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Visuo-spatial integration is indeed one of 
the cognitive domains in which humans have 
clearly undergone evolutionary development 
(Wynn, 1989, 2010). Our ability to conceive 
of and organize our actions in space is arguably 
unmatched among primates. And as Bruner & 
Lozano explicate, this spatial cognition relies on 
our ability to generate an “inner virtual space” 
using neural resources of the IPS and precune-
ous, resources that initially evolved for coordina-
tion of hands and eyes. The archaeological record 
suggests that much of this evolutionary develop-
ment occurred early in hominin evolution, and 
that the modern ability to generate an inner vir-
tual space was in place by half a million years 
ago, arguably prior to the split of the Neandertal 
and human lineages.

The earliest evidence for hominin-specific 
abilities in visuo-spatial integration manifests 
itself in the first Acheulean bifaces ca. 1.8 mil-
lion years ago (Lepre et al., 2011; Wynn, 2002). 
Hominins who knapped bifaces imposed a two-
dimensional shape – bilateral symmetry – onto 
tools. This seemingly simple task required the 
knapper to coordinate two quite separate streams 
of visual information – the ventral shape rec-
ognition stream, which engages occipital and 
inferior temporal (fusiform gyrus) resources, 
and the dorsal spatial location and orientation 
stream of the parietal lobes. This ability to coor-
dinate shape and space was arguably the initial 
step in the evolutionary sequence of modern 
visuo-spatial integration. It seems probable 
that this development was one consequence of 
one million years of brain/artifact co-evolution. 
The earliest confidently dated stone tools are 

the 2.6 million year old artifacts (Semaw et al., 
2003, 2009), and there is indirect evidence (cut-
marked bone) from Dikika that dates to 3.4 
million (McPherron et al., 2010). The knap-
pers at Gona had already developed the classic 
two-handed knapping gesture in which a domi-
nant hand delivered a well-aimed blow onto a 
core held in the other hand (Toth et al., 2006). 
Aimed striking for over one million years acted 
as a procedural scaffold for the co-evolution of 
spatial location (core, and later flake, edges) and 
shape recognition in the form of the finished 
products. Initially an embodied system of hand-
eye coordination, the lithic products acted as 
visual placeholders of shape information. These 
physical placeholders were eventually internal-
ized into a neural network coordinating space 
and shape, and one result was early bifaces in 
which the much older symmetry recognition 
system was integrated into artifact production. 
Exactly how this played out in terms of brain 
evolution is unclear. It seems likely that changes 
in the IPS were involved (Orban et al., 2006), 
but also changes in inferior temporal lobes and 
the fronto-parietal network of working memory. 
However, there is no a priori reason that any of 
this would have been reflected in endocasts.

A second major development in visuo-spatial 
integration occurred over a million years later. 
This was the appearance of a fully modern abil-
ity to conceptualize using “inner virtual space,” 
to use Bruner & Lozano’s felicitous phrase. 
Archaeological evidence here manifests in the 
guise of prepared core techniques and also beau-
tiful bifaces with intentional violations of three-
dimensional symmetry. The fine 3-D symmetry 
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exhibited by many late Acheulean bifaces relied 
on allocentric perception – the ability to con-
ceive non-egocentric visual perspectives (Wynn, 
2000). Such viewpoints are internal constructs. 
When internal constructs are manipulated and 
the images used to guide action, as was the case 
with twisted profile handaxes, then a sophisti-
cated virtual space is indicated (Wynn, 2002, 
2010). Perhaps more telling are the prepared core 
techniques of which Levallois is the best known 
(Boeda, 1994; Chazan, 1997). These began to 
appear by half-a-million years ago (McNabb, 
2013; White & Ashton, 2003). As Bruner & 
Lozano discuss, these techniques are core man-
agement techniques that attest to an ability to 
model core volumes in a virtual space and project 
action sequences. There was no requirement that 
the knapper “see the flake in the core,” but there 
is evidence that knappers maximized flake size 
while maintaining core productivity (Schlanger, 
1996; Wynn & Coolidge, 2010). Interestingly, 
modern stone knappers consider Levallois to be 
one of the most difficult procedures to master. 
Arguably, nothing spatially more complex ever 
developed in lithic technology (Wynn, 2010). In 
addition to these lithic procedures, the archaeo-
logical record includes fully carved spears by 
400,000 years ago (Haidle, 2009; Thieme, 2005) 
and hafting perhaps as early as 500,000 (Wilkins 
et al., 2012), both of which attest to a sophis-
ticated understanding of space and force. The 
point here is primarily chronological. Multiple 
lines of archaeological evidence suggest that 
modern inner virtual space was in place, and an 
important component of technology, prior to the 
advent of both Neandertals and modern humans. 
About the only visuo-spatial development that 
seems to have evolved with Homo sapiens and 
not Neandertals was the use of thrown projectiles 
(Lombard & Haidle, 2012; Shea & Sisk, 2010).

To summarize, the modern visuo-spatial inte-
gration invoked by Bruner & Lozano was argua-
bly an older evolutionary development that they 
envision. At least, that is what the archaeological 
evidence suggests. But what about the dramatic 
evidence for parietal expansion that accompa-
nied the evolution of Homo sapiens? Here, as is 

frustratingly often the case, the paleoneurologi-
cal evidence and the archaeological evidence tell 
different stories. Neither can claim priority in 
interpretation as both are direct evidence from 
the past. The task for students of cognitive evo-
lution, then, is to continue to document their 
independently derived data sets, but also to be 
open to alternative theoretical stances that can 
make sense of both. Bruner & Lozano’s advocacy 
of an extended/embodied conception is one such 
theoretical stance (Malafouris, 2013), and even 
if their particular example does not stand the test 
of time, it is a definite way forward.
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