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Abstract

Several recent studies have examined human evolution with reference either to the symmetry of Acheulean tools or brain structure
but although these investigations have been informative they have not generally taken into account the psychology of perception in
relation to recent insights into neural pathways of the visual brain. Similarly, the interest in symmetry has largely been restricted
to understanding tool morphology that has ignored research on how this property might be processed by the brain that could help
provide new insights into cognitive evolution. The purpose of this paper is therefore to bring these diverse approaches together in
an effort to assimilate the various findings so that a fuller understanding of the cognitive profile of hominins during the early to
Middle Pleistocene can be achieved. To cite this article: D. Hodgson, C. R. Palevol 8 (2009).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Evolution du cortex visuel et émergence de la symétrie dans le techno-complexe Acheuléen. Plusicurs études récentes ont
examiné 1’évolution humaine en se référant, soit a la symétrie des outils acheuléens, soit a la structure du cerveau. Mais quoique les
recherches aient été informatives, elles n’ont, en général, pas pris en compte la psychologie de la perception, en relation avec les
récents apercus sur les itinéraires des nerfs du cerveau visuel. En méme temps, I’intérét pour la symétrie a été largement restreint
a la compréhension de la morphologie de 1’objet, qui a ignoré la recherche d’explication de la maniere dont cette propriété peut
avoir été traitée par le cerveau, qui puisse aider a trouver de nouveaux apercus sur 1’évolution cognitive. C’est pourquoi, le propos
de cet article est de cumuler ces diverses approches de maniere a assimiler les nouvelles découvertes, afin qu’une compréhension
plus compleéte du profil cognitif des Hominidé€s entre le Pléistoceéne inférieur a moyen puisse étre atteinte. Pour citer cet article : D.
Hodgson, C. R. Palevol 8 (2009).
© 2008 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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There has been much discussion as to the significance hand-axes. Some investigators argue that this symme-
of the refined symmetries that typify Late Acheulean try goes far beyond functional requirements and may
be informative as to the cognitive outlook of those

responsible for the end product [45]. It certainly appears

E-mail address: derekhodgson@hotmail.com. to be the case that these tools show an increasing
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Fig. 1. The Elandsfontein handaxe —A typical example of a symmet-
rical Acheulean tool. This illustration and others are available from:
http://antiquity.ac.uk./ProjGall/marshall.images/fig5.jpg.

Fig. 1. Hache & main d’Elandsfontein. Exemple typique d’un objet
acheuléen symétrique. Cette illustration et d’autres sont disponibles
sur : <http://antiquity.ac.uk./ProjGall/marshall.images/fig5.jpg>.

preference for symmetry (see for example Fig. 1.) absent
in earlier Acheulean examples (predating 500,000 BP).
One of the features of the symmetry of hand-axes is
their uniformity across wide geographical locations and
throughout a considerable period of time often made in
great numbers in one location [35]. Conservatism of this
order continues to perplex commentators who, for the
most part, have tended to account for this homogeny in
terms of functional demands or a consequence of the
raw material utilised that affects knapping procedure
[22,23]. However, as the symmetry of Late Acheulean
tools seems to go somewhat beyond functional require-
ments [21], it is assumed something about cognitive and
cultural determinants may be additionally involved [45].
Whether this is actually the case remains controversial
but evidence seems to be accumulating supporting the
relevance of cognitive factors to this issue. Here, I present

data showing how the increasing preference for symme-
try may have arisen from an “aesthetic” bias on the part
of hominins that led to the making of the more complex
profiles typical of Late Acheulean bifaces.

Kohn and Mithen [18] suggest that the prodigious
symmetry of Acheulean hand-axes might be accounted
for by sexual selection. Symmetry, however, has been
found to be important in a number of contexts unrelated
to mate preference [14,16]. Crucially, most biologically
important objects, such as predator or prey, are symmet-
rical [7,8,44] and, in this respect, sensitivity to symmetry
may have evolved because it is crucial for discriminat-
ing living organisms from inanimate objects [40]. In
fact, symmetry seems to act as an early warning sys-
tem that directs the visual system to further scrutinise an
object until full recognition has occurred [26,41] Mir-
ror symmetry is thought to have special status in human
perception, precisely because it is such an important cue
as to the presence of natural organisms [37]. This may
be related to the fact that observers seem more sensitive
to mirror symmetry than repetition symmetry [20]. The
detection of symmetry, as Julesz [15] has established, is
virtually automatic in that it is pre-attentive or precon-
scious. In this respect, studies [39] have demonstrated
that humans are able to accurately discern symmetrical
objects in less than a twentieth of a second and the eye is
particularly rapid at discerning objects with vertical mir-
ror symmetry, suggesting that the ability is hard-wired.
And, once a line of vertical mirror symmetry has been
detected, the eye will then only track parts of the object
that have not yet been assimilated [19] to the extent
that only the unassimilated side of the object are sub-
sequently explored because the other facet is taken as
given.

It appears therefore that the visual brain is especially
responsive to symmetry suggesting that this preference
may derive from enduring evolutionary factors. The
recognition of animal forms would have been particu-
larly relevant to the survival of homo—so it may well
be that this sensitivity is related to the need to rapidly
discern symmetry for the purpose of survival [37]. Fun-
damentally, it has been established that the human brain
contains neurones specifically sensitive to symmetry in
an area known as the medial occipital gyrus (MOG).
This reflects the fact that early areas, such as the primary
visual cortex at a more basic level of processing, are also
preferentially tuned to particular features such as vertical
and horizontal lines in that humans have a raised sensi-
tivity to such elements because these are preferentially
represented in this part of the brain [6]. The reason for
this is to be found in the fact that the natural visual array
has implicit within it more horizontal and vertical lines
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than any other orientation. The evolution of the visual
brain seems thereby to have taken advantage of these
affordances to the extent that it has become embedded in
the underlying neurophysiology that has consequences
for perceptual awareness.

One of the main ways by which visual information
is thought to be processed involves the interpolation of
the tuning curves of neurones. For example, the visual
cortex may store a relatively few sample 2D views of a
3D object that are used for the purpose of recognition
of actual objects [43]. The procedure will be enacted
as one ascends the visual hierarchy including the lat-
eral surface of MOG [41], or lateral occipital cortex or
LOC [38] (more precisely the dorsolateral occipital or
DLO [40]) where long-range integration of scene fea-
tures begins to take place. At this level, there may be
a limited number of symmetrical forms encoded that,
through a process of interpolation, are capable of access-
ing the full array of symmetrical forms. The importance
of this area for detecting symmetry is underlined by the
fact that damage or lesions to LOC leads to difficulties
in perceiving bilateral symmetry [40]. Moreover, there is
evidence that adjacent and earlier areas of visual cortex,
mainly V4, V3A and V7 are also involved in symmetry
extraction [31] that may be linked to the parieto-occipital
area in relation to the intraparietal sulcus for process-
ing 3D shape from motion for the manipulation of tools
[12,24,42]. Interestingly, Sasaki et al. [31], also found
that the response to symmetry in the brains of macaques
was much weaker than in humans indicating that the
presenting stimulus had to be much more pronounced to
produce a response in the former compared to the lat-
ter. These studies support the fact that the human visual
system exploits symmetry as a means of facilitating the
recognition of objects [43].

Such observations are corroborated by Stout et al.,
[33] in a preliminary PET brain scan investigation that
found, as well as premotor cortex, the above cited areas
of the brain were preferentially activated when a mod-
ern knapper made a symmetrical Acheulean hand-axe.
Interestingly, the same areas were activated, but to a
lesser degree, in a previous study involving the making of
Oldowan tools [32]. The prefrontal cortex, however, was
not activated to any great extent in either study that adds
some credence to Wynn and Coolidge’s [46] hypothesis
that enhanced working-memory, which is often associ-
ated with the executive functions of the frontal cortex, did
not become important in this context until some 50,000
BP. De Beaune [3], on the other hand, sees analogical
thinking, which is not so dependent on working mem-
ory, relevant to the Oldowan technologies of early homo
— a capacity which became more important during the

Acheulean that may be related to the above cited neural
correlates. De Beaune [4] has also suggested exaptation
is pertinent to this issue whereby one function, which
may have been evolutionarily adaptive, is reassigned for
another purpose not directly related to natural selection.
In this sense, symmetry, as a crucial perceptual contin-
gency for detecting form, was initially adaptive but was
subsequently reassigned, or exapted, for the purpose of
realising the symmetrical morphologies of stone tools.
Importantly, this reassigned function would itself have
led to further adaptive benefits in that this allowed eas-
ier access to greater amounts of meat-protein/fat rich
resources etc. The ability of humans to exploit symme-
try during the Acheulean period may be related to the fact
that from 1.6 million years up to about 300,000 BP tools
began to evince more complex symmetries just as the
hominin brain was undergoing considerable expansion
in the parietal area with a probable rearrangement and
enhancement of neural tracts [2,11,13,30] thatis required
for the multivariate task demands required to produce
Acheulean tools [9]. It seems that an interest in sym-
metry that went beyond purely functional demands from
about 500,000 onwards may be an indication of an aware-
ness of form for its own sake [36] that is evidence of an
increasing cognitive sophistication of hominins during
this period.

The importance of symmetry is underlined by the fact
that infants as young as 4 months are capable of dis-
criminating mirror symmetry from other kinds of more
complex symmetry [1]. This hypothesis is supported by
the fact that the perception of symmetry seems to be
inborn and develops early, even among young children
from isolated communities that have no previous train-
ing or exposure to illustrations of abstract symmetrical
forms [5]. In fact, this study found that core geometric
concepts are part of a basic human cognitive develop-
ment shared by young children throughout the world and
concluded that a sophisticated analysis of shape appears
to be a common human heritage.

Reber et al. [28] have put forward the concept of
perceptual fluency to describe the process whereby sym-
metry acts as an important cue helping to parse the
visual array. Fluency signifies that objects with sym-
metry are processed with greater speed and efficiency.
In other words, this contingency reflects ease of per-
ception and success in recognition that is associated
with positive affect because it is a signal that something
has been successfully categorized [29]. The detection
of symmetry may also be related to prototypes in that
symmetry, in its broadest sense, is an indication that
something remains the same despite change. In fact,
symmetry is commonly referred to in mathematics in a
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corresponding way whereby a rule, or formula, is able to
represent the unchanging nature of things despite com-
plexity [34]. This analysis of symmetry has significance
for understanding Acheulean tool making in that, in
order to make a tool, one has to remain cognisant of the
fact that, although an object may undergo transforma-
tion through rotation, at the same time there are crucial
aspects of the form that remain unchanged. As is the case
with symmetry, prototypical shapes are processed faster
than distorted ones and involve fewer neural resources
[25,27]. It has also been established that prototypicality
leads to positive regard because of error free processing
and means of realising successful recognition [47]. Sym-
metry, therefore, seems to be an important perceptual
indicator arising out of evolutionary imperatives closely
tied to how the visual brain functions. Such factors may
well have been subserved by the increasing ability of
Homo erectus to assimilate the “what” (involved with
recognising objects) and “where/how” (involved with
manipulating objects in 3D) brain pathways leading to
better eye-hand coordination for the making of more
efficient, evenly-shaped tools [10].

The foregoing suggests symmetry is fundamental
to visual perception and appears to be driven by an
automatic function involving a dedicated brain network
residing in MOG and related structures. The evolution
of this network as a hard-wired contingency meant the
Homo erectus or Homo heidelbergensis was pre-evolved
to make ever more symmetrical tools through a ratchet-
like effect thereby explaining the uniformity in shape
over such a long period. It may be this pre-adaptation
that formed the basis on which more complex tools mor-
phologies and types came to be based especially during
the latter part of the Acheulean period and on which
a more detached “aesthetic” response led to the non-
functional features that appear to characterize such tools
[17]. The “aesthetic” referred to here, it should be added,
is closely associated with the concept of perceptual flu-
ency already mentioned concerning an affective response
to symmetry because such shapes are important to how
the world is successfully perceived.

The object of this paper has been to bring attention
to the significance of symmetry in processing percep-
tual information that was important to the survival of
hominins. It is hypothesised that this contingency came
to be exapted for the purpose of making symmetri-
cally shaped tools and, because this was initially based
on hard-wired contingencies to do with the MOG and
related areas, this led to the uniformity in shape profile
during the Lower to Middle Palaeolithic that culminated
in Acheulean technologies. Subsequent more complex
tools may have involved cultural factors that exploited

an evolutionarily disposed cognitive domain that was ini-
tially premised on brain expansion and reorganisation
that was taking place during the Oldowan to Acheulean
period. Such changes to the brain, especially in the
posterior parietal region and areas including the MOG
and adjacent pathways seemed to have been part of a
reciprocal disposed dynamic. Before 0.5 Ma., the form
of Acheulean tools, as testified by the conservatism in
shape, was thus probably more tightly coupled with brain
evolution whereas, after this date, the appearance of a
greater range of tool types suggests that a more complex
interaction was taking place involving technical/cultural
traditions.
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