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The Intelligence of Oldowan Hominids 

This article uses Piagetian genetic epistemology to evaluate the intelli- 
gence of Oldowan hominids. From the analysis of the geometry of two- 
million-year-old artifacts from Olduvai Gorge it is concluded that the 
hominids who made the tools possessed pre-operational intelligence. 
Pre-operational intelligence employs such organizational features as 
trial-and-error and control of single variables but lacks such important 
modern features as true classification and pre-correction of errors. 
Pre-operational intelligence is also typical of modern pongids. This 
implies that Oldowan hominids were not remarkably intelligent by 
hominoid standards and that evolution of intelligence was not significant 
in human evolution until after about 1"6 million years ago, at which time 
it became an important factor in the rapid increase in reliance on culture. 

1. I n t r o d u c t i o n  

I n  this paper  I argue that  the intelligence of  Oldowan  hominids was on a par  with tha t  of  
mode rn  pongids. M y  a rgumen t  is based on an  analysis o f  the geometries of  O ldowan  
tools. Piagetian genetic epistemology supplies both the general theory o f  intelligence and 
the method  used to evaluate the artifact geometries. 

Intelligence constrains behavior.  Simple patterns of  behavior require a simple organiz-  
ing ability while complex patterns require a complex organizing ability. This is true o f  all 
kinds of  behavior,  including culture. Such complex modern  patterns as Australian eight- 
class kinship systems and Bach partitas require complex principles of  organization. I t  is 
axiomatic  that  this h u m a n  ability to organize must  have evolved. The  kind of  intelligence 
that  was characteristic of  a pre-modern  hominid must  have constrained the kinds of  
culture that  hominid was capable of  creating. I f  we can describe a phyletic sequence of  
organiz ing abilities we should be able to identify the times at which significant evolution- 
ary changes occurred and, perhaps,  the evolut ionary circumstances with which they were 
associated. This would not only increase our  unders tanding of  h u m a n  evolution but  help 
us explain the nature  of  culture change and stability in the Palaeolithic. 

I n  m y  analysis I employ a very nar row range of  attributes. T h e  topological attributes 
of  stone tools were certainly not  pa r amoun t  in the total behavior  o f  tool-making and  tool 
use. Moreover ,  they represent a small fi:action of  the information archaeologists have 
recovered from Oldowan  sites. I t  m a y  seem, therefore, that  m y  analysis is unduly  restric- 
tive. There  are two advantages in selecting topological attributes. First, the patterns are 
internal  to stone artifacts and  have not  been disturbed by the vagaries o f  geological pro- 
cesses. As a result we can assume that  the patterns resulted from some kind of  intention, 
even if not  from intensive concentrat ion.  Intent ional  patterns are, of  course, essential if 
one wants to s tudy intelligence from the archaeological record. Second, the topological 
patterns can be interpreted directly in terms of  Piaget 's theory of  intelligence. O the r  
archaeological  patterns, such as site location and faunal remains, can be used to interpret  
hominid  intelligence only th rough  tenuous chains of  reasoning (e.g., hunt ing  requires 
a imed throwing which requires neural  re-organization) and are therefore of  little use to a 
s tudy of' this kind. 

T h e  discussion that  follows begins with a brief  review of  Piagetian theory, empha-  
sizing the stage aspects and their applicability to phylogenetie studies. This is followed 
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by the analysis of Oldowan artifacts and a comparison of Oldowan competence with that 
of modern pongids. 

2. Theory 

Piagetian genetic epistemology is a structural theory that defines intelligence in terms of  
organizational ability. In Piaget's method of analysis a structure is a set &principles used 
to organize behavior. Structures are patterns of brain activity and are therefore ultimately 
physiological. However, very few structures are inherited. Rather,  simple genetically 
determined structures are elaborated during ontogeny into more and more complex, 
and therefore more powerful, organizations. I t  is the action of the organism in its environ- 
ment  that  leads to the elaboration of structure. Brain morphology sets certain limits on 
the complexity of final structures but  in no sense does the morphology/physiology of the 
brain alone determine the nature of final structures. Experience through action, physical 
and mental,  is also necessary (Piaget, 1970, 1972, 1974a). 

Piaget's theory of human ontogeny is a stage theory. During ontogeny each individual 
constructs successive structures, each more elaborate than the preceding. The  structures 
are detected through a study of patterns of behavior. The  ontogenetic sequence is divided 
into three major stages : sensorimotor intelligence, pre-operational intelligence, and opera- 
tional intelligence, the latter marking the adult  stage. 

The  sensorimotor stage encompasses successive structures that organize pure action. 
The  earliest sensorimotor organizations are regulated by reflexes, which are circular actions 
co-ordinated by biological rhythms. Gripping, sucking, and a rm waving are examples. 
These reflex patterns and rhythms are hereditary. Very soon after birth these primitive 
organizing principles are coordinated through use into more complex patterns. For 
example, gripping and arm motion are co-ordinated into a scheme of grasping and pulling 
objects for close examination. Action can only be successive--at best one action is 
"chained" to ano the r - -and  in no sense is the entire sequence conceived simultaneously 
by the individual. Because it is a physical sequence, action is restricted to immediate 
circumstances. Without representation of this sequence in thought there can be no con- 
sideration of past and future. Action schemes are in a strict sense the intelligence of infants. 
Theirs is a world organized by their actions (Piaget, 1957, 1960, 1972, 1974b). 

In  the pre-operational stage, the action schemes of the sensorimotor stage are inter- 
nalized, that is, they are now performed within thought. This results from the same 
semiotic ability that allows the development of language. A child at  this stage can, for 
example, describe a sequence of actions she has just performed. To  do this she must 
repeat  them in thought. The  semiotic ability also allows consideration of the past and 
projection into the future. However, because pre-operational structures are internal 
imitations of action sequences they are restricted to organizations that  can be performed 
by action. Action can only act on one quality at a time and internalized action can consider 
only one variable at a time. One of Piaget's most famous examples is that of the clay 
balls. When the balls are roiled into sausages the pre-operational child assumes that the 
amount  of  clay has increased because the length has increased. She has been unable to 
consider the qualities of  length and thickness simultaneously. Interestingly, when the 
sausage becomes very thin she may  completely shift orientation and claim there is now less 
clay. The  narrow focus of pre-operational organization is true in plans of action. Even 
though the end result can be foreseen, only changes in one quality at a time can be con- 
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trolled. Trial-and-error is the only means of monitoring projects with pre-operational 
thought (Piaget, 1957, 1962, t974b; Sinclair, 1974). 

The  pre-operational stage is perhaps best understood as the transition between sensori- 
motor organizations and reversible operational concepts. Continuous development 
occurs throughout the stage. Indeed the same developments occur as occur during the 
sensorimotor period but this time within thought. I t  is often convenient to subdivide the 
preoperational stage into two substages, the symbolic and the intuitive. In the symbolic 
substage the semiotic function is present but  thought is closely tied to the individual's 
own possible action. In the intuitive substage thought is less centred on ego, objects being 
understood to act independent of ego though this understanding is not yet operational 
(Piaget, 1960, 1972). Again these substages are merely convenient divisions of a continu- 
ing development. Piaget himself has occasionally subdivided the stage differently (e.g., 
Piaget, 1973). The general organizational features reviewed above are true throughout 
the stage. 

Modern adult thinking is characteiized by operations. "An operation is, in effect, an 
internalized action which has become reversible and coordinated with other opera t ions . . . "  
(Piaget, 1968, p. 121). The reversible nature of operations means that the operation and 
its inverse are considered simultaneously (for example, subtraction is implicit in the 
process of addition). This is in contrast with pre-operational organizations which, because 
they are representations of action, are oriented in only one direction. Furthermore, while 
pre-operational intelligence tends to focus narrowly on single actions to the exclusion of 
others, operations are considered as interrelated sets of internalized action that can be 
co-ordinated. This differential treatment of variables allows certain aspects of a problem 
to be treated as invariant while others are modified. Conservation, perhaps Piaget's most 
well known concept, results from such operational co-ordination of many variables. 
In the example of the clay balls cited above, a child using operational organization is able 
to "conserve" the quantity by compensating for the change in one variable with that of 
another. Such relations as transitivity (A ---- B, B ~- C, therefore A = C) and classifica- 
tion (A + A' = B, B + B' = C) require the reversibility and coordination of operations. 
Operations also permit complex planning such that " . . .  instead of corrections being made 
after the event, that is, once the action has been carried out physically, errors are pre- 
corrected in virtue of the interplay of direct and inverse operations" (Piaget, 1972, 
p. 35). In ontogeny operations are constructed gradually out of the internalized action of 
pre-operational intelligence. Their  logic is not genetically determined except in the sense 
that it can be traced, ultimately, back to rhythmic co-ordinations of sensorimotor 
intelligence. 

Operational thought actually consists of two stages, concrete operations and formal 
operations. Concrete operations deal with physical entities and their relations and formal 
operations deal with propositions. The distinction is not relevant for the present discussion. 

The  sequence of stages is logically necessary. Each successive structure elaborates on 
previous structures; none can be constructed without the necessary antecedents. Opera- 
tions can only be constructed from pre-operational organizations. They  cannot be con- 
structed directly from action schemes. Cross-cultural applications of Piaget's method 
have shown that the sequence of  sensorimotor, pre-operational, and operation structures 
is always the same, though the age at which each is achieved varies according to the kinds 
of experience supplied by a particular culture (Dasen, 1977; Piaget, 1974b). In ontogeny 
the mechanisms of elaboration are assimilation and accommodation. Assimilation incor- 
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porates new environmental circumstances into existing organizations (thumb sucking is 
Piaget's favorite example) while accommodation is the process by which an existing organi- 
zation is altered to cope better with new circumstances. Elaboration of a new structure 
occurs when existing structures no longer supply adequate solutions to problems. 

I propose here that Piaget's sequence of stages is also applicable to phylogeny. I t  is 
generally acknowledged in biology that there are parallels between ontogeny and phylo- 
geny. However, there has been considerable disagreement as to the mechanisms of this 
parallel and its importance in evolution. Haeckel's idea that phylogenesisis the mechanical 
cause of ontogenesis is no longer accepted in evolutionary theory and, as a result, his 
recapitulationist dictum is cited, when it is cited, as an historical curiosity (Gould, 1977). 
Piaget himself is a recapitulationist in the sense that he looks to ontogeny for the sequene 
of phylogenetic structures, but  tie is not clear as to the reason for the parallel. 

The  parallel must result from the logical necessity of the sequence. I f  structures can be 
constructed only from appropriate antecedent structures, and if no structures can appear 
out of sequence, then this must be true of all sequences of cognitive development. Recent 
research has shown that the early ontogenetic sequence is the same across several species 
(e.g., Parker, 1977); what differs is the final stage achieved. Phyletically the sequence 
would be a sequence of increasingly complex final structures. Let  us assume that an indi- 
vidual of a species possesses an organizing ability that is more complex than that of theother 
members of the species. Because the sequence of development is invariant, it can only be 
that this individual has constructed this organization out of the structure that is typical 
of the final stage of development of the rest of the species. The phyletic sequence of final 
structures must, therfore, parallel the ontogenetic sequence. 

I am not proposing here a mechanism for cognitive evolution. I am only proposing that 
the ontogenetic sequence can be reasonably hypothesized as paralleling the phylectic 
sequence and as such provides a useful tool for studying the evolution of humanintelligence. 

3. Analysis 

Piaget's scheme of stages can be applied in the interpretation of artifacts. It  is possible to 
assess the organizational ability of a hominid by analysing the geometries of its artifacts. 
Elsewhere (Wynn, 1979) I have argued that the fine later Acheulean bifaces required 
operational intelligence. In the following analysis I characterize the intelligence of Oldo- 
wan hominids. 

Oldowan artifacts constitute the earliest known technology and were manufactured by 
late Pliocene/early Pleistocene hominids, presumably an early member of the genus 
Homo. These artifacts are generally acknowledged to be crude and simple tools, used for 
butchering and other tasks. Their  crudity has been attributed by some (e.g.,Jolly & Plog, 
1979) to poor manual dexterity, though the presence of small modified flakesin some assem- 
blages (Leakey, 1971) argues against such an explanation. It  is morelikely that thecrudi ty  
of Oldowan artifacts reflects an ability to organize space that was much less sophisticated 
than that of modern humans. The following analysis uses artifacts from two Olduvai Bed I 
localities, DK and F L K  N, which date between 1"9 and 1-7 million years ago (Hay, 1976). 

In analysing artifacts I also borrow some of Piaget's criteria of evaluation. Spatial rela- 
tions have always played an important role in Piaget's studies and it is through the changes 
in spatial organizing abilities that many of Piaget's ontogenetic stages can be most clearly 
clearly recognized (Piaget, 1954; Inhelder & Piaget, 1964; Piaget & Inhelder, 1967). 



INTELLIGENCE OF OLDOWAN HOMINIDS 533.  

Through the analysis of the patterns present on artifacts, it is possible to interpret the 
Palaeolithic sequence in a similar fashion. The action of stone knapping, like all action, 
requires organization. The spatial concepts required to fracture stone can be relatively 
simple, as in throwing down a stone in order to break it, or quite complex, as in modern 
sculpture. Bashing together two stones requires at least the co-ordination of the rhythmic 
actions of gripping and arm motion and here the most one could expect would be a broken 
stone. A more complex end-product would require that the above circular actions be 
broken down into subunits and reassembled into a more complex action scheme. Such 
schemes are rudimentary spatial concepts and, with stone knapping, control the successive 
modifications of the stone. From the patterns of modification on Oldowan artifacts it is 
possible to reconstruct the actual action of stone knapping and interpret the complexity 
of the spatial concepts that organized the action. 

There  is one serious difficulty in such interpretation. I t  is only possible to reach con- 
clusions about the minimum competence necessary for the manufacture of any given arti- 
fact. I f  Michelangelo had made a chopper we could not infer from this chopper alone 
that the maker could also conceive of and create a David. It is possible, then, to under- 
estimate intelligence. 

In his evaluation of spatial concepts Piaget considers three types of geometry- -  
Euclidean, projective, and topological. Both Euclidean and projective geometry are 
sophisticated means of organizing action in space and neither was required for the manu- 
facture of Oldowan artifacts. Topology is a simpler geometry. Topological equivalences 
are determined by qualities other than size and shape. For example, one measure of 
topological equivalence is the one-to-one correspondence. The points of a square corres- 
pond one-to-one to those of a circle and, therefore, the figures are topologically equivalent. 
However, neither corresponds to a cross because neither has terminal points. Because 
many topological relations are simpler than those of Euclidean and projective geometry 
they are earlier applied in the co-ordination of action (Piaget & Inhelder, 1967). 

Proximity is the relation of "nearbyness". In terms of action it simply requires the 
placing of elements near to one another. In stone knapping the placing of successive 
flake removals in the same general a rea- - tha t  is, nearby one another--requires a concept 
of proximity. Such placement requires a certain amount of co-ordination in the action of 
chipping and, although it may seem very simple, this co-ordination is much more complex 
than, say, random bashing. The action of bashing must be interrupted (it is basically 
circular and repetitious) and directed toward fairly specific locations on the artifact. 
There  are Oldowan artifacts that require only a concept of proximity (Figure 1). These 
are usually classified as polyhedrons. The knapper need only to have bashed a cobble 
several times in the same general area to produce a polyhedron. These are geometrically 
the simplest artifacts in Oldowan assemblages. 

The relation of order requires a more complex co-ordination of action, one in which 
proximities are ordered by a constant direction of movement. In stone knapping this 
would involve removing flakes one immediately next to another while moving in a single 
direction on the artifact. Maintaining a single direction of movement requires careful 
co-ordination of the action of flaking, a co-ordination that takes into account more pre- 
cisely the position of previous modifications of the stone. The simplest kind of order is the 
"pai r" ,  one element placed immediately next to another. A pair requires a more complex 
co-ordination than proximity because it requires separation. Each element must be dis- 
tinguished from the others as a separate entity and placed in a specific relation to another 
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Figure 1. This artifact required only a concept of proximity. 
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element. Such precision is not  necessary with proximity.  More  complex still is the co- 
ordinat ion necessary to produce an ordered sequence. Here  the constant  direction of  
movemen t  must  be mainta ined for three or  more  elements and, in order  to mainta in  direc- 
tion, each successive placement  must  consider more  than one other  element. 

M a n y  Oldowan  artifacts require a concept  of  pairs. The  simplest chopper  consists of  
two flake removals, one right next to the other. This placement  produces the functioning 
edge. Most  choppers have more  than two flake removals but  the m i n i m u m  co-ordinat ion 
is still that  of  the pair. Each successive flake removal  need only be placed next to one 
preceding flake removal.  I t  is the placing of  each flake removal  tha t  reflects spatial con- 
cepts and even if the stone was turned again and again and m a n y  flakes removed,  the 
co-ordinat ion required is only that  of  positioning the next blow immediate ly  next to one 
previous. This is a concept  of  pair  (Figures 2 and  3). 

Scrapers are more complex. In  order  to make a scraping edge the action of  chipping 
must  be co-ordinated in such a way  that  the position of  each successive flake removal  is 
made  in relation to all of  the preceding flake removals, not  just  one. This is accomplished 
by mainta in ing a constant direction of  movemen t  along the surface o f  the artifact. Such 

Figure 2. This artifact required at least a concept of the pair (one flake 
removal placed immediately next to one preceding). 

o 
I I I c r  I I 
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Figure 3. Despitethe number of flake removals the minimum necessary 
spatial relation required for the manufacture of this artifact is still that 
of the pair. 

0 5 
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co-ordination is more complex than that required for choppers and polyhedrons because 
a notion of direction must be added to proximity and separation (Figure 4). 

I t  is important to reiterate at this point that we can only reach conclusions about mini- 
mum necessary spatial concepts. It  is quite possible that Oldowan knappers employed 
a concept of ordered placement in the manufacture of choppers. They need not have done 
so, however, and we cannot assume a more complex co-ordination than that of pairs. 
In this regard some mention should be made of the so-called spheroids and discoids 
identified in Oldowan assemblages. The terms applied to the artifacts imply the Euclidean 
concept of constant radius. The radii of these Oldowan artifacts are only very roughly 
constant and from them we cannot argue for a concept of radius in the repertoire of the 
knappers. In terms of spatial concepts the Oldowan spheroids and discoids represent 
polyhedrons and choppers with more or less even dimensions. Their minimal requirements 
are the same as those for polyhedrons and choppers. 

4. C o n c l u s i o n  

The manufacture of Oldowan artifacts required only pre-operational organizations. 
Tool-making itself requires the semiotic ability. We must assume that Oldowan tools were 
the result of intention and intention implies the projection of action into the future. The 
tools were made to perform some task and the task must have existed as an internal repre- 
sentation of some kind. Semiotic ability is one criterion of pre-operational intelligence. 
However, the internalized action schemes required for the manufacture of Oldowan tools 
were not very complex. It  was unnecessary for the knapper to have considered more than 
one effect of his action at a time. Successive modifications, even on the scrapers, required 
only that the knapper consider the effect of his action on one quality of the tool. Con- 
sideration of secondary effects, on the cross-section for example, are nowhere apparent;  
simultaneous consideration of several variables was not necessary.The Oldowan patterns 
could easily have been achieved by a process of trial-and-error. The effect of an action 
was evaluated after the fact and if unsatisfactory another flake removed. The reversible 
anticipation of operational intelligence was not necessary and such operational relations 
as transitivity and conservation not required. 



536 T. W'YNN 

F~gure 4. The unit~acial retouch on these artifacts required some notion 
of constant direction in addition to concepts of proximity and separation. 
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I I ! I 1 I 

C m  

I t  is difficult to reach a more precise characterization than a general one of pre-opera- 
tional intelligence. As described earlier, pre-operational intelligence is often divided into 
two substages, symbolic and intuitive, distinguished primarily by the degree to which a 
child focuses potential action on himself (Piaget, 1960, 1972). Some tasks, such as a trial- 
and-error reversal of spatial order, are accomplished only in the second substage. How- 
ever, this distinction is too subtle to be of much use in analysing the end result of action. 
All of the spatial concepts identified for Oldowan hominids are found in the earlier sub- 
stage ofpre-operational intelligence (Piaget & Inhelder 1967, p. 80-92). Thus it cannot 
be argued that Oldowan hominids possessed a particularly advanced form of pre-opera- 
tional intelligence. However, any characterization of Oldowan hominids in terms of 
substages is unwarranted. We have too limited a range of organizational behavior andthe 
substages of pre-operational intelligence are just too subtle to be reliably applied. 

Nothing in the archaeological record of the Oldowan counters the above assessment. 
Sites such as DK and F L K  at Olduvai present evidence that the hominids carried stones 
and faunal material to a central location. A reasonable inference can be made for home 
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base and sharing from such evidence (Isaac, 1978). None of these behaviors requires  
organizational abilities that are more complex than those of pre-operatlonal intelligence, 
e.g., pre-correction of errors.* Indeed, the Oldowan industry as a whole corroborates the 
evidence of artifact geometry. The  Oldowan presents a fairly wide range of artifact size 
and some variation in edges but  it has always been difficult to subdivide into classes and 
subclasses. Indeed, much of the variation that exists can be attributed to differences in raw 
material.  This is easily explained if, as the above analysis indicates, the hominids were 
incapable of creating classes in a modern  sense. No apriori classes and subclasses existed in 
the heads of the hominids. For each specific task the hominid probably had a specific size 
and edge in mind and chipped until that form was ach ieved- -by  trial-and-error. This 
kind of toolmaking would yield a wide range of forms with few, if  any, perceivable modali-  
ties. This is just what  we see in the Oldowan. 

I t  would be dangerous to push the ontogenetic analogy too far. Oldowan hominids 
were not human  children. They  had neither the same experiences nor the same motiva-  
tions. The  parallel lies only in the principles used to organize behavior, not the actual 
behavior. 

5. Comparisons 

I f  pre-operational structures were typical for all of Oldowan thinking then the intelligence 
of  these hominids was quite limited in comparison to modern adults. Certain powerful 
concepts would have been absent and patterns of  behavior limited accordingly. For 
example,  in the absence of true classifying ability kinship systems would have been restric- 
ted to such simple direct relationships as mother-offspring. Complex contingency planning 
would have been impossible because of the inability to pre-eorrect errors. Euclidean 
geometry, a useful spatial tool, would also have been impossible. There is no need to specu- 
late further. The  important  point is that  much of modern culture--social,  symbolic, and 
even technological--is dependent on operational organization and this kind of organiza- 
tion was apparently absent from the Oldowan repertoire. Oldowan culture must have 
been a very different kind of culture in its form, if not in its function. 

Although the organizational abilities of Oldowan hominids appear  to have been less 
complex than those of modern humans,  they compare well with the organizational ability 
of modern  pongids. The intelligence of modern great apes can be characterized as pre- 
operational.  There are several lines of evidence to support this contention, some of it 
dealing with spatial relations and some with linguistic ability. 

Parker (1976), Redshaw (1978) and Chevalier-Skolnikoff (1977) have applied the 
Piagetian stage model to the ontogeny of infant gorillas. They found that  gorillas pass 
through the same sequence of sensorimotor substages as human  infants and achieve the 
most advanced level of sensorimotor intelligence. The only significant difference is that  

*Parker & Gibson (1979) have reached an assessment of Oldowan in- 
telligence that is somewhat more generous than mine. Their evaluation 
rests heavily on speculations about Oldowan behavior, in particular 
aimed throwing, division of butchered animals into equal shares and 
shelter construction. There is no direct evidence for any of these 
behaviors. These are not outlandish speculations and it is possible that 
Parker and Gibson are correct but until direct evidence is available I do 
not think such speculations can be used as hard data for interpreting 
intelligence. 
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the gorilla did not apply the most complex action organization in its vocal behavior. In 
addition to corroborating the interspecific applicability of Piaget's method, these studies 
have demonstrated that in the domain of object manipulation gorillas achieve at least the 
most advanced stage ofsensorimotor intelligence. No work has been done with apes apply- 
ing specifically we-operational spatial concepts but there are other results, interpretable 
in Piagetian terms, that argue for fully pre-operational organizations. 

Parker & Gibson (1979) have reviewed reports on various specific abilities of great 
apes. They assessed such actions as object manipulation, copying of geometric figures 
and construction of collections. For example, apes do not employ true classification and 
only attend to topological qualities when copying figures. Parker & Gibson concluded that 
great apes " . . .  display the abilities characteristic of human children in the symbolic 
subperiod of preoperations (two to four years), such as language . . . (and) drawing of 
simple topological forms . . ." (Parker & Gibson, 1979, p. 369). 

The above assessments were made on captive apes and one could argue that such 
results do not reflect the organizational abilities naturally employed by great apes. 
Ethological studies, though not as dramatic in their examples, also supply evidence for 
pre-operational spatial concepts. Chimpanzees manufacture tools in the wild. The ter- 
mite "fishing poles" observed by van Lawick-Goodall (1973) and Teleki (1974) and "ant  
dipping sticks" observed by McGrew (1974) are natural objects modified for use. The 
stripping of leaves and twigs from branches requires a concept of the end result and a pro- 
cedure for achieving it. The minimum procedure is pre-operational trial-and-error. 
Such tasks are not directly comparable to stone flaking because placement of elements is 
not required, only removal. Nevertheless, this tool-making behavior indicates that chim- 
panzees naturally employ pre-operational organization to solve problems. 

Recent studies in ape language acquisition demonstrate conclusively that chimpanzees 
and gorillas have representational ability (Premack, 1976a, 1976b; Terrace et al., 1979). 
Their  use of non-iconic symbols can be explained in no other way. There remains con- 
siderable controversy over whether their use of symbols also qualifies as language but 
this is not directly relevant to the present discussion. It  is the ability to represent, especially 
represent action within thought, that distinguishes pre-operational intelligence from 
sensorimotor intelligence. Chimpanzees and gorillas symbolize about action through 
verbs and simple causal relations (Premack, 1976a). They are, therefore, internalizing 
action and this is pre-operational intelligence. 

Modern pongids have at least pre-operational intelligence. Moreover, they apply this 
kind of organization in spatial relations. They do not, however, make stone tools and 
direct comparisons to Oldowan hominids cannot be made. The absence of a pongid 
lithic technology does not appear to result from a lack of organizational ability. At least 
one orangutan has been taught to flake stone, though not manufacture Oldowan tools 
(Wright, 1972). The absence of a lithic technology reflects a lack of motivation or a lack 
of precise enough control over manual dexterity. Neither of these is a cognitive restriction. 

6. D i scuss ion  

I t  is possible that the Oldowan hominids used their most sophisticated organizational 
abilities in such domains as foraging, social relations or communications but  employed 
only simple organizations in the actual manufacture of stone tools. The archaeological 
record does not rule out such a possibility; but  neither does it support such a possibility. 
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For example, nothing in the archaeological evidence of Oldowan foraging demands 
organizational abilities beyond the pre-operational stage. I include such inferred be- 
haviors as carrying, home base, and sharing. All are within the competence of modern 
pongids, whether or not they are employed habitually. Social organization is simply 
unknown. 

Stone tools are abundant  in Oldowan sites and are associated with the remains of sub- 
sistence activity. It  seems likely that they were an important part of the Oldowan adapta- 
tion and as such were involved in one of the most complex sets of behavior. I t  is reasonable 
to suppose that they would reflect this complexity. Jerison (1975) argues that it was the 
context of tool use (learning, planning and judging quality) that was sophisticated and not 
the actual tool-making. Again, though this cannot be ruled out, there is nothing we know 
about that context that requires greater sophistication than pre-operational thought. 
Since it is one of the tasks of students of human evolution to discover when a uniquely 
human kind of intelligence appeared, we should not assume any competence beyond a 
hominoid level without evidence. I t  seems far more parsimonious to accept the evidence 
we have as being an accurate reflection of the overall competence of the hominids. 

The  pre-operational stage does encompass some progressive changes in intelligence. 
"Ear ly"  pre-operational intelligence and " la te"  pre-operational intelligence do differ in 
terms of organizational sophistication. Modern apes and Oldowan hominids fall into the 
stage only in the most general sense and it is quite possible that Oldowan hominids were 
somewhat more intelligent. But by Oldowan times hominids were not significantly out 
of the ordinary hominoid mold. The  uniquely modern kinds of organization--e.g.,  formal 
classification and pre-correction of errors--are nowhere in evidence, even in rudimentary 
form. In other words, there is no clear tendency toward a human intelligence and away 
from a general hominoid intelligence evident in the archaeological record. 

The  evidence of fossil hominid brains neither clearly confirms nor counters my assess- 
ment of Oldowan intelligence. Based primarily on shape differences of endocasts 
Holloway (1976) has argued that the brains of Plio-Pleistocene hominids were closer 
morphologically to modern humans than to apes. Jerison (1973, 1975), on the other hand, 
has argued that in terms of encephalization, a quantitative measure, the Plio-Pleistocene 
hominids fall much closer to the apes than to modern humans. All students of endocasts 
acknowledge that there is a difference between ape brains and early hominid brains; 
the problem lies in interpretation. Certain differences are expected, given different adap- 
tations and the "principle of proper mass" (Jerison, 1973), but can the differences be 
interpreted in terms of some general measure of intelligence of even in terms of specific 
behaviors ? The differences between ape and early hominid brains may well reflect 
different domains of behavior rather than a qualitative leap in intelligence. Radinsky 
(1976) feels that our understanding of brain morphology and function is too incomplete 
for such assessments and that "Given the nature of hominid endocasts , . . ,  the archaeologi- 
cal record and other aspects of the paleontological record will ultimately allow more 
inferences about behavior than will endocasts." (Radinsky, 1976, p. 384). 

The evolution of a uniquely hominid intelligence had not occurred by Oldowan times. 
However, the basic hominid morphology of upright posture had been achieved by 3"5 
million years ago (Johanson & White, 1979). This suggests that selection for a complex 
organizing intelligence was not part  of the original hominid adaptation. For several 
million years hominids did not rely on some special cleverness not possessed by other 
hominoids. The adaptation may have involved diet or locomotion or some other behavioral 
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a n d  morpho log ica l  complex  bu t  select ion for intel l igence appea r s  no t  to have  been signi- 
f icant  un t i l  af ter  the O ldowan .  

I t  is the  pe r iod  be tween  abou t  1.6 mi l l ion  and  300,000 years  ago tha t  the  evolut ion of  
a un ique ly  h u m a n  inte l l igence occurred .  T h e  first a rchaeologica l  indica t ions  of  o rgan iza-  
tions more  complex  t han  p re -opera t iona l  occur  in Developed  O l d o w a n  and  Ea r ly  Acheu lean  
bifaces, perhaps  as ear ly  as 1-6 mi l l ion years  ago (Isaac,  1967; Leakey,  1971). T h e  evidence 
is equivocal  b u t  the shape o f  the bifaces suggests some a t t en t ion  to symmet ry ,  which  is a 
r a the r  sophis t icated geometr ic  re la t ion  (Wynn ,  1977). By 300,000 the fine Acheu lean  
bifaces were  c lear ly  conceived and  m a n u f a c t u r e d  by  ind iv idua ls  wi th  a m o d e r n  h u m a n  
inte l l igence (Wynn,  1979). Several  i m p o r t a n t  cu l tura l  deve lopments  a re  associa ted wi th  
this pe r iod :  expans ion  into t empe ra t e  la t i tudes ;  special ized ac t iv i ty  sites [e.g., M o n t a g u  
Cave  (Kel ler ,  1973)]; yea r ly  cycles of  m o v e m e n t  [e.g., as ev idenced  a t  T e r r a  A m a t a  
(Lumley ,  1975)]; a n d  t rue  b ig  game  hun t ing  [e.g., T o r r a l b a  (Freeman ,  1975)]. These  
deve lopments  suggest tha t  this was the  per iod  in which  the heavy  re l iance on cul ture  evol- 
ved.  A concomi tan t  to selection for re l iance  on cul ture  would  have  been  selection for 
m o d e r n  intel l igence.  
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