob-
ably dates back to the earliest archaic sapients, as testified by a large
collection of yellow, brown, red, and purple pieces of ochre found at
Terra Amata, near Nice, France, in 1966, that dated back to about
300,000 years ago. The inhabitants of this site had good basic con-
structive abilities; they built simple huts out of branches, and one
such hut was rebuilt at least eleven times on the same site (Had-
ingham, 1979). They also left other traces in the sand that testified to
an impressive range of skills: impressions of wooden bowls, outlines
of skins used to carpet the hut floor, remnants of stone tools. All of
these traces suggest the beginnings of craft, but not necessarily sym-
bolic uses of visual representations.

One of the earliest artifacts with purposeful visuographic markings
is a 200,000-year-old engraved rib at Pech de ’Az¢é, Dordogne, France
(Marshack, 1972), which has an interconnected series of carefully en-
graved double arcs. But this object is an isolated example from that
period. In any case, the engraving on the Pech de I’Azé rib does not
have any recognizable referent, and it is possible that it, like early
body painting, might have been done without any focused represen-
tational purpose.

*The reader is referred in particular to a twg-volume history of writing by Diringer (1948,
1962) and to Marshack’s research (1972) on early pictorial representations.
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Another very early precursor to visuographic invention was the
purposeful arrangement of objects, usually in a ritualistic setting.
Very old artifacts have been discovered in spatial arrays that suggest
a symbolic purpose; for instance, circles made of bears’ skulls, ar-
rangements of mammoth tusks, and graves decorated with flowers.
Some of the skull arrangements are associated with Peking Man and
are dated back more than 400,000 years; apparent grave decorations
have been found in Neanderthal grave sites dated back over 60,000
years. But the arrangement of significant objects falls far short of
using the visual modality for either pictorial or linguistic representa-
tion. Thus, for several hundreds of thousands of years, from the late
Homo erectus period to Neanderthal culture, hominids showed no
further progress, and no evidence of systematic visuographic sym-
bolic invention.

The earliest cultures of biologically modern humans (Homo sapiens
sapiens) did not initially achieve more than their predecessors, despite
the high development of spoken language. Among documented hunt-
ing-gathering cultures, the most universal visuographic feature
seems to be self-adornment: body painting, ritual scarring of the face
and torso, elaborate hair arrangements, and refinements of .costume.
Costume in particular took on vital symbolic functions in ritual and
religion, probably drawing on the visually creative resources of the
society more than any other medium. Costume, and especially face
masks, could be regarded as a true graphic invention, one of the most
universal visual symbolic devices, which have been documented in all
human societies, even the poorest and most isolated. Thus, costuming
the body and masking the face might be regarded as the most ancient
graphic (quasi-symbolic) inventions, but they are still an essentially
mimetic use of graphic skill.

Artifacts from the late Upper Paleolithic period, however, signal a
change in the social role, as well as in the style and purpose, of vision
and of graphic invention. Unlike body decoration or the purposive
arrangement of significant objects, these new graphic inventions were
pictorial in nature; that is, they were either two- or three-dimensional
representations of recognizable perceptual objects, usually animals.
Starting around 40,000 years ago, there was a proliferation of en-
graved bones and carved ivory: the carvings were highly skilled two-
and three-dimensional representations, mostly of contemporary ani-
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mals. The first evidence of truly advanced painting and drawing skills
dates back to about 25,000 years ago, in hundreds of illustrated lime-
stone caves of the Ice Age, of which the best known are at Altamira
and Lascaux. Clay sculptures and figurines and a wide variety of trad-
ing tokens were common 15,000 years ago. The earliest evidence
of writing dates back about 6,000 years, to the emergence of large
city-states; and the idea of the phonetic alphabet is less than 4,000
years old.

The newness of graphic symbolic invention might be surprising,
given the pre-existence of fully developed spoken languages and of
various forms of mimetic representation, including ritual and gesture,
that employ visual signs extensively. Apes, and by extension all hom-
inids, can perceive and use complex visual symbols, and the motor
skills used in toolmaking would have sufficed for basic visual symbolic
invention. Therefore, once again, as in the case of spoken language,
the brunt of the evolutionary burden must be shifted to the highest
cognitive aspects of symbolic invention. Before visual symbols could
be invented, the modeling intellect had to perceive a need for them.
In principle, this is similar to the argument for the invention of the
oral lexicon; symbolic invention is generally driven by the demands
of mental modeling.

Visuographic invention was thus not primarily a visual-perceptual
innovation, despite its name. Rather, it evolved as a set of high-level
production systems that operated according to conventions and rules.
From the start, there was no single “correct” or “perfect” way to rep-
resent the world visually. The symbolic inventions underlying draw-
ing and sculpting techniques, and conventions that led to geometric
representations of space, were not straightforward perceptual or mo-
tor innovations as much as they were guidelines for the manufacture
of symbolic artifacts.

There are three broadly different modes of visual symbolic inven-
tion, which might be called pictorial, ideographic, and phonological.
They are not mutually exclusive; for example, pictographs can be
used to represent linguistic events directly. But writing generally does
not depend upon perceptual isomorphisms and metaphors, whereas
the pictorial mode does. The pictorial mode is primarily dependent
upon visual norms and does not necessarily engage linguistic struc-
tures. But the phonological modé depends upon its linkages to the
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speech system; and the ideographic mode falls somewhere in be-
tween. The three modes are quite distinct in the type of thinking they
allow.

All visuographic inventions are recent, and even the development
of pictorial representations came long after spoken language. Thus, it
would be wrong to argue that, somehow, the mere possession of spo-
ken language automatically led to graphic invention. Spoken lan-
guage usually has not been accompanied by a writing system, even
within recorded history. Harris (1986) has observed that, of the many
thousands of languages spoken at different places and times by hu-
mans, fewer than one in ten have ever evolved an indigenous written
form. Of those that have, the number that have yielded a significant
body of literature barely exceeds one hundred. Writing was not only
a late development, it was a very rare one.

Highly evolved spoken languages, and fully developed oral-mythic
traditions, were not necessarily accompanied by a sophisticated pic-
torial tradition either. Although well-developed pictorial representa-
tions are often found in some preliterate societies, there are many
preliterate societies in the historical record that lack any tradition of
sophisticated visual representation, particularly of two-dimensional
representation. Moreover, the possession of advanced graphic skills
did not lead automatically to literacy; the exquisite drawings and
paintings in the caves at Lascaux are just as refined as the visual prod-
ucts of many early literate civilizations, such as those of Mesopotamia
in the fourth millennium B.c. But the Lascaux artists lived 10,000 to
20,000 years before the invention of writing, while their Mesopota-
mian equivalents were working within an emerging literate culture.
Thus, pictorial skills can be dissociated from both oral and written
language, on the basis of their respective histories. The pictorial as-
pect of the visuographic system was the first to evolve.

Pictorial Representation

Visuographic invention was limited to body decoration, grave deco-
ration, object arrangement, and other simple symbolic applications
until the late Upper Paleolithic. Then, relatively suddenly, the situa-
tion changed. The most dramatic evidence of this change is found in
the Ice Age caves of southern Europe, which contain thousands of
sculpted figurines and carved ivory and bone objects and numerous
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paintings, some of great beauty. In a relatively short period of time,
graphic art had been elevated to a very high plane, one that was not
to be surpassed for at least 10,000 years. Writing was nowhere in
sight yet. During this period, the visual symbolic world was limited
strictly to pictorial products, in two and three dimensions.

Pictorial representations emerged to serve a perceived need and im-
mediately implied the existence of certain capacities. They appeared
in the context of an existing oral-mythic culture and can only be
understood in terms of that environment; therefore some exploration
of what is known of that environment is necessary. The earliest pic-
torial products were undoubtedly simple pictographs, but surviving
pictographs are generally too crude to be taken as evidence of a real
visuosymbolic breakthrough. The earliest evidence of a qualitatively
new, highly sophisticated pictorial skill in humans is found in the
artifacts of several hundred Ice Age caves in Europe. The painted im-
ages and sculptures found in these caves are well known and have
prompted much speculation about their proper interpretation. Their
real significance to the many artists who produced them over several
millennia will never be known with certainty. But some things about
the cave paintings can be said with confidence.

One is that most of the elaborately decorated caves were not used
for living but were ceremonial centers. The driving motive of early
pictorial representation thus seems to have been at the very core of
oral-mythic culture: ritual images with great religious significance.
Evidence for this statement derives from two sources: the locations of
the caves and the subjects represented in the images. Many of the
caves were, and still remain, virtually inaccessible; they were far un-
derground, dark and damp, and reached through endless dangerous
passages and dead ends. These facts suggest that they were not used
for regular habitation but rather for a special purpose. The remote-
ness and difficulty of access in some cases were extreme. Hadingham
(1979) describes the forbidding entrance to a remote cavern at Mon-
tespan, in the French Pyrenees:

For over two kilometers the stream known as Houantou near the village
of Montespan flows underground through a series of galleries which
require the visitor to wade in a crouching position for much of the time
in order to avoid impact with the low and irregular ceiling the
dangerous entrance at Montespan is entirely filled with water. Through
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this siphon Norbert Casteret swam with great daring in 1923, and
emerged to find a gallery filled with Paleolithic engravings and the re-
mains of sculptured animals. (p. 185)

Another example is at Niaux, also in the French Pyrenees, where
the cave complex is so vast that the visitor has to walk through unlit
corridors for half an hour before reaching a pitch-black circular hall
known as the Salon Noir, located a kilometer inside the complex,
where large images of hunted animals—ibex, bison, and so on—are
painted on the walls. These would necessarily have been painted, and
displayed, to firelight. The interior is too remote and uncomfortable
to serve as regular living quarters, and there are no artifacts to suggest
it was ever used for this purpose. The generally accepted significance
of the locale of such caves is that they were used primarily for cere-
monial or ritualistic purposes. They were the Paleolithic equivalent of
high art. Their remote locations made them secret and special, while
the paintings and sculptures on the walls became the religious icons
of those societies.

The second set of certainties about Paleolithic cave art surround its
major themas. The themas of paintings or sculptures are their subject
matter, usually cast in mythic or narrative terms. Their subject mat-
ter often goes beyond simply reproducing or generating a visual im-
age, to the expression of narrative themata. Broadly speaking, the two
major themas were hunting and fertility, the first reflected in thou-
sands of images of large game animals, some of which have spears or
arrows buried in their hides, and the second reflected in countless
drawings and sculptures of the female figure, usually with great em-
phasis placed upon the breasts and reproductive organs.

Most of the figures seem to be painted or sculpted in isolation, but
some more complex compositions have also been found. The most
famous of these is at Lascaux, France, in what appears to be a cere-
monial pit whose ceilings are covered with hundreds of multicolored
images. On one side is a three-part composition consisting of a disem-
boweled bison, apparently still alive and moving; a man falling back-
wards, whose head is in the shape of a bird and whose penis is erect;
and a rhinoceros with six dots under its tail. A large number of small
stone lamps were discovered on the floor nearby. The significance of
the composition has not been deciphered, but its basic format is fa-
miliar to the modern eye: juxtaposition of visual metaphors, possibly
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recounting a story that had become embellished and enshrined as a
myth.

Fertility and hunting were, and continue to be, the two great
mythic themas of hunter—gatherer societies. This is reflected in their
oral-mythic traditions. Beliefs in animal powers, magical identifica-
tion, and fertility rituals have been documented widely in various
aboriginal cultures (Frazer, 1890; Campbell, 1959). These myths are
entirely consistent with the first widespread use of visual symbolic
representations. It is surely no coincidence that the first recorded so-
ciety to exploit the graphic medium on such a high level used its new
skill for a very serious cognitive objective—to explore and develop
the mythic ideas that were already the governing cognitive constructs
of human society. Graphic art was initially subsidiary to existing
mythic cognitive structures; but this should not surprise us. The
power of this new method of representation and its usefulness in en-
hancing the expression and preservation of myth were evident to the
creators and keepers of those myths. The first uses of visuographic
inventions were thus completely congruent with the forms of oral-
mythic culture.

A third certainty is that the knowledge involved in constructing
these images was considerable; this speaks to the underlying skill
structure suggested by pictorial invention. One could argue that the
cave painters were even more skilled than many modern artists, since
they had to know a great deal about materials and their use and had
to fashion their own paints and tools from raw materials. Moreover,
they had to work under extremely difficult conditions, in low-
ceilinged caverns without natural light. Many hollowed-out blackened
stones have been discovered, which seem to have served as hand-held
lamps. In the cave of Tito Bustillo in northern Spain, archaeologists
discovered 11,000-year-old painting materials on the floor of the cave
underneath a magnificent polychrome frieze of horses. Pieces of col-
oring—mostly ochre—lay in the barnacle shells in which they had
been mixed. A variety of flint and bone tools were scattered around;
presumably they were used to apply the colors and make the engrav-
ings.

The paintings and sculptures themselves were obviously the prod-
ucts of a long and highly developed tradition. The evidence for this
lies partly in the long time span—several thousand years—between
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the newest and oldest of the ceremonial caves, but also in the level of
skill and knowledge of materials manifest in their contents; such
knowledge would have taken time to acquire. The images created by
these artists were generally realistic, with a very modern feeling for
animal anatomy, and the use of color and line shows a sophisticated
awareness of the methodology of two-dimensional reduction of three-
dimensional figures. The sculptures were also realistic in style, at least
in the earliest period, and remarkably well-proportioned. There are
also some recurrent and apparently abstract painted symbols, as well
as sculptures that deliberately distorted the human figure, especially
the male penis and the female genitalia. Many lesser artifacts were
also discovered in the same regions—carved antlers and tusks and clay
figurines—some of very high quality, which confirms the presence of
great graphic skill in those societies.

As Goodman (1968) has pointed out, the pictorial image is essen-
tially symbolic; it is a referential device for the user of the image.
But where, in the representational architecture of the oral-mythic
mind, is the reference system for visual-pictorial images? Some pic-
torial images can be accurately perceived by apes: a gorilla can re-
spond appropriately to certain quite subtle pictorial images; thus pic-
torial images, on one level, must possess episodic reference. Thus far
we know of no animals other than apes that can interpret drawn im-
ages, that is, see them in terms of their referents; however, this ques-
tion probably has not been explored as thoroughly as it might.

If the reference system for interpreting pictorial images is, at least
in part, episodic, the invention of pictorial representations is another
matter. There would appear to be at least two additional components
at work here: mimetic manufacturing skill and linguistic conceptual
skill. The same mimetic skill that enabled humans to achieve tool-
making would have sufficed for the constructional aspect of the man-
ufacture of pictorial art, while speech would have aided in devising
and maintaining the complex sequences required in their manufac-
ture. Such skills are also relatively rare; they are not species-universal
features like speech.

This having been said, it might appear that pictorial representations
did not really lead to any fundamental change, and that the first
graphic images were simply a cooperative product of the three pre-
existing systems of human thought and representation. This is probably
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true, at least in the initial stages of their emergence. In fact, since no
new biological capacities are proposed here, it could not have been
otherwise. But the accompanying diagram (Figure 8.2) suggests that
pictorial invention might have signaled the start of a new cognitive
structure. In the diagram, the first three steps leading to modern rep-
resentational architecture are shown, with the addition of a new
structure, indicated by a circle in the center of the diagram marked
V/S, which stands for visuosymbolic codes. The line connecting this
to episodic knowledge is labeled as the pictorial path. V/S at this stage
is simply a visuposymbolic input module that contains the interpreta-
tive codes and conventions for “reading” complex manufactured vi-
sual images. It necessarily has a strong linkage to episodic represen-
tations, since pictorial images, whether realistic or somewhat fanciful,
have at least a metaphoric link to episodic experience. Most im-
portantly, the first pictorial images themselves were also external
representations. They existed outside of the individual, rather than
in visual memory. Therefore a technological bridge was under con-
struction that would eventually connect the biological individual with
an external memory architecture.

® O——©®

Level I Level I1
Episodic (Primate) Mimetic (Erectus)
Level III Level IVa
Linguistic (Archaic Human) Pictorial V/S Path (P)

Figure 82 Emergence of the first visuosymbolic path, the pictorial (P) path, in the
late Paleolithic, with the invention of crafted, permanent visual images. Note the nas-
cent (still implicit) ideographic (1) path. Visuosymboiic (V/S) codes are interpretative
strategies for processing crafted visual imag\es.
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Cuneiforms, Lists, and Numbers

Pictorial representation, in two or three dimensions, was the only vis-
uosymbolic path available to humans for at least 15,000 years. During
that time, pictorial skill was elaborated in some societies, but it rarely,
if ever, improved on the standards set by the cave artists. The next
step in visuographic invention was rudimentary writing. The inven-
tion of writing followed multiple parallel evolutions in different
places, and its early history is highly complex. Writing eventually
resulted in the establishment of two new visuosymbolic paths, but
their emergence was covert, and therefore the argument for their ex-
istence requires a more detailed examination of their historical ori-
gins.

Writing had its origins in the most mundane of daily dealings:
trade. The great majority of early written documents are records of
transactions. The earliest documented artifacts are over 100,000 cu-
neiform tablets found in the ruins of ancient Mesopotamia, the oldest
dated back to Uruk about 5,000 years ago. Cuneiform writing, named
for its wedgeshaped characters, was a very successful system, persist-
ing in use for 3,000 years, until the early Roman period. The oldest
cuneiform artifacts are clay tablets on which there are usually three
kinds of marks: pictures of items traded, numbers, and personal seals
of identity. The items traded in quantity included animals (chickens,
oxen, and so on) and food items (oil, wheat, barley). Some of these
early symbols were pictorial in derivation. For example, oxen were
indicated by a full-length drawing that gradually became standardized
into the head of an ox. These standardized signs were eventually put
on the tablets using a kind of script, which was made up of wedge-
shaped impressions (cuneiforms) pressed into the clay; some of the
earliest cuneiforms resembled their pictorial predecessors.

The emergence of cuneiform writing systems appears to have been
very slow. Some of the earliest written Sumerian symbols can be
traced to a primitive accounting system developed in Mesopotamia
about 8,500 B.c. and used for several millennia (Schmandt-Besserat,
1978). Clay tokens of about twenty different types—spheres, semi-
spheres, discs, and cones, each bearing incisions and punch marks—
could be used both to count items and to identify them. Some of the
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tokens contained schematic animal forms, later modified in the Su-
merian writing system. Thus, some of the symbols later found
pressed into cuneiform tablets were derived not from direct attempts
to model animal or objects but from pictographs of tokens, which
themselves were already stylized pictorial representations, three-
times removed from the original.

The reason for resorting to two-dimensional accounting systems
seems to have been completely pragmatic. Shipments of goods were
accompanied by a clay vessel containing the accounting tokens. Grad-
ually the custom developed of impressing on the outside of the sealed
clay vessel a list of its contents. The list was pressed into the clay in
the form of two-dimensional copies of the three-dimensional tokens.
Eventually, the tokens themselves became redundant and were re-
placed by tablets containing lists in cuneiform script (Schmandt-
Besserat, 1978).

Although some of the Sumerian signs can be accounted for in this
manner, others cannot, and have no obvious predecessors in pictorial
or token form. Were the early accounting tokens themselves a form
of writing? The answer to this question will depend on one’s defini-
tion of writing. Bloomfield (1933) defined writing as any set of char-
acters fixed to represent words. Cohen (1958) placed a further require-
ment on the definition: the characters have to be at least indirectly
phonetic, as in a rebus system.* Gelb (1963) went even further and
insisted that only the earliest syllabaries qualified as true writing sys-
tems because they were truly phonographic; that is, they directly rep-
resented the sounds of spoken language. Clearly, linguists have found
it difficult to agree on exactly which feature of writing marks the
essential break-point before which writing did not exist and after
which it did. Harris (1986) proposed a welcome antithesis to the pho-
netic definition of writing: namely, that writing cannot be reduced to

*A rebus system uses a visual image to elicit sounds. For example, the pronoun “1” might
be elicited by a picture of an eye. All early writing systems used the rebus principle to a
degree. A rebus image is only indirectly phonetic, since the pictorial image must first be
identified correctly in order to know what sound to produce, and there are usually several
possible visual interpretations. In a directly phonetic system, like an alphabet, the primary
purpose of the symbol is the evocation of sounds, and the reader has fewer degrees of
freedom regarding which sounds are considered to be acceptable interpretations of the
image. Phonograms often have no pictorial identity. For example, the Western alphabetic
image “1” has no inherent pictorial message.
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a system for reproducing the sounds of spoken language, but rather
that it is a system of representing ideas in its own right. Writing, like
spoken language, was used to represent ideas directly, and not merely
to produce a graphic echo of speech.

The essential independence of writing is especially evident in sys-
tems of counting. Early counting systems usually possessed symbols
for unity, ten, and larger units such as one hundred (in Egypt), or
sixty (in the Assyrian script). Larger numbers were built out of these
basic symbols. The number signs were logograms, like modern Arabic
numbers: that is, the sign had no phonetic specification (the number
“3" can be read as “three,” “trois,” “tres,” or “drei,” and so on; it is
not a phonetic character; however, the word “three” can only be pro-
nounced one way).

Thus, number signs were among the first true visual symbols; they
were totally arbitrary, bearing no perceptual relationship to what they
represented. Usually, the number one was represented simply by a
slash or a dot, and these were accumulated to indicate higher num-
bers, until reaching a base limit, which was usually 6 or 10. Higher
base numbers had different symbols—for instance, a small circle in-
dicated units of 10 in the earliest Sumerian system, while an inverted
triangle indicated 60. By combining symbols, it was possible to ex-
press powers or multiples of numbers; thus, a large inverted triangle
containing a small circle represented 60 times 10, or 600. A large
circle represented 60 squared, or 3,600; a large circle containing a
small circle was 3,600 times 10, or 36,000; and so on. In this way,
fairly large numbers, as large as were needed for trade at that time,
could be represented. As the pictographs were succeeded by cunei-
forms, the circles evolved into squares made of straight lines and
wedges, but the same visual embedding principle continued.

The earliest texts from Uruk were mostly concerned with the eco-
nomic transactions of the temples: livestock, food, and textiles were
the main items traded. The texts did not contain any grammatical
elements and used a principle of simply applying one sign to each
concept or category. There was, at first, no phonetic principle in the
construction of visual words; that is, the sign had no phonetic pur-
pose: it was only a picture assigned to a concept by convention. Thus,
at this stage, writing could be broadly classed as ideographic. A sig-
nificant percentage of the texts were lexical lists, used to train scribes,

" o u
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which remained unchanged for at least 600 years, illustrating the con-
servative nature of the training system (Walker, 1987).

However, despite the absence of grammatical markers, and the lack
of sentence structure, there were other principles at work that were
effective in communicating the ideational intent of the writer. One of
these purely visual conventions was the grouping of units of infor-
mation into boxes. Instead of stretching sentences out linearly, in the
same word order used in speaking, meanings were presented in visual
clusters. Lists were not yet as orderly as lists later became; a tablet
was sectioned off by the writer into squared sections, each containing
an item. The order apparently was not absolutely fixed at the earliest
stage of cuneiform writing, and the reader was left with the task of
reconstructing the message in each box, or visual cluster. Just as to-
kens in the earlier Mesopotamian economy were grouped into a single
container for each set of transactions, the tablets themselves served to
designate the grouping into which a given set of transactions fell.

The first cuneiform writing system was not yet able to express
grammar, but already something new had been gained over spoken
language. Part of the gain was in the transportability and permanence
of records; but another important part was in the ability to arrange
virtually endless lists of items. The list is a peculiarly visual institu-
tion. The usefulness of oral listing is very limited, owing to memory
limitations; orally memorized lists tend to tie up working memory,
preventing further processing of the list. In contrast, visual lists can
be arranged in various ways, and juxtaposed to simplify the later
treatment of the information they contain. List arrangement can fa-
cilitate the sorting, summarizing, and classifying of items and can
reveal patterns otherwise not discernible. With the invention of visual
lists, the newly created state could acquire, analyze, and digest the
information it needed to function.

After about a thousand years of use, cuneiform evolved into a syl-
labic script; the syllabic uses of cuneiforms became evident in Ur
about 2800 B.c. The first syllabaries were rather loosely constructed
collections of symbols, testifying to their ad hoc invention. There was
no unifying principle or organization to the system. The smallest
sound elements were usually monosyllabic words, and these visual
syllables could be combined to foym other words. In some cases, a
syllable was represented by only one sign, usually a commonly used
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sign; for instance, the Sumerian word for barley was “she” (as in
shepherd), and thus the cuneiform sign for barley could be used, re-
liably, to form other words that contained the same sound. But in
other cases, a syllable could be represented by many different visual
signs; for instance, Walker (1987) gives the example of the syllable
“gu,” which could be written in Sumerian in at least fourteen differ-
ent ways. The opposite also held: a given visual sign might convey
various sounds; for instance, the visual sign for mouth (a head with
the teeth marked) could be pronounced “ka” or “gu,” depending on
whether the writer meant to convey “mouth” or “shouting”; seman-
tic context was the main cue for deciding which. Thus, the linkage
between visual sign and spoken language was not simple; in fact, it
was secondary to the economic functions served by writing, which
were distinctly dependent on its uniquely visual characteristics.

Cuneiforms acquired grammatical conventions about the same time
that they became partially phonetic. They also became linear:
whereas the earliest scripts had been read in loosely clustered boxes
or rectangles, later cuneiforms were turned around ninety degrees,
and written from left to right in straight lines, starting to imitate the
spoken order of words. The progression was thus from a primarily
visual medium, inventing completely new representations like lists of
numbers, to a medium which, increasingly, tried to map the narrative
products of the language system. To help the reader resolve ambigu-
ities, scribes invented category markers: for instance, wooden objects
were given a certain prefix, while stone objects had a different one;
thus, if the same symbol could have applied to both a stone and a
wooden item, the ambiguity was resolved by the prefix.

Sumerian was eventually replaced by the Akkadian language, a se-
mitic tongue, and by 1800 B.c. the major use of cuneiforms was in
Akkadian. By this time there were 600 distinct cuneiform signs in
use, and the list of grammatical conventions, category markers, and
possible interpretations relevant to deciphering a text would bewilder
a modern alphabetic reader. Literacy was an elite skill in ancient Mes-
opotamia, and the reasons are obvious when the complexity of the
system is taken into consideration. Despite (or perhaps because of)
the complexity of the system, cuneiforms eventually were used to
record legal and historical texts of some grammatical sophistication,
such as the Code of Hammurabi.
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The major lesson to be taken from considering cuneiform writing
is that it was a crafted, hard-won symbolic invention whose funda-
mental cognitive function changed over several millennia. Early cu-
neiforms were largely pictorial in style and lacked syntactic structure.
Later cuneiforms were partially phonetic and contained some gram-
matical markers. The latest examples of cuneiform script, dating to
the Roman era, were mostly phonetic and grammatically more so-
phisticated.

Another lesson is that many of the conventions used in the earliest
writing were uniquely visual: they had no fixed auditory equivalent.
The visual arrangements of sentences and lists have no equivalences
in sound; sound is not enclosed into pages, columns, tablets, or into
lines or boxes; spoken words are not spaced apart. There are pauses,
of course, in spoken discourse, but the pauses do not necessarily cor-
respond to the spatial separations used in writing, and cannot com-
municate the clustering information common to written articles.
Moreover, the prosodic information enveloping phonetic utterances
was generally left out of visual symbolic systems from the start.

The distinctness inherent to the operation of “reading” is perhaps
better revealed in these primitive systems than it is in modern alpha-
betic scripts, where the illusion can be created that reading consists
mainly of translating visual signs into their phonetic equivalents. In
assessing the content of a cuneiform text the reader is trying primar-
ily to gain access to the ideas behind the symbols—to guess at, or
reconstruct, the mental model that drove the scribe to write the mes-
sage in a particular way. Pictographs were not very effective at doing
this because they left so many avenues open to interpretation; gram-
matical markers, category markers, and phonetic signs were intro-
duced to allow more complex messages to be written down in a less
ambiguous manner. In effect, scribes were evolving a multidimen-
sional system of notations that served to express their mental models.

Visual symbols had immediate advantages over speech. Lists of
transactions and numbers were much better expressed in writing than
in speech. Lists of genealogies, and other historical sequences, were
also much clearer in written form, and devices such as astronomical
almanacs, which were produced in cuneiform in the later periods of
its use, simply could not be formulated or expressed in spoken lan-
guage. Note that, for the most part, these advantages are quite inde-
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pendent of the grammatical or phonetic sophistication of the script.
Large numbers are also an inherently visual symbolic invention, and
they were perhaps the first major contribution of nonpictorial visual
symbols. Looking at the early Mesopotamian cuneiform records, the
number system is by far the most sophisticated representational sym-
bolic invention on the tablets.

Harris (1986) pinpointed the invention of writing to the invention
of “slotting” systems for accounting, a technique that eventually en-
compassed most of writing. The earlier token accounting systems had
a serious limitation: the recordkeeper had to recount every item when
a total had to be calculated; this is an “iterative” strategy; that is, it
requires the repetition of the same operation, over and over. So long
as numbers remained small, this was no problem; but when larger-
scale trading developed, involving thousands of items, the limitations
of such a system would have been crippling. The great invention, as
Harris called it, was the shift from a token-iterative strategy to what
he calls an “emblem-slotting” or slot-listing system for recording
numbers. A minimal slot-list contains two signs, one of which fills a
slot reserved for the class of item, and the other a complementary slot
reserved for indicating a total. In his example, a token-iterative sys-
tem would list 60 sheep in the form, “sheep, sheep, sheep  ” or
“sheep, another, another, another while a slot-list system
would contain a message of the form, “sheep, sixty,” where the item-
class slot was filled by the word “sheep” and the number slot by the
word “sixty.”

Slotting is a semiological principle used in oral language, and it
imposes a superordinate structure on word use, regardless of the spe-
cific message. Slotting necessarily involves the isolation and differ-
entiation of properties of events and objects from their expression in
independent signs. Number signs are a specific category of sign, in-
tended for a specific slot; a number cannot be placed in a slot intended
for an object or an action or a feature, such as color. Thus, in invent-
ing a graphic representation system for numbers, the scribe was not
trying simply to draw the sounds already assigned to numbers in spo-
ken'language; the scribe was inventing completely new, and urgently
needed, numerical concepts and placing them into a slot-listing sys-
tem with an implicit linguistic structure.

The readers of early cuneiform literary texts were performing a
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complex task quite different from the reading of modern English.
There were many different processes going on in parallel: direct pic-
torial representation, visual metaphors, categorical emblems, pho-
netic signs, spatial juxtaposition and enclosure, directional conven-
tions, and the use of order information. All of these processes served
to help the reader construct models of the scribe’s intended message.
The writing system assumed a great deal of knowledge on the reader’s
part. From the start, the interpretation of visual symbols was a mul-
tichannel effort, highly fluid and complex, and not a simple linear—
mechanical process.

Hieroglyphs and Ideographs

The principle of applying several parallel channels of high-level pro-
cessing to visual symbolic inputs is even more evident in the other
great systems of ancient writing: hieroglyphs and ideographs. Egyp-
tian hieroglyphic writing was probably the first system of writing
that could convey virtually any linguistic message. Like cuneiform,
Egyptian writing started out as a series of standardized drawings of
familiar items, such as birds, the sun, water, wheat, kneeling priests,
human faces, and so on. At this early stage, the drawings were, by
our standard, still pictorial but much more sophisticated (as drawings)
than early cuneiforms. Images, standardized supplementary signals
such as lines, boxes, and markers, and phonetic cues were combined
to convey a message.

Egyptian hieroglyphs were phonetic long before cuneiforms be-
came phonograms; and while later cuneiforms adopted a syllabic pho-
netic strategy, with each syllable containing both consonants and
vowels, hieroglyphs were solely consonantal; vowels were not repre-
sented (Davies, 1987). The relation between the written hieroglyphic
symbol and spoken language was very complex. There were function
markers, order rules, gender conventions, and other grammatical as-
pects of hieroglyphics that make them a puzzle for anyone who is used
to seeing written language only from the viewpoint of modern En-
glish. Many of the rule relationships were encoded in a strictly visual,
or graphic, mode and did not map onto the sound stream. The same
principle of visual independence applies here as in cuneiform reading,
although the specifics are different.

For the reader learning to read hieroglyphics out loud, the phonetic
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linkage often follows the rebus principle: from visual sign, to mean-
ing, and then to sound. Thus, the sun (‘ra’) is portrayed as a small
circle within a larger circle; to pronounce the sound corresponding to
the symbol, there is no direct grapheme-to-phoneme correspondence,
and the phoneme in this case can only be known after the meaning of
the symbol is understood. And while in this particular example the
image appears to have a metaphoric relationship to the actual physical
sun, this is illusory; a circle could be made to represent almost any-
thing, even within the range of so-called mimetic possibilities: for
instance, a mouth, an eye, a hole, the self.

Thus, even in the simplest case imaginable, hieroglyphic conven-
tions were arbitrary; their rules were complex; and most importantly,
their meaning often preceded, and did not follow from, phonetic de-
coding. There were exceptions to this, but the point stands. This in-
dicates the visual autonomy of the hieroglyphic sign, at least on one
level. Another way in which the visuographic dimension dominated
was in the representation of certain relationships and rules. There
were markers for male and female endings and for connectives or
modifiers. The marker for plural was a set of three parallel lines, usu-
ally placed under the sign for the pluralized word. There were also
determinatives placed in sentences that were not read aloud: for ex-
ample, if a sign was intended to be read as a logogram, a determinative
line was placed underneath it. Sometimes determinatives were quasi-
pictorial: for instance, the word “sh” could mean either “scribe” or
“writing”; to resolve this ambiguity the symbol for “sh” could be
written with an adjacent logogram that indicated either a man or a
book-roll, the former indicating to the reader that the symbol was
intended to designate a scribe and the latter the act of writing. The
determinatives indicated the meaning assigned to the attached sym-
bols and thus affected their pronunciation. The reader had to infer the
meaning of the message from a variety of visual cues, and the correct
phonetics were transparent only after having done this.

In some ways, this visual dominance is even clearer in Mayan writ-
ing, which appears to have been a more primitive form of hieroglyphic
than Egyptian. Mayan writing had less standardization of graphic
convention, and the artist was given considerable leeway in how to
assemble the ideograms and phonetic markers of a given message,
which were often incorporated into a larger pictorial representation
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(Stuart and Houston, 1989). In Mayan hieroglyphs we can see how
the early inventors of graphic traditions must have struggled with the
problem of representing events and complex ideas visually. Ancient
Mayans employed logograms and syllable signs in what appear to be
a much less rigidly structured order than Egyptian, leaving the scribe
a great deal of freedom—and the reader, presumably, a great deal of
ambiguity, although the latter was undoubtedly reduced by extensive
training (Stuart and Houston, 1989).

Spoken language is only one of several vehicles with which to com-
municate ideas, and the task of the early scribe was not necessarily to
replicate sound in graphic form. Rather, it was to convey, in visual
symbols, the ideas normally communicated and formulated with lan-
guage. If an idea could be symbolized with metaphoric devices, such
devices were used; writing was, after all, an attempt to represent the
message visually, not the sounds associated with a narrative version
of the same message.

Could hieroglyphic writing simply have emerged out of drawing?
There is a traditional school of thought that holds this to be the case;
one of the key pieces of evidence used to support this view is the
Rosetta Stone, discovered by Napoleon's soldiers in 1799. The stone
dates back to about 200 B.c. and was critical evidence in allowing the
deciphering of ancient Egyptian. Its importance was due to the fact
that it contains three scripts relaying the same message: Egyptian
hieroglyphics, the later demotic Egyptian script, and Greek. At first
glance, undeciphered hieroglyphics look simply like pictures, whereas
the demotic and Greek scripts look like writing. However, once the
hieroglyphics were deciphered, it became clear not only that hiero-
glyphs were a true form of writing but that the demotic Egyptian
script was a shorthand version of hieroglyphs for use in the bureauc-
racy. It was less obviously pictorial and looked more like modern
handwriting; nevertheless, its origins were hieroglyphic, not alpha-
betic. The Greek script, on the other hand, was the ancestor of the
modern phonetic alphabet. Thus, the apparent trend of the symbolic
evolution shown on the Rosetta Stone moved from a pictorial sylla-
bary, to a quasi-pictorial syllabary, to an alphabetic writing system,
the latter being the culmination of centuries of refinement.

This suggests a direct line of evolytion leading in several steps from
pictorial representations to writing. On one level it is hard to argue
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with that view: the earliest symbols were obviously more pictorial in
nature than the later ones. However, Harris (1986) questioned the
value of this apparent evolutionary trend in understanding the origins
of writing; he called this widely held view the “evolutionary fallacy.”
How many lines of intermediary scripts would it be necessary to add
above the hieroglyphic, Harris asked, in order to describe the “grad-
ual” evolution of writing from drawing? His point was, of course, that
there could be no gradual transition from drawing to writing. Hiero-
glyphs were already a fully developed writing system; they could ex-
press virtually anything that could be said or thought. Whether or
not they were as efficient as the alphabet, they were just as expressive;
and their distance from the pictorial mode was just as great.

The strongest evidence for the autonomy of visual symbols came
from the existence of elaborate, purely ideographic writing systems.
Chinese writing survives today as a living example of the third type
of major writing system to emerge before the alphabet. Chinese writ-
ing, and its relatives in the Sino-Tibetan family of languages, operates
on quite a different principle from either cuneiforms or hieroglyphs.
Unlike the latter, traditional Chinese writing is not truly phonetic;
the writing system is made up of thousands of ideograms, or logo-
grams, each of which represents a concept or word. Ideograms have
no direct phonetic implications; therefore the same written sentence
can be read in various languages and dialects without the need for
translation, in much the same way that an accountant’s balance sheet
can be read in English, French, and Japanese, without translation.
Ideographic characters are used in modern Japanese as well; they are
known as “kanji,” and are derived from the ancient Chinese charac-
ters. (Japanese writing also uses phonographic characters, known as
“kana.”)

The existence of highly successful systems of ideographic writing
is a serious challenge to those who would define “true” writing as
inherently phonetic. Chinese civilization has continuously employed
this writing system, to the exclusion of others, for thousands of
years. Although the complexity of the system has prevented mass
literacy, ideograms are able to express virtually any idea, whether lit-
erary or scientific. Chinese culture passed through millennia of de-
velopment, pioneered in advanced scientific and literary inventions,
and built the largest bureaucracy in human history, all without any
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kind of phonetic writing system. Nothing could better verify the in-
dependence of written from spoken language.

Early writing altered the overall architecture of representational
systems; Figure 8.3 reviews the previous stages of development and
shows additional paths that were added by establishing early systems
of writing. The underlying structures—episodic, mimetic, and lin-
guistic—are still in place, as is the pictorial path. But the ideographic
path is now fully developed, and the weak phonetic path is under
construction. More significantly, there is a new element called the
external memory field, or EXME which is essentially a cognitive

® G——®

Levell Level I
Episodic (Primate) Mimetic (Erectus)
Level III Level IVa
Linguistic (Archaic Hurnan) Pictorial V/S Path (P)

Level IVb
Ideographic-analog V/S path (I)

Figure 8.3 Second, or ideographic (1), visuosymbolic (V/S) path, a Bronze Age inno-
vation that arrived with early hieroglyphic, cuneiform, and ideographic writing. Note
the nascent, indirect phonological (PH) path. The external memory field (EXMF) is
established, as an external working memory for processing and refining visual sym-
bols.



External Symbolic Storage and Theoretic Culture 297

workspace external to biological memory.* In early writing, there was
extensive use of the EXME, especially in the processing of lists. The
individual writes down an image or idea, processes the image visually,
alters the image and adds symbolically encoded messages, reprocesses
the image visually, and so on. The EXMF will be discussed later in
this chapter.

The Phonetic Alphabet

The alphabet is now in such wide use that it has become the criterion
by which all other writing systems are judged. It is traditionally
touted-as the most important step in visual symbolic invention. This
must be conceded, if only because of its wide and rapid diffusion.
While cuneiforms, hieroglyphs, and ideographic writing allowed the
accumulation of written records, they imposed a tremendous burden
on human memory. The invention of the phonetic alphabet reduced
the memory load imposed by reading skill and allowed a much wider
diffusion of literacy. Instead of remembering six or seven hundred
hieroglyphs or cuneiforms, or several thousand ideograms, the reader
of the early Greek alphabet could achieve literacy with about two
dozen phonograms, or letters. The main advantage of the alphabet
was the economy and precision with which it allowed the reader to
map visual displays of symbols onto spoken language. The complex
visual-ideographic route could thus (supposedly) be bypassed.

The alphabet was the product of several thousand years of experi-
mentation with writing in the Middle East and Mediterranean basin.
Many of the symbols of the Western alphabet have a complex, but
traceable, history; for example, the Greek letter alpha has been traced
to the first symbol of the Old Hebrew syllabary, aleph, which came
from the North Semitic word for oxhead and ultimately from the
Egyptian hieroglyph of an ox’s head, turned on its side (Diringer,
1948). Various Semitic scripts developed uniconsonantal syllabaries
in the second millennium B.c.; these contained no vowel sounds but
in other respects were similar to the alphabet in principle (Gelb, 1963;

Diringer, 1962). Between 1600 and 1300 B.c. various consonantal syl-
4

*The EXMF usually consists of a temporary array of visual symbols immediately available

to the user. The symbols are durable and may be arranged and modified in various ways,

to enable reflection and further visual processing. The section starting on page 325 deals

extensively with this subject.
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labaries continued to evolve in the Middle East and differentiated into
the first forms of the Arabic, Hebrew, Aramaic, and Phoenician alpha-
bets.

It was the Phoenician alphabet, containing 22 consonantal charac-
ters, that was transmitted to the Greeks through commercial contact
sometime between 1100 and 700 B.c. Once the Greeks possessed it,
the alphabet was applied for the first time to an Indo-European lan-
guage. Since Indo-European languages place great importance on fine
distinctions in vowel sounds, the Greeks found it necessary to specify
a number of vowel sounds in their alphabet; they combined these new
vowel symbols with the Phoenician consonants, plus three new con-
sonants: theta, phi, and psi (Gelb, 1963). The result provided the basis
for all later Indo-European alphabets and was, in the opinion of most
writers, the first truly phonetic script.

Judging from the measurable success of writing systems—ease of
use, speed, and popularity—the alphabet is by far the most successful
method of writing ever invented. Speech is a universal trait among
humans, whereas visual language is not; it follows that visual lan-
guage should be easier to learn if directly harnessed to an ability
everyone starts with—speech. However, this begs the main question;
while the ease-of-acquisition argument must be conceded, it is a sec-
ondary issue. The more important issues are (1) does an alphabetic
writing system really depend upon the link to speech for its expressive
power, and (2) is an alphabetic system necessarily any less “visual”
than an ideographic system?

On first examination, the answers to both questions appear to be
in the affirmative. Alphabetic writing systems do not appear to use
ideograms. But this is because of an explicit rule of exclusion; in fact,
ideograms abound, even in modern Western society, and for some
messages they are recognized as more effective than (alphabetic) writ-
ing. For instance, in English-speaking societies a cancelled circle is an
ideogram for “do not enter.” Hundreds of such ideograms can be rec-
ognized by any Western adult. Logograms are also widely used espe-
cially in number systems; and many mathematical and logical sym-
bols, including brackets, sum signs, horizontal lines, and slashes are
used in a nonphonetic manner. Rebus systems are still used, espe-
cially in children’s puzzles. Thus, all the earlier visual symbolic de-
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vices are still around; but aside from mathematical symbols, they are
not generally defined as valid forms of writing,

The phonetic alphabet appears to have increased our dependence on
the linkage to sound; it short-circuited the thousands of direct asso-
ciations that had otherwise to be established between the visual and
auditory forms of words. These associations were so numerous, and
the rules for their use so complex, that reading was out of reach of,
and thus of little direct value to, the ordinary citizen. Syllabaries were
the first step toward a more economical visual-auditory mapping
device, but they remained cumbersome and ambiguous. A typical
syllabary has a single sign for one or more syllables; in Egyptian
hieroglyphics, there were uniconsonantal, biconsonantal, and tricon-
sonantal signs; the sound “m” was represented in one uniconsonantal
sign and at least twelve other bi- and triconsonantal signs, such as
“ms,” “mr,” “hm,” and “ndm.” This multiplied the number of pos-
sible syllabic signs and led to duplication of the number of characters
needed to represent each basic sound in the language. To complicate
the picture even further, hieroglyphs also used logograms and deter-
minatives in the writing system proper.

The alphabetic principle bypassed this problem by eliminating lo-
gograms altogether (except for numbers) and also eliminating visual
determinative signs. Everything written down could thus be read
aloud, and conversely anything that could be said could be written
down. Although alphabets are not usually phonetically perfect, in
that there are still some phonological ambiguities in most systems,
the number of interpretative ambiguities is enormously reduced in
alphabetic writing. The act of reading is thus directly plugged in to a
specific auditory complement of the visual record. Also, by linking
reading so closely to sounds, the power of auditory memory is
brought into play in a more direct manner than in ideographic sys-
tems; items in the written record tend often to be remembered in
their acoustic forms.

Independent Visual and Phonetic Paths

All of this might appear to argue against the autonomy of writing
from speech, at least in a society with an alphabetic writing system.
It might seem that writing traded its autonomy as a uniquely visual
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language modality in return for an efficient marriage with speech.
However, things are not so simple. When ideographic writing was
invented, the path of association was first and foremost between a
visual symbol (which was not necessarily a pictorial symbol) and a
concept or mental model. This was a direct path: the modeling intel-
lect was using the symbols as a vehicle for its reconstructions of con-
ceptual reality. The speech system had to construct a narrative ver-
sion, in parallel, of the model under construction. But there was no
single “correct” oral version; so long as the expressed idea corre-
sponded to the concepts expressed in the ideographic script, it was an
acceptable reading.

When there is more phonetic information in the script, as there is
in hieroglyphs, the modeling process is nevertheless similar. The
reader has to take into account ideograms, determinatives, phono-
grams, and a variety of higher-order contextual cues that reside in the
content of the text itself. The resulting mental model can be vocal-
ized, but now there are more constraints on the form of the vocaliza-
tion than in the ideographic case. Extending this logic to alphabetic
systems, the reader might still be employing a parallel strategy, in
which the visual path to the modeling process is still somewhat au-
tonomous from the auditory. As in earlier writing systems, the reader
might be simultaneously modeling the world represented by the vi-
sual input and vocalizing this model; but now there are even more
constraints on the form of that vocalization, imposed by the phonetic
cues in the text. In other words, readers of alphabets might only ap-
pear to be using the phonological route, since anytime they are asked,
they can correctly “read” the phonetic information in the text.

But, it may be objected, this is more than mere appearance; how
would an independent “visual” modeling of text be possible, if the
text is made up exclusively of phonograms? Precisely; but the text is’
not made up exclusively of phonograms. This assumption, that alpha-
betic writing consists only of phonetic cues, appears to be the chief
source of difficulty. It is not a solid assumption; an alphabetically
written word may be a phonogram, but it can also simultaneously
serve as an ideogram or logogram. Frequently used words, in partic-
ular, are recognized so rapidly that there appears to be no time to
perform grapheme-to-phoneme mapping; highly trained speed-
readers can take in whole phrases and short sentences as fast as single
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words. Alphabetic reading thus utilizes rapid, direct links between
visual words and their conceptual referents; this is especially true
when reading handwritten script, where the letters may be unintelli-
gible by themselves, while familiar words are easily recognized. Un-
like ideographic writing, however, a parallel phonetic path would al-
low a reader to simultaneously reconstruct an accurate spoken version
of the same message.

What about infrequent words, unusual textual constructions, and
long, convoluted sentences? These surely would resist any attempts
to reconstruct them ideographically. It may be the case that rarer
words are often retrieved more easily by means of an phonetic route;
but this is hard to accept as the norm, since reading vocabularies often
exceed listening vocabularies and often contain different lexical items,
especially in second languages. Unusual or convoluted textual con-
structions, such as the passive-negative transformations so beloved of
Chomskian psycholinguists, supposedly cannot be “understood”
ideographically from alphabetic script, because the alphabet lacks ap-
propriate ideographic grammar markers. But there must be nonpho-
netic, purely visual cues even in alphabetic English.

This is more than speculation; it is the only possible interpretation
that can be placed on the reading skills of the congenitally deaf. Most
deaf readers have no phonetic training, and many have no skill at
signing, yet their reading abilities are considerable (Conrad, 1972). If
alphabets required the reader to follow a phonological route, congen-
itally deaf people should not be able to learn to read at all, at least
with alphabetic scripts. But the deaf can learn to read, albeit with
difficulty; as one might expect, those who are most profoundly deaf
do not make “phonological” errors in reading but rather tend to make
“visual” errors, that is, errors that confuse the visual forms of words
or letters. And subjects with some residual hearing are more like
hearing subjects, making some phonological mistakes. Conrad (1972)
concluded that since the profoundly deaf can learn to read, speech-
based codes are not absolutely necessary for (alphabetic) reading.

Although the profoundly deaf can read, they do not read with the
speed and facility of hearing people. Does this indicate some inherent
limitation on nonphonetic reading? Conrad felt that this was not nec-
essarily the case; after all, alphabetic writing was designed as an op-
timal system for hearing people. This means that alphabetically writ-
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ten words tend to have a convenient phonetic shape, but they are
highly confusable visually. Thus, they are probably not an efficient
system for a logographic—ideographic representation of ideas. This
puts the deaf person at a disadvantage, not so much because phono-
logical codes are necessary for reading but because alphabets do not
make good ideograms, having been designed specifically to do some-
thing else.

But what is the alphabet to a profoundly deaf reader, if not a set of
standard visual building blocks for logograms, and possibly larger-
scale ideograms? It certainly is not a set of phonetic clues tapping a
nonexistent speech system. As Conrad pointed out, there is a possible
mediating role for manual signing, in those deaf readers who sign,
and there is some experimental evidence to suggest that deaf readers
make subtle hand movements while reading. But in the latter case the
written words would still have to serve as logograms for the manual
signs, since the individual letters would not map neatly onto manual
signs the way phonemes do. Even finger spelling, specifically designed
to map onto alphabetic letters, is necessarily nonphonetic to the con-
genitally deaf. Therefore, to them, the referents of deaf finger spelling
are other arbitrary visual symbols that lack a phonetic code; the entire
system is ideographic.

Although the fact of nonphonological reading of alphabetic script is
clearest in deaf readers, it is present in varying degrees in experienced
hearing readers. There is neuropsychological evidence for the inde-
pendence of visual and phonological reading. Studies of the dyslexias
are particularly relevant in this regard; reading can break down in two
dramatically different ways. The most common pattern of acquired
dyslexia is so-called “surface” dyslexia, in which the reader loses, par-
tially, the ability to make appropriate grapheme-to-phoneme conver-
sions, as in reading “just” for “guest”, or “bik” for “bike” (Marshall
and Newcombe, 1973, 1980). There are also errors of stress, as in
reading “beggin’” for “begin,” and regularization errors, as in reading
“decease” for “disease” (Shallice and Warrington, 1980). The patient
remains able to read individual letters and finds irregular words es-
pecially difficult.

The second major classification of dyslexia described by Marshall
and Newcombe is called “deep” dyslexiaand is in some ways the com-
plement of surface dyslexia, as the name implies. The key character-
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istic of this disorder from our viewpoint is the existence of semantic
errors in the patient’s reading: for example, reading “muddy” as
“quagmire,” or “symphony” as “orchestra” (Patterson and Besner,
1984). This testifies to the existence of a nonphonological route for
reading; to read “muddy” as “quagmire” is to access the meaning of
the word, while having no idea as to its pronunciation. Since the
phonology of a semantic error is completely inappropriate, the access
route to meaning, which produced a semantically related word, must
have been purely visual. Deep dyslexia is a very complex neurological
syndrome and is usually produced by a stroke and accompanied by
Broca’s aphasia; thus, it is not an isolated set of symptoms and is far
from a pure disorder. Moreover, there are several (at times confusing)
lines of theory regarding the significance of deep dyslexia (Shallice,
1988), and a discussion of these is not in order here. Nevertheless,
the existence of reliable semantic errors is an important piece of evi-
dence to carry away from this literature.

Marshall and Newcombe's original interpretation of deep and sur-
face dyslexia was to affirm two independent routes in accessing the
meaning of a written word: the first operates via the phonological
system and the second via some parallel visual path. These two paths
correspond roughly to our phonetic and ideographic paths. Deep dys-
lexia involves damage to the first path, and surface dyslexia to the
second. Thus, the deep dyslexic makes semantic errors because there
is no phonological correction on the pronunciation of the word. The
word’s meaning is accessed through a purely visual route, like an ideo-
gram, but the patient cannot use the visual information to guide pro-
nunciation: therefore “orchestra” sounds as credible as “symphony”
(an inexperienced reader of ideograms might easily make a compa-
rable error).

Surface dyslexics are thought to make errors of pronunciation be-
cause the correct phonological reading of a word often depends on
independent visual recognition of the form of the word. For example,
the “ough” ending in English is phonetically ambiguous, depending
on recognition of a specific word. Thus, the surface dyslexic knows
the phonological rules and often misapplies them because the word
cannot be recognized visually. Confirmation of the independent visual
route comes from studies of Japanese dyslexics, who can lose their
ability to read phonetic kana independently from their ability to read
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ideographic kanji characters (Paradis, Hagiwara, and Hildebrandt,
1985; Sasanuma, 1985). This independent visual route must operate
on both ideographic and logographic principles.

Although the dyslexia literature has become more complicated
since Marshall and Newcombe’s theory, dyslexias cannot be under-
stood without proposing at least two parallel routes to word (and, by
implication, phrase and possibly sentence) recognition (Shallice,
1988). And to make any sense at all of the dyslexias, one of those
routes must always be purely visual. Note that, for the most part,
acquired dyslexias are observed in patients whose early experience
and education were normal and who suffered impairment after lan-
guage and reading were both well established. The existence of an
ideographic reading route in these patients confirms that it emerges
in normal development and is not restricted to early brain injury or
congenital deafness.

By implication, normal alphabetic readers read words by at least
two parallel routes, just like readers of ideographs and hieroglyphs.
While they can utilize the visual route to resolve ambiguous phonol-
ogy, they can use the phonological route to narrow the semantic am-
biguities in the text. Presumably both routes access meaning, and,
extrapolating from the properties of ideographic and hieroglyphic
reading, the visual route is probably rather diffuse, allowing a variety
of specific interpretations to be placed on the word signs. In fact, Con-
rad’s complaint about the alphabet probably applies here; the alphabet
is not designed specifically for visual ideographic representation and
may yield less information on this front than writing systems de-
signed to use the visual route exclusively (a corollary is that it might
be possible to improve on the alphabet with a writing system that is
perfectly phonetic, while allowing for greater ideographic power in
the written signs.)

The visual route is a powerful aid in resolving phonetically ambig-
uous written messages, even with alphabets. Carroll (1972) gives the
following example: the knowledge that the meaning of the statement
“the sons raise meat” differs from that of the statement “the sun’s
rays meet” must reside entirely in the visual display, not in the pho-
nemically transformed text. Carroll, in discussing Martin’s (1972) re-
view of nonalphabetic writing systems, concluded that the principles
of teaching reading are not all that different for alphabetic and non-
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alphabetic systems. Most nonalphabetic systems evolve some quasi-
phonological conventions to help the reader know the correct pronun-
ciation of a sign and to reduce the number of symbols needed for daily
use; and alphabetic systems are not as phonetically unambiguous as
we sometimes assume.

Alphabetic writing led to a new visuosymbolic path and an enor-
mous expansion in the number of codes to be held in the V/S store.
The architectural diagram has to be changed again, to accommodate
these new developments (Figure 8.4). Level IVa had already appeared
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EXTERNAL SYMBOLIC
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Figure 8.4 Third, or phonological (PH), visuosymbolic (V/S) path, established with
the invention of the alphabet in the Ist millennium 8.c. With the possibility of writ-
ten storage of long narratives in the ESS, finguistically based thought gradually incor-
porated an external iterative loop through the external memory field (EXMF).
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with the pictorial path. Level IVb introduced ideographic skill, which
initially built a bridge between mimetic representations and language,
leading to the earliest systems of writing. At this point humans were
starting to construct interactive narrative commentaries based on
lists, diagrams, and numbers and on other ideographic symbols, and
a weak start on a phonological path was begun; this is indicated by a
dotted line.

But it was with the addition of a direct phonological symbol route
that the external symbolic storage system (ESS) really came into its
own, shown as Level IVc.* Once this route was established, narrative
commentaries could be externally stored and refined. The external
memory field became a more complex and much more powerful de-
vice, since it could harness all three innate representational systems,
and the larger, permanent external storage system expanded rapidly.
The architectonic configuration shown at level IVc is several orders of
magnitude more complex, reflecting the tremendous distance humans
had traveled from their ancestors, in terms of overall cognitive struc-
ture.

Other Kinds of Visuosymbolic invention

The rise of vision as a modality of symbolic invention thus progressed
gradually from the early pictorial inventions of mythic culture to a
variety of writing systems, culminating in the alphabet, which pro-
vided a two-channel strategy for reading. But visual symbolism did
not stop developing at this point. The introduction of the new visual
mechanisms of the third transition, which constitute a variety of ac-
cess routes to external memory, changed cognitive architecture com-
pletely, since there were now mental vehicles not only for externaliz-
ing working memory but also for pooling the outputs of the three
innate representational systems. The governing biological system was

*The ESS is distinguished from the EXMF on the basis of its availability and permanence.
The term ESS applies to all memory items stored in some relatively permanent external
format, whether or not they are immediately available to the user. The EXMF is a tem-
porary arrangement of some of the material in the ESS, for the use of one person. Thus,
I may have a whole library of material available for a project, but I can remove only a few
items and arrange them for my immediate needs; the former is part of the ESS, while the
latter constitutes my EXMF for the moment. |
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still the oral-narrative system; but it was embedded in a larger, partly
external, structure.

Other uses of visual symbolism were eventually developed. Musi-
cal notation was one of the most important, but there were also new
symbolic notational systems developed for representing various ideas:
geographic maps, military plans, geometric concepts, astronomical
lists, calendars and clocks, architectural drawings, and a variety of
complex visual metaphors employed in graphic art. More recently,
representational notations have developed for dance choreography;
visual directorial scripts for filmmaking; charts of organizational
structure; systems and conventions for advanced engineering draw-
ing, and so on. Elaborate methods of scientific graphing and illustra-
tion have emerged, and the technique of computer graphics has al-
lowed the visualization of complex relationships in ways never before
possible. The visuosymbolic route, that cluster of visual codes (V/S)
for the decoding of external symbolic memory devices, has grown
enormously in size since its beginnings.

Goodman (1968) has considered the symbolic nature of various
graphic and notational systems in the arts, including musical scores,
painters’ sketches, paintings, scripts, architects’ drawings, and literary
products such as poems and novels. All of the above serve a referential
function for the artist’s thought, and although the specific nature of
the thought process may be radically different for various art forms,
the common factor is a dependence on symbols. This is equally true
of the scientist; and Goodman sees the two types of thinking, art and
science, as closely connected. The differences between the types of
symbols employed by these two broad categories of human symbol
use reflect their specific thought strategies; but both share a common
feature in that they are primarily symbol-based cognitive activities.
In the present theoretical context, Goodman’s idea can be rephrased,
for emphasis: Science and art are both dependent upon external mem-
ory devices and thus upon the vast numbers of visuosymbolic codes
and conventions stored in the modern brain.

One additional visuosymbolic invention needs further discussion
here. The invention of formal sign languages, such as ASL, came
fairly recently and used some of the features of ideographic writing.
ASL communicates and represents in the visual modality and could
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be regarded as a form of impermanent writing. It employs some of
the techniques of hieroglyphs and cuneiforms, such as determinatives
and spatial-grammatical rules. A skilled ASL user can define and uti-
lize several regions of space concurrently, effectively drawing symbols
on air and flashing manual signs in successive bursts of activity. ASL
should not be confused with gesture, any more than ideographic writ-
ing should be confused with gesture. It employs grammar, has a de-
veloped lexicon, and is able to represent highly abstract ideas (see
Klima and Bellugi, 1979).

Finger spelling, which supplements ASL, is superficially equivalent
to the phonetic alphabet, but this is misleading;: it obviously cannot
build on a direct phonetic route in a deaf person. It relies on existing
convention for its usefulness. However, if the alphabetic convention
had not already been in existence when ASL was invented, some
purely ideographic method of indicating names probably would have
been invented. Perhaps a totemic or clan marker, as in early picto-
graphic and ideographic symbols, would have been used. The recency
of formal sign language, and its resemblance to some forms of writ-
ing, argues in favor of its classification with ideographic writing and
other modern visuosymbolic inventions, rather than with oral narra-
tive skills and speech.

External Memory Devices: A Hardware Change

Visuosymbolic invention is inherently a method of external memory
storage. As long as future recipients possess the “code” for a given
set of graphic symbols, the knowledge stored in the symbols is avail-
able, transmitted culturally across time and space. This change, in the
terms of modern information technology, constitutes a hardware
change, albeit a nonbiological hardware change. A distinction should
be made between memory as contained within the individual and
memory as part of a collective, external storage system. The first is
biologically based, that is, it resides in the brain, so we will refer to it
as biological memory. The second kind of memory may reside in a
number of different external stores, including visual and electronic
storage systems, as well as culturally transmitted memories that re-

side in other individuals. The key feature is that it is external to the
AY
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biological memory of a given person. Therefore we will refer to it as
external memory.

External memory media—especially written records but also many
other forms of symbolic storage—are a major factor in human intel-
lectual endeavor; few people would dispute this. But do they deserve
to be treated as an integral part of cognitive architecture? In the tra-
ditional view of psychologists, the mind has clear biological bounda-
ries. “External storage” might be seen as just another term for the
culture or civilization within which the individual exists. The individ-
ual picks and chooses, acquires skills and knowledge from society, but
nevertheless exists as an easily identifiable unit within that society.
In this view, while society influences memory and thought, memory
and thought occur only in the individual mind or brain and therefore
are to be regarded as attributes of the individual, and studied in the
individual. Consequently, the proper approach to the study of mem-
ory, language, and thought is to study the individual. The literature
of experimental psychology testifies to our adherence to this tradi-
tion; it is composed mostly of studies of individual performance or
competence and the variables that influence it.

But external memory is not simply coextensive with culture in gen-
eral, or with civilization. Culture and civilization are broader con-
cepts, including material products, such as technologies and cities, and
many aspects of human life that are not cognitive. External memory
is best defined in functional terms: it is the exact external analog of
internal, or biological memory, namely, a storage and retrieval system
that allows humans to accumulate experience and knowledge. We do
not possess any ready theoretical frameworks in psychology from
which to view external memory. Fortunately, there is an excellent
point of comparison in the field of computing science: networks.

Computing scientists are able to specify exactly what hardware a
given computer possesses and what software. The “cognitive capac-
ity” of a specific computer can be described in terms of its hardware
features (such as memory size, central processing unit speed, and pe-
ripheral devices) and its software features (such as its operating sys-
tem and available programming support). In detailing the two types
of features, the machine would have been described as thoroughly as
we know how. A comparable approach to the human individual would
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be to proceed in roughly the same manner, as is commonly the case
in psychology: study the hardware (the nervous system) and describe
the software (the skills, language, and knowledge carried by the indi-
vidual).

However, the metaphor should be carried to its logical conclusion.
If a computer is embedded in a network of computers, that is, if it
interacts with a “society” of other computers, it does not necessarily
retain the same “cognitive capacity.” That is, the powers of the net-
work must also be taken into account when defining and explaining
what a computer can do. This is because networking involves a struc-
tural change; the processor and memory of the computer are now part
of alarger network computational resource. As part of a network, the
computer can now delegate computations beyond its own internal ca-
pacity. It can also assign priorities within the larger system. It can
store its outputs anywhere in the network, that is, in external mem-
ory sources. It can even be assigned the role of controller of the sys-
tem. The point is, in a true network the resources of the system are
shared, and the system functions as a unit larger than any of its in-
dividual components.

Another relevant analogy might be the addition of magnetic tape
or disk storage to a computer. The RAM (Random-Access Memory)
of a computer is somewhat analogous to biological memory inasmuch
as it lives and dies with the machine. A computer with no hard exter-
nal memory medium has to rely on its own internal RAM capacity
entirely. The only way to expand its capabilities without adding ex-
ternal memory would be to expand RAM memory; but this could not
go on indefinitely, and would be extremely wasteful. In biological
terms, a similar expansion of individual memory could not go on
without running into the physical limitations imposed by factors such
as energy requirements and metabolic functions. Just as the invention
of hard storage was an economical and flexible, in fact essential, fea-
ture in expanding the powers of computers, external storage was an
extremely important and efficient innovation in the history of human
cognition.

Historically, culture is conventionally regarded as software, not
hardware. There is some surface validity to this view. Learning a par-
ticular language will not alter basic memory skills or extend short-
term memory and appears to leave basic cognitive skills unaffected.
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Similarly, many other aspects of culture that might be classified as
_software do not bear greatly on basic cognition. But some cultural
artifacts are in fact hardware changes and not software changes. Vis-
uographic inventions of all kinds should be classified as hardware
changes. They have produced a collective memory bank as real, in
terms of hardware, as any external memory device for a computer.
And because they are not bound by time and space, they transport
the very limited capabilities of the individual into realms that would
not be remotely reachable by an isolated mind.

Individuals in possession of reading, writing, and other visuo-
graphic skills thus become somewhat like computers with networking
capabilities; they are equipped to interface, to plug into whatever net-
work becomes available. And once plugged in, their skills are deter-
mined by both the network and their own biological inheritance. Hu-
mans without such skills are isolated from the external memory
system, somewhat like a computer that lacks the input/output devices
needed to link up with a network. Network codes are collectively held
by specified groups of people; those who possess the code, and the
right of access, share a common source of representations and the
knowledge encoded therein: Therefore, they share a common mem-
ory system; and as the data base in that system expands far beyond
the mastery of any single individual, the system becomes by far the
greatest determining factor in the cognitions of individuals.

The memory system, once collectivized into the external symbolic
storage system, becomes virtually unlimited in capacity and much
more robust and precise. Thought moves from the relatively informal
narrative ramblings of the isolated mind to the collective arena, and
ideas thus accumulate over the centuries until they acquire the preci-
sion of continuously refined exterior devices, of which the prime ex-
ample is modern science. But science, ubiquitous though it is at pres-
ent, is atypical in historical terms. Human cultural products have usu-
ally been stored in less obviously systematic forms: religions, rituals,
oral literary traditions, carvings, songs—in fact, in any cultural de-
vice that allows some form of enduring externalized memory, with
rules and routes of access. The products of this vast externalized cul-
ture have gradually become available to more people, who are limited
only by their capacity to copy (understand) them.

Individuals connected to a cultural network can access an exterior
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memory bank, read its codes and contents, store new contributions in
permanent form, and interact with other individuals who employ the
same codes and access routes. If cultural technology is not easily seen
as hardware, it is probably because our links with our own culture
cannot be described in obviously physical terms. Human minds float
freely, without any apparent physical tie-in, either temporary or per-
manent, to cultural devices. This is more apparent than real, however.
Our collective memory devices are undoubtedly physical in nature. A
written tablet or book or papyrus is a physical artifact. So is a totem
pole, a mask, a costume, a poster, a traffic sign, or an affidavit. So,
more obviously, is an electronic memory device. Our links with these
devices are physical: they respond to and emit energy, whether elec-
tromagnetic or mechanical. The hardware links of computers to net-
works will undoubtedly become more subtle as technology pro-
gresses, and even now they too do not always require a direct physical
attachment: satellite linkages can be regarded as hardware devices
even though the components may be thousands of miles apart from
one another.

External memory is a critical feature of modern human cognition,
if we are trying to build an evolutionary bridge from Neolithic to
modern cognitive capabilities or a structural bridge from mythic to
theoretic culture. The brain may not have changed recently in its ge-
netic makeup, but its link to an accumulating external memory net-
work affords it cognitive powers that would not have been possible in
isolation. This is more than a metaphor; each time the brain carries
out an operation in concert with the external symbolic storage sys-
tem, it becomes part of a network. Its memory structure is temporar-
ily altered; and the locus of cognitive control changes.

The Locus of Memory

In a network, memory can reside anywhere in the system. For ex-
ample, a program running a computer may not “reside” there; or it
may reside there wholly or in part. In terms of the execution of the
algorithm, these things do not matter; the system functions as a uni-
fied system, for whatever period it is defined as a system. The roles
assumed by individual components in the system depend entirely on
two things: system demands and the limitations of each component
in the network. The key to control, dr power, in the network, for an
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individual component, depends on the level of access to certain crucial
aspects of the operating system and on preset priorities. Any compo-
nent that cannot handle key aspects of either the operating system
or the programming language, or that cannot execute long enough or
complex enough programs, is automatically limited in the role it plays
and eliminated from assuming a central role in the system. (There
may be ways to circumvent this, but in principle this statement holds
true.)

Given a compatible network, the powers of an element may become
that of the entire network. For example, a single computer might be
positioned to delegate priorities and assign roles to others in the sys-
tem. It could drive many peripheral devices, delegate very large or
complex computations to larger but less well-located machines,
“piggy-back” excessively large operations on other devices, and so on.
And simply by reassigning priorities, it may be relegated to a lesser
role, even reduced to the level of a terminal peripheral to the network.

Individual humans, utilizing their biological memories, may inter-
act with their collective memory apparatus in approximately similar
ways. Of course, it is historically more accurate to reverse the meta-
phor and say that, in constructing computers, we have unreflectively
emulated this feature of human society. The locus of memory is
everywhere or anywhere in the system at any given moment, depend-
ing upon the flow of information, access, and priorities. The biologi-
cally encapsulated mind might be called a monad, after Giordano
Bruno (1584) and Leibniz (1714). Monads may form temporary con-
nections with specific nodes in the external symbolic system, discon-
necting and reconnecting at will in various configurations. A node
may be defined simply as a particular location within a network; thus
a specific scientific paper in a clearly defined area of the ESS might be
considered a node, whereas the entire collection of journal and refer-
ence works in the area constitutes an information network. The an-
nual report of a specific corporation might constitute another node,
which could form part of several cross-referenced networks; for in-
stance, it might be part of various networks of annual reports orga-
nized by region, economic sector, corporate size, growth rate, and so
on. Figure 8.5 illustrates this point; when several monads are con-
nected to the same node, they share a memory resource, temporarily.

Given the enormity of modern information technology, and the
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Figure 8.5 Schematic of temporary linkage between biological memory systems
(monads) and external symbolic storage (ESS) networks. Patterns of linkage change
continuously; connected monads may be temporarily networked. Monads sharing an
ESS subsystem share a major source of memory material.

amount of information collected and disseminated daily in society,
monads can hold only a very small fraction of what the ESS contains.
The major locus of stored knowledge is out there, not within the
bounds of biological memory. Biological memories carry around the
code, rather than a great deal of specific information. Monads con-
fronted with a symbolic information environment are freed from the
obligation to depend wholly on biological memory; but the price of
this freedom is interpretative baggage. The reason other mammals
cannot appreciate the symbolic environment of humans is not that
they cannot hear, see, remember, and occasionally use symbols; it is
that they cannot interpret them. They lack the various levels of se-
mantic reference systems, and the encoding strategies, that are essen-
tial to the extensive use of symbols by humans.

Properties of Exograms

Single entries in the ESS might be called exograms, after Lashley’s
(1950) term engram, which referred to a single entry in the biological
memory system. An exogram is simply an external memory record
of an idea. In both engrams and exqgrams there are retrievable traces
of past experience that can be used to determine future interpreta-
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tions of the world. Similarly, exograms and engrams are both in-
terpretable only by the individual mind, which must provide the
referential basis for understanding the memory record. Exograms,
however, are inherently very different from engrams. Whereas en-
grams are built-in devices, genetically limited to the format and ca-
pacity of the human central nervous system, exograms are virtually
unlimited in both format and capacity. Engrams are impermanent, at
best lasting only as long as the life of a single individual; exograms
can be made permanent, outlasting individuals and, at times, entire
civilizations. Unlike engrams, systems of exogram storage are infi-
nitely expandable, lending themselves to virtually any system of ac-
cess, cross-indexing, cataloging, and organization. They also lend
themselves to maximum flexibility and can be reformatted over and
over in a variety of media and custom-designed for various purposes.
Thus, a cognitive system containing exograms will have very different
memory properties from a purely biological system (Table 8.1).

The most important feature of exograms as storage devices is their
capacity for continuous refinement. Exograms are crafted; that is,

Table 8.1.  Some properties of engrams and exograms.

Engrams

Exograms

internal memory record
fixed physical medium
constrained format
impermanent

large but limited capacity
limited size of single entries
not easily refined

retrieval paths constrained

limited perceptual access in audi-
tion, virtually none in vision

external memory record
virtually unlimited media
unconstrained and reformattable
may be permanent

virtually unlimited

virtually unlimited

unlimited iterative refinement
retrieval paths unconstrained

unlimited perceptual access, espe-
cially in vision; spatial structure
useful as an organizational de-
vice
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they are symbolic inventions that have undergone a process of itera-
tive examination, testing, and improvement. To a degree this may
also be said of biological memory—for instance, a procedural skill like
violin playing, or acting, or rhetoric may be rehearsed and improved,
and individuals may employ mnemonic devices—but the conceptual
products of cognition themselves cannot undergo extensive refine-
ment in a purely oral tradition. Only in elaborate exographic systems,
such as written histories or mathematical or physical theorems, can
the products of thinking be frozen in time, held up to scrutiny at some
future date, altered, and re-entered into storage, in a repetitive, iter-
ative process of improvement.

Exograms also have unique retrieval features. Their position in the
retrieval hierarchy, and the cues which access them, are a question of
design and are entirely arbitrary, a matter of convention. This is not
generally true of biological memory; episodic and procedural skills
have highly constrained retrieval paths, time-constrained in the for-
mer case and structurally constrained (by the performance sequence
itself) in the latter. Semantic memory has a highly fluid structure in
modern humans, but as observed above, it is likely that its present
internal structure is at least partially due to the influence of the ex-
ternal symbolic storage system, whereby the culture tends to restruc-
ture the individual’s biological memory in its own image. In aborigi-
nal human society, semantic structure might not have been so
multidimensional and fluid (to my knowledge this question has never
been investigated). In any case, even the semantic structure of biolog-
ical memory is tremendously constrained compared with the ESS.

Because of the largely visual format of exograms, they can be clus-
tered in ways that facilitate perceptual synthesis and analysis, capi-
talizing on the ability of human vision to achieve complex spatial
synthesis. Lists have already been mentioned as an example of a dis-
tinctly visual form of information clustering, but visual clustering of
scriptic and graphic images goes far beyond simple listing. Visual pro-
cessing of ESS clustering patterns presents the brain with a massive
scanning problem; that is, clusters have to be processed fixation by
fixation, with each fixation presenting only a partial picture. Sym-
bolic images have to be scanned in a certain order, or at least as-
sembled in the correct order after scanning.

Complex visuospatial scanning and searching strategies underlie
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reading and graphic interpretation in general. Bouma and de Voogd
(1974), Kolers, Wrolstead and Bouma (1979), Rayner (1978, 1979),
and many others have demonstrated that successive eye fixations are
controlled by various complex cues. For instance, the act of accurately
scanning a page, following landmarks like line endings and spaces, is
controlled mostly with extra-foveal spatial cues. Eye-movement scan-
ning sequences are also controlled by the meaning (or meaningless-
ness) of the sentence or image unfolding in the viewer’s brain. In fact,
the decoding of meaning is sometimes rapid enough to affect the du-
ration of single fixations (Rayner, 1979). Eye fixation sequences are
not simple or linear; viewers hop back and forth, fixating on various
parts of the image, reviewing some areas several times, skipping
through others, varying tremendously in the amount of time they
fixate upon a given part. And the only possible way to make sense of
the sequence of fixations presented to the visual brain is to place the
contents of each fixation into the correct overall spatial, temporal, and
semantic juxtaposition. This complex visuospatial scanning frame-
work extends beyond the control of eye movements; for instance,
Mewhort (1974) has shown that the alphanumeric images underlying
written words are scanned serially in the brain, even when eye move-
ments are not made.

But the ability to scan visual images sequentially is common to
many higher mammals. Why is the symbol scanning of humans any
different? The uniqueness of symbolic scanning, and especially read-
ing, seems to lie in the fact that the highly overpracticed and stylized
routines supporting human symbol scanning are driven by arbitrary,
often complex, interpretative conventions, whereas natural and pic-
torial image scanning is determined more by innate stimulus features.
The rules by which visuographic stimuli are scanned and analyzed
represent yet another additional burden on biological memory im-
posed by elaborate exographic systems (Kennedy, 1984). This burden
extends beyond reading. Twyman (1979) classified the many branches
of modern graphic symbols into linear and nonlinear categories: the
linear includes verbal and mathematical symbols, which are typically
presented in a fixed linear sequence; related quasi-linear items include
lists, branching diagrams such as family trees, and matrixes, includ-
ing tables. Nonlinear images include pictorial and schematic images
(for example, maps). Cartoons and comics incorporate both linear and
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nonlinear features into a single medium. The spatial arrangement of
symbols thus demands a variety of visual scanning strategies and re-
quires a complex of visual interpretative skills that had no equivalent
in earlier human societies. These strategies are an essential part of
the visuosymbolic (V/S) coding modules.

The overall spatial properties of a cluster of symbols, and the rela-
tion of these spatial properties to the contents of the image or text,
can also determine the interpretation of the meanings of symbols.
The ultimate use of this sort of display is found in mathematical for-
mulas. In these a variety of abstract entities can be interrelated in a
complex manner and reduced to a single, graspable visual display, the
precise form of which is important to its comprehensibility. In poetry,
spatial juxtaposition is particularly critical; the impact of a line .of
poetry can be greatly affected by its spatial position relative to other
elements of the poem. Spatial juxtaposition effects are largely unex-
plored, and they are unique to exograms. Where the engrams of bio-
logical memory have to work within the format restrictions imposed
by genetic structure, the spatial conventions and formats of exograms
are virtually unrestrained.

Although chunking and batching of information occurs in biologi-
cal memory (Miller, 1956), such chunking is mostly in terms of rates,
durations, and simple spatial clustering and is dependent upon the
learning of larger meaningful groupings of items. Ironically, most
psychological studies of visual chunking have utilized “prechunked”
symbolic stimuli—that is, printed items gleaned from the external
symbolic storage system. But in a preliterate world, the only likely
sources of prechunked information would have been in the temporal
organization of spoken language and gesture. In the ESS, chunking
and batching involves much spatial flexibility, and not only in the
batching of words and phrases. It is possible to organize longer en-
tries, such as historical accounts, novels, and so on, into smaller,
digestible chunks such as chapters, sections, and paragraphs; or to
highlight features in separate tables and figures to enhance compre-
hension; or to organize pictorial images into easily digestible batches,
as in early ideographic writing. Biological memory cannot lend itself
easily to this type of organization, and this undoubtedly imposed a
serious limitation on human thmkmg prior to the growth of the ESS.
Moreover, linguistic properties such as iteration and recursion become
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truly unlimited in the ESS. Speech may be recursive, but due to the
limits on biological memory, its recursiveness is not infinite in prac-
tice; written records, on the other hand, are truly unlimited in this
regard.

Perhaps the most powerful feature of the ESS is its unlimited size.
The number of items stored in collective human experience has grown
exponentially with the development of the ESS, both because the en-
coded knowledge of the past can be better preserved and because the
process of producing ESS entries has resulted in a huge industry for
generating, inventing, and mass-producing exograms, much like the
toolmaking technology of earlier times. Just as the number of tools
in the archeological record increased in the late Upper Paleolithic, ex-
ogram technology has exploded in the last few hundred years. Many
of the images included by Twyman (1979) in his classification of
graphic designs were inventions of the eighteenth century or later;
this is particularly true of combinatorial media that juxtapose image
and word: catalogs, comics, newspapers, magazines, illustrated dic-
tionaries, illustrated textbooks, scientific papers, cartoons, and poster
art. Although they had precedents in hieroglyphic texts and illumi-
nated manuscripts, the integration of image and written text is much
more widespread in modern media. This serves to emphasize that the
modern reader carries around much more than a fixed encoding strat-
egy for linear script and a visual lexicon. The modern reader has de-
veloped a comprehensive strategy for dealing with, simultaneously
and in various combinations, script, ideograms, and pictorial stimuli.

Changes in the Role of Biological Memory

The existence of exograms eventually changed the role of biological
memory in several ways. Human memory had, from its inception,
expanded the range of primate memory. The earliest form of hominid
culture, mimetic culture, depended on an expansion in the self-
representational systems of the brain and created the initial base for
semantic memory storage, which consisted initially of representa-
tional action scenarios reflected in mime, gesture, craft, and skill.
With the evolution of speech and narrative ability, there were even
greater increases in the load on biological memory, adding not only
the storage networks for phonological rules and the lexicon in its en-
tirety but also a very large store of narrative conceptual knowledge.
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Thus, the first two evolutionary transitions would have greatly in-
creased the load on biological memory. However, the final step in this
tremendous cognitive expansion might have reduced the load on some
aspects of biological memory, by gradually shifting many storage
tasks onto the newly developed ESS. At the very least, the existence
of the ESS must have forced a great change in priorities and memory
organization. While the reliance on auditory memory may have been
diminished, a complex new memory apparatus was required for vis-
uographic invention. An entirely new memory structure was needed
for reading and writing, including highly specialized skills, such as
scanning and analyzing the written image. There was a rapid increase
in the number of logograms, ideograms, alphabetic items, words, and
graphic images in use; these had to be encoded in biological memory.
Whatever capacity had been freed up by reducing human dependence
on auditory memory was probably quickly used in the great expan-
sion of visual memory.

The expandability of the ESS also meant a great increase in the
number of symbolically encoded things that could be known. This
trend became particularly evident after urbanization and literacy, but
it was already apparent in ancient Egypt and Mesopotamia, at least
among the literate elite. Compared with the monotony and redun-
dancy of the hunting—gathering lifestyle, these early centers of
graphic invention exploded with symbolically encoded things to be
mastered. Large state libraries were already a reality in ancient Bab-
ylon, and by the time of the Greeks ESS products had been system-
atically collected and stored in several world centers of learning. At
this point in human history, standardized formal education of children
was needed for the first time, primarily to master the increasing load
on visual-symbolic memory. In fact, formal education was invented
mostly to facilitate use of the ESS. Scribes were trained extensively;
fully 15 percent of the more than 100,000 cuneiform tablets in exis-
tence are lexical lists for training scribes (Walker, 1987).

The expansion of the ESS can be seen not only in the total number
of entries but in the type of entry as well. The ESS introduced a
completely new dimension into the human cognitive picture: large-
scale memory management, including selectivity and the setting of
priorities. How does human biologital memory deal with its inherent
capacity limits, when confronted with an expanding, virtually limit-
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less ESS? It has first and foremost to learn how to search, locate, and
choose items from the potential sets of items available. But how can
it do this? The archaic strategies of biological memory simply do not
apply here; there are too many possible routes, too many possible
methods of classifying and structuring items. Temporal codes and
phonological codes, the two retrieval workhorses of episodic and oral
memory, are largely irrelevant to managing the ESS. In the ESS, it
doesn’t much matter what items sound like, or when, or in what order
or juxtaposition, they were acquired. Once items are entered into the
ESS, information about time of acquisition or physical contiguity
may or may not be retained and may or may not be made relevant to
their retrieval.

One requirement for successful use of the ESS is a map of its con-
tents. Thus, biological memory must contain information about the
structure and access routes of the ESS, as well as its retrieval codes.
These skills are necessary, above and beyond the decoding skills
needed to understand ESS entries, in order to find the appropriate
information when needed. A significant percentage of the knowledge
contained in the literate brain falls into this category; this is particu-
larly true of scholars and administrators, whose familiarity with their
“field” or the “levers of power” usually translates into the possession
of a good cognitive map of the ESS entries relevant to some highly
specific pursuit, for instance medieval Iberian history or Pacific Rim
banking policy. The skilled user of the ESS does not try to carry
around too much fine detail in biological memory but has learned to
be very adept in accessing and utilizing the relevant parts of the ex-
ternal symbolic storage system. This has been true since the earliest
great bureaucracies: a Chinese bureaucrat of the Han dynasty
(roughly contemporary with Imperial Rome) spent a lifetime training
for, and immersed in, the ESS.

Narrative memories—the elaborate semantic constructs that were
enabled by speech—would have been a more immediately useful as-
pect of biological memory and must have served as the basis for inter-
preting and constructing ESS structure in some fields. In certain
areas, therefore, biological memory exported its own organization;
narrative versions of events are organized according to thematic
codes, and classifications of themas are still useful in accessing, inter-
preting, and structuring certain areas of the ESS, particularly histor-
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ical and literary items. But even here, the ESS product is far more
refined and detailed than anything in biological memory, and there are
many more items to recognize, analyze, store, and comprehend. The
problem of selective biological storage from unlimited archives of ESS
items thus possibly extends even more to the literary realm than to
science.

When confronted with the modern electronic expansion of the ESS,
the problem of accessing the system takes on a different complexion.
It is fair to say that humans have not developed a strategy for dealing
with the magnitude of the twentieth-century ESS. Children have to
be trained for many years just to be able to master parts of some
highly specialized, narrow area of the ESS. There is no longer any
question of extensive crossing of linguistic or disciplinary lines; sur-
vival demands great specialization. But what are the children taught?
Many of the skills being taught in schools now are really memory-
management skills; maps, flags, and pointers are three appropriate
computer-related terms that throw light on what students must learn.
The map of the ESS is its overall structure; by exposing students to a
wide variety of fields at the entry level, they become acquainted with
the general geography of ESS-stored knowledge. Flags are priority
markers that alert the biological memory to the relative importance
of various items and access routes. Pointers are necessary direction
markers that signal the addresses of relevant items at appropriate
times. In addition, students have to be able to find a variety of ESS
entry addresses, and therefore they must master a huge number of
category labels. Biological memory is now necessarily cluttered with
such items; however, for the most part they are empty of content and
are concerned primarily with memory management: where to find
things, how to scan them, how to assign their importance or priority.

The controlling structures of the modern mind must depend heav-
ily, in modern humans, on this sort of information. The allocation of
selective attention in an extensive ESS environment is ultimately a
function of flags, pointers, and priorities, rather than simple front-
end perceptual or motor selectivity. Much of ESS-oriented biological
memory, then, is necessarily filled with directional information, ad-
dress categories, and a general framework, or map, of that part of the
ESS to which the individual has access.

The implicit assumption of modern education is that ESS devices
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R
wil] be a regular feature of most cognitive operations and that biolog-
ical memory must be equipped primarily to deal with them, rather
than to carry around a great deal of finely detailed information. This
reflects a real change in the importance of the ESS. The mnemonic
arts and rote learning, once a major part of education (Spence, 1984),
have receded into the background as the reliance on biological mem-
ory for storage has faded. In earlier human societies many fewer
items were in external memory, and thus fewer ESS-related skills had
to be mastered. For example, in ancient Egypt, very few people ex-
pected to be able to read hieroglyphics—Davies (1987) estimates less
than 10 percent of the population—and for those who could, the only
ESS items encoded in a form they could comprehend were inscriptions
and sculptures in ceremonial buildings and systems of numeration
used in trade. By our standards, even professional scribes would have
had very few inscriptions and manuscripts to read and remember.
Biological memory would have exceeded in size and influence, by far,
the useful contents of the ESS (except for lists of trade and govern-
ment records such as censuses). '

In such an environment, the ESS was a secondary player, the ser-
vant of a fundamentally oral-mythic society, dominated by ritual and
tradition. In modern society this has changed; a great deal of public
life takes place through ESS media, whether printed or electronic.
Even illiterate people depend upon exographic channels of experience,
provided by television or some other medium. There is much less
dependence on biological memory. Even episodic experience depends
upon electronic media. The great events—D-day, the first moon land-
ing—are vicariously experienced and interpreted through the ESS. In
modern society, it is not only the technological and bureaucratic as-
pects of life that are ESS-dominated; public life itself is lived through
the ESS, whether in the print arena of periodicals or the newsrooms
of network television. The biological memories of individuals are sup-
plemented by photographs, school yearbooks, diaries, and innumer-
able symbolic artifacts collected over a lifetime. Even personal iden-
tities are stored, refreshed, elaborated, and sustained with the aid of
ESS entries.

One of the things sought by Marcel Proust in his massive attempt
at reexamining his own life (it was, actually, a recasting of his life in
his own biological memory, with the mediation of ESS devices) was a
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return to the “truth,” or things as they really happened. Proust was
aware, in that psychoanalytic era, of the tricks played by biological
memory and, perhaps naively, thought that truth might be found in
the careful construction of externally encoded accounts of his biolog-
ical recall. The irony is that Proust ended up much farther from the
“natural state” he sought and much more dependent on the ESS. In
fact, his written account became his memory for the events; even
though his book did not exist in his head, it influenced, and probably
reorganized, his biological memories. It is unlikely that he could have
recalled, verbatim, a single page of Remembrance of Things Past from
biological memory; his own life was now visible to him only through
the lens of his crafted words, a device external to him that eventually
outlived him. He could not have gotten further away from “natural
truth.”

The process of reading is interesting to contemplate in this context.
Reading is a cognitive state whereby the biological mind is brought
temporarily under the complete dominance of an ESS device. The
mind is literally “played” by the book, moved into a state crafted by
the author. Disconnect the reader from a book, and detail is immedi-
ately forgotten; reconnect, and the state quickly reforms itself. In
very long novels, the amount of detail is staggering and impossible to
recall once the book is put down; but immediately upon starting to
reread it, the mind-state induced by the book is reestablished and the
reader’s awareness is reconfigured, following the intentions of the au-
thor; the ESS is in control.

This is even more true of film. In this case, the pictorial aspect of
the medium is effectively more powerful than normal episodic expe-
rience, because, unlike most of the naturally occurring events of life,
film is contrived and crafted to a focus. The viewer’s mind comes
temporarily under the control of the director; and, just as in the case
of the novel, the recipient of the experience is rarely in control. The
ESS is thus increasing its dominance; biological memory is, more and
more, unable to draw on its own experiences without reference to
the ESS.

But books and visual symbols are dead things which, left to them-
selves, sit on shelves. The ESS is not the field of action; the process
of thought occurs in the individual biological mind. Traditional mod-
els of the thought process place it in an arena sometimes referred to
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as consciousness or working memory, a short-term, labile part of the
mind that seems an unlikely locus for the extraordinary theoretic
products that humans can produce. This issue is not simple and re-
quires a reexamination of the traditional psychological ideas of both
consciousness and working memory.

A Revised Concept of Working Memory

The concept of working memory has been conceptualized as a tem-
porary holding system for various cognitive operations (Baddeley,
1986). Numerous other proposals about human cognitive architecture
have made essentially the same claim, and many earlier theorists
called the temporary holding system “short-term memory” (for ex-
ample, Broadbent, 1958; Atkinson and Shiffrin, 1968). Although
there is little agreement on the structure of working memory, psy-
chologists have generally used the term to refer to a biological mem-
ory system, related to the idea of a short-term store, which supports
problem solving, learning, and thought. Even the process of solution
itself is sometimes thought to take place in working memory; if
longer-term memory material has to be brought into the process of
solution, it has, supposedly, to be brought in via the working-memory
system.

Baddeley (1986) and his coworkers have systematically examined
whether working memory consists of a single nonspecific storage sys-
tem or a multitude of modality-specific systems. He has studied the
patterns of interference between various simultaneous mental tasks
and concluded that both possibilities are partially correct. On the one
hand, there is some evidence to support the idea of a general working
memory capacity, which overloads whenever the mind is burdened
with a difficult task. This overloading is often evident in the break-
down of performance of a second task, attributed to interference. On
the other hand, the magnitude of interference effects is much greater
for some combinations of tasks than for others; certain combinations
allow human subjects to maintain very good performance on one task
while performing another just as well. Hitch and Baddeley (1976)
showed that subjects were able to solve a difficult visual sentence-
parsing test while continuously performing a digit-recall task set at
the upper limits of their ability; they slowed their rate of performance
slightly, but maintained 95 percent accuracy on the sentence task
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while maintaining their digit-repetition accuracy. If there had been
only a single working memory system receiving inputs from all sen-
sory modalities, loading it to capacity in one modality should have
wiped it out in all other modalities. But this did not happen, and
Baddeley was forced to conclude that, at the very least, visual and
acoustic working memories were somewhat independent of one an-
other.

Baddeley has attributed generalized interference effects to a “cen-
tralized executive system,” closely related to the system proposed by
Norman and Shallice (1986). Baddeley has explained specific interfer-
ence effects by proposing two slave systems, the “articulatory loop”
or auditory buffer system (already discussed in Chapter 7) and the
“visuo-spatial scratchpad,” or simply scratchpad memory. Baddeley
acknowledges that there may be other slave systems, but he has doc-
umented these two in particular, perhaps because they are the most
salient ones. His conceptualization of the architecture of working
memory fits well with many other lines of investigation that have
demonstrated the relative independence of visual thinking and spoken
language.

The ESS has been, until recently, almost exclusively visual; the
arena of the great new human cognitive skill was thus somehow vi-
sual. But there is no evidence that human visual powers per se have
changed, in the biological sense, over the past 4000 years. Could vi-
sual scratchpad memory, as traditionally conceived, have sufficed as
the arena of complex visual thought? This is highly unlikely; a list of
the paradigms used by Baddeley suggests that the scratchpad cannot
function well except in the absence of competing visual stimulation.
Some of the visual tasks he used to study scratchpad memory include:
(1) image generation following the presentation of high-imagery
phrases such as “nudist devouring bird”; (2) tracking a mental image
of a familiar object, for instance the letter F, and then answering suc-
cessive imagery-related questions about it that test detailed recall; (3)
Brooks’ (1967) sketchpad paradigm, which involves mentally filling a
four-by-four matrix with numbers, which are presented verbally; (4)
abacus-derived mental calculations, including an imagery-based digit-
span test; (5) memory for briefly exposed visual patterns; (6) reten-
tion of sequences of briefly exposed‘visual patterns; (7) visual mem-
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ory for briefly exposed letters; and (8) memory for visually presented
words, or what Baddeley calls “lexigens.”

All of Baddeley’s paradigms address unaided visual imagery, and
serve to emphasize the delicate and transient nature of scratchpad
memory. As the locus of visuospatial imagery, the unaided scratchpad
is an especially unlikely field for elaborate mental processing of visual
material of any kind, for the very good reason that such imagery is so
prone to interference, and that the visual field is usually full of com-
peting stimulation that would simply erase mental imagery. Since the
articulatory loop, although undoubtedly important in listening to
speech, is also too transient and vulnerable to interference to make it
a likely candidate for long-drawn-out thought processes, neither of
Baddeley’s slave memory systems are good candidates for the kind of
iterative, interactive thought process proposed here. Assuming the
need for some arrangement between working memory and the ESS,
we seem to be forced to return, once again, to the ever-present ”cen-
tral executive” to explain how biological working memory interacts
with the ESS. But is this a satisfactory resolution?

The “central executive” is a hypothetical entity that sits atop the
mountain of working memory and attention like some gigantic cog-
nitive Buddha, an inscrutable, immaterial, omnipresent homunculus,
at whose busy desk the buck stops every time memory and attention
theorists run out of alternatives. Baddeley (1986) acknowledged the
conceptual fragility of the central executive, entitling a section of his
book, with admirable, if somewhat despairing humor, “The central
executive: ragbag or supervisor?” The idea of a central executive pro-
cess seems to represent a return to the unitary model of mind rejected
earlier in this book.

Animals, as well as humans, are supposed to employ working mem-
ory to solve problems; the anatomy and structure of working mem-
ory in animals (see O’Keefe and Nadel, 1977; Olton, 1977) dovetails
nicely with the human neuropsychological data (Milner, 1966;
Squire, 1984, 1987), and there is evidence of evolutionary continuity
in the emergence of working memory (Sherry and Schacter, 1987).
Entry into working memory could mean that certain memory files are
in a state that could be called “open” or “active,” while others remain
closed; or it could mean that certain traces are literally moved into a
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physical area of memory reserved for working memory. Whatever its
physical basis, working memory material is more relevant, and more
“available,” to conscious thought than material that is in longer-term
storage and thus supposedly not as easily available for processing.

Thus, when rats are trying to solve a radial-arm maze, they must
carry, in working memory, a map of the maze, perceived in reference
to the room surrounding it, and the objects, if any, contained within
it. This map serves as a working memory, a reference system for the
task while they work at solving the maze. Similarly, if humans are
asked to solve a maze or a puzzle, they supposedly construct a map of
it in working memory, which they use to guide their decisions. The
same applies to language; if asked to remember and paraphrase the
contents of a news broadcast, they store a digested version in working
memory for ongoing semantic reference. And if they are required to
recall and reconstruct an episode from long-term memory, they do
this by selectively retrieving items from longer-term storage and
holding them in working memory for analysis.

To a degree, the idea works. In animal cognition, and in simple
stimulus-driven problem solving of the kind typically tested in the
laboratory, there may be some value in the concept, although it is not
proven that working memory exists as a definable biological entity.
The problem becomes acute when trying to extend the idea to include
more elaborate human thought projects, including what Darwin called
“longer trains of thought.” Many current theorists seem to believe
that humans must think with essentially the same array of mecha-
nisms that animals use, with the important addition of language:
thus, short-term memory, perhaps supported by certain mysterious
uncharted “unconscious” thinking mechanisms, and supplemented in
humans by spoken language and generative visual imagery, consti-
tutes the field—that is, functional location—of thought.

However, there are serious problems with this idea. By their own
experimental evidence, memory theorists have shown the tremendous
limitations on human awareness and short-term memory. The artic-
ulatory loop endures, without further rehearsal, for less than two sec-
onds (Baddeley, 1986); memory for lists of words seems to persist
slightly longer, but no more than fifteen seconds (Peterson and Peter-
son, 1959). Humans can take only five to seven items into their tem-
porary store at the same time (Miller, 1956) and are extremely vul-
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nerable to interference from irrelevant environmental events
(Broadbent, 1958). Moreover, the temporary store is highly unreli-
able; brief glimpses of scenes lead to highly unreliable accounts of
what transpired, to the point where eyewitness testimony, even when
tested immediately after the event, has been thrown into question
(Buckout, 1982). Visual working memory is especially vulnerable to
interference (Baddeley, 1986).

Thus, although adult conscious experience, in the sense of that
which is immediately present to the mind, may appear to be some-
what clearer than the “buzzing, blooming confusion” attributed to
infants by William James, it is nevertheless very limited, a small win-
dow of awareness staggering through the episodic stream, battered
about by every wave and wind that happens along. And that is under
the best of circumstances; as soon as the company of others is re-
moved for a long time, our limitations become even more striking. In
complete sensory isolation, the human mind rapidly becomes disor-
ganized and psychotic (Heron, 1967). How could such a delicate and
unreliable instrument be the cognitive field where novels are written
and treaties negotiated?

The answer has to be that the idea was, and is, wrong. Humans do
not think complex thoughts exclusively in working memory, at least
not in working memory as traditionally defined; it is far too limited
and unstable. In modern human cuiture, people engaged in a major
thought project virtually always employ external symbolic material,
displayed in the EXMEF, as their true “working memory.” They use
their biological working memory system, along with their perceptual
apparatus, more as an iterative data-crunching device, or a processor
of visual analog images. In this rearrangement, biological memory
(and not necessarily only its working memory aspect) becomes the
loop in the thought process that performs transformations and anal-
yses on the database provided by external symbols, while the EXMF
becomes the real working memory, or temporary holding tank. Si-
multaneously, of course, relevant retrieval routes within ESS systems
become an integral part of the thinking process, as working memory
must be part of any complex cognitive operation.

This arrangement can be visualized (Figure 8.6) as a temporary
cognitive structure in which the mind uses the external symbolic sys-
tem for a limited time both to hold certain items and to organize the
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Figure 86 Schematic of two external working memory arrangements in common
use. Path | involves the development and refinement of written narrative models by
means of successive iterations through the linguistic controller (L) and the external
memory field (EXMF). Path 2 involves a parallel refinement of visual analog models,
primarily through the mimetic controller (M) and the EXMF. Both loops also profit
from the generation of concurrent narrative commentaries on their progress. V/S
codes: visuosymbolic codes.

memory material in certain ways. Advanced thinking virtually always
depends on this arrangement: the thinker selects and organizes ESS
items according to some objective and uses the power of both the oral-
narrative system and the visual symbolic systems to examine, pro-
cess, rearrange, and invent new ESS entries. Each iteration is usually
a short one; the limitations of consciousness are so great that, in any
truly original creative thought, the thinker has to revolve around the
ESS database, verbalizing, sketching ideas (a part of the ESS usually
serves as an external visuospatial sketchpad), producing new outputs,
in an iterative loop, until a satisfactory resolution is reached. With
highly familiar (overpracticed) material, the thinker may be able to
continue the thinking process to a degree without the ESS being im-
mediately present, but it is the essential reference point to which the
thinker must return. The field where these symbolic interactions
takes place is thus appropriately labeled the external working memory
field.

This proposal is not easily reconciled with the traditional version of
working (biological) memory as the primary field for complex mental
processing. And yet the latter could not possibly have supported the
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type of theoretic development that humans have come through dur-
ing the past four millennia. Working memory is too transient, too
vulnerable to distraction, and too limited in capacity to manage a ma-
jor cognitive project that may eventually result in theoretic products.
In this case, the EXMF is the crucial working memory locus (displayed
by means of the visual system and interpreted by the visuosymbolic
encoding machinery). This symbiosis of human working memory and
the EXMF is basic to modern thought. It also might help explain why
the trained introspectionists of the Wiirzburg School were unable to
find much evidence of conscious thought in their own minds; for the
most part, they were looking in the wrong place. The EXMF is an
essentially external loop for organized thought process, and there is
no substitute for it in biological memory.

How can working memory be usefully redefined to incorporate the
external field of complex thought? Assume for the moment that
working memory, as traditionally conceived, probably serves fairly
adequately to describe the role of human short-term memory before
the third transition—that is, as working memory was, and is, in oral—
mythic cultures. The central executive controlled memory traffic,
while the articulatory loop and visual scratchpad memory supported
specialized uses of visual and auditory recall—a pretty limited system
for the purpose of thinking. The addition of the EXMF to this concep-
tual diagram both offers a structural explanation for the radical
changes that have taken place and suggests a different role for tradi-
tional memory systems, especially for scratchpad memory. The cen-
tral executive and articulatory loop probably retained their primary
function, to support spoken language; but the visuospatial scratchpad
was relegated to a very secondary role.

The thought process itself could not take place in any one of these
traditional working memory areas. The algorithms of thought, like
the subroutine and assembly-language commands underlying higher-
level computer programs, involve various separate functions, carried
out in a sequence, and each stage requires its own appropriate mental
arena. The specific functions supporting a particular type of thought
vary according to the task. Thus, if a symbolically trained mind
wishes to take notes from a book and formulate a theory, the surface
procedure would be, roughly: (1) scan and enter into the mind some
ESS item, drawn from the EXMF; (2) decode the item; (3) reduce the
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semantic content of the item to a few essentials; (4) write down the
reduced content, that is, reenter it into another EXMF location, for
later retrieval; and (5) continue this iterative process until some cri-
terion of completion is reached. The underlying functional sequence
undoubtedly involves biological working memory systems, but in
what role? They do not perform the actual scanning; they do not
decode; and they do not control the act of writing. Do they achieve
the semantic reduction? This is doubtful; the language systems of the
brain presumably do that. Then what do they do? One remaining role
might be attention control; but attention control in this sort of task,
as mentioned earlier, is vested largely in pointers and flags, procedural
items that would not be stored in working memory; at least not as it
is usually defined. Probably the principal remaining function of bio-
logical working memory is supporting the construction of an oral-
narrative commentary on the behavioral process of taking notes and
theorizing.

What about searching and scanning the ESS? This might well be
another residual function of biological working memory. But scan-
ning and searching also depend heavily on the EXMF. Cognitive maps
of the ESS, and the relevant search strategy information (for instance,
category labels and hierarchies, and their relevant locations on the
ESS map), might be retrieved and held in linguistic working memory,
but ultimately the search depends on what is passing through the
EXMF. The EXMF contents indicate the current location and direction
of movement through the ESS network and ultimately display the
sought item. While the biological working memory might direct the
search, ultimately even this operation would be impossible without
the EXME.

The truth is, the most useful working memory in an ESS-based
thought loop is the EXMF itself. Skinner (1957) remarked on the
importance of external stimuli in self-regulation, even in speech. In
this, as in many things about language, he was correct, but he under-
stated the case. External symbolic stimuli not only drive the thought
process; they serve as the brain’s holding tank while its various sys-
tems go about the business of processing and altering the symbolic
environment. The brain’s role is paramount, of course; but the role
of biological “working memory” is not at all clear once the ESS is
built into the picture. At best it is probably a reservoir of immediately
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relevant ESS-related scanning and searching strategies, and current
semantic content.

The Emergence of Theoretic Culture

Visuosymbolic invention and external memory are highly important
cultural innovations, but they should be regarded as the surface re-
flections of a more fundamental change in human cognitive evolution,
and they did not arrive in isolation. The momentum for visual sym-
bolic invention, and for extensive use of external storage, must have
come from the modeling process itself. Just as in oral linguistic inven-
tion, conceptual development was at the core of the drive toward ex-
tensive ESS use. The emerging new level of conceptual development
may be called theoretic, judging by its ultimate product; but theoretic
development was gradual and took place in several parallel paths.

The impression may be developing that I attribute all systematic
thought to visual symbols, the EXMEF, and the ESS; but this is not so.
Conceptual development often led the way, historically preceding the
invention of the EXMF and ESS. This is particularly evident in the
history of writing. The idea that writing produced scientific and tech-
nological development probably reverses the real order of things; it is
just as likely that the invention of writing and other notational de-
vices was driven by the conceptual needs of emerging theoretic cul-
ture. Writing, and graphic symbolism in general, arrived on the scene
long after a number of major conceptual developments had already
taken place. The historical order is important; if all theoretic devel-
opment had followed writing, and especially if it had followed the
invention of the alphabet, an argument could be made that it some-
how depended on the latter. But if a certain level of implicit theoretic
development preceded writing, then other factors have to be consid-
ered.

A long list of technological and protoscientific inventions preceded
writing. Fired ceramics appeared in what is now Czechoslovakia about
25,000 B.c. Cave paintings in France strongly suggest the presence of
percussive musical instruments about the same time. The first boom-
erangs appeared about 15,000 B.c., along with the sewing needle, tai-
lored clothing, the bow and arrow, the spear thrower, the first lunar
records (notched bones), the first simple maps, and the first uses of
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rope. Sun-dried bricks were developed about 10,000 B.c.; about the
same time, dogs were domesticated in Mesopotamia, followed by
sheep and goats in Persia, pigs and water buffalo in eastern Asia, and
chickens in southern Asia (Hellmans and Bunch, 1988).

Wheat and barley were cultivated about 9000 B.c.; potatoes were
cultivated in Peru, and rice in Indochina, around 8000 B.c.; sugar cane
was grown in New Guinea, yams and bananas in Indonesia, flax in
southwestern Asia, and maize in Mexico around 7,000 B.c. Mortar
was introduced in Jericho, woven mats in Jordan, and woven cloth in
Turkey around 6000 B.c. Domesticated bread wheat arrived around
5000 B.c., along with lentils, citrus fruits, peaches, avocados, date
palms, cotton, millet, and squash. Irrigation was in use in Mesopota-
mia by 5000 B.c.; techniques of mummification were also known by
this time, as was the domesticated horse, first seen in the Ukraine.
Sailing ships were also invented around 5000 B.c., in Mesopotamia.
At the same time the Egyptians developed extensive copper mines and
smelters. By 4000 B.c., when the first rudimentary writing systems
were invented, humans already had invented high-temperature kilns
for firing bricks and pottery; they used plows pulled by domesticated
cattle; they had the beginnings of copper, silver, and gold metal tech-
nology; and they already made wine and beer.

This very rough historical sequence emphasizes the importance of
looking at the whole cultural context of symbolic invention; visuo-
graphic invention did not take place in a vacuum, and the ESS did not
spring fully armed from the bosom of simple aboriginal cultures. By
the time writing and monumental art came into widespread social use,
human culture had already showed an accelerating rate of change and
had produced a proliferation of nonsymbolic inventions, many of
which undoubtedly eclipsed early writing in complexity and sophis-
tication.

The complex technological and social developments that preceded
writing might suggest the existence of some apparently analytic
thought skills that contained germinal elements leading to later theo-
retic development. However, early inventions were pragmatic and
generally not far removed from nature: for example, the domestica-
tion of animals and plants would not have required more than a rec-
ognition, transmitted over time, that certain species were desirable
and domesticable for human use. Complex constructional products,
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such as brick structures and sailing vessels, might be seen as grand
claborations on the ancient toolmaking skills of humans. The social
organization of the first towns'and cities presumably borrowed heav-
ily from existing family and tribal structures. These pragmatic devel-
opments, impressive as they were, lacked the essentially reflective and
representational nature of theory.

But as technology and social organization depended more and more
on some form of record keeping (that is, external memory devices),
visual symbolic devices emerged in increasing numbers. This prob-
ably did not have an immediate radical effect on human society, other
than to enable the formation of larger trading patterns and social en-
tities. But the proliferation of the ESS eventually created the intellec-
tual climate for fundamental change: the human mind began to re-
flect upon the contents of its own representations, to modify and
refine them. The shift was away from immediate, pragmatic problem
solving and reasoning, toward the application of these skills to the
permanent symbolic representations contained in external memory
sources.

Early Analog Models: Time and Space

The earliest move in this direction was apparently in a form of visual
thinking, especially evident in the construction of analog models of
time and space. As in modern science, the theoretical products—ana-
log models—were not totally the result of any single symbolic inven-
tion. The earliest evidence of an elementary form of theory formation
is found in ancient astronomy. Astronomical knowledge, like writing,
was a powerful device of social control; the measurement of time in
termsof astronomical cycles was probably the ultimate controlling
activity in early agricultural societies, setting dates for planting, har-
vesting, storage, and distribution of grain and for religious observa-
tions, as well as a number of cyclical social functions. Practical astro-
nomic knowledge also contributed to improvements in navigation.
Quite early in the history of visuographic symbolism, analog de-
Vices were invented that served both a measurement and a predictive
;E@'nction in representing time. These devices eventually allowed hu-
mans to. track celestial events, construct accurate calendars, and keep
time on.a daily basis. They ranged from primitive observatories to
mall portable calendars for the use of individuals, like the Sumatran
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string calendars, which indicated the days of the lunar month by
means of a string looped through a series of 30 holes; the string was
advanced one hole for each day of the lunar cycle. Smaller intervals
of time, closer to the hour in length, were often estimated by using
noon as a temporal anchor in daylight; for example, the Egyptians
used a right-angled “time-stick” to judge how many “hours” it was
before or after noon; this was indicated by the angle of the sun’s
shadow, which struck different marks engraved on the time-stick as
the sun followed its apparent course across the sky. The Chinese used
a similar device about 2500 B.c. Later there were also water clocks,
sand clocks, and candle clocks, all of which operated by a similar com-
parative principle and none of which depended upon writing or formal
numeration for their effectiveness.

Space was also represented in early visuographic symbolism. Some
of the earliest analog symbolic devices were primarily geometric and
reflected an abstract understanding of spatial relationships. A basic
form of analog visual modeling, sometimes called iconography, is still
used in communicative rituals in some preliterate societies. An ex-
ample is found in the sand drawings and sand stories of the Walbiri,
a people found in western Australia (Munn, 1973). Their iconography
seems to be an extension of metaphoric and iconic gestures, except
that the images are given external form in sand, body paints, or some
other medium. They draw graphs in the sand during formal story-
telling, as a running notation to illustrate narrative meanings. Some
simple-design elements such as circles and lines are fixed, but the
essential message of a drawing is usually conveyed by the spatial jux-
taposition of the elements.

There are layers of meaning in these simple illustrations. For in-
stance, on the most straightforward level of interpretation, to describe
someone’s travels one might show different places by circles, and con-
nect then with lines to indicate their path; this overall arrangement
might be regarded as a kind of prototypal map. But the same type of
symbol arrangement might also be used to illustrate a more abstract
mythic voyage, such as the life-cycle of an ancestor or a myth about
the replenishment of life. In this case the circle might represent a
“campsite” which in turn represents a phase of life; lines might rep-
resent not only a path but also a motlon, recurrence, or transforma-
tion.
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Simple design elements can therefore be used in various ways to
créate a variety of quite expressive images. For instance, Walbiri con-
vention might represent a tree from above as two concentric circles:
one small circle for the trunk, and the larger for the circumference of
the leafy area above. Within the larger circle there might also be sev-
eral semicircles, each representing a sitting man. The image thus con-
veys a complex geometric arrangement of people and things. But the
sitting men may also be seen to have a symbolic relationship with the
roots of the tree, and the tree might stand for society itself, or the
cycle of life. Thus, stories can be intertwined with these sand images,
by attributing secondary symbolic value to the elements of the draw-
ing, and further by combining other symbols such as painted wooden
objects with the sand drawings.

Primitive maps are closely related to this kind of geometric juxta-
position of symbols. A number of preliterate societies have been
shown to possess map-drawing skills (Harvey, 1980; Lewis, 1987;
Smith, 1987). American natives drew rough maps in mud or sand,
and these maps were of use to early European explorers. Harvey
(1980) reproduced a simple map drawn in sand in 1884 by a member
of the Suya tribe, a central Brazilian people, and recorded by a Ger-
man explorer. In principle it resembled some of the sand drawings of
the Walbiri: lines traced the path of the Xingu river and its tribu-
taries, while cross-strokes indicated the location of each village. Tech-
niques of primitive mapmaking seem to employ universal elements
such as lines and dots and circles, in geometric arrangements. In its
earliest forms mapmaking was thus a close relative of iconography.

Some of these early symbolic devices were analog in nature; that
is, they measured one dimension of reality in terms of another. They
were the precursors of modern scientific measurement, which still
relies heavily on analog devices: dials, meters, oscilloscopes, poly-
graphs, thermistors, and so on. Temperature is still measured by
means of various analog devices (for example, inches of mercury), and
so is weight. These are now supplemented by exact numeration of the
measurements; but this was not always the case.

The origins of analog measurements go back far in time, as testified
by their common use in aboriginal societies. Simple analog indices of
measurement can also be obtained through the use of relative or com-
parative linguistic statements: for instance, distances can be measured
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in terms of time (a day’s walk), or volume in terms of various carrying
vehicles (a handful, pocketful, mouthful, armload). The distance from
such verbal metaphors to systematic analog measurement is not very
great: if “late in the day” means a longer shadow, it is not a great leap
to create a standard device for marking that shadow.

Once visual analog symbols had been created, however, the oppor-
tunity arose to use them as memory storage media and as computa-
tional devices. The recurrence of midsummer moonrise at the same
point on the horizon could be verified by a system of stone markers.
Other highly visible, predictable astronomical events could also be
marked and verified, and over a period of time, the range of varia-
tion—that is, the maximum deviations from the general trend—
could be marked. This seems to be the way the observatory at
Stonehenge evolved (see Hawkins, 1963, 1964), between 2000 and
1600 B.c. The positioning of the stones allowed the prediction of the
summer and winter solstices, the two times of the year when the
progressive lengthening or shortening of daylight reverses. The align-
ment of the “heel” stone of Stonehenge, relative to its center, was
oriented precisely toward the midsummer sunrise, testifying to cen-
turies of experience in making such predictions. By means of the 56
“Aubrey holes” on the circumference, and a system of 6 moveable
stones, it also could have been used to keep track of the 56-year cycle
of eclipses and winter moonrises and thus apparently to predict
eclipses and a variety of other astronomical events (Hawkins, 1964).

The megalithic observatory was thus really a gigantic visual ma-
chine, a modeling device. By means of the stone markers added and
altered to register events, data impressed themselves on the machine,
and the carefully positioned stones became external memory traces of
geometric impressions left on Earth by the light emitting from astro-
nomical events, more like a time-lapse photograph than a system of
writing. But it was nonetheless a symbolic invention: it allowed the
storage and analysis, in an external device, of complex information.
The entire megalithic complex became a large-scale, and very abstract,
model of astronomical motion. Its later and more sophisticated rela-
tive, the astrolabe, employed digital markings but remained essen-
tially an analog modeling device.

The construction of analog visual devices involved a different ESS
loop than oral linguistic invention. Before writing, the earliest analog



External Symbolic Storage and Theoretic Culture 339

models must have been created through an interplay of mimetic visual
modeling and oral commentaries on the modeling process. As pointed
out in Chapter 7, the mimetic system would have provided the basis
for simple metaphoric gesture; and oral narrative ability would have
provided a device for “commenting upon” such visual metaphors, that
is, for assigning verbal symbols to the analog visual process. This
would have afforded a degree of control over the analog process itself
to the linguistic system. Thus, the earliest analog models were prob-
ably joint products of the two systems in interaction.

In the case of megalithic astronomy, the storage devices themselves
constituted an analog model. A ground-based perspective on their gi-
gantic analog model was undoubtedly not the schematic aerial view
shown by authors such as Hawkins; nevertheless, their understand-
ing of the model, for predictive purposes, was similar. Through align-
ing two specific stones, they could predict the place on the horizon
where various events—especially important seasonal moonrises,
moonsets, sunrises, and sunsets—would take place. The visual field
in which the model was created and refined thus became the EXMF.
The V/S codes were complex and, for us, unconventional: the stones
had to be “read” according to a complex set of interpretative strate-
gies.

The construction of early calendars always implied some theoretic
development, in the sense that implicit models were being built of
astronomical events. Many of the elements of modern science were
already present in primitive astronomy: systematic and selective ob-
servation, and the collection, coding, and eventually the visual storage
of data; the analysis of stored data for regularities and cohesive struc-
ture; and the formulation of predictions on the basis of those regular-
ities. All early agricultural societies, out of necessity, had calendars
based on astronomical science. Therefore, procedurally, the ground-
work for scientific observation and prediction had already been con-
structed 5,000 to 10,000 years ago, not necessarily in written symbols
but in a different kind of visuographic invention, which represented
an analog system of knowledge. Written lists of astronomical obser-
vations came much later, in China and Babylon.

This shows how writing followed, rather than preceded, the inven-
tion of analog visual symbolic devices, at least in some cases. A great
deal of knowledge existed before visual symbols were developed for
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the denotative encapsulation of that knowledge. The visual recording
and modeling of data was necessary to the scientific progress being
made; but written words were not always the prime movers in early
scientific thinking, although oral commentaries undoubtedly were.
And while it is common now to reformulate analog data in written
words, the early history of astronomy shows the power of purely
analog modeling, even in the absence of writing.

In conclusion, astronomy was probably the earliest example of
widespread, socially important theoretic development in human his-
tory. Astronomical observations and predictions could not have been
achieved without some form of external storage of data and could not
have been modeled without some form of computation. By combining
a simple token system of counting with various analog measurement
and computational devices, humans were able to improve their mental
models of time and space in significant ways, while using these cal-
culations to run their growing agricultural society. Analog measure-
ment devices were thus interwoven with the evolution of the theoretic
process. The resulting visual “models” reflected the state of theory, as
they were a direct product of the theorizing process. Theory had not
yet become as reflective and detached as it later would; but the sym-
bolic modeling of a larger universe had begun.

Externalizing the Oral Commentary

Early visual analog models were exceptional; there is little evidence
of other theory formation until the first millennium B.c., when writ-
ing was used by the Babylonians and Chinese to order the collection
of astronomical data, which allowed further refinement of astronom-
ical models and more accurate prediction of eclipses. But writing in
this case remained locked into a limited role; for the most part, astro-
nomical record keeping was similar to commercial record keeping and
involved mainly the construction of lists of observations.

Until writing could be combined with other visual symbolic media,
the theoretic attitude, that is, the deliberate analytic use of symbolic
thought, had little chance to develop. Ancient Greece, from around
700 B.c., was undoubtedly the birthplace of theoretic civilization. In
Greece, human thought suddenly came into its own simultaneously
in a number of fields: philosophy, mathematics, geometry, biology,
and geography, to name a few. Fromh that time on, there was a steady
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progression of theoretic development, one that has been well docu-
mented by historians and philosophers.

Our concern here is not so much with the history of science or
philosophy per se as with the cognitive framework that enabled such
accelerated change. How had the structure of the human thought pro-
cess changed? The answer appears to be at least partly that, in the
ancient Greeks, all of the essential symbolic inventions were in place
for the first time. The evolution of writing was complete; the Greeks
had the first truly effective phonetic system of writing, so successful
that it has not really been improved since. They also possessed ad-
vanced systems of numeration and geometric graphing. Astronomy
had advanced considerably under the Babylonians, and the Greeks
were aware of that body of knowledge, as they were of Egyptian
mathematics. Moreover, their society was open, intensely competi-
tive, and sufficiently wealthy that education went beyond the imme-
diately pragmatic.

Logan (1986) has suggested that the greatest symbolic invention of
the Greeks, and the key to their progress, was the alphabet. Indeed,
this was their most original invention on this level, and the alphabet
was a more efficient script than its predecessors. But it is difficult to
see how the mere possession of the alphabet could have triggered such
a creative explosion; phonetic scripts, in the form of various syllabar-
ies, had been in existence for almost 2,000 years, and the phonetic
transcription of speech had long since been achieved. The alphabet
made such transcriptions much easier and more accurate, and this
allowed the spread of literacy and facilitated the writing of books, so
that it cannot be discounted as a factor; but it is difficult to assign it a
determining role in the Greeks’ extraordinary achievements.

The key discovery that the Greeks made seems to have been a com-
binatorial strategy, a specific approach to thought that might be called
the theoretic attitude. The Greeks collectively, as a society, went be-
yond pragmatic or opportunistic science and had respect for specula-
tive philosophy, that is, reflection for its own sake. In the brief flow-
ering of the Greek city-states, they founded abstract geometry and
the idea of formal mathematical proofs, and the first systematic tax-
onomy and embryology of living species from all over the known
world. They had the first theory-based system of cosmology and
achieved great advances in theater, sculpture, public administration,
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and architecture. In all of these areas, they employed a strategy that
combined all the previous isolated cognitive advances we have noted.
In effect, the Greeks were the first to fully exploit the new cognitive
architecture that had been made possible by visual symbolism.

A number of factors facilitated this process. The process of de-
mythologization was well advanced in Greece, perhaps more so than
in any society until two millennia later, during the European Enlight-
enment. The possibility of disengagement from mythic thought was
a feature of Greek city life, which lacked a single overriding religion.
A good example of the difficult process of separation from mythic
thought may be found in the case of Hippocrates, the founder of pro-
fessional medicine, who fought for the separation of medicine from
religion at his school in Cos, in the fourth century B.c. This might
not, in itself, have led to anything. But the timing was perfect; sym-
bolic invention had progressed to the point where most of the basics
of the modern repertoire of symbols were available, and the seculari-
zation of attitudes left the Greeks free to explore the new possibilities
offered by their new mental tools.

The critical innovation was the simple habit of recording specula-
tive ideas—that is, of externalizing the process of oral commentary
on events. Undoubtedly, the Greeks had brilliant forebears in Meso-
potamia, China, and Egypt; but none of these civilizations developed
the habit of recording the verbalizations and speculations, the oral
discourses revealing the process itself in action. The great discovery
here was that, by entering ideas, even incomplete ideas, into the pub-
lic record, they could later be improved and refined. Written literature
for the first time contained long tracts of speculation—often very
loose speculation—on a variety of fundamental questions. The very
existence of these books meant that ideas were being stored and trans-
mitted in a more robust, permanent form than was possible in an oral
tradition. Ideas on every subject, from law and morality to the struc-
ture of the universe, were written down, studied by generations of
students, and debated, refined, and modified: A collective process of
examination, creation, and verification was founded. The process was
taken out of biological memory and placed in the public arena, out
there in the media and structures of the ESS. What the Greeks created
was much more than a symbolic invention, like the alphabet, or a
specific external memory medium, such as improved paper or print-
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ing. They founded the process of externally encoded cognitive ex-
change and discovery.

From the first, Greek thinkers were employing external memory
devices to their fullest effect, in a way that was totally new. Although
phonetic writing had been invented by the Egyptians and later refined
by many cultures, it had never been used to record the thought pro-
cess itself. Both spoken narrative thought and visual thought were
symbolizable, that is, representable in graphic form. This habit of
externalizing the process was to be the key to all further development
in the arts and sciences. The Greeks seemed to have realized this early
in their theoretic development, because they invented the written dia-
lectic, a formal method of presenting ideas that had never been tried
before. The dialectic involved an exchange of views, rather than a
single manufactured “official” viewpoint. Doubts were raised, contra-
dictions were resolved, the flaws in argumentation were examined and
reexamined.

The exchange of views and exposure to public debate was always a
characteristic of spoken narrative thought, which by nature is a public
process. But spoken narrative thought was quite limited, when it had
no other resources to draw on, in the construction of theory; this was
due to the limitations of auditory working memory. In order to cir-
cumvent this limitation—for instance, by rote oral memorization—
thoughts tend to be repeated literally. Thus, the natural tendency of
spoken thought, stripped of any ESS input, is toward fairly loose nar-
ration of events, metaphoric fantasy, and storytelling. Fine-grained
analysis of the thought process itself is difficult, because the memory
trace of an oral narration is so ephemeral. There are ways around this,
and the power of spoken thought was later greatly increased, but only
after the ESS was brought into play. When the Greeks began their
great intellectual adventure, widespread use of the ESS as a field for
thought was still unknown.

The Greeks thus invented a new ESS loop for the iterative refine-
ment of linguistic productions. Various written discourses were en-
tered into the ESS and selectively displayed in the EXMF. Any sample
of discourse in EXMF can be subjected to oral commentary and anal-
ysis and modified in the usual iterative manner. In this case,
discourse-level metalinguistic skills are necessary for making modifi-
cations to the ESS entry. Further metalinguistic evolution was trig-
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gered by this development, as will be discussed in the next two sec-
tions.

To summarize, the Greeks possessed all of the basic visuographic
inventions: they had advanced pictorial skills; they knew the ideo-
graphic and analog uses of visual symbols, especially from mathe-
matics and astronomy; they had the best system of phonetic writing
ever invented; and they possessed all the media needed to record their
ideas. Moreover, their political-religious climate encouraged and tol-
erated (with some notable exceptions) free speculation. Early in their
history, they started the habit of recording not only a few observa-
tions, or lists of names and events, but the very process of dialectical
exchange. The result was that, for the first time in history, complex
ideas were placed in the public arena, in an external medium, where
they could undergo refinement over the longer term, that is, well
beyond the life-span of single individuals. This meant that the EXMF
could be fully exploited for the first time; where its use had been
restricted to analog models, lists, and a few simple narratives, it was
now the field of more elaborate symbolic structures. The representa-
tion of narrative thought skills in the EXMF allowed the process of
reasoning and verification to be laid out in hard storage, as in the
Socratic dialogues. And the combination of analog models and nar-
rative commentary led to more elaborate philosophical and mathe-
matical ESS entries.

Pedagogy and Metalinguistic Evolution

Thought habits, particularly symbolically based ones, are learned.
One might speculate that the symbolic skills of educated post-
Enlightenment Europeans were not ingrained, judging from the be-
havior of earlier Celtic and Germanic civilizations. The process of
collective skill acquisition by a society must be transmitted and accu-
mulated across generations, and symbolic skills are so complex that
they require extensive formal education. The latter has come to ac-
count for many of the programmed intellectual skills and habits of
adults, particularly in the most highly educated sectors of society.
Students are endlessly rehearsed and trained in finding ESS entries,
analysis and reduction of these entries, and the creation of new ones.
Therefore, major cultural changgs in the balance of cognitive skills
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might be tracked by tracing the history of education over the two and
a half millennia since the pattern of Western education was estab-
lished. The curriculum of education, in other words, constitutes a
valuable cultural artifact in itself and is a particularly useful source of
evidence, one that testifies directly to the pattern of early cognitive
training imposed by society. The curriculum reflects not only the val-
ues held to be important but also the socially programmed structure
of thought skills. It follows that the history of pedagogy might reflect
the process of metalinguistic evolution.

Metalinguistic processes may be defined as superordinate cognitive
structures that regulate the uses to which words and sentences are
put. The need for such processes seems to have been overlooked by
psycholinguists until the advent of computational linguistics. Meta-
linguistic processes are essential for spoken discourse; for instance,
Levelt (1989) refers to the construction of shared “discourse models”
by participants in a conversation; these are more or less equivalent to
Johnson-Laird’s mental models, and they serve as a common concep-
tual context in which to interpret what is being said. These models
control the highest aspects of speech production in conversation:
themes, topics, roles, and interpretations.

Levelt describes the process of deciding what information to ex-
press, and how to order it, as macroplanning. Both discourse models
and macroplans are metalinguistic processes inasmuch as they domi-
nate the relatively “front-end” operations of sentence construction,
lexical selection, and phonology. In a similar vein, Kintsch (1988) re-
fers to the need for “discourse representations,” that is, a knowledge
structure that is constructed of concepts and propositions. Without
such metalinguistic representations, the interpretation and produc-
tion of meaningful discourse is very limited.

Discourse representations and macroplans, however, control only
the interpretation and production of speech over the relatively short
term; for instance, Kintsch (1988) used a simple three-line mathe-
matical problem as an example of a problem needing a knowledge-
based discourse model of the contents of the problem statement.
Levelt's examples are a little more broadly representative of real dis-
course, ranging over a variety of examples from simple statements to
longer conversations. However, his examples do not address the level
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of discourse organization and macroplanning evident in, for instance,
a long speech or a complex, intricately argued article or book, let alone
a comprehensive scientific theory.

But it is the latter that have continually evolved in the history of
Western education; a consistent theme, starting with the ancient
Greeks and continuing until recently, has been the systematic training
of generations of students in what may be called the broader meta-
linguistic skills. The skills that were central to the curriculum focused
initially on the art of constructing spoken discourse and engaging in
dialectics, and then generalized to the art of written composition,
evolving gradually into what amounts to a systematic curriculum for
the training of thought skills and habits. Such habits are metalinguis-
tic; they control the uses to which words are put and the interpreta-
tions that are placed on what is said. They are evidently not in-
nate, since they have developed fairly recently and have changed in a
culturally cumulative manner over several millennia. In fact, the
thought habits of postindustrial civilization are a very recent inven-
tion, the latest in our long history of symbolic invention.

Educated persons were a relatively small percentage of the popula-
tion of the ancient world, but they wrote all the books, kept all the
records, ran the schools, academies, and universities, controlled reli-
gious observances, wrote the history of the period, interpreted the
past, determined fiscal and political policies, regulated trade, produced
most of the art and all of the literature, and increasingly dominated
the social order as a class. The forms of culture, a good deal of the
technology, and the techniques of information storage were products
of the educated classes. Virtually all major cultural change originated
in this class of people, and therefore their thought habits and skills
were the engine of cognitive evolution in Western society.

Of course this subject could lead in a number of directions that
would prove irrelevant to this inquiry. The details of the curriculum,
on one level, are completely tangential to the question of cognitive
evolution; it does not matter what versions of history are taught, or
which languages, or which cosmological or theological theories. What
matters to this inquiry is which cognitive skills are formulated, em-
phasized, tested in the marketplace, and hammered in year after year
through repetition and practice. Fortunately for our purposes, the
curricular skeleton of Western education was fairly constant for a
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very long time. It is well-documented and is easily traceable; and at
the core of Western education, there has been a strong tradition of
training specific metalinguistic skills. The training of these skills has,
in fact, been at the heart of the competitive societies of the West and
has in itself been an agonistic, or competitive, process.

Before starting into this subject, we must remind ourselves that,
long after the invention of powerful writing systems, and long after
the role of writing in the government and control of human affairs
was established, the uses of writing (and visuographic skill in general)
remained subordinate to mythic thought and narrative skills. This
was evident in the first (mythic) uses of pictorial symbols on cave
walls; it was also evident in early written records such as the Homeric
myths, which may have been recorded in writing but originated in
oral tradition; and it remained evident in the later use of written
instructions to refine oral narrative skills.

For a very long time, the skills acquired in building the ESS were
used as a supplement to the education of oral and social skills, which
were still considered the central assets of the ruling classes. Two types
of training epitomized this attitude: ancient rhetoric and the training
of memory, or formal mnemonics. Formal mnemonics once served a
valuable role but has long ceased to be relevant; but ancient rhetoric
subsequently differentiated into a structured curriculum that formed
the basis for the entry of many generations of Western adults into
the highest reaches of their cognitive culture.

Barthes (1985; translated in 1988) has written a useful short his-
tory of ancient rhetoric and traced its influence on the later forms of
Western education. Rhetoric is what Barthes calls “metalanguage”; it
is a set of skills that controls language use on the level of discourse.
From the fifth century B.c. to the nineteenth century A.D., it was one
of the major subjects of Western education; in fact, it was the original
subject around which much of the curriculum of higher education was
built. Rhetoric had its origins in town life in ancient Greece and was
central to the uses of public debate in politics and law. It rapidly be-
came a school subject and then differentiated into several subjects,
with texts, lessons, exercises, and tests. It included rules and practices
that served to regulate the use of language on a metalinguistic level;
that is, it included training in the art of extended speaking and per-
suasion, the construction of phrases and orations, and the attainment
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of excellence in both a communicative and an aesthetic sense. It was,
in a very real sense, the linguistic equivalent of coaching in organized
athletics. Students were diagnosed, trained, evaluated, and placed by
their rhetors (teachers of rhetoric); they entered in competitions to
hone their skills, and, on graduating, these linguistic athletes entered
the competitive Greek political fray, all according to precepts laid down
in writing and discussed publicly. Some rhetors were paid to deliver
important public addresses—for instance, a funeral panegyric or an
ode to a tyrant. They also served as lawyers, pleading legal cases pub-
licly before juries.

Early in the development of rhetoric as a subject, it fragmented into
schools of thought. Students of the Syracuse school of Corax around
450 B.c. (the first professional, that is, paid, rhetor) were taught to
follow a fixed order in constructing an argument: (1) the exordium or
exhortation to the audience; (2) the narration of relevant facts; (3)
the argument proper; (4) a digression; and (5) an epilogue. They were
trained in the techniques necessary for constructing each stage of the
oration. Gorgias of Leonthium, around 420 B.c., emphasized the elo-
cutionary aspects of oratory: the symmetry of sentences, the contrast
of thesis and antithesis, and the uses of metaphor and alliteration.

Thus, from the start, rhetoric emphasized the large-scale, on-line
structuring of linguistic thought products. This fits the definition of
a very high-level metalinguistic skill and was already a considerable
step away from simple, linear narratives and unconstrained imagina-
tive myth. The art of discovering the metalinguistic structure of ideas
gradually became the focus of training. The logic of argumentation
was also starting to emerge as a trainable skill. In effect, the early
growth of rhetoric reflected the refinement and formalization of
thought strategies and criteria for evaluating and crafting an effective
argument. The Sophists later emphasized the techniques of persua-
sion without regard to content, an attitude that incurred the wrath of
Plato, who held the Sophist school in contempt.

In fourth-century B.c. Athens, Plato emphasized that training in
rhetoric aided the formation of the whole psyche, and he taught the
use of dialectic. But it was in the writings of Aristotle that rhetoric
became a firmly established subject. Aristotle’s basic format for teach-
ing rhetoric endured in Western edu\cation until the nineteenth cen-
tury. Aristotle’s emphasis was on the process of reasoning, composi-
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tion, and style. He wrote a three-volume work on rhetoric. The first
book was on the formation of arguments by the orator, and amounted
to a treatise on the populist psychology of persuasion. The second
taught how to receive and evaluate the arguments of others; and the
third taught proper elocution and the ordering of elements of an or-
ation. He also dwelt on the use of mnemonics to help auditory—oral
memory (note that his advice, even on this matter, was written
down). His pedagogy was adopted and modified by the Romans, no-
tably by Cicero and Quintilian; importantly, the Romans applied the
principles of rhetoric to writing as well as speaking, and worked out
an extensive educational program that extended from childhood to the
young adult. Children were exercised extensively in language skills,
including grammar. Then, at age fourteen they were introduced to
the metalinguistic realm of rhetoric, learning both the art of argu-
ment and imaginative improvization.

This programmatic approach to language and thought skills ex-
tended into the Middle Ages through the efforts of several major fig-
ures in the history of Western education, notably Augustine, the
Venerable Bede, and Charlemagne. The curriculum of the Middle
Ages had a structure—derived from ancient rhetoric but much more
elaborated—that served as the basis of Western education until less
than a hundred years ago. This structure is of great psychological
interest, because it emphasized the training.of.mental sk
amounted toa programmatic-device for structuring thought in the
individual mind, and was increasingly geared toward literacy and the
production of ESS entries, rather than the vocal-auditory emphasis
of traditional rhetoric. Most of the minds that produced the Renais-
sance, the Enlightenment, and the industrial revolution were the
products of this curriculum.

The Trivium: Rhetoric, Logic, and Grammar

The Greek competitive approach to public debate bridged into the
Middle Ages; competitions were built into the training of scholastics.
Scholars were trained to be effective advocates—academic warriors
representing a side or a school of thought—and their training empha-
sized generalized cognitive skills rather than specialized knowledge.
The educational curriculum at that time evolved into a seven-part
program consisting of three skill-related subjects (the Trivium) and
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four substantive academic subjects (the Quadrivium). The Trivium
was really about the use of language and thought as weapons in de-
bate, and the Quadrivium was about specific knowledge in fields of
the arts and sciences, especially music, astronomy, and mathematics.
One interesting feature of this curriculum was that the general train-
ing of cognitive skill received at least as much emphasis as the teach-
ing of specific subjects. In fact, the training of general cognitive skill
was the dominant objective of higher education at that time.

The Trivium consisted of three subjects: Rhetorica, Grammatica,
and Logica (or Dialectica). Rhetoric had by this time become the least
of the three subjects, even though in its origins it had encompassed
all of them; as logic and grammar became subjects in their own right,
rhetoric was left only with decorative, persuasive, and structural skills
related to presenting an argument in oral or written form. Rhetoric
was originally defined so broadly that it included even what we would
call poetic and literary skill; but as these areas differentiated from the
parent concept, rhetoric came to refer only to the secondary aspects
of metalinguistic mastery. In Barthes’ judgment, it was surpassed in
importance by grammar and logic as early as the eighth century a.p.
Nevertheless, it persisted in the curriculum until the twentieth cen-
tury.

Grammatica grew in the early Middle Ages to a position of prom-
inence in the Trivium. Influential Latin grammars were produced in
the fourth century, setting down normative standards for language
use. Grammar was initially regarded as an authoritative set of rules,
virtually a science of correct language use—everything from the rules
of spelling and sentence construction to the uses of punctuation
and rhythms. But in the twelfth century, “speculative” grammar
emerged, dealing with morphology and syntax; at this stage, for the
first time, the idea was proposed that a universal grammar, equally
applicable to all languages, might exist. Where rhetoric had started as
a very general training in language, grammar went into the specifics
to a far greater degree; hence, it can be seen as a specialization within
the global concept of ancient rhetoric.

Logica eventually emerged, however, as the controlling subject of
the Trivium, pushing grammar and rhetoric into the background in
the High Middle Ages, the age of the Scholastic philosophers. Logic
was the ruling skill that employed grammar and rhetoric to its ends.
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The basis of logic was the dialectic, the systematic opposition of con-
tradictory points of view, in a kind of syllogistic duel. Its origins were
in Aristotle, but the structure of the medieval disputation was more
formal, more like a physical duel; the modern “debate” finds its ori-
gins in the disputatio. A thesis is posited, attacked by an opponent,
and finally defended again by the protagonist; a master, or chairman,
concludes the exchange with a commentary. The argumentation is
harder edged, more either—or in its contrasts, than a Socratic dia-
logue. Even longer written philosophical works were modeled on the
disputatio.

Thomas Aquinas’s Summa Theologica (1272) is a good example of
this rigid dialectic structure. Each of the many articles comprising the
Summa begins with a specific question, followed by statements of the
principal “objections” (negative answers) to the question. The author
then cites the existing literature and, following this review, lays out
his own reasons for answering the question in the affirmative. Follow-
ing the exposition of his position, he systematically demolishes each
of the objections raised at the beginning of the article. Virtually all of
Aquinas’s highly influential thought was expressed by means of this
agonistic, dialectic structure,

In the world of medieval disputation, philosophical and theological
authority carried very high economic, military, and political stakes.
Thus, the oppositional structure of thought was partly a function of
the political ferment of the time. Practice exercises for students in-
cluded challenges to argue impossible or unsolvable positions, which
was thought to be helpful in honing argumentative skill. The rules
and procedures for disputations were written down in great detail, and
these confrontations were central to the formation of the medieval
mind. Aquinas, who stood dominant at the top of this competitive
scholastic world, saw his task in competitive terms; he chose not only
to break with established authority (for instance, he was the first to
refuse to accept the Arabic philosophers’ interpretations of Aristotle),
but he took the radical step of becoming a Dominican when he had
been raised in the Benedictine camp (roughly equivalent to, say, aban-
doning General Motors to work for Toyota). His academic life was a
series of pre-emptive strikes and sieges against philosophical enemies.

These patterns of curricular change testify to the changes simulta-
neously occurring in the skill structure underlying the Western mind.
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When rhetoric developed in ancient Syracuse and Athens, its empha-
sis was on the development of oral rhetorical skills; and even though
its rules were written down, the written instructions were destined
mostly for oral-auditory use. Moreover, the practical stakes driving
academic discussion were not so high. By the late Middle Ages, most
of the important disputationes were written down, even though there
were many oral debates as well, and the emphasis had shifted deci-
sively toward skill with written prose, written mathematics, and ge-
ometry. And because academic and political power were so closely
allied, the competitive atmosphere was heating up. Although this in-
tense competition may not have encouraged the “free play of the
mind” so beloved of the nineteenth century, it produced great pres-
sure to improve thinking skills and to put in place institutions that
could cultivate them. The universities found their origins here, and
the great libraries. Ultimately, this tradition led to Francis Bacon and
William of Occam. The analytic habit—the process of public, itera-
tive verification and improvement of ESS entries—was gradually
eroding the dominant mythic forces atop the cognitive hierarchy. But
it did not happen quickly; metalinguistic revolutions apparently take
some time to become established.

The trend toward the preeminence of logic, and away from the
imaginative and purely persuasive uses of rhetorical skill, continued.
The fine-grained analysis of language taught and debated so passion-
ately in the Grammatica had been motivated by a realization of the
power and importance of language and an attempt to understand its
innate rules. In much the same way that the second half of the twen-
tieth century has been obsessed with the properties of computational
devices, medieval scholars were entranced with their logic-machine;
it promised to reveal the secrets of the universe.

Language, of course, was identified with thought and with its prod-
ucts in literature, philosophy, and poetry. We might prefer to distin-
guish between the “purely” linguistic aspects of language and the
process of thinking with the help of language, but in fact most of the
topics of medieval disputations were impossible to conceive through
any other medium. Insubstantiality, the existence of will in animals,
the transmigration of souls, the resolution of the contradictions in-
herent in a monotheistic Trinity—these were problems that existed
only in the realm of language. They were abstract, they were some-



External Symbolic Storage and Theoretic Culture 353

times intricate beyond belief, and they were taken with deadly seri-
ousness, because language and logic were still seen as having an in-
herent bond to absolute truth. The Scholastics were unlike the
adherents of any modern discipline in their sheer love of language as
an end in itself.

The point is, in their training patterns, in their competitive dispu-
tations, and in their search after linguistic truth, they were forging
the future shape of cognition. They, like the Greeks and Romans be-
fore them, were actually inventing new cognitive tools, algorithms for
thought, which later served as the basis of modern scientific thought.
Symbolic invention was a force in every stage of human evolution,
and this period was no exception. The symbolic inventions at this
stage, however, went well beyond the limits of the individual psyche;
the new inventions were elaborate, socialized metalinguistic proce-
dures that were to serve as the superordinate controlling aspects of
the thinking process. These were being formulated, tested in the field,
and introduced into education and written literature. Thus, what we
see in the pages of the growing written records of human affairs and
ideas is the evolution of strategies for handling, cultivating, and in-
stitutionalizing the human capacity for thought. The whole appa-
ratus—rhetoric, grammar, logic, disputations, and their many de-
scendants—was as much an invention as more specific symbolic
devices like the alphabet itself.

Figure 8.7 shows the configuration of systems in the types of ESS
loop that supported early metalinguistic development. Rhetoric was
really a complex of skills related to the art of oral and written persua-
sion; thus, complex social skills, such as the judging of audience ex-
pectations, were involved. Standardized grammars were a means of
guaranteeing precision in the assignment of reference and the deno-
tation of relations. Grammars were linguistic inventions, like words;
and new grammars continue to be invented, especially in computa-
tional science. Grammatical conventions, like rhetorical skills, were
developed and stored through an ESS loop.

Logic evolved out of an external, formalized process of verifying
the “truth” of propositions. The “rules” of logic are themselves a
working model of the verification process. The development and ac-
quisition of purely symbolic—that is, logical—verification has a long
and arduous history of symbolic invention; it was the furthest pos-
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Figure 8.7 Configuration of biological and external memaory structures involved in
metalinguistic evolution, that is, in the development of discourse-level thought skils.
The formalized conventions and rules of rhetoric, grammar, and logic were inven-
ted, tested, and elaborated in an iterative loop involving the linguistic controller (L)
and the external memory field (EXMF).

sible thing from an innate process. Very few of these metalinguistic
skills can be applied without continuous use of the EXME.

Although logical thinking, rhetoric skill, and formal grammatical
conventions may be internalized from the ESS after extensive train-
ing and applied (to a limited degree) within the monadic confines of
the biological mind, they could not have begun to evolve without the
support of the ESS loop. And no major graphemic products—things
such as novels, scientific theories, economic forecasts—have an equiv-
alent in purely oral expression. They are products of hybrid minds
with extensive ESS linkages.

Long after the High Middle Ages had blended into the Renaissance,
and long after thought had become secular, the Trivium served as the
basic structural element of Western education. The habits of compet-
itive disputation eventually passed into history, and thought took on
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4 new programmatic structure, especially with the growth of empiri-
cistm, positivism, and experimentalism and the concomitant expansion
of the natural sciences. This transition was entirely managed by
minds whose formation was still largely beholden to the Trivium.
However, the accumulation of specialized knowledge and the sheer
exponential growth in the size of the external symbolic storage sys-
tem led to a shift, starting in the nineteenth century, toward more
‘gpecialized education.

" The history of the Trivium, especially its shift from an oral-
thetorical to a written—logical emphasis, dovetails well with the
length, style, and organization of books and articles during that long
period. The great cognitive difference between postmedieval Europe
and all its predecessors was in the gradual insinuation of the ESS into
its very fabric. Written political and social works, applications of ge-
ometry and mathematics to engineering, and systematic empirical
science became an intimate part of the social order in a way that had
never been true in the past, not even in Greece and Rome. Mass lit-
eracy became possible with the printing press, and although that in-
vention had a very great effect, the society that invented the printing
press already possessed tremendous cognitive resources. Print served
mainly to disseminate those resources, creating a spiraling involve-
‘ment of more and more of the population in the utilization of the
ESS.

Conclusion: The Hybrid Modern Mind

The modern era, if it can be reduced to any single dimension, is es-
cially characterized by its obsession with symbols and their man-
ement. Breakthroughs in logic and mathematics enabled the inven-
tion of digital computers and have already changed human life. But
timately they have the power to transform it, since they represent
otentially irreversible shift in the cognitive balance of power to-
d complete ESS-based dominance of human cognitive struc-
ture. Modern scientific graphics, cinematic special effects, and various
other' computer-graphic capabilities are direct extensions of what vi-
sion can do and what it can be used for. All forms of human represen-
‘fation, from our archaic episodic experiential base, through mimesis
and speech, to our most recent visuographic skills, are now refinable
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and expandable by means of electronic devices. Our modern minds
are thus hybridizations, highly plastic combinations of all the previ-
ous elements in human cognitive evolution, permuted, combined, and
recombined. Now we are mythic, now we are theoretic, and now we
harken back to the episodic roots of experience, examining and re-
structuring the actual episodic memories of events by means of cine-
matic magic. And at times we slip into the personae of our old nar-
rative selves, pretending that nothing has changed. But everything
has changed.

The growth of the external memory system has now so far out-
paced biological memory that it is no exaggeration to say that we are
permanently wedded to our great invention, in a cognitive symbiosis
unique in nature. External memory is the well of knowledge at which
we draw sustenance, the driving force behind our ceaseless invention
and change, the fount of inspiration in which succeeding generations
find purpose and direction and into which we place our own hard-won
cognitive treasures. Paradoxically (since any symbiosis with external
elements seems alien to human nature), the individuation of humans
has greatly increased with the growth of the ESS, perhaps because it
holds a much larger reservoir of alternatives for individuals to choose
from, and because it challenges the tradition-bound mythic elements
of society to find significance in individual life rather than in the
group.

The central point deriving from the history of the third transition,
as it moved from visuographic invention to the management of exter-
nal memory devices to the development and training of metalinguistic
skill, is that it was not a given of human nature but rather a structure
dependent upon both symbolic invention and technological hardware.
The hardware may not have been biological, but from the viewpoint
of a natural history of cognition this does not matter; the ultimate
result was an evolutionary transition just as fundamental as those
that preceded it. Once the devices of external memory were in place,
and once the new cognitive architecture included an infinitely expand-
able, refinable external memory loop, the die was cast for the emer-
gence of theoretic structures. A corollary must therefore be that no
account of human thinking skill that ignores the symbiosis of biolog-
ical and external memory can be congsidered satisfactory. Nor can any
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account be accepted that could not successfully account for the histor-
ical order in which symbolic invention unfolded.

This natural history of human cognitive emergence, and particu-
larly the last part of the scenario, started off as a highly speculative
enterprise. But in fact there have been fewer degrees of freedom in
constructing an evolutionary account than one would have expected.
Each of the three transitions has involved the construction of an en-
tirely novel, relatively self-contained representational adaptation—
that is, a way of representing the human world that could support a
certain level of culture and a survival strategy for the human race.
Each style of representation acquired along the way has been retained,
in an increasingly larger circle of representational thought. The result
is, quite literally, a system of parallel representational channels of
mind that can process the world concurrently.

This concurrence may be illustrated in common modern theoretic
institutions, such as symposia or public lectures. All the elements of
human cognitive evolution come into play. The symposium or lecture
will take place in an established mimetic framework; the audience,
lecturer, and outside world all understand the unwritten mimetic rules
of behavior governing their roles in the event. The lecture proper
usually combines a spoken narrative with pictorial, ideographic, and
phonological visual devices, using all three visuographic channels de-
scribed in this chapter. The lecturer is also embedded in a social
framework, replete with symbols and signs of status, credibility, and
power. The audience and lecturer alternate between various media and
cognitive levels. The lecturer says one thing while illustrating an-
other, while the audience registers yet a third message, embedded in
a complex fabric of communication surrounding the event. Other
players in the symposium may use gestures, ideograms, analog mod-
els or logograms; logic might dominate, and then induction. The
minds of the participants harness every symbolic device the human
race has painstakingly invented over the last 200,000 years, to the
common end of modeling, in the external arena, some idea. Working
memory becomes a loosely accessible, shared, and highly selective
field of the external store. Individuals construct and exchange narra-
tive commentaries and move easily within their shared mimetic
framework. And ultimately the refined product of the exchange will
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be developed, manufactured, and stored externally. The participants
in this event are clearly hybrid minds, whose hybrid structure is still
in the process of evolving,

Visuographic invention and the resulting growth of external sym-
bolic memory media have altered the nature of working memory and
the role of biological memory in humans. The major locus of working
memory, for theoretic endeavor, is now external, and the major slave
systems of working memory are also external: the true visuospatial
sketchpad is the external working memory field, or EXME, and the
written narrative is much more important than the articulatory loop,
or inner speech, at least in constructing a finished theoretic product.
This is because permanent external devices allow an iterative, inter-
active thought process to operate repetitively on its own products;
and, more importantly, the thought process itself can be largely exter-
nalized and institutionalized. Since external memory devices can pro-
vide a linkage to all preceding levels of cognitive evolution, they also
serve in the construction of an integrative field, where the products
of various types of thinking can be juxtaposed and combined.

Metalinguistic skills have been essential to human success with the
ESS system and have been the core of educational curricula for two
millennia, starting with classical rhetoric and moving through various
additional stages. The curricular focus has moved from speech to
script; from overall narrative structure to the intricate thought skills
embedded in grammar, logic, and induction; and from extended nar-
rative model building to the construction of increasingly specialized
theoretic products. The entire theoretic complex of visual symbolic
devices, memory management skills, and related metalinguistic skills
was completely novel and constituted a new human representational
apparatus of unprecedented power. The resulting cognitive architec-
ture is a hybrid structure of great internal and external complexity,
very far removed from our closest genetic relatives.

The very recent combination of this new architecture with elec-
tronic media and global computer networks has changed the rules of
the game even further. Cognitive architecture has again changed, al-
though the degree of that change will not be known for some time.
At the very least, the basic ESS loop has been supplemented by a
faster, more efficient memory device,that has externalized some of the
search-and-scan operations used by biological memory (Figure 8.8).
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Figure 8.8  Juxtaposition of human representational architecture with the develop-
ing global electronic information environment. Many ordering rules and search func-
tions thatwere entirely internal to biological memory are now resident in external
memory systems. A variety of other cognitive operations are now entirely offshore,
that is, found only in external memory. Most operations, however, still employ the
EXMF loop. EXMF: external memory field; E: episodic memory; M: mimetic control-
ler; L: linguistic’ controfler.

The computer extends human cognitive operations into new realms;
computers can carry out operations that were not possible within the
confines of the old hybrid arrangement between monads and ESS
loops shown in the last few figures. For example, the massive statis-
tical and mathematical models and projections routinely run by gov-
ernments are simply impossible without computers; so, more omi-
nously, are the synchrony and control of literally millions of monads.
Control may still appear to be vested ultimately in the individual, but
this-may be illusory. In any case, the individual mind has long since
ceased to be definable in a meaningful way within its confining bio-
logical membrane.

The globalization of electronic media provides cognitive scientists
with a great future challenge: to track and describe, in useful ways,
what is happening to the individual human mind. The architecture of
mind has evolved rapidly when viewed against the background of ear-
lier evolution, and the rate of change seems to be accelerating rather
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than diminishing. The number of possible temporary configurations
between monads and the ESS has increased, and the individual expe-
riences a feeling of greater choice. But the role of the individual mind
is changing, not in trivial ways but in its essence. And these changes
need watching.
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Transcending the Episodic Model of Mind

The dominant theoretical model of mental structure in this century
has been implicitly a neuropsychological model, and the central figure
in that tradition has been D. O. Hebb. Hebb (1949) built a theory of
mind that served as a valuable vehicle for integrating the findings of
apparently disparate fields, namely Gestalt psychology, behaviorism,
and functional neuroanatomy. At the center of Hebb’s neuropsycho-
logical theory was a model of memory; he recognized that this was a
theoretical necessity, since all higher functions rest on the foundation
of memory.

Hebb’s central memory devices were “cell assemblies,” self-propa-
gating loops of neurons formed by synaptic growth during learning.
These could be organized into larger “phase sequences” that formed
the physical basis of “semi-autonomous” mental processes. These
phase sequences, in turn, could be activated by endogenous (internal)
as well as exogenous sources of stimulation, allowing the mind a de-
gree of independence from environmental determinants of behavior.
This was a major break with the hard-line behavioristic tradition that
dominated at the time.

Hebb'’s ideas had a major impact on cognitive theory. He believed
that the cell assemblies that determine a specific behavior pattern
could be electrically active in the short-term, while long-term mem-
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ory storage took the form of a permanent structural change in neural
synapses. Thus, Hebb introduced the idea of a labile, neuroelectrical
short-term memory store that determined both the contents of con-
sciousness and the specifics of particular behaviors. This idea has re-
mained enormously influential.

Hebb’s theory lacked detail, but during the ensuing decades his ba-
sic ideas have been expanded and supported by various fields of inves-
tigation. The idea of a temporary store has survived in various guises,
most recently in the concept of working memory, reviewed in Chapter
8. The synaptic basis of long-term memory storage has been a recur-
rent theme—for instance, in the epigenetic neuronal selection theory
of Changeux (1985) or in Edelman’s (1987) concept of the “secondary
neuronal repertoire,” both of which ultimately place behavioral learn-
ing in neuronal matrices or networks formed by altered synaptic pat-
terning. The idea of automatic perceptual learning in neural networks
induced through repetitive stimulation of neuronal lattices has sur-
vived in both Edelman’s neuronal theory and in the recent connec-
tionist theories of McClelland and Rumelhart (1986). Moreover, from
Broadbent (1958) to Anderson (1983), cognitive psychology has re-
tained Hebb’s implicit architectural model of mind.

Hebb’s model of mind, and most of its successors, did not attempt
to deal with any of the uniquely human stages of representation that
I have proposed in this evolutionary scenario. Basically, Hebb wanted
to explain how perceptual learning was possible, how associations
might be formed in the nervous system, how general conceptual de-
velopment might be related to the amount of association cortex, and
why intelligence, broadly defined, was difficult to localize. Conscious-
ness was seen as an epiphenomenon, a by-product of reflective short-
term memory. In this context, the progress from ape to human ap-
peared to be a seamless and graduated shift, in which the overall
power, but not the basic structure of mind, could change. Humans
and apes shared the same memory structure, according to Hebb, the
same perceptual systems, and the same associationistic mental pro-
cesses; the differences were of degree. In effect, Skinner’s behavioris-
tic agenda was realized in the nervous system with Hebb’s theory. At
the same time, Gibson's neo-Gestalt perceptual ideas were given a
neural foundation. But systems of symbolic representation were
left out.
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Hebb’s theory of mind was thus exclusively a theory of episodic
mind. Similarly, its descendants in modern connectionism, neural
network theory, and perceptual psychology are primarily theories of
episodic knowledge and behalvior.. Thi_s is not a problem in traditional
physi_ological psychology, which is 'b‘mlt on an.lmal res.earch and th'ere-
fore somewhat limited in its cognitive objectives. It is a very serious
problem, however, in neuropsychology, which is built on human neu-
rological research. And it presents a major obstacle to anyone who
wishes to generalize a theory of mind from animals to humans. It is
also a problem for any computational theory that purports to simulate
uniquely human processes like “reading” or “speaking” with a non-
referential solution. For example, the PABLO or TRACE simulation
models described in McClelland and Rumelhart (1986) should not be
seen as models of reading or speech comprehension but rather as
models of basic visual and auditory pattern recognition. Strictly
speaking, these are not even episodic models; episodic storage is not
(vet) built into them. They are able to attain a degree of categorical
recognition, which is no mean achievement, but they should not be
misunderstood as models of “reading.”

One implication of the theory put forth in this book is that Hebb’s
conceptual (episodic) nervous system, and its recent derivatives, have
been encapsulated in humans by our more recent cognitive acquisi-
tions. Episodic mind may be organized along similar principles in an-
imals and humans, but the locus of attentional control, and the nature
of consciousness and thought, are different in humans because of the
ascendancy of mimetic and linguistic representation and the external-
ization of symbolic memory. It follows that generalizations about the
localization and organization of higher mental processes cannot be
made from animals, even apes, to humans, except for the purely ep-
isodic aspects of behavior.

By pointing out the limitations of such models, I do not wish to
imply that we cannot learn anything from them. On the contrary, the
entire enterprise of understanding the human mind would founder if
we did not possess the fruits of comparative research, and as Edelman
points.out (1987), we have to start with a solvable problem. However,
it is useful to be as clear-minded as possible about the demarcation
lines between the types of models that are direct extrapolations of
animal research, which rest upon theory-building habits inherited
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from the Hebbian tradition, and models that try explicitly to accom-
modate uniquely human features of mind.

Where Is the Homunculus?

Psychologists working in the human engineering tradition, such as
Broadbent (1958), took a position that was roughly similar to that
taken by Hebb. They proposed a single central processor at the center
of mind whose activity was more or less synonymous with conscious-
ness. The central processor was the locus of working memory, percep-
tual awareness, thought, and all reflective conscious control of behav-
ior. The central processor was placed at the peak of a monolithic
system; it was the ultimate arbiter, the multimodal unencapsulated
locus of thought. Even Fodor (1983), viewing the human mind from
a more philosophical vantage point, supported the central processor as
a necessity, while disavowing monism in subsequent computational
work (Fodor and Pylyshyn, 1988).

But there is a not-so-covert homunculus lurking in all such models;
the homunculus reads the codes and interprets them, tells the articu-
latory system whether its outputs are meaningful, invigilates the
written scribbles of the hand for good sense, and monitors spoken
words for a match to its instructions. It searches through mental dic-
tionaries for word meanings, picks up the grammatical tags Chomski-
ans think words carry, and then matches the “deep structures” of sen-
tences against some criterion of meaning. It reads the events of
perception directly, then checks out the narrative descriptions cranked
out by the language system for veridicality.

The central processor thus formulates, encodes, and has access to a
system of knowledge. It is the semantic daemon of the current ver-
sion of pan-daemonium; it manages and interprets all the mechanistic
systems dreamt up by cognitive scientists, gives them direction and
meaning, and structures their memory systems as a bonus. Without
the knowledgeable central processor (the homunculus), the mind ap-
pears to be as empty as any computer.

But do such inherently homuncular models have any advantages
over prior, supposedly less sophisticated, ones, such as medieval ideas
about agent intellects? And what about clockwork Cartesian formal-
isms, like transformational grammars, that allude vaguely to the all-
powerful “semantic systems”; are they not also inherently homun-
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cular? Are they not really avoiding the central question of meaning?
Of course they are; implicit homunculi are just as suspect as the ex-
plicit homunculi of old-fashioned dualists.

And computational science isn't any less homuncular in its ap-
proach than cognitive psychology. While arguing against the need for
a central processor, Minsky (1985) has attempted to replace it with
myriads of subroutines and networks called “agents.” Minsky holds
that the unity of behavior and consciousness is an illusion; mental
processes are a product of competition and cooperation between thou-
sands of independent subroutines that constitute what he calls the
“society of mind.” The subroutine temporarily in command unifies
behavior and creates the illusion of a central processor. What Minsky
is really suggesting is that we replace the traditional homunculus with
platoons, indeed entire armies, of homunculi; it is difficult to accept
that this is a significant improvement in the state of our metaphysics.

Fear of the homunculus begets irrational behavior in cognitive
scientists. They dread the truth: in a tiny slab of brain there resides a
consciousness capable of all we have achieved and experienced; and
obviously, on one level, there is a homunculus. The homunculus is
synonymous with the reflective, conscious mind, and somehow,
somewhere in the protean parenchyma of mind, it must reside. It
cannot be explained away as an epiphenomenon, “reduced” to algo-
rithms or neuronal nets, or simply denied existence. It is the main-
stream problem, the principal phenomenon under investigation. It is
no help to call it a central processor, when the central processor pos-
sesses virtually the same properties as the homunculus.

Simulating Cognitive Evolution

Of course, to admit this exposes the full extent of the challenge facing
cognitive science. The modern human mind is not a simple medieval
clock; it is not a radio or telephone switchboard; it is not a system of
clever software; and it is most definitely not a general-purpose com-
puting device like a Turing machine. These things are its inventions,
products of its culture. They are no more than the metaphors it cur-
rently uses when contemplating itself. We do not even know whether
the neural metaphor, which at least is a product of direct investiga-
tion, is apt.

A cognitive—evolutionary approach, such as the one developed in
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this book, does not “solve” the problem of the homunculus either, in
the sense of reducing it to a mechanistic or computational solution.
But an architectural scheme can be valid and verifiable even if many
of its observations remain, for the moment, outside the reach of a
reductionistic explanation. And at least this approach does not ignore
the problem or sweep it under the carpet: representational systems
are acknowledged as the driving force behind, and an integral part of,
each new cognitive transition. In fact, the essential cognitive adapta-
tion underlying each of the three great cognitive transitions in hu-
man evolution is a new system of memory representation.

Churchiand (1986) has extensively considered the problem of rep-
resentation in the nervous system, and she believes in the long-term
promise of nonreferential connectionist models of cognition, such as
those offered by McClelland and Rumelhart (1986). Connectionism
has become a virtual movement or school in modern psychology. It
started with simulations of neural nets, and then extended the same
principles to human memory and learning, recapitulating on comput-
ers many of the cybernetic and neurophysiological debates of the
fifties and sixties. But the leap from the current level at which con-
nectionist models are pitched to simulations of symbolic reference and
linguistic invention will not be an easy one. In fact, it would appear
that computational science must be faced eventually with having to
retrace the steps of cognitive evolution. Retracing cognitive evolution
appears to be out of the reach of current technology and knowledge,
but I readily concede the possibility (without trying to guess the prob-
ability) that connectionism might someday successfully model the
processes underlying the perception of objects, three-dimensional
space, and the image of one’s own body in space.

The reason connectionist models are attractive is that they try to
model the brain and mind with a nonsymbolic (sometimes called non-
representational) strategy. Like a primitive nervous system, a connec-
tionist network constructs its own perceptual version of the world,
without relying on a symbolic system given to it by a human opera-
tor. Such models are very rudimentary at present, but in principle
they could be made much more powerful. Perhaps these types of
models might eventually encompass something as complex as social
event perception, the highest achiexvement of episodic mind, where
objects in juxtaposition are resolved into a perceived “situation.”
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However, it is not obvious how a connectionist network could handle
the level of abstraction and variability demanded by social event per-
ception, and therefore I see this eventuality as very far off.

If connectionism travels that far, it will approach the rim of the
episodic world, and at this point it might be possible to assess whether
something even more complex, such as mimetic representation, might
be tackled. The mimetic mind is intelligent—very intelligent indeed,
when compared with any of its predecessors—and yet it does not pos-
sess words or their equivalents. As shown in Chapter 6, it is a level of
mind that is capable of reference, generative representation, recur-
sion, and so on; and yet it remains prelinguistic in its achievements,
concrete, and incapable of reflection. The first formal model of truly
human representation, far in the future, will have to cope with the
problem of mimesis before it considers the problem of linguistic in-
vention. This will undoubtedly prove very difficult; but there is no a
priori reason for complete despair. If event representation can be
solved in a connectionist framework, mimetic representation might
also prove solvable in a similar way. Of course, following the scenario
outlined in this book, a successful connectionist model of mimetic
skill would ultimately have to be able to represent its perceptions of
complex events in terms of its own outputs, spontaneously and inten-
tionally—a tall order indeed. To consider this as a realistic possibility
requires a great leap of faith (which many adherents to the connec-
tionist dream have evidently already taken).

Having come this far, future modelers might redefine the problem
of language in ways that are not obvious to this generation. At pres-
ent, we are left with models of language that remain locked into what
Churchland (1986) calls the “sentential paradigm”; a sentential
theory holds that semantic systems are built upon propositions that
can be formed into sentences. ruled by logic. Such theories assume the
pre-existerce of symbols and minds adept at their rule-governed use.
Thought thus becomes, in Churchland’s words, sentence-crunching.
The main difficulty with sentence-crunching models is their a priori
assumption of a symbolizing mind: some intelligent animals (and
some deaf-mute humans) are able to think but do not appear to pos-
sess any form of language. If thought is essentially sentential, how
could this be possible? Fodor (1975) suggested that the mind might,
in some cases, use a “language of thought” that represents proposi-
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tions, even though it lacks the production systems for speech. Unfor-
tunately, this position leads to an infinite regress; how does the lan-
guage of thought validate its referential material? How does it differ
from language itself? How does it help?

The progression from simulations of mimetic representation to
models of oral language and narrative skill will be even more difficult.
The simulation of mind, having finally achieved the spontaneous mi-
metic modeling of its world, will have to progress to symbolic inven-
tion, and then to some form of rule-governed language use based on
the nature of its own modeling objectives. To be an accurate simula-
tion, it will have to cross the abyss from nonsymbolic to symbolic
representation, and spontaneously develop narrative models, invent-
ing and assigning symbols for a variety of purposes. There is no par-
ticular reason why such a powerful simulation should prefer sound
rather than visual displays when communicating with humans (or
perhaps it would no longer need or want, at this stage, to communi-
cate with humans), but linguistic modeling would be an essential skill,
if it were to be able to reproduce our peculiar cognitive profile. At
present, I see no basis for such a breakthrough, but science has always
flourished on optimism and faith in the future, and I have no reason
to doubt that such a push forward might someday become possible.
However, optimism must be tempered with realism; anyone who ig-
nores the problem of reference is doomed to failure. It cannot be ig-
nored; nor can it be deferred, like the spiraling national debt of the
eighties, in the hope that no one will notice.

Consciousness in a Hybrid System

Within the context of the hybrid mental architecture proposed in this
book, consciousness can take many forms. The subjective nature of
consciousness depends entirely on the momentary locus of control in
the central representational systems. Consciousness has many defi-
nitions, but it is mostly about control and reflection. In an episodic
system, consciousness is episodic: situation-bound, and concrete.
This is because control resides at the peak of the episodic system, in a
device that undoubtedly resembles the central processors of Hebbians
and their descendants.

Broadly speaking, the mimetic and oral-narrative systems nor-
mally dominate human consciousness. This is because the locus of
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control in humans has shifted to the highest, most recently evolved
cognitive structures. Moreover, whenever external memory devices
enter into the temporary architecture of mind, they tend to become
dominant. They can also serve to reconfigure the mimetic and oral-
narrative regions of mind in ways that would not have been possible
before the third transition. In effect, all three of the distinctly human
representational systems can serve as the temporary center of control,
and since they can also function in parallel and be programmed to
alternate with one another in various systematic ways, the subjective
quality of consciousness may be extremely rich and varied.

In the hybrid scheme proposed here, the functional locus of “con-
sciousness” can shift, depending upon the representational system
currently in command. What we experience as basic, unreflective
awareness probably corresponds somewhat to direct episodic experi-
ence, uninterpreted by any of our representational systems. Such un-
reflective states are probably as close as modern humans can get to
the episodic cultures of higher mammals. In such a state, the absence
of mimetic or linguistic representation concedes control to episodic
cognitive structures, by default.

Predominantly mimetic states of awareness tend to be event-
oriented, action-based, and usually socially interactive. Above all, and
in contrast with unreflective episodic experience, mimetic states take
an active, modeling approach to experience. The invention and prac-
tice of sport, games, dance, ritual, and craft without the engagement
of verbal thought are typical of such states; and any extended, inten-
tional nonlinguistic expressive exchange would reflect a predomi-
nantly mimetic state of awareness. Such exchanges are more common
than most modern humans think. Subjectively we have the impres-
sion that we verbalize continuously to ourselves, if not out loud. But
it is common, especially in large, anonymous crowds of people, to
behave in a relatively pure mimetic manner. Thus, in church, in sta-
diums, in large demonstrations, in civic celebrations, and in various
collective rituals humans behave in ways that belie an unreflective
understanding of the social order, and in ways that are collectively
representational, but not linguistically based. In such situations, lan-
guage is often relegated to a support function, and the entire frame-
work of social exchange is mimetic.

When awareness is predominantly oral-linguistic, as it is most of
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the time in modern humans, the picture is much more complex.
However, if we do not confuse the meaningfulness, or semantic con-
tent, of such awareness with the state of being linguistically aware,
the picture is somewhat simplified. A focused conversation or debate
might approach a pure state of oral-linguistic awareness. It has a pho-
nological character, dominated by what Baddeley (1986) calls the “in-
ner voice.” It is also capable of being more abstract and discourse-
oriented, engaging metalinguistic skills, as it does in myth. But oral
language ultimately depends on the incessant rehearsal and recycling
of common sentential utterances and remains very heavily dependent
on the auditory forms of its material. A purely oral-narrative con-
sciousness would have great difficulty overcoming this limitation.

In all of these cases, the locus of attentional control is determined,
to a degree, by default. In the hierarchy of central representational
systems described in the first part of Chapter 8, the linguistic con-
troller is at the cognitive peak, and therefore in theory it can encap-
sulate the other systems by modeling their outputs. But if it is not
engaged, control defaults to the next representational level, the mi-
metic. And so on; control is flexible, and allocated on the basis of the
structure of representation at any given moment. In this model there
is no need for a unified central “supervisory system” like that of Shal-
lice and Norman (Chapter 3), or any other kind of unitary central
processor. The locus of conscious control resides in the representa-
tional systems and depends entirely on their momentary patterns of
activity. Baddeley (1986) has acknowledged that, in principle, this
type of sharing arrangement is a viable alternative to the notion of a
single central executive system.

Since the various human representational systems can all become
active in varying degrees at the same time, we can experience quite
subtle and complex states of consciousness. Theatre and cinema, and
other multimedia art forms such as opera, use this capability of par-
allel representation to weave the human mind into such “compound”
states. A well-made film in particular can tease the brain simulta-
neously on the episodic, mimetic, and linguistic levels, sometimes
conducting a different theme on each level. Thus, a scene in a horror
film might contain an apparently innocent conversation with one or
two different levels of linguistic content, while the overall unfolding
mimetic scenario elicits growing terror, and the actual individual epi-
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sodic events portrayed contain a series of disconnected shocks, objects,
and events that alternately distract, contradict or support various ex-
pectations in the minds of the audience.

The presence of explicit visual representational symbolism changes
the picture further. Awareness during a conscious state dominated by
the external symbolic storage system is harder to pin down, because
control can reside in so many loci. It can have a primarily visual na-
ture, but even within this framework it can be pictorial, ideographic/
analog, or linguistic in content, and visuosymbolic control ‘of con-
sciousness can therefore have a variety of manifestations. Nonvisual
ESS-interactive states are possible, especially through the medium of
sound, but also through touch, as in Braille reading. The point is,
awareness “resides” in, or has the flavor of, the dominant represen-
tational system of the moment.

Without doubt the more complex forms of writing, such as that
found in advanced ideographic languages, depend on more than one
representational system for their operation. The combination of al-
phabetic print, graphics, and ideographs in various media “plays” the
mind’s representational systems in parallel. This can be carried to an-
other level of abstraction: modern novels have progressed in their
format from the straightforward early narratives that were largely
dependent on linguistic modes of awareness, to subtler devices that
can indirectly evoke a kind of multimedia effect in the brain, even
though they are restricted to print. Thus, a story like Poe’s “Masque
of the Red Death” elicits all the conflicting emotions and parallel mi-
metic and linguistic scenarios that a film might evoke. This is because,
even when reading a sequentially strung-out series of visual symbols,
the reader’s brain is able to track the story mimetically. Evidently the
reader is able to construct, from printed alphabetic and ideographic
symbols, a mimetic scenario. Thus the linguistic controller can not
only interpret and model mimetic outputs but can configure and re-
elicit such outputs at will.

The focus of consciousness can shift quickly, switching the viewer
from one locus of control to another with great ease. This can be done
voluntarily; many rituals, including forms of meditation, are an at-
tempt to temporarily reduce the dominance of linguistic, and espe-
cially analytic, thought. But alternations in the locus of conscious
control are fairly routine; events may flip the mind of the viewer
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rapidly through a series of states in which control resides alternately
in imagery, sound, narration, logic, mimetic expression, analog mod-
els, ideograms, or a combination of these.

In controlled media like television, where viewing time is moni-
tored in mere seconds, the consciousness of the viewer is seldom al-
lowed to coast or slow down. It is driven from one state to another on
a tightly programmed roller-coaster that remains entirely under ex-
ternal control. Humans have very few means of self-defense against
such devices. Looked at purely in terms of traditional structure, it is
highly probable that extensive multimedia experience of this sort
throughout childhood, completely under external control, might do
much more than “open up” the mind to new experiences. It could
also have an extremely disorienting and scrambling effect on tradi-
tional human mental architecture. Alternatively, it might also enable
and evoke some interesting new kinds of knowledge structures; but
this question would need much more consideration than is possible in
this brief chapter.

ESS-interactive states can also serve to reflect upon, and expand,
the activity of the oral-narrative system. This is one of the most
commonly employed loops through the external memory field; for
instance, a speaker might generate an oral-narrative idea that is then
transcribed into a purely visual medium, such as a painting. The vi-
sual idea then gradually evolves on its own; and as the visual meta-
phor grows more complex, it outpaces the original verbalized idea,
establishing its own symbolic identity and meaning. In such an inter-
action, the visual and narrative representation are complementary.

Attentional control ultimately rests at the top of the dominant
component of the hierarchy. It follows that, in a multicomponent sys-
tem like the one described here, the locus of attention is highly mo-
bile. Moreover, the locus of attentional control can reside, at least
temporarily, in external memory. In the case of television, the viewer
yields control to the external system, the screen becoming the exter-
nal memory field (EXMF). This exporting of control is usually vol-.
untary and reversible, and the degree to which control is truly ex-
ported is debatable.

The extent to which a viewer of television, or for that matter a
reader of any external medium, yields attentional control to the de-
vice is relative to an active, evaluative attitude on the viewer’s or read-
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er’s part. The important difference between active and passive com-
prehension of external symbolic material is in the primary locus of
control. Active evaluation, and all expressive skills, even those di-
rectly dependent on the EXMF, remain under internal attentional
control. Thus, there is nothing inherently uncontrollable about exter-
nal symbolic storage, provided that the monadic individual mind is in
an expressive or actively interpretative role. Those unable to assume
such a role, however, will risk complete domination by external me-
dia, to the extent that the media may even structure their experience
at the episodic level.

Localization after the Third Transition

Would consciousness reduce to right- and left-hemisphere modes in
this scheme of things? It would appear not, since mimesis normally
involves both hemispheres, and so does language. Certainly, since
many states of normal awareness evoke all representational systems
in parallel, consciousness cannot be assigned to only one hemisphere.
Some key linguistic functions seem to be left-lateralized, but it would
be a gross exaggeration to claim that verbal thought is an exclusively
left-hemisphere mode of consciousness. “Visual thought” is also an
imprecise term in this context. Some forms of visual thinking are
episodic: for instance, mental rotation, simple visual problem solving,
and probably simple image generation. Other kinds of visual thinking
are representational, either on the mimetic or ideographic-analog
level. There is no evidence that all forms of visual thought are re-
stricted to a single hemisphere.

Therefore the commonly taught left-right division of function be-
tween visual thought in the right cerebrum and verbal thought in the
left paints an oversimplified, misleading, and confused picture. We
have no reason to believe that episodic uses of vision are lateralized at
all. And studies of image generation, which place visual imagery on
the left, are hard to read because the source of “image generation”
will always depend on the representational system in control. The
image-generation research reviewed by Farah (1984) that purported
to place image generation in the left hemisphere (see Chapter 3) was
at least partly confounded with language representation. Neurological
patients were asked to retrieve images on the basis of verbal instruc-
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tions, or to retrieve images that were essentially tied to verbal repre-
sentation, such as the letters of the alphabet. Their responses de-
pended upon the language system as well. Thus, they were not being
asked simply to generate images but to generate and describe images
from the vantage point of the oral-linguistic system. Farah’s left-
damaged patients, who apparently had difficulty with visual-image
generation, might therefore have suffered from a Geschwind-style
disconnection syndrome, or some other language-dependent deficit,
rather than an isolated deficiency in active visual imagery.

Mimesis is a complex skill system, and as concluded in Chapter 6,
there is no reason to believe the mimetic system is lateralized exclu-
sively to one hemisphere. Mimetic representation incorporates sight
and sound, body movement, and facial expression and relies on a va-
riety of brain systems. Yet it stands as a hierarchical system and holds
together as an integral class of representation. As shown in Chapters
3 and 6, mimesis is also extremely robust after brain injury. It cannot
be reduced to some simple dimension like “serial motor control” or
“praxis.” Kimura’s apraxic aphasics are often held up as major evi-
dence in support of the left hemisphere’s monopoly on serial praxis
and generativity; yet those patients typically retain most of their mi-
metic skills, including most of the generative nonlinguistic expressive
skills described in Chapters 5 and 6. Moreover, right-hemisphere
stroke patients suffer a variety of major disturbances in conscious-
ness, but their mimetic skills usually do not appear to be affected.
Thus, neither left- nor right-hemisphere injury creates a completely
dysmimetic person, even when the injury occurs after puberty, when
cerebral lateralization seems to be well established.

Reading and visuographic skill in general present an even more
complex picture with regard to brain localization. Reading arrived too
recently to depend on a major new neurological adaptation. Yet, as
pointed out at some length in Chapter 8, visuographic skill depended
on, and encouraged, a drastic reconfiguration of human cognitive ar-
chitecture and a redeployment of control processes like memory man-
agement and attention. Whether ideographic or alphabetic, reading
placed unprecedented demands on visual processing and memory. The
volume of visuographic encoding demanded by our society, including
the learning of specialized languages«in the mathematical, computa-
tional, and engineering fields must have changed the visual memory
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load on the brain. In addition there are the subtle visual-semiotic
rules of artistic, musical, literary, cinematic, and other nonscientific
conventions, and the massive amounts of quantitative information
routinely digested by workers in practical fields—for instance, finan-
cial traders and managers. These are testimony to a modern recon-
figuration of the human visual brain of truly heroic proportions.

But the localization of these expanded visual skills, and particularly
of visuographic codes, is problematic. It is not enough to say that the
“higher visual areas” might simply have differentiated and redirected
their use as the new load on the visual brain was gradually increased.
A simple expansion of known visual areas, due to heavy use, might
be expected to affect synaptic patterning and tuning in fairly minor
ways, perhaps like those observed by Merzenich and colleagues (1987)
in the somatosensory regions of monkeys. Increased capacity in a
highly specialized brain region seems only to result in a wider reper-
toire of the same specialized behaviors, but not in a qualitative change
of function. This is true even if the increased size has a genetic basis;
Nottebohm (1984) has observed that marsh wrens that have larger
song regions in their brains simply have a bigger song repertoire than
other birds, but not some qualitatively new vocal function.

Expansion of the human brain regions concerned with visual per-
ception would not necessarily support a novel skill like reading. This
is because reading is not primarily a visual skill; it is a thought skill.
The invention of pictorial, ideographic, and phonetic uses of visual
symbols came as part of a novel set of human thought skills, involving
not only vision but a whole array of components at the representa-
tional level which appear to be distinct from speech. The pictorial and
ideographic routes are easiest to understand in this regard, because
they stand clearly apart from spoken language. When an artist exhib-
its a painting, he might try to “explain” it orally; but his message is
essentially visual, and the visual “vernacular” by which it may be
comprehended cannot usually be reduced to a verbal formula. It is
mimesis, but crafted mimesis, locked into the external memory field.
The same principle applies to ideographs, and in this case a linkage to
language is added. The brain needs more than perceptual or episodic
skill to interpret what it sees; it needs several sets of encoding rules.

Should we expect there to be any consistencies in the neuronal or-
ganization of visuographic skill? Neuropsychological evidence from
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the study of deep dyslexia proved useful in arguing the case for sepa-
rate ideographic and phonetic paths in reading; but does it help in the
precise localization of these processes in the brain? The short answer
would appear to be that, no, it does not. Scrutiny of case histories in
this area of research provides evidence against precise localization of
reading paths in a fixed brain region.

Deep dyslexia often occurs as part of a complex neurological syn-
drome that includes other symptoms, notably Broca’s aphasia, agram-
matism, impaired writing and spelling, and a comprehension deficit.
Coltheart, Patterson, and Marshall (1980) reviewed the brain lesions
underlying five well-documented cases of deep dyslexia and found
that all of them had extensive left-hemisphere damage in the speech
regions, including the inferior frontal area (Broca’s region), the insu-
lar region, and the superior temporal (Wernicke’s region) and supra-
marginal gyrus: in other words, they had usually sustained injuries
to the entire perisylvian region. The “semantic” errors made by these
deep dyslexic patients, who read “flask” for thermos, “wait” for
pause, or “eyes” for glasses, and their near-guesses showing that they
were close to finding the meaning of a word, such as “a high person,
a queen” for protocol—these errors typically occurred only after the
virtual destruction of the classical speech regions.

The remarkable thing about these patients is not that they have
serious language difficulties but that they have any residual language
function at all. This fact alone argues against fine-grained localization
of specific reading functions in the way classical localization theory
would have preferred. However, it does allow for a degree of gross
localization, in that the left perisylvian area appears to be more critical
than the right. Some researchers have invoked the right hemisphere
in their explanation of residual reading function in deep dyslexics
(Schweiger, Zaidel, Field, and Dobkin, 1989). They reason that if the
ideographic reading route is on the right side, deep dyslexics with left-
sided injuries to the brain might be relying on it. But if this was the
case, why don't the isolated right hemispheres of split-brain patients
act like deep dyslexics? And why isn’t deep dyslexia more common
after left-sided strokes and other injuries?

Other researchers attribute the unusual reading patterns of deep
dyslexics to “residual” left-hemisphere reading areas, spared from in-
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jury. Roeltgen (1987) described the case of a man who was left with
deep dyslexia after a left-sided stroke; the stroke had destroyed Wer-
nicke’s area and some adjacent cortex, including the supramarginal
gyrus. Three years later, he suffered a second stroke, also on the left,
that abolished all his residual reading ability; the second stroke evi-
dently destroyed the remainder of the speech regions on the left side.
The author concluded that his patient’s residual reading capacity dur-
ing the three years between his first and second strokes must have
depended on the areas destroyed in the second stroke, which were on
the left side. The right-hemisphere hypothesis was obviously not sup-
ported in this patient. The odd thing about Roeltgen’s theory is that
the residual left-sided cortical regions that seemed to support a deep
dyslexic reading pattern between the first and second strokes are not
normally included in the classical model of reading. His patient’s sec-
ond stroke was in the Rolandic face area, a motor region, and the
middle part of the superior temporal gyrus, which are normally
thought to be more important in speaking and listening. One looks in
vain for a role for these areas in the many anatomical proposals for
the human reading pathways.

One way to resolve some of these anomalies (and they are notatyp-
ical) is to abandon the idea of rigidly fixed localization for reading.
Neuronal input pathways are genetically fixed, and therefore the ini-
tial access routes to the visuographic systems are anatomically con-
strained. This might explain why some data are in line with the clas-
sical model; for instance, in some cases of developmental dyslexia,
there is evidence (Galaburda and Kemper, 1979) that the deficiency
might be due to abnormal development in Wernicke’s region. But
there is a broader evidential base for asserting that the entire left
perisylvian region, and possibly the right as well, is involved in read-
ing and related linguistic functions. If it could be shown conclusively
that the precise pattern of use of the perisylvian region varied among
individuals, these cases would no longer seem like anomalies but the
inevitable consequence of individual variability in the maturation of
the language brain. Such individual variability might be predicted for
a skill that is not species-universal and lacks a fixed genetic basis.

But this is not to say that reading skill is without a distinct neuro-
psychological structure; there is good evidence for the anatomical as
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well as functional independence of the ideographic path from the pho-
nological reading route (their functional independence was established
in Chapter 8). In the case of dyslexia in a Japanese man (Hayashi,
Ulatowska, and Sasanuma, 1985) known as T.O., who showed pres-
ervation of ideographic (kanji) reading, with virtually complete loss
of phonological (kana) reading, pronunciation skill must have been
intact, since the ideographic kanji symbols could be read correctly.
The patient had selectively lost phonological conversion skills without
losing the ideographic reading path, confirming the existence of a dif-
ferent, or at least partly different, physical locus for it. The separate-
ness of this path has been confirmed, but it should be emphasized that
its exact anatomical location remains unknown and might also be var-
iable from individual to individual.

If reading skills are hard to fix into a common pattern of localiza-
tion, then the more complex aspects,of theoretic culture, which in-
clude analytic thought, grammatical invention, various metalinguistic
skills, memory-management skills, attentional algorithms, and theo-
retic knowledge itself, are understandably difficult to place in a neat
neurological box. Yet control must reside in the cortex; there seems
to be no alternative. It is difficult to know what expectations mightbe
realistic with regard to the neuronal localization of the complex hu-
man theoretic apparatus.

The most simplistic kinds of neural localization theories, which
place each function in some discrete brain structure—in some nu-
cleus, ganglion, or cortical area or, more recently, in mysterious in-
choate phantasms called “neurotransmitter systems”—cannot be ap-
plied to the changes of the third transition. The theoretical apparatus
supporting the third transition arrived very recently, depends heavily
on external memory, and is determined by patterns of brain use that
appear to be set by the external memory media themselves. For ex-
ample, there is no internal wiring schema to support thekind of syn-
thesis made possible by a scientific diagram; the synthesis is out
there, in the diagram itself. The theoretician depends heavily on a
huge variety of external cognitive props—mathematical notations,
curves, plots, histograms, analog measurements, and technical jar-
gon—to arrive at a theory. Without these things, thoughts of this
kind would simply not be possible) because the end-state or “conclu-
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sion” achieved by the mind is driven directly by the external repre-
sentation itself. The locus of a process like theoretical synthesis would
thus be difficult to attribute to any single part of the internal-external
network that makes up such a system.

Physical Indeterminacy and Singularity

From the comparative anatomical data reviewed in Chapter 4 it fol-
lows that, as the human brain expanded in size, the proportion of
primary and secondary cortex relative to total cortical volume was
reduced, while that of tertiary (association) regions was increased.
Most of the greatly expanded cortical regions in the human brain are
tertiary; that is, they receive great quantities of highly digested in-
puts from all over the brain. They lack a single genetically entrenched
dominant input path; therefore, in theory, maturational competition
could produce a wide variety of different “wiring” schemes in tertiary
regions, depending on the patterns of early experience. In principle,
this would create an opportunity for considerable individual variabil-
ity in the functional organization of the adult neocortex.

This appears to be particularly true with regard to laterality. Bilat-
erally symmetrical tertiary zones would be the most indeterminate
brain regions in their final configuration because competition for syn-
aptic growth would entail lateral redundancies in addition to diverse
intrahemispheric competitive pressures during development. The
consequence of this is probably a degree of physical indeterminacy in
individual localization of function. In other words, while higher cog-
nitive functions must be localized somewhere in each individual, they
might not be localized in the same way from one individual to the
next.

Edelman (1987) has considered this issue in detail and has proposed
a theory of competitive neuronal group selection, which he calls
“neural Darwinism.” In his conception of neuronal genesis, there is
room for a great deal of individual variability in neuronal organiza-
tion; in fact, it is an essential feature of his system. No two animals
will evolve the same nervous system, not even during the earliest
stages of development. The allocation of higher-order neuronal
groups, especially those tertiary structures presumably concerned
with cognition, would thus differ greatly between individuals. Thus,
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by Edelman’s standards, given the competitive maturational environ-
ment in which synaptic growth occurs, there should be a considerable
aegree of physical indeterminacy in the final configuration of each
adult human brain. This indeterminacy would extend beyond the cor-
tex to the subcortical projections of tertiary cortical regions, such as
the basal ganglia and thalamus, and presumably even to brain stem
structures.

Edelman did not try to directly address the question of human
higher function. But if his basic principle—epigenetic selection from
variants generated by the brain’s populations of neurons—applies to
perception, surely it would apply even more strongly to representa-
tional systems further removed from anatomically fixed input and
output paths. And as pointed out elsewhere in this chapter, there is
reason to question in principle the idea of consistent patterns of local-
ization of higher function in humans. Classical neuropsychology has
tended to assume that localization of function follows a roughly sim-
ilar course in each individual, provided gender and handedness are
taken into account. But this principle is almost certainly wrong, given
the competitive maturational environment of neurons at the micro-
biological level and the tremendous culturally programmed changes
in environmental patterning of the brain on the psychological level.

In summary, the degree of consistency across individuals that has
been assumed in neuropsychology may not exist in tertiary cortical
regions at all. This might be expressed as the principle of singularity:
the individual human brain develops a unique functional organization
at the representational level. This has serious implications for optimal
research strategies in neuropsychology; at the very least, it is a very
strong argument in favor of the single-case approach. The regions of
the brain that are most characteristically human—especially the great
expanses of the frontal and anterior temporal lobes—are likely to be
the most malleable neurological structures in nature, taking on many
forms. They are configurable and reconfigurable to a remarkable de-
gree, because their resources are allocated on a competitive basis to
the many input paths impinging on them. In effect, the physical
structure of mind has become less and less fixed as neocortical evo-
lution has progressed. This leaves room not only for the kinds of
radical reconfiguration introduced by literacy but also (presumably)
for larger differences between the brains of individual human beings
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than are possible in primates. It also leaves room for further cognitive
testructuring, possibly in fundamental ways.

Conclusion: Exuberant Materialism

Mental materialism used to be a bad label. Those who opposed it were
called dualists: they believed in the traditional comfortable separate-
ness of mind from the physical world. In most cases, early material-
ists were naive monists; they supported the unity of matter and mind,
as aspects of the same, basically material, universe. This unity usually
took the form of a simplistic “reduction” of mind to matter, an easy
position to demolish. But discussions of the mind-body problem can
often degenerate into semantic quibbles, more vexing than illuminat-
ing. More than once I have been led around a conceptual Moebius
strip by some well-meaning writer—entering the argument on one
side and coming out on the side opposite to the entry point. Enter a
dualist, exit a monist, reenter a monist, exit a dualist, and so on,
forever.

In past generations, the evidence for a straight material explanation
of mind was never seen as particularly convincing, even to the unin-
itiated, and this has led to visionary compromises and tortured logic.
A reading of McDougall's Mind and Brain (1911) leaves the reader
with a vivid picture of the confusion and obfuscation over dualism
that reigned at that time. More recently, Sperry (1966), and Popper
and Eccles (1977) tried to cope with the same set of conceptual diffi-
culties. But none of these authors tried to deal directly with the ma-
terial basis of representation, and their materialism was tentative and
uncertain.

But lately mental materialism is back, with a vengeance. It is not
only back, but back in an unapologetic, out-of-the-closet, almost ex-
hibitionistic form. This latest incarnation might be called “exuberant
materialism.” Changeux (1985), Churchland (1986), Edelman (1987),
Young (1988), and many others have announced a new neuroscientific
apocalypse.

Optimism is basically more productive than pessimism, and exu-
berant materialists are certainly optimists. Neuroscience is in its ado-
lescence, and the field is drunk with its own dizzying growth; how
not to be optimistic? Computational science has outgrown its irre-
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pressible infancy and pulled in its horns but remains determined to
move boldly ahead, confronting the Beast of Representation head-on.
These are exciting times; our view of humanity is evolving alongside
the machinery of our minds. Extending the logic of the last chapter,
perhaps we will ultimately solve the problem of mind by constructing
a new architecture of mind, one that possesses more powerful repre-
sentational tools and is capable of comprehending itself.

One thing is certain; if we compare the complex representational
architecture of the modern mind with that of the ape, we must con-
clude that the Darwinian universe is too small to contain humanity.
We are a different order. We are not just another family within the
superfamily of Hominidae, within the Cattarhine infraorder of the
suborder of Anthropoidae, within the order of Primates. Nineteenth-
century biology was absurdly, grotesquely wrong in its classification
scheme, because it had no adequate vocabulary for assessing the cog-
nitive dimension of human evolution. It was a specialist’s error, a
classification scheme that glorified anatomy and devalued mind.

Our genes may be largely identical to those of a chimp or gorilla,
but our cognitive architecture is not. And having reached a critical
point in our cognitive evolution, we are symbol-using, networked
creatures, unlike any that went before us. Regardless of whether our
current chronological framework is verified or radically changed by
future research, this much is not speculation: humans are utterly dif-
ferent. Our minds function on several phylogenetically new represen-
tational planes, none of which are available to animals. We act in
cognitive collectivities, in symbiosis with external memory systems.
As we develop new external symbolic configurations and modalities,
we reconfigure our own mental architecture in nontrivial ways. The
third transition has led to one of the greatest reconfigurations of cog-
nitive structure in mammalian history, without major genetic change.
In principle, this process could continue, and we may not yet have
seen the final modular configuration of the modern human mind.
Theories of human evolution must be expanded and modified to ac-
commodate this possibility.
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This bold and brilliant book asks the ultimate question of the life sciences: How
did the human mind acquire its incomparable power? In seeking the answer,
Merlin Donald traces the evolution of human culture and cognition from primi-
tive apes to artificial intelligence, presenting an enterprising and original theory
of how the human mind evolved from its presymbolic form.

“Origins of the Modern Mind is an admirable book . .. Its author displays through-
out an engaging enthusiasm, a fertile imagination and an impressive knowledge of

his subject-matter.” — Christopher Longuet-Higgins, Times Literary Supplement

“A fine, provocative and absorbing account of what makes humans human.”
— Kirkus Reviews

“Nowadays one hears . .. that hand-held calculators destroy young people’s
motivation to learn arithmetic. But not to worry, says Merlin Donald, author of
this revelatory but demanding history of human consciousness. He welcomes
the computer, as well as other forms of electronic storage and manipulation of
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