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Measuring Cognition in Extinct Hominids

Robert A. Foley

Any model of the evolution of the human mind should be testable against and consistent
with the evidence drawn from the human palaeontological and the archaeological record.
Such data are, however, notoriously sparse and incomplete. Here an attempt is made to
measure a number of variables from the palaeobiological record that may provide evidence
of the pattern of human cognitive evolution: relative brain size, neocortex ratio, duration
of technological tradition, complexity of technology and rate of maturation. If these data
do reflect cognitive states then they show a pattern of independent evolution, with
maturation rate and neocortex ratio showing a relatively early and more continuous
pattern than EQ and technology. Debates about the relative cognitive status of extinct
hominid taxa should take into account that different skills may evolve independently. It is
also argued that changes in life history strategy underpin cognitive evolution.

There are two necessary components of any suc-
cessful explanation and description of the evolution
of the human mind. The first of these must be an
adequate understanding of the biological mechanics
of cognition and a theory that can account for the
range of variation we can see among animals today.
The second is to place that theoretical framework
into the specific context of the time and place of
hominid evolution. Ultimately it is the way we put
these two elements together that is crucial. The prob-
lem with such an integration, however, lies in the
fact that these two components draw on radically
different sets of data and theoretical frameworks.

Building a theoretical model of the way a mind
works is the field of comparative psychology. The
primary source of information here is the study of
humans and other animals under laboratory and
natural conditions, and an understanding of them in
terms of the mechanics of neurobiology. The pre-
human mind that emerges from such studies is sel-
dom specific to the particular conditions of phylogeny
or environment in which humans evolved. To the
comparative psychologist the early human mind
floats unanchored in the vast tracts of space and
time between the development of the central nerv-
ous system and the evolution of human self-reflexiv-
ity.

The specifics of hominid evolution, on the other
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hand, which are the concern of palaeoanthro-
pologists, do provide details of the context and tim-
ing of events in the evolution of human cognition.
This evidence, though, tends to be lacking in detail,
is sparse and unevenly distributed, and can seldom
be directly linked to the cognitive skills of the extinct
hominids that would be of concern to psychological
models. For the most part palaeobiologically based
interpretations of the early human mind are vast
inferential arches built on one or two rather eroded
foundation stones.

Solutions to these methodological problems will
come from a number of directions. For example, root-
ing behavioural and anatomical characteristics onto
phylogenetic structures through cladistics will allow
cognitive skills to be assigned to taxa at various evo-
lutionary nodes, thus helping to anchor the psycho-
logical and social capacities with the specific events
of evolution (Foley 1987; 1989a; see Robson Brown
this volume). Another approach would be to secure
more firmly the skills involved in technology to
broader cognitive models (Mithen this volume). In
this paper no attempt is made to infer directly the
actual cognitive skills and capacities of the pre-hu-
man hominids. Instead what I shall seek to do is to
quantify the relative information processing and
adaptive intelligence levels of extinct hominid taxa,
specifically those of the genus Honto. The aim is to
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provide a more secure empirical basis for discus-
sions of the relative capabilities of the hominids of
the past, using the palaeobiological and archaeologi-
cal evidence available. In simple terms, are modern
humans twice as intelligent as Homo habilis as brain
size data might imply; was Homo erectus two and a
half times more intelligent than chimpanzees? The
answer to such questions may help to solve some of
the debates about the relative cognitive and intellec-
tual capacities of neanderthals and Homo sapiens;
whether the difference is a quantum leap, or a mere
difference in style.

Which pre-human mind? The problem of hominid
taxa

One of the primary discoveries of recent years is that
the cognitive abilities of animals varies considerably
between taxa (see Lee this volume; Byrne & Whiten
1988; Cheney & Seyfarth 1990; McGrew 1992; Parker
& Gibson 1979; Savage Rumbaugh ¢t al. 1983). Mon-
keys have very different abilities from apes, and
within the Hominoidea there is also much variation.
This can be seen in the differences between gorillas
and chimpanzees which, despite a very close

phylogenetic relationship, differ very considerably
in both level of encephalization and cognitive abili-
ties and styles. Even between the two species of
chimpanzee, Pan troglodytes, and P. paniscus, there
may be substantial differences in behavioural poten-
tial (Savage-Rumbaugh & Savage-Rumbaugh 1993).
There may of course be still further levels of varia-
tion within species, such as between sexes and with
age, but these will not be addressed here (see Lee
this volume; Byrne this volume).

These results are significant for the way in which
we approach the evolution of hominid cognition and
the specifics of the pre-human mind. In particular,
the key question is — which ‘early human mind’?. It
is clear from the fossil record, and recent interpreta-
tions of it that the pattern of human evolution is not
one of a continuous and gradual anagenesis, but
includes distinct species located at particular points
in time and space (Fig. 5.1). The antecedents to the
human mind therefore cannot be a general and un-
specified precursor of that of modern humans, but is
likely to have varied between taxa (Lee 1989). Fur-
thermore, not all extinct hominids are ancestral to
modern humans. Some, such as the robust Australo-
pithecines, and possibly Australopithecus africanus and
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the hominid lineage, and em-
phasizes that the pattern of
hominid evolution cannot be
solely anagenetic. Models of the
early human mind must specify the taxa in-
volved. In the analyses presented here Homo
habilis and Homo rudolfensis are lumped
together as Homo habilis; Homo ergaster
is referred to as African Homo erectus;

Homo heidelbergensis, here used to denote all populations
that do not fit into Homo erectus, Homo neanderthalensis,
and archaic Homo sapiens, is referred to as pre-Homo sapiens.
Homo sapiens refers to anatomically modern populations.
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Homo neanderthalensis, are distinct evolutionary de-

velopments, and cognitively as much as anatomi-

cally they are likely to have their own unique traits.

It is no longer possible to adopt a progressivist ap-

proach to the evolution of human cognition any more

than it is to other hominid features.

The aim here will be to establish the relative
cognitive capacities of specific hominid taxa. The
definitions of these are set out below. Owing to our
inability to establish data on very specific taxonomic
groups these are relatively generalized, and it is not
necessarily the case that the units used here repre-
sent real species, nor that they comprise the totality
of the hominid record. From the range of taxa shown
in Figure 5.1 a number of key units are employed in
the analyses presented here. In particular, only the
genus Homo is included in these analyses as there is
no clear evidence for stone technology among the
Australopithecines (Foley 1987; Susman 1988) and
this limits their use for comparative purposes.

1. Early Homo: this refers to Homo habilis in the
sense used by Tobias (1991) to include all the
early African hominids not specifically assigned
to Homo erectus or the australopithecines (i.e. with
enlarged cranial capacity, reduced face and den-
tition, but lacking the cranial specializations of
Homo erectus). Many authors, myself included,
would prefer to split this material into two spe-
cies, Homo habilis (e.g. the Olduvai hominids +
KNM-ER1813) and Homo rudolfensis (e.g. KNM-
ER 1470), a larger and more robust species (Wood
1991). This hominid occurs in sub-Saharan Af-
rica between 2.3 and 1.6 Myr (Hill et al. 1992),

2. Early (African) Homo erectus: in the generalized
sense the taxon Homo erectus occurs in Asia and
Africa, from 1.6 Myr to 0.3 Myr. It is possible to
distinguish various attributes that are unique to
the later Asian forms, and so some authorities
recognize an early African taxon (Homo ergaster)
(Andrews 1984; Wood 1991) and true, later, Asian
Homo erectus. This distinction is made here, and
‘early African Homo erectus’ refers to the mate-
rial, such as KNM-ER3733, occurring in Africa
between 1.6 and <1.0 Myr.

3. Later (Asian) Homo erectus represents the remain-
der of ‘Homo erectus’, and is generally later (<1.0
Mya) and confined to Asia.

4. Pre-Homo sapiens: Homo sapiens is conventionally
used to include all material that post-dates Homo
erectus and shows cranial expansion (>1000 cc)
and a reduction in facial height. This makes the
taxon extremely polytypic. Recently it has been
argued that the taxon Homo sapiens should be
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confined to anatomically modern humans (Stringer
& Andrews 1988; Tattersall 1986; Foley 1989b).
This leaves various problems in assigning the
later Middle Pleistocene and early Upper Pleisto-
cene material consistently. Here ‘pre-Homo sapiens’
refers to the, primarily European, later-Middle
Pleistocene fossil hominids.

5. Homo neanderthalensis: that part of the ‘archaic
Homo sapiens’ category of the conventional clas-
sification that has distinct mid-facial prognathism
and a number of other unique features, and oc-
curs in Europe during the upper Pleistocene un-
til approximately 35 Kyr, and contemporaneously
in the Middle East. It represents the best known
non modern hominid, and to many authorities
constitutes a distinct species evolving in parallel
to modern humans (see Tattersall 1986).

6. Homo sapiens: refers to anatomically modern hu-
mans, occurring from approximately 100 Kyr in
Africa and the Levant. Where associated data
relating to Homo sapiens is used (see below), late
Pleistocene and hunter-gathering modern hu-
mans are used.

In the subsequent analyses these taxa consti-
tute the units used.

Quantitative measures of cognitive states in
extinct hominids

The fossil and archaeological record contains a
number of lines of evidence that have been used to
infer the cognitive states of the hominids. These are
both anatomical and behavioural. Here only those
that are susceptible to quantitative analysis and can
be assigned to several of the taxa are used. The fol-
lowing variables may be defined:

1. Brain size and encephalization quotient. Overall brain
size, which can be calculated from cranial capac-
ity with considerable accuracy, is generally
thought to be a good indicator of the overall
information-processing capacity of a species.
However, the primary determinant of brain size
is body size. In assessing the significance of brain
size it is therefore necessary to factor out the
effect of brain size. The relationship between
brain size and body size is allometric and a
number of models have been developed to de-
scribe the relationship. These may be used to
calculate the encephalization quotient (EQ),
which is the size of the brain relative to expected
size for a particular body weight. Two expo-
nents are generally used — two thirds (Jerison
1973) and three quarters (Martin 1983). The
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former scales with surface area, the latter with meta-
bolic rate. Both are presented where available.
Use of EQ in the fossil record depends upon the
availability of good estimates of body size. The
data used here are from Aiello & Dunbar (1993).
Neocortex ratio. Dunbar (1992) has recently ar-
gued that neocortex ratio, rather than EQ is the
best estimate of ‘significant higher intelligence’
and therefore it is the ratio of this to the rest of
the brain that needs to be measured. This has
been calculated for a number of extinct hominids
(Aiello & Dunbar 1993).

Technocomplex duration. Once stone tools are made
then there is greater access to behavioural infor-
mation about hominids, and by deduction, their
cognitive capacities (Gowlett 1984). Quantifying
such information, however, is no easy task. The
length of time technological traditions persist,
defined here as the length of time from first to
last appearance, is one such variable that may be
assessed, if assumptions are made about the use
of specific artefacts as ‘technological apomorphies’
(see Foley 1987; 1989¢). Pronounced persistence
may provide insights into cognition either in
terms of limited scope for innovation and intro-
ducing variation and novelty, or else in terms of
the maintenance of social traditions (McGrew &
Tutin 1978). Isaac (1972) produced a similar set
of data, and this has been updated here (Table
5.1). The assumption is made here that Homo
habilis is responsible for the Oldowan and that
this technology persists throughout the duration
of the species; that the duration of the Acheulean,
associated with African and (by inference only)
European Homo erectus is over 1 million years; that
the pebble tool tradition of Asia is associated with
Homo erectus, with similar levels of longevity. Pre-
Homo sapiens has been linked here with the tech-
nologies associated with the African MSA, while
Homo neanderthalensis is associated with the
Levallois tradition lasting over 200,000 years. For
Homo sapiens a number of archaeological hunter-
gatherer populations were used.

Technocomplex complexity. The number of identi-
fiable stone tool types is basic information that
can be derived from archaeological data, and
from which inferences about cognition may be
derived. Clearly these data are subject to a cer-
tain amount of subjectivity, but the differences
between taxa are often an order of magnitude
and therefore the effect of classificatory bias may
be insignificant. The data used here are drawn
from Isaac (1972), updated from Schick & Toth
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(1993) for the earlier phases.

5. Age of eruption of mandibular M1. There is grow-
ing acceptance that levels of encephalization are
related to other life history parameters (gesta-
tion length, longevity, age of first reproduction)
(Harvey et al. 1987). It is also known that the rate
of growth and hence age of maturation changes
very substantially during the course of hominid
evolution (Smith 1992). Recent developments in
studies of dental microstructure (Bromage &
Dean 1985; Beynon & Dean 1988; Beynon & Wood
1987) now allow the age at which teeth erupt to
be determined independently, and as the age of
eruption of the first molar correlates with brain
size among primates (Smith 1989), this can be
used to indicate evolutionary changes in life his-
tory strategy that are likely to be associated with
cognitive and social traits. Data here are drawn
from sources described in Foley & Lee (1991).

Patterns in the evolution of hominid cognition

Table 5.1 shows the values obtained for these vari-
ables for the fossil hominid taxa. For a number of
data points it was not possible to calculate a figure;
for EQs this is due to an absence of good body size
estimates, and for age of eruption of M1 no material
has yet been analyzed for one taxon. It should also
be stressed that there may be considerable variance
involved and these are taxon means based on single
data points or small samples. A further problem lies
in the fact that the data for each cognitive variable
varies considerably in range, and it is difficult to
establish equivalence. Table 5:2 therefore shows the
same data expressed as a ratio relative to Homo habilis,
where Homo habilis always equals zero; in Table 3 a
ratio relative to Homo sapiens, where Homo sapiens
always equals 1. In Table 5.4 the ratio are calculated
in such a way as to root Homo habilis at zero and
Homo sapiens at 1. These data give a better impres-
sion of the relative positions of the hominid taxa and
the amount of change between them.

The information that can be derived from these
data do not relate to the actual cognitive or behav-
ioural skills of the hominids. What they can do is
provide a scale of the relative abilities of the hom-
inids, and thus when and in what general areas of
cognition evolutionary changes are occurring.

The most obvious point to emerge is that what-
ever scale is used the various traits change inde-
pendently, or at least the association is not such that
all change is simultaneous. Figures 5.2 and 5.3 show
for the two ratios used, the pattern of change for
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Table 5.1. Anatomical, behavioural and life history variables of extinct hominid taxa and early Homo sapiens from which cognilive states may
be inferred. See text for discussion and definition of varinbles and taxa. See text for details and sources.

Taxon Encephalization

Quotient ("EQ’)

Encephalization
Quotient 'EQ’)

Neocortex Ratio

(Jerison) (Martin)
Homo habilis 431 338 144
Homo erectus { African) 440 3 366
Homi erectus {Aslan) 4.40 334 379
Pre-Homo sapiens - - 195
Homr nesnderthalensis - - 4.06
| Homo sapiens 8.07 628 4.12

Duration of Archaeological Age of eruption of
archaeological complexity mandibular M1
technocomplex (Myt) (number of tool types) {years)

1.20 6.00 4.00
1.20 11.00 4.60
1.00 7.00 540
0.an 19,00 -

0.21 42,00 f.60
0.02 69.00 610

Table 5.2. Ratio of behavioural and neurobiological characteristics of Homo species, In all cases Homo habilis = 0.

Taxon Jerisan’s Encephalization Quotient N Ratio haeological Longevity Technological Complexity  Age of Maturation
Homo habilis 0.00 o.on 0.00 0.00 (.06
Homo erectus (African) 2.00 6.00 000 7.00 .00
Homg erectus{ Asian) 2.00 9.00 0.00 1.00 23.00

| Pre-Homo sapigns - 13.00 17.00 19.00 -
Homo neanderthalensis - 16.00 7.00 52.00 42.00
Homo saprens 47.00 17.00 98,00 91.00 .00
Table 5.3. Ratio of behavieural and newrobiological characteristics of Homo species. In all cases Homo sapiens = 1.

| Taxon Jerison’s Encephalization Quotient Neocortex Ratio Archaeological Longevity Technological Complexity  Age of Maturation
Homi habilis 053 083 002 .09 0.00
Homo erectus (African) 0.55 0.89 0.02 016 0.75
Hemo erecties (Asian) 0.55 .92 0.02 010 0.89
Pre-Homto sapiens - (.96 0.19 028 -
Homo nsanderthalensis - 0.99 .09 .61 1.08
Homo sapiens 1.00 1.00 1.00 1.00 1.00

Table 5.4. Ratio of behavioural and neurobiological characteristics of Homo species, In all cases Homo habilis = 0 and Homo sapiens = 1.

Taxon Jerison’s Encephalization Quoti Ni rtex Ratio haeological Longevity Technological Complexity  Age of Maturation
| Homo habilis o0 0.00 0.00 .00 0.00

Homo erectus { African) 0.04 035 0.00 0.08 .26

Homao erectus (Asian) 0.04 0.53 0.00 0.01 0.68

Pre-Homa sapiens - 0.76 0.7 n.21 -

Homo newderthalensis - 094 o7 057 124

Homa sapiens 1.00 1.00 1.00 1.00 1.00

each of the variables, and it can be seen clearly that,
for example, technological parameters alter very lit-
tle for most of the non-modern hominids. It is only
with Homo sapiens that there is much change, and
then it is very dramatic. In contrast, neocortex ratio
shifts gradually and relatively continuously across
the taxa. An attempt can be made to assess the de-
gree of association statistically, although the small
samples and unknown error levels rule against us-
ing these measures to assess statistical significance.
However, Table 5.5 shows the correlation coefficients
for the relationship between the cognitive variables.
The strongest associations are between archaeologi-
cal complexity and EQ (r = 1); archaeological dura-
tion and EQ (r =-.99); maturation rate and neocortex
ratio (r = .96); and archaeological duration and
neocortex ratio (r = -.91). It should be remembered
for the first two associations there are no EQ data for
two of the taxa. If the ratios are used to calculate the
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correlation coefficients (in order to remove scaling
effects) the level of association drops although the
rank order remains the same.

A related point is that the baseline of change is
very different for the different taxa. Homo habilis pos-
sesses over four-fifths of the neocortex ratio of Hono
sapiens, about half of the EQ, and matures at about
two-thirds of the rate found in modern humans. In
contrast, the archaeological/technological measures
show less than 10 per cent of the capabilities found
in early modern humans.

Furthermore, change is'not always unidirec-
tional towards greater complexity, reaching a peak
in modern humans. For example, the Asian Homo
erectus display less technological complexity com-
pared to earlier African Homo erectus. In the case of
Neanderthals and modern humans there is consid-
erable complexity. Neanderthals share some techno-
logical characteristics with early Homo sapiens (Skhul
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Ratio relative to Homo habilis

Ratio relative to Homo sapiens

Figure 5.2.
Histograms
representing the
‘cognitive vari-
ables’ for the
hominid taxa. To
ease comparison all
data are expressed
as a ratio relative
to Homo habilis
which equals zero
(and hence is not
shown).
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B Homo erectus (African)
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Figure 5.3.
Histograms
representing the
‘cognitive vari-
ables’ for the
hominid taxa. To
ease comparison all
data are expressed
as a ratio relative to
Homo sapiens
equals 1.
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Table 5.5. Correlation coefficients between behavioural and neurobiological variables.
be

Encephalization Quotient

Encephalization Quotient 1.00 Neocortex Ratio

Neotortex Ratio 0.87 1.00

Archaeological Longevity .99 0,91

Maturation .79 .96

Technological Complexity 1.00 0.82

and Qafzeh), and also show increasing complexity
at the end of their time span (Chatelperronean,
Szeletian, etc.). Conversely complex and ‘modern’
technology (cf. Upper Palaeolithic) is not always as-
sociated with modern Homio sapiens. It is the case,
however, that in Europe at the transition between
Neanderthals and Homo sapiens there is an increase
in technological complexity (Mellars this volume).

These three observations together have impor-
tant implications for debates about the abilities and
cognitive states of extinct hominids relative to mod-
ern humans. The level of difference between modern
humans and other species depends upon the meas-
ure used. Technology will exaggerate the differences,
while neocortex ratio will emphasize continuity. EQ
and maturation rate indicate an intermediate posi-
tion. The simplest conclusion to be drawn is that
different skills and capacities evolved at different
rates at different times, and therefore that the various
extinct hominids may have had genuinely different
combinations of behavioural and intellectual traits.

From the relative patterns of these various traits
it is perhaps more interesting to see whether any
biological insights can be gained from the pattern of
change, rather than being concerned with the rela-
tive rankings of the taxa. These may provide a better
understanding of the evolutionary processes that led
to the evolution of modern humans.

For the earliest part of the hominid evolution-
ary history, the rate of maturation appears to change
most significantly. This pattern would be seen even
more strongly if comparisons with Australopithecines
were made. This implies that changes in life history
strategies and their underlying patterns of parental
effort and investment are the first shifts to occur.
These are associated with a gradual change in
neocortex ratio. Dunbar (1992) has argued that this
change reflects increasing group size, and it may be
argued here that the conjunction of these two vari-
ables implies an ecological and energetic change in
the earlier phases of hominid evolution, resulting in
a change in social strategy and hence both the condi-
tions under which encephalization may occur and

Archaeological Longevity
1.00 Maturation Rate

(.89 1,00 Technological Complexity

0,79 0.76 1.00

the selective pressures leading to such a change.
Subsequent to these life history and neurological
changes there are associated, possibly threshold, ef-
fects in EQ and technology. These, however, occur
later (with pre-Homo sapiens) and also very rapidly.

It should be remembered that the analyses pre-
sented here have been based on comparisons be-
tween taxa, and these do not necessarily relate to the
actual rates of change through time. Figure 5.4 shows
the extrapolation from this data of the possible rates
of change for these variables. Such extrapolations
would support the notion that for neocortex ratio
and maturation rate there is an earlier, more ex-
tended and gradual pattern of change than is found
in the technological record.

Conclusions

The primary purpose of this paper has been to argue
that any attempt to examine the evolution of human
cognition must be based on the palaeobiologically
observable pattern of hominid evolution. Models that
seek to map and explain the evolutionary pathways
from the pre-human mind to the abilities of modern
humans must be consistent with the only direct evi-
dence of the timing of this evolution and the condi-
tions under which it occurred. Such an argument in
turn places the onus on palaeobiologists to provide
data on the cognitive abilities of extinct hominids
that allows comparison between taxa. Some steps in
this direction are made here, but it needs to be
stressed that the data presented are based on sparse
and small samples, and analysis has only been possi-
ble using pooled taxonomic information that ignores
any within-group variance or time-transgressive
trends.

Such data, however, do provide some tentative
insights into the pattern of human cognitive evolu-
tion. The first of these is that no single variable can
represent the character of cognition, and when sev-
eral variables are used a level of independence can
be observed. It is possible to show that different
abilities evolve at different rates at different times.
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Figure 5.4. Extrapolated pattern of change in the cognitively related vari-
ables through time. The lines are calculated from the estimated date of first
appearance of the taxa: Homo habilis = 2.3 Mya; African Homo erectus =
1.6 Mya; Asiann Homo erectus = 1.0 Mya; Pre-Homo sapiens = .5 Mya;

and Homo sapiens = .1 Mya. Neanderthals are excluded from the extrapola-
tion on the grounds that they do not appear to be part of the evolutionary lineage leading to Homo sapiens, but appear
later. The values associated with them are shown by the letters M (Maturation Rate), N (Neocortex Ratio), C
(Technological Complexity), and D (Technological Duration). Data used are ratio data where Homo sapiens = 1.

An important implication that would require further
investigation is whether this means that the cogni-
tive characteristics of the modern human mind
evolved as a response to a number of different selec-
tive pressures, or whether there is a greater degree
of integration both neurobiologically and in terms of
selection. Answering this question may provide some
insights into the debate about specific versus general
intelligence (see various papers, this volume). It may
also help to resolve some of the debates about the
relative levels of cognitive skills of extinct hominids
and the question of whether there is a ‘revolution’
with the appearance of modern humans (Mellars &
Stringer 1989) or whether neanderthals are only trivi-
ally different to Homo sapiens. The answer to this ques-
tion may well depend upon what is being compared.
Perhaps the most provocative suggestion that
may be made on the basis of the limited data pre-
sented here is the apparent precedence in time of

changes in the rate of maturation. If correct this un-
derpins arguments (Humphrey 1976) that even if
social complexity provides the key selective pres-
sure leading to greater levels of encephalization in
humans in particular and mammals in general, none-
theless this social complexity is predicated upon the
energetic feasibility of specific reproductive strate-
gies, and hence upon the pivotal links between so-
cial strategies and ecological ones. It also means that
the evolution of the human mind cannot be divorced
from the evolution of our more basic biological traits.

Robert A. Foley
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