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The perspective of genetic epistenol ogy

This chapter deals with cognitive devel opnent in prehistory
fromthe perspective of Jean Piaget’s genetic epistenol ogy, apply-
I ng concepts such as the concept of sensory-notor intelligence,
preoperational thought, and operational thought to the early de-
vel opment of human intelligence. Follow ng sone introductory re-
mar ks on the application of genetic epistenology in cross-cultural
and historic conparisons, the origin of man and the Neolithic and
the Urban Revolution will be exam ned. Finally, the chapter wll

conclude with a review of genetic epistenol ogy and prehistory.

I ntroductory renmarks

Jean Pi aget devel oped his conception of genetic epistenol ogy
and the categories for describing genetic stages when he becane
awar e of fundanental changes in the thought processes of the de-
veloping child. He identified invariant psychol ogi cal functions
such as assim |l ation, acconodation, equilibration, and reflective
abstraction, which generate a di sconti nuous uni versal sequence of
subsequent stages of cognition, each of which gives rise to spe-
cific cognitive achievenents (see, for instance, Piaget 1970,
chap. 3).

Sensory-notor intelligence is the | evel of a “practical intel-
| i gence” based on a close rel ationship between action and cogni -
tion. At this level of cognition, sensory data are assimlated to

general i zed schenmes of coordi nated, repeatable actions, which can



function at the | evel below nental representation and consci ous

t hought. These schenes of action or “practical concepts® are gen-
eralized, differentiated and integrated in the course of sensory-
notor activities by acconodation to the grow ng amount of sensory-
not or experi ence.

At the | evel of preoperational thought sensory-notor intelli-
gence i s supplenmented by the synbolic function, i.e. the ability
to represent sonething by synbols and eventually to distinguish
obj ects fromthe “preconcepts” which correspond to nmeani ngs of the
synbols at the level of cognition. Practical intelligence is in-
ternalized, generating nental imagery which is the precondition
for | anguage acqui stion and for abilities such as drawi ng, painting
and nodel |I'i ng.

The devel opnental stage of operational thought energes when
internalized actions turn into reversi ble nental operations, and
abstract entities such as quantity, time and space are constructed
by reflective abstraction fromsuch systens of nental operations.
They constitute the structures of |ogical and mathematical think-
I ng which are usually assunmed to be human cognitive universals.

The extent to which we can reasonably apply psychol ogi cal cat-
egories that describe stages in ontogenesis to phenonena in pre-
history will not be discussed here in detail. Piaget hinself, at
| east, believed that the basic concepts of his genetic epi stenvol ogy
not only represented psychol ogi cal phenonena but al so that they

wer e epi stenol ogi cal categories covering cultural and historical



aspects of cognitive processes.

One specific theoretical problemin applying these categories
to prehistoric and historic observations, however, nust be briefly
di scussed. Piaget clains that the ontogenetical stages of cogni-
tive devel opnent are universal. He clains that differences in the
envi ronnment have no effect on the sequence in which these stages
occur or on the | ogico-mathematical structures of thinking that
are the final cognitive outcone. Such a theory seens unsuitable
for explaining cultural or historical differences in cognition be-
cause it can account for these differences only by assum ng that
they are due to different rates of progress through ontogenetica
st ages.

This is, indeed, how genetic epistenology is usually applied
tocultural differences. It is generally accepted that ontogenesis
reaches its final stage of formal operational thinking only if the
environment fulfills certain requirenments. Unfortunately, experts
di sagree about the degree to which devel opnent nay be del ayed.
Gustav Jahoda (Jahoda, 1980, p. 116), for instance, wites in a
review article on the Piagetian approach to cross-cultural psy-
chol ogy:

.1t can be stated quite categorically that no society could
function at the preoperational stage, and to suggest that a major-
Ity of any people are at that | evel is nonsense al nost by defini-
tion.*

But this is precisely what Piaget and ot hers—+recently, for



I nstance, Hal |l pi ke (Hal | pi ke, 1979) —assuned and what wi || al so be
assuned in the foll ow ng. Piaget el aborated this assunptionin his

nonunent al I ntroduction a |'épisténol ogi e généti que(Pi aget,

1950) —whi ch has unfortunately never been transl ated i nto Engli sh.
I nfl uenced by the discussions in the 1920’ s about the interpreta-
tion of ethnological findings as evidence for culturally specific
nodes of thinking and, in particular, by Lévy-Bruhl’s ideas about
primtive nmentality (Lévy-Bruhl 1923), he introduced the theory
that anong prinmitive people ontogenetic devel opnent reaches only
the | evel of preoperative thinking. He argued that there may well
exi st a seem ngly great discrepancy between, on the one hand, the
practical intelligence of such peopl e based on nental imagery, in-
tuitive thinking and synbolic representation and their ability to
buil d higher-1evel concepts by reflective abstracti ons and deduc-
tive thinking on the other hand (Piaget, 1950, Vol. 3, 260-262).

In a simlar way Piaget envisaged the application of his cat-
egories to the study of the devopnent of cognition in prehistory.
I n his Whodbri dge Lectures on genetic epi stenol ogy he argued (Pi ag-
et, 1970, 13):

» The fundanental hypothesis of genetic epistenology is that
there is a parallelismbetween the progress made in the | ogical
and rational organization of know edge and the correspondi ng for-
mati ve psychol ogi cal processes. Well, now, if that is our hypoth-
esis, what will be our field of study? O course the nost fruitful,

nost obvious field of study would be reconstituting human hi story—



the history of human thinking in prehistoric man. Unfortunately,
we are not very well infornmed about the psychol ogy of Neandert hal
man (...). Since this field of biogenesis is not avail able to us,

we shall do as biologists do and turn to ontogenesis.*“

Met hodol ogi cal difficulties

Qur information about the psychol ogy of humans in prehistory
Is, in fact, extrenely limted. The comon psychol ogi cal net hods
of data collection are irrel evant in archaeol ogi cal research. Psy-
chol ogi sts usually interact with their subjects of investigation
by nmeans of interrogations, experinents and tests and they scru-
tinize their observations in order to reconstruct the nental pro-
cesses involved in the observed activities. In the case of
prehi stori c humans, however, only sone extrenely durable materia
remains are transmtted to the nodern scientist which can lead to
some concl usions concerning the activities that m ght have been
necessary to produce or to use the transmtted artifacts.

Moreover, thereis a difficulty inherent in genetic epistenol -
ogy which nmakes the situation even worse. According to genetic
epi st enol ogy, the basic structures of cognition reflect the coor-
di nati on of actions, not the actions thenselves. It is, therefore,
not possible to directly infer froman observed behavi or the | evel
of cognition involved. The sane action, say, wal king fromone |o-
cation to the other, may indicate conpletely different |evels of

cognition. Such an action may be the i nedi at e out cone of sensory-



notor activities. It may result fromfoll ow ng a verbal description
of those | andmarks marking the way; it may have been planned in
advance by reading a map; or, it may be part of the systematic
expl oration of an unknown area by a highly conpetent individual.
If there is no possibility to communicate with the subject inves-
tigated in order to find out nore about the context of the observed
behavior, the only way to infer the level of cognitionis to ob-
serve howthe total actions of this individual are coordi nated and
howthey are related to other activities in his social environment.

The gap between what we know about human activities in prehis-
tory and what we need to know in order to reconstruct the devel -
opnent of cognition cannot be bridged here. The ai mof this chapter
Is limted to exam ning the information provided by pal aeoant hr o-
pol ogy and ar chaeol ogy about t he devel opnent of forns and functions
of human artifacts and the human behavior and to relate this de-
vel opnment to what we know from devel opnental and cross-cultura
psychol ogy about the psychogenesis of fundanental structures of
cognition

Essentially, there are three types of sources that provide at
| east indirect evidence of the devel opnent of cognition in prehis-
tory and the level of cognition that was ultinmately achieved in
the prehistoric era.

First, animal and human cognition can be conpared in order to
i nfer m nimal cognitive achi evenents connected with the origin of

manki nd.



Second, the cognition of extant indigenous people |living wth-
out contact to nodern civilization under conditions conparable to
t hose of prehistoric tinmes can be studied and can be related to
t he correspondi ng prehistoric periods.

Third, the earliest witten docunents of mankind can be stud-
ied in order to determ ne the | evel of cognition at the end of the
prehistoric period that nmade the transition to literacy possible.

What follows will essentially be a critical survey of conclu-
sions that can be drawn fromsuch studies. Acritical survey seens
all the nore neccessary since discussions anong ant hropol ogi sts
about what can be concluded fromthe pal aeoant hropol ogi cal fi nd-
ings with respect to the devel opnent of cognition are ongoi ng, for
I nstance the discussion on the origins of synbols (Byers, 1994;
Bednari k 1995). These di scussi ons, however, rarely include psycho-
| ogi cal research in general and genetic epistenology in particu-

| ar.

Oigin of human cognition

The Pal eolithic Period
Leavi ng aside the devel opnent of our proto-hunman ancestors,
human devel opnment in prehistory covers roughly the tine-span from
the first appearance of man about a mllion years ago up to the
occurrence of the first witing systens around 3,000 B. C. Mst of
thi s vast period belongs to the so-called Pal eolithic, endi ng about

8,000 B.C



Al t hough there is no clear-cut distinction between proto-human
primates and early hom ni ds, considerabl e agreenent exists about
the essential characteristics of human culture that devel oped in
the Pal eolithic Age. The production and use of tools, on the one
hand, and the energence of |anguage as a devel oped neans of com
muni cation, on the other, are believed to mark the difference be-
tween ani mal s and human bei ngs.

Thr oughout the Pal eolithic, man was a hunter and food gat herer
produci ng tool s of which only those made of stone, bone and antler
have survived. In general, these tools devel oped gradually froma
few al | - purpose tools at the beginning of the Paleolithic Age to
a great variety of highly specialized and sophisticated instru-
ments for specific purposes at the end. In the Upper Paleolithic
Peri od which covers approximately the | ast 100,000 years of the
Pal eolithic, regional stone tool industries enmerged and basic
techni ques of draw ng, nodelling, scul pure, and painting were de-

vel oped.

Conparison with aninmal intelligence
G ven this overall picture of the Paleolithic, sone obvious
concl usi ons can be drawn concerning the | evel of cognition asso-
ciated with the energence and devel opnent of the human speci es.
Humans in the Paleolithic were surely equipped with at | east
those cognitive prerequi sites based on sensory-notor skills that

make up the intelligence of primates. This should warn us agai nst



a carel ess application of human psychol ogy. The success of Pal e-
olithic man to survive even under extrenely harsh |iving condi-
tions, and his superiority to the animals he was hunting is not
necessarily an indication of specific human cognitive abilities.
Let us take spatial orientation as an exanple (Pick, 1983).
Certain cognitive structures relative to spatial relationships and
their representation in gesture, |anguage and ot her external tools
of orientation are so fundanental conponents of human cognition
that they seemto be a necessary prerequisite of those activities
attested for the Paleolithic humans. It is known, however, that
ani mal s may al so exhi bit an extrenely sophi sticated perfornmance in
spatial orientation (Ellen & Thinus-Blanc 1987). The behavi oral
mechani sns avail able to themin their spatial orientation are not
only based on sinple adaptation to cues and stinuli. On a higher
| evel of cognitive organization, animls also exhibit rule-gov-
erned behavi or. They adapt to problens using alternative strate-
gi es such as “change-after-success” or “stay-after-success”
dependi ng on how food supply varies at different |ocations. Mny
ani mal s showintelligent spatial problemsolving based on sone ki nd
of cognitive map representing spatial relations. Such nental rep-
resentations of spatial relations depending on past experience
make ani mal s capabl e of rearranging the patterns of their orien-
tation behavior, taking short-cuts in conplex spacial arrange-
ments, choosing between alternative routes for reaching a certain

goal, etc. Primates seemeven to be able to decode spatial rela-
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tionshi ps from spoken human | anguage and to communi cate such re-
| ati onshi ps by gestures, deliberately produced trails, |earned
synbol s, etc. (Savage-Runbaugh et al., 1993; see al so her chapter
inthis volune). In order to decide whether certain activities of
Pal eol i t hi c humans show any characteristics of typical human cog-
nition they have to gi ve evidence of cognitive preconditions which
according to our knowl edge are qualitatively different from what

we know about such intelligent behavior of animals.

I ndi cations of human intelligence

Cogni tive prerequisites of human activities which exceed the
capabilities of animal cognition can i ndeed be inferred even from
the scarce informati on we have. Neither the ability to conmuni cate
I nformati on by sone kind of |anguage precursor nor the skill nec-
essary for the use or even the production of tools are beyond the
cognitive capabilities of animals. Rather, the continuous trans-
m ssion of knowl edge from one generation to the other is the nec-
essary prerequisite of the devel opnent of a human | anguage with
socially transmtted neani ngs and of the enduring inprovenent of
the stone inplenents over the mllennia of the Paleolithic era.

Such a transm ssi on constitutes human cul tural devel opnent. At
|l east in its developed form it presupposes powerful neans of com
muni cati on such as human | anguage which i s assuned to have energed
in the Paleolithic together with the devel opnent of tools (Byers

1994; Wallace 1989). Wile the devel opnent of such neans of com
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muni cati on as | anguage and its presunmabl e precursors in facial ex-
pressi ons, body | anguage, and vocalizations such as screans and
cries can only be indirectly inferred from Pal eolithic remains
(Armstrong et al., 1994; Batenman et al., 1990; Davi dson and Nobl e,
1989), so-called Paleolithic art provides evidence of various

ki nds of pi ctography and synbolismin the Upper Pal eolithic Period.
Pal eolithic art is expressed in artifacts such as decoration, pic-
t ography, personal adornnent, graves, sacrificial goods, nodel ed
figurines, and cave paintings. These indications of the represen-
tation of nmental constructs |lead to the conclusion that the devel -
opnent of tools was indeed acconpani ed by an evolving ability to

make use of synbolic representations.

Enmer gence of preoperative thinking

Now, this is exactly what one woul d expect fromthe perspective
of genetic epistenology. It is precisely the devel opnent of the
synbolic function at the preoperational stage of the grow ng child
at about the age of two years that inaugurates the ontogenetic bi-
furcation into i ndependent devel opnental paths of ani mal and human
cognition. According to Piaget, at about this age human chil dren—
—eontrary to young primtes—achieve the ability not only to react
to the signals of sensory-notor intelligence which represent for
the subject sinply a partial aspect of the object indicated, but
al so to decode t he synbol s and si gns and di stingui sh themfromthe

obj ects thensel ves. The synbolic function constitutes preoperative

12



t hi nki ng and | eads to preconcepts that are the notions attached to
the synbol s and signs.

The devel opnent beginning with animal reactions to signals
emtted by their environment and concluding wth the creation of
synbolismin the Upper Paleolithic Period resenbles this transi-
tion to preoperative thinking. While aninmal cognition is essen-
tially based on individual experience, Paleolithic art seens to
I ndicate that at the end of the Lower Paleolithic Period synbols
and signs were deliberately used to transfer socially transmtted
meani ngs. The difference due to reflection is recogni zabl e when—
as in the case of cave painti ngs—the synbol s and si gns cannot have
been produced wi thout a conscious discrimnation of the synbols
and their meaning.

Cogni tive devel opnent in the long Paleolithic Period can,
therefore, be characterized as the transition from sensory-notor
intelligence to preoperative thinking based on the devel opnent of

the synbolic function.

Operative thinking at stone age |evel ?

Pal eolithic art, however, al so contains certain el enents which
are suggestive of arithmetical and geonetrical cognition and have
sonmetinmes been interpreted as indications of a higher devel opnen-
tal level of cognition than the | evel of preoperative thinking.

The paintings in the cave of Lascaux, for instance, which have

been dated by carbon-14 anal ysis to about 14,000 B.C., depict pri-
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marily animals hunted at that tine, but also contain some sinple
drawi ngs conposed of straight |lines and sequences of dots which
may be interpreted as abstract geonetrical figures and early nu-
nmerical representati ons. However, if as has been proposed t he draw
I ngs depict traps, then the regul ar shapes are not the result of
any geonetrical construction or conceptualization, but sinply de-
pict artifacts which as a result of material constraints result in
rect angul ar shapes. And if, as one m ght conjecture, the series of
dots represent the nunber of aninmals hunted in a one-to-one cor-
respondence, these dots are still only representations of animals
and not representations of nunbers. This interpretation of the dots
as synbols for objects and not as a representation of nunbers is
strongly supported by the fact that the dots |ack the regul ar
structuration characteristic of all counting sequences.

Anot her archaeol ogi cal find believed to constitute an exanpl e
of early arithnmetical activity is a notched bone tool handle ex-
cavated at the Mesolithic site of Ishango. The inplenent is dated
to about 7,000 B.C. It shows three sequences of grouped notches.
The groups of the first of these sequences contain 3, 6, 4, 8, 10,
5, 5, and 7 notches, the groups of the second contain 11, 13, 17
and 19 notches, and the groups of the third contain 11, 21, 19 and
9 notches. There i s no obvious, sinpleregularity in these nunbers.
The excavator, Jean de Heinzelin, admtted that the groupi ng m ght
be fortuitous (de Heinzelin 1962). Neverthel ess, he offered the

Interpretation that the notches were deliberately planned and may
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represent an arithnetical gane. He further argued that if so the
tool provides evidence of the use of a decimal system and of the
know edge of duplication and of prinme nunbers. Al exander Marshack
(Marshack 1972) al so assuned that the notches were consci ously pre-
pared notations, but offered an alternative interpretation. Ac-
cording to his opinion, based on an anal ysis of how the notches
were carved, the groups can further be subdivided and thus turn
out to be astronom cal records representing the lunar cycle.

The evidence is weak for both interpretati ons because the se-
guences of notches offer no evidence of even the mnimal require-
ments of signs representing arithnetical notations; they do not
exhibit the typical regular structure of counting series.

M ssing evidence of typical structures of counting seqguences
does not, of course, prove that such cognitive constructions did
not exist in early prehistory. Counting techniques are usually
based on | anguage or gesture that do not |eave traces in the ar-
chaeol ogi cal records. However, as we knowfromextant pre-literate
cultures, even the existence of counting techni ques does not nec-
essarily indicate an operatory concept of nunber. Only an anal ysis
of the use of such techniques allows us to draw conclusions wth
regard to the |level of cognition involved.

W nust conclude that with this evidence thereis no sufficient
justification for the alleged arithnetical activities of man in
the Pal eolithic Period. Neither the inplenents that survived from

the Paleolithic nor Paleolithic art provide evidence to support
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the assunption that a | evel of cognition higher than the | evel of

preoperative thinking was achi eved at that tine.

The Neolithic Revol ution

Wthin the followng tine period up to the end of prehistory
there were at | east two maj or changes i n hunman soci al organi zati on:
t he so-called Neolithic Revolution around 8000 B.C. and the Urban
Revol ution begi nni ng about 4000 B. C

The Neolithic Revolution was brought about by the transition
fromfood gatheringto life in stable settlenents. This revol ution
probably resulted in a dramatic popul ation increase, and it was
acconpani ed by several innovations which nmust have had a cognitive
| npact: techniques for building dwellings, the cultivation of
| and, ani mal donestication, the invention of tools |like the hoe
and | ater the plow, the devel opnment of food preparation techni ques
such as baki ng and brew ng, the devel opnent of weavi ng techni ques,
as well as the use of clay and the production of pottery, devel-
oping into astriking variety of regionalized and successive styl es
of painted pottery. There are, furthernore, indications of early
fornms of trade, in particular the di spersion of |uxury objects |ike
shells into areas far away fromtheir places of origins and the
di stribution of tools such as stone axes manufactured at the source
of the stone. At the end of the Neolithic Period, flint and ot her
stone tools were gradually replaced by copper and, eventually,

bronze i npl ements.
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This brief survey of Neolithic innovations makes evi dent that
it is this period that shows the cl osest resenbl ance with what we
know from extant indigenous cultures at a stone age level. If,
therefore, Piaget’s assunption is correct that cognition in such
cul tures does not exceed the preoperative | evel, then the Neolithic
Revolution in spite of the material progress did not fundanental |y
change the | evel of cognition achieved at the end of the Pal eolith-

ic Period.

The Urban Revol ution and the energence of cognitive tools

The second change, the so-called U ban Revolution, is indicat-
ed by the enmergence of large, i.e. the early cities, the differ-
entiation of the population into spezialized occupational groups,
the stratification of the society into social classes with differ-
ent access to resources, and the energence of nonunental architec-
ture. This process of urbanization was a | ong-termconsequence of
the achi evenents of farm ng. Intensive agricul ture produced a sur-
pl us whi ch nade possible the proliferation of adm nistrators and
specialists, freed fromprimry subsistence activities. U baniza-
tion energed in the Near East in the 4th mllenniumB.C and ap-
proxi mately at the sane tine in Egypt, in the Indus valley in the
3rd mllenniumB.C., in China probably in the 2nd m || enniumB. C.
and in the New Wrld in the first mllenniumB.C. Fromthese cen-
ters urbani zation spread into the surrounding regions, in partic-

ular into Europe and across Asia.
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This Urban Revol ution as a process of transition froma
Neolithic village farm ng society to the first centralized settl e-
ment patterns of the late Neolithic and early Bronze Age was quite
different fromthe earlier Neolithic Revolution. The Neolithic
Revol uti on was an advance in man’s control of his environnent, the
Ur ban Revol ution primarily changed human rel ations by a transition
to a vastly greater conplexity of patterns of social organization.
These social patterns no |onger resenble social structures known
fromextant pre-literate cultures. Thus, we can only refer to ar-
chaeol ogi cal data in order to understand the transition fromthe
Neolithic period to early civilizations.

The extensive excavations in Mesopotamia and in Iran are of
particul ar inmportance for the study of this urbanization process.
They showt hat urbani zati on began i n prehi story a considerable tine
before the invention of witing (Al gaze, 1989; Nissen, 1988). In
the Late Uruk Period in the 4th mlIlenniumB.C., the culture of
Mesopot am a and the surrounding areas already differed fundanen-
tally fromthat of Neolithic villages. Uban centers with a highly
devel oped division of |abor and social stratification energed.
Remmant s of representative buildings inthe city centers attest to
t he exi stence of tenples and pal aces which were the adm nistrative
centers of a redistributive barter econony. A sophisticated appa-
ratus of officials organized the depl oynent of | abor and supervi sed
the distribution of the products of |abor collected in central

st or ehouses.
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The devel opnent of cognitive tools

The admini strative tasks associated with this type of econony
coul d not be acconplished wi thout adm ni strative aids for the qual -
Itative and quantitative control of the econom c resources. Con-
trary to earlier devel opnents in prehistory, the process of
ur bani zati on was, therefore, closely associated wth the devel op-
ment of genui ne cognitive tools which have at |east partially sur-
vived (Ni ssen 1988; Nissen et al., 1993). Standardi zed cont ai ners,
stanp seals which were pressed into clay surfaces and | ater cyl -
I nder seals which were rolled over the surface of clay objects be-
fore they were dried or baked, containers supplied with seal ed
stoppers or with seal ed bul |l ae, signs with nunerical neanings, but
nost i nportantly a special kind of clay synbols with sinple geo-
nmetric shapes (sphere, cone, pellet, tetrahedron, cylinder, etc.),
whi ch were apparently used, anong other things, as counters to
record quantitative data, served the registration and synbolic
representati on of econom ¢ goods and t he desi gnati on of those who
controll ed them (Schmandt - Besserat, 1992). These tools offer evi-
dence of a devel opnent of cognition which has no parallel in extant
pre-literate cul tures.

The clay synbol s had probably the greatest cognitive inpact.
Their functionis attested to by the fact that conbi nati ons of such
clay synbol s were sonetinmes kept in closed and seal ed cl ay spheres—

—apparently for the purpose of preventing the manipul ati on of the
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encoded information. Sone of these clay spheres exhibit inpres-

sions on their surfaces. These i npressions generally correspond in
type and nunber to the clay synbols inside the spheres. They can
easily be identified as precursors of the nunerical signs of the
| ater witing systens. Furthernore, nunerous clay tabl ets—the so-
called preliterate nunerical tablets—which bear seal inpressions
together with such inpressions can also be dated to the period

shortly before the invention of witing (Englund, 1994; Schmandt -

Besserat, 1981).

The i nvention of witing

Around the last century of the 4th mllenniuma systemof pic-
t ographs was added to these synbolic neans of representation. The
I ntroduction of such pictograns is generally considered to be the
actual invention of witing. This is, however, nerely a matter of
definition. It seens that, at |east in the beginning, these pic-
tograns did not serve to wite down spoken | anguage but excl usively
served t he purpose of bookkeeping (Nissen et al., 1993). Two dif-
ferent systens of this kind of archaic witing systens energed in
the Near East in quick succession, the so-called proto-cuneiform
and the proto-Elanmite archaic witing systens. Soon afterwards if
not simultaneously, athird systemof witing, the Egypti an system
was devel oped—unfortunately, however, the evidence fromthe early
period of this systemis sparse, so that it is difficult to draw

conclusions with regard to the cognitive processes involved.
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The origin of the other two systens, however, can fairly well
be studi ed based on the extant sources. Each systemcontai ned nore
than 1,000 different signs with wi dely standardi zed not ati ons and
conventional |y defined neanings.

The nore inportant systemis the proto-cuneiform system of
sout hern Mesopotam a, from which cuneiformwiting evolved. To
date approxi mately 5,600 clay tablets and fragnents with this type
of witing have been excavated. The ol dest are texts fromthe |Va
| ayer of the ancient city of Uruk, the nobst inportant archaeol og-
ical site yielding proto-cuneiformtablets (Englund, 1994).

The ot her system proto-Elamte witing, which is docunented
by sone 1,500 texts—~nost of them from Susa, the urban center of
a regionto the sout heast of Mesopotam a—was created sonewhat | at -
er. It adopted the idea and took over, slightly nodified, the pro-
t o-cunei formnumeri cal signs (Damerow & Engl und, 1989). The system
was used for only a short tine.

The ol dest tablets displaying a devel oped systemof cuneiform
writing date back to around the mddle of the 3rd mllenniumB.C
Cuneiformwiting was the first genuine witing system term nat-

ing the long prehistoric period (Nissen et al., 1993).

The ultimate |l evel of prehistoric cognition

After this brief outline of the transition fromthe Neolithic
Period to early civilizations let us nowturnto its cognitive im

plications in order to answer the question of what |evel of cog-
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nition was ultimately achieved in prehistory.

It has been pointed out already that in the course of urban-
i zation the use of synbolic representations increased dramati cal -
ly. This devel opnment nust have been acconpani ed by a sweepi ng
expansi on of the content and formof know edge. After the i nvention
of witing, we find stratified societies with a highly conpl ex so-
cial organization. The cognitive capabilities of |eaders and ad-
mnistrators in these societies nust have been strikingly higher
than those of man in early prehistoric tines. These peopl e not only
I nvented the technique of witing but al so used devel oped tech-
ni qgues of neasurenent and nunerical cal culation and even early
forms of mat hematics. Such techni ques are usual | y consi dered pr oof
of sophisticated operative thinking.

There i s obviously a di screpancy between human intel | i gence at
the end of the Paleolithic and in the late Neolithic Period indi-
cating a rapid accel eration of cognitive devel opnent within this
conparably short tine span. At the end of the Paleolithic Period
man had achi eved the synbolic function. As far as cognition is con-
cerned, this synbolic function was a maj or achi evenent of the tran-
sition fromaniml to human intelligence. Neverthel ess the sinple
use of the synbolic function at the end of the Paleolithic, docu-
mented by Paleolithic art and synbolism is not conparable to the
sophi sticated cognitive techni ques which were used after the rise
of civilization when witing was invented.

This striking difference between |ate Paleolithic and | ate
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Neol ithic synbolismraises three questions.

1) What precisely were the new contents and forns of know edge
whi ch are indicated by the new synbolic representations?

2) To what extent do they indicate a | evel of cognitive devel -
opnent beyond the | evel of preoperative thinking?

3) Did this higher level of cognition exist earlier or was it
a genuine result of the Urban Revol ution?

In order to answer these questions we have to study the new

synbolic representations in sonewhat greater detail.

Prehistoric tokens and nunerical notations

For the incipient phase of the Urban Revol ution, our know edge
about the cognitive tools used by the urban adm nstration is rather
| imted. Tokens or pebbles believed to be tokens have been found
i n archaeol ogi cal |ayers that date back well into the Neolithic
Period, in sone cases as early as the eighth mllenniumB.C How
ever, there is no archaeol ogi cal evidence for relating themfrom
the very beginning to adm nistrative activities. Only finds dating
to the 4th m Il ennium provide clear evidence of such usage. Not
only did the nunber and variety of tokens increase considerably,
but they were now sonetinmes kept in those seal ed clay envel opes
that have provided us with the key to understanding their arith-
metical function. Furthernore, nunerical tablets—the precursors
of proto-cuneiformwiting—now occur for the first tinme. In view

of prevailing speculations attributing arithnetical meaning to re-
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petitive Paleolithic and Neolithic patterns, it is worth noticing
that the pre-literate conbi nations of tokens and inpressions on

clay surfaces fromthe 4th mllenniumprovide the first reliable
evi dence of the construction of one-to-one correspondences that

eventually resulted in the operatory concept of nunber.

We get sone further clarification of the function of these de-
notations of quantities in the |latest period of prehistory if we
conpare themw th the nunerical notations of the |ater proto-cu-
nei formand proto-Elamte witing systens. This conpari son reveal s
that the different inpressions or tokens already represented nea-
suring and counting units of different kinds and orders found in
the later witing systenms. However, it also provides indications
of a fundanmental change of the semotic function of the signs in
the transition frompre-literate to proto-cuneiform and proto-

El am te numerical notations.

Contrary to the nunerical signs of the later archaic witing
systens, the i npressions on envel opes of tokens and t he i npressi ons
on those nunerical tablets that can be dated beyond doubt into the
pre-literate period | ack the standardi zation of |ater nunerical
not ati ons. Accordingly, all attenpts to identify the neasuring and
counting units represented by the pre-literate tokens and i npres-
sions have failed so far (regarding the all eged identifications of
Schmandt - Besserat see the critic of M chal owski, 1993). Further-
nore, the conparison shows that contrary to | ater nunerical nota-

tions the repeated units have not necessarily been converted into
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hi gher units. On a tablet fromJebel Aruda dating to the m ddl e of
the 4th mllenniumB. C., one of the signs of the notation is even
repeated 22 tinmes (van Driel, 1982).

The | ower degree of standardi zation and of strict adherence to
semotic rules strongly suggests that the signs before the inven-
tion of the archaic witing systens did not yet represent abstract
measuri ng and counting units but still represented the real objects
or containers which nmade up the quantities to be represented. They
indicate, at least, that the prehistoric token and sign conbi na-
tions were in a transitional stage between the representation of
real objects by one-to-one correspondences to tokens and si gns and
the representation of quantities by semotically structured nuner-

i cal notations.

Proto-literate numerical notations

Let us nowturn to the situation imediately after the inven-
tion of witing. The hypot hesis of a fundanental change in the sym
bolic representation of quantities at the end of prehistory
receives further support by the results of a analysis of the nu-
nmerical notations in the proto-cuneiformtexts (Danerow & Engl und,
1987). These results strongly contradi ct comon expectations. In
vi ew of the close resenbl ance of many of these notations to nuner-
Ical notations in the later tradition of devel oped cuneiformwit-
ing, it has always been assumed that the nunerical signs

represented nunbers (Fal kenstein, 1936; Fal kenstein, 1937; Lang-
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don, 1928). Inconsistencies of the interpretati on of nunerical op-
erations resulting fromthis assunpti on were explained by errors
of the ancient scribes or by the clunsiness of an insufficiently
el aborated notation system

However, as a result of recent analysis it turned out that the
nunerical notations in the proto-cuneiformtexts follow strictly
applied semotic rules and that the alleged errors of the scribes
in fact resulted fromthe m staken assunption of nodern schol ars
that they represent nunbers and accordi ngly nmust have definite nu-
merical values. Contrary to all expectations the proto-cuneiform
nuneri cal signs proved to have changed their nunerical value de-
pendi ng on the objects they were applied to, and the sane turned
out to be true for the nunerical signs of the proto-Elamte witing
system (Danerow & Engl und, 1989).

This startling conclusion needs to be explained in sone de-
tail. The anal ysis of proto-cuneiformand proto-El amte nunerical
not ati ons showed that the nunerical signs represented units of
counting and neasuring systens with entirely standardi zed nuneri -
cal relations between the units. The ranges of these systens from
the | owest to the highest units as a rul e covered tens of thousands
of units and sonetines even nore. The precision of many of the nu-
merical notations exceeds what we m ght consider reasonable limts
whi ch mi ght be explained as the result of an exaggerated bureau-
cracy. At first sight, the oldest witten docunents of mankind

seened to prove that at the tinme of the invention of witing a
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fully devel oped nunber concept and el aborated techni ques for nu-
merical cal cul ati ons exi sted.

Cl oser inspection, however, provided puzzling details. Wereas
t he sane signs were often used to designate units of different net-
rol ogi cal systens, the nunerical relations between the units var-
i ed considerably fromone netrol ogical systemto the other.

Mor eover, the neaning of the signs, that is, the conventions by
whi ch certain units were represented by certain signs, was deter-
mned in one systemw thout taking into account how t he meani ng
was determ ned i n other systens. Thus, the nunerical val ues of the
signs were entirely dependent on the systemfor which they were
actually used, that is, on the particular context of their appli-
cation.

A certain sign (N34; see Danerow & Englund, 1987, 127), for
i nstance, represented a unit that is 60 tines snmall er than anot her
unit represented by another sign (N45) when they were used in a
system for counts of certain discrete objects as, for instance,
animals. But the sane sign was used for a unit 3 tines |arger than
t he ot her one when they represented certain grain neasures (Daner ow
& Engl und, 1987, 136)).

The details of the different nunerical sign systens of the ar-
chai c texts cannot be di scussed here. Despite the anbiguity of the
numeri cal signs, 14 proto-cuneiformand 8 proto-Elamte nunerical
sign systens could be identified and their fields of application

determ ned. These areas of application turned out to have been nu-
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tually exclusive, but their definitions followed no obvious rules
and seemto have been determned sinply by tradition. It is re-
mar kabl e that not even all discrete objects that can be counted
were recorded in one and the same system In the proto-cuneiform
texts five systens with two different arithnetical structures and
in the proto-Elamte texts four systenms with three different ar-
I thmetical structures were used to denote different types of dis-
crete objects.

The nunerical anmbiguity of the nunerical signs is not the only
I ndi cation that the neani ng of the signs was dependent on the con-
text in which they were used. Wthout further explanation, sone
additional evidence will be given in the foll ow ng.

The nunerical signs inherited fromtheir prehistoric precur-
sors—that is, the tokens and inpressi ons—the function to repre-
sent objects and not nunbers. In contrast to these precursors,
repeat ed signs were converted as far as possi bl e into higher units;
however, the arrangenents of the signs were still not consoli dated
i n standardi zed representations of nunbers or quantities. Fre-
quently, there are additive and nultiplicative relations between
different entries of text, that do not represent abstract opera-
tions, however, but correspond always to sonme material action or
transformation. Even the seem ngly clear distinction between the
nunmerical signs originating in tokens and the non-nunerical pic-
t ogr aphs appearing with the i nvention of witing appears to be much

| ess clear on closer inspection. Numerical signs could denote ob-
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jects by sonme i nherent neasure as, for instance, the denotation of
barl ey products by the anount of barley necessary for the produc-
tion of one unit. Conversely, non-nunerical signs such as signs
for rations or for special types of beer could also stand for re-
| ated quantities such as the standard size of a ration or the
strength of the beer neasured by the anobunt of grain necessary for
t he production of the anount hel d by one jar. Furthernore, numerous
conposite signs which are graphi cal conbinati ons of nunerical and
non- nuneri cal signs were used in order to express quantitative and
qualitative information by neans of a single sign.

The overwhel m ng evidence pointing to a neani ng of the nuner-
i cal signs of proto-witing dependent on their context of appli-
cation suggests that the arithnetical techniques of archaic
bookkeepi ng were in fact techni ques w thout an integrating nunber
construct. Both the neaning of these signs as well as the way they
wer e used do not correspond to what coul d be expected i f they woul d
have represented nunbers or generalized nunerically structured
concepts such as the abstract concepts of space, tine, weight, vol -
ume, area and so on

What el se can the nunerical signs and the techniques of han-
dling them have represented if not nunbers and nunerical opera-
tions? W get a convincing answer to this question if we assune
that the nunerical signs and the way they were used in principle
had the same function as the non-nunerical signs and their use

(Danerow, 1995, Chap. 9). Accordingly, their function nust have
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been to represent the objects and actions of the archai c bookkeep-
I ng system The objects and actions were encoded in categories di-
rectly related to each specific context and quantified by nental

met rol ogi cal constructs consisting of relations which were set up
by cont ext-specific conventional standardi zati ons and neasur enent

pr ocedur es.

A puzzling concl usion

This result of an analysis of the proto-literate sign systens
answers the first question posed earlier concerning the ultimte
| evel of prehistoric cognition. W asked about the cognitive con-
tents and forns of know edge represented by the new synbolic rep-
resentations that were created by officials of early Mesopotam an
cities at the dawn of history. It turned out that they represented
mental nodels of their administrative activities. These nodel s
wer e devel oped and represented by systens of synbols as a neans
for coordinating collective hunman actions in a conpl ex social set-
ting.

Thi s answer to the first question, however, nmakes it even nore
difficult to answer the second concerning the cognitive |evel be-
yond the | evel of Neolithic preoperative thinking indicated by the
new synbolic representations, and the third question concerning
the historical origins of such a higher I evel of cognition. Insofar
t hese questions are concerned, the results of the anal ysis of pro-

to-literate sign systens apparently | eads to a paradox.
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On the one hand, the gap between Neolithic preoperative think-
I ng and the sophisticated cognitive techniques used in early civ-
ilization seens to be bridged. The devel opnent of the precursors
of proto-cuneiformwiting denonstrates that first the adm nstra-
tive problens associated wth the process of urbani zation were
sol ved by exhausting the potentials of proto-arithnetical tools
wel | -known fromextant pre-literate cultures. At the end of this
pre-literate period the officials who were in charge of these tasks
had created, by el aborating these potentials, a conplex synbolic
systemrepresenting their activities. This is seem ngly a paradi g-
mati c case of reflective abstraction which according to genetic
epi stenol ogy brings about the fundanental structures of | ogico-
mat hemati cal cognition

The puzzling structure of the nunerical notations used in the
archaic witing systens shows, on the other hand, that certain cog-
nitive constructions which according to genetic epistenol ogy
shoul d be the immediate result of a transition from preoperative
to operative thinking were still lacking. In spite of the conpl ex-
ity of the archaic system of bookkeeping, the analysis of these
not ati ons provi des strong evi dence agai nst the exi stence of a num
ber construct integrating the context-dependent rul es according to
whi ch the signs were mani pul at ed.

Is it conceivable that the officials running the adm nistra-
tion of a conplex redistributive society using highly devel oped

synbol systens in order to control the flow of materials and prod-
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ucts were not able to use reversi ble nental operations, that they
still, I'ike nmenbers of Neolithic rural communities, solved their
probl ens on a preoperative |evel of cognition using proto-arith-
metical aids?

The di screpancy in the final period of prehistory of the ener-
gence of highly conpl ex synbol systens and the | ack of integration
of the context-dependent systens by generalized operations, indi-
cating the energence of mathematical and |ogical thinking, sug-
gests that different rates of progress do not al one account for
fundanmental historical differences in |evels of cognition.

It has been pointed out at the beginning that, foll ow ng Piag-
et, this assunption, however, is still wdely accepted in genetic
epi stenol ogy. According to genetic epistenology the fundanental
structures of |ogical and mat hemati cal thinking are universal, and
this universality is assuned to be based on universal structures
of the coordination of human acti ons.

It is true that certain human activities are so deeply rooted
i n biological preconditions of human action that their coordina-
tion gives rise to structures of human cognition which are probably
uni versal . Such basic activities, however, do not necessarily de-
term ne the devel opnment of cognition to such an extent that inde-
pendent of any specific social and cultural environnents the
out cone of ontogenesis is always the sane, universal structure of
| ogi cal and mat hemati cal thinki ng.

Geneti c epi stenol ogy as convei ved by Piaget neets serious dif-
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ficulties as soon as substantial historical differences in the fun-
danent al structures of thinking have to be expl ai ned. Accordingly,
Piaget and Garcia in their fanpbus study on the psychogenesis of
basi c concepts of scientific thinking were conpelled to place the
psychogenesi s of the all eged uni versal basic concepts of cl assi cal
mechanics into the tinme of Newton, and consequently into a com
pletely different historical period than that of the psychogenesis
of basic concepts of arithnmetic and geonetry, which are supposed
to have their roots in prehistory and were fully devel oped in the
G eek classical period (Piaget & Garcia, 1989, chapters 1 and 2).
But if the structure of such concepts woul d be entirely i ndependent
of any specific social and cultural environnents, determ ned only
by fundanmental coordination of action, why then shoul d t hey energe
historically in so different periods?

Such paradoxes inherent in Piaget’s genetic epistenol ogy van-
ishif we assune that operatory cognitive structures may evolve in
different forns depending on the nature of the activities and their
coordi nation, fromwhich they are constructed by reflective ab-
straction. The ultimate cognitive outcomnme of prehistory can be con-
ceived then as the energence of a specific formof operative
thinking, its structure being determned by its specific originin
t he mani pul ati on of the synbol s of the archai c bookkeepi ng system

Such an understandi ng of the cognitive outcone of prehistory
not only explains the peculiar context-dependent use of archaic

synbols. It can, noreover, pave the way for an understandi ng of
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the further cognitive devel opnent in early civilizations fromthe
perspective of psychogenesis. It can hel p us to understand why such
a variety of independent and often inconpatible synbol systens
energed in the period of early civilizations. To conceive of gen-
eral concepts of nodern |ogical and mat hemati cal thinking as an
outcone of the integration of context-dependent cognitive struc-
tures under historically specific constraints, and not as pre-de-
termned in their structure by their origins in the coordination
of human action, provides us with a convi nci ng expl anation for the
fact that the early civilizations did not result inmediately in
abstract nunbers and Aristotelian logic but in such odd | ogico-
mat hemati cal structures as those of Babyl oni an mat hematics, Egyp-
tian calculations with unit fractions, Chinese proofs by anal ogi -

cal reasoning, and the sophisticated ritual cal endar of the Mayas.
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