PHILOSOPHICAL
TRANSACTIONS

——OF
THE ROYAL
SOCIETY

Phil. Trans. R. Soc. B (2008) 363, 1969-1979
d0i:10.1098/rstb.2008.0004
Published online 21 February 2008

Big brains, small worlds: material culture
and the evolution of the mind

Fiona Coward™® and Clive Gamble

British Academy Centenary Project, Department of Geography, University of London, Royal Holloway,
Egham TW20 0EX, UK

New developments in neuroimaging have demonstrated that the basic capacities underpinning
human social skills are shared by our closest extant primate relatives. The challenge for archaeologists
is to explain how complex human societies evolved from this shared pattern of face-to-face social
interaction. We argue that a key process was the gradual incorporation of material culture into social
networks over the course of hominin evolution. Here we use three long-term processes in hominin
evolution—encephalization, the global human diaspora and sedentism/agriculture—to illustrate how
the cultural transmission of material culture allowed the ‘scaling up’ of face-to-face social interactions
to the global societies known today. We conclude that future research by neuroimagers and
archaeologists will need to investigate the cognitive mechanisms behind human engagement with

material culture as well as other persons.
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1. INTRODUCTION

Understandings of the cognitive basis of face-to-face
interaction fundamental to both primate and human
societies have recently been revolutionized by new
neuroimaging techniques. In particular, studies have
provided empirical support for a shared theory of mind
where the embodied simulation of others’ actions, rather
than an abstract representational theory of behaviour,
underpins understanding of the actions, sensations and
emotions of others (Gallese & Lakoff 2005; Gallese
et al. 2004). It is this common cognitive basis, with its
implications for a deep ancestry, which is proving most
provocative for those studying human evolution (Stout
et al. 2008; Grove & Coward submitted). In this paper
we set out to expand these interdisciplinary collabor-
ations by adding an archaeological perspective. This
necessarily prioritizes the material aspect of social
interaction, highlighting the fact that we currently
know very little about the neural capacities for the
relationships that humans have with other animate and
apparently ‘inanimate’ entities.

Animals and objects have formed a fundamental
element in networks of human agency and sociality
throughout our ca 5 Myr evolution as an encephalized
species. For example, the basic skills underpinning
interaction with material culture are present in our
primate relatives in both the old and new worlds
(McGrew 1992; de Amoura & Lee 2004; Davidson &
McGrew 2005), suggesting a long-time depth for the
cognitive basis of such engagement. However, the scale
of human involvement with material culture by far
outstrips anything known from other animal species

* Author for correspondence (fiona.coward@rhul.ac.uk).

One contribution of 14 to a Theme Issue ‘The sapient mind:
archaeology meets neuroscience’.

1969

both quantitatively and qualitatively. Furthermore, this
scale has increased dramatically during hominin®
evolution in the ca 2.5 Myr since the oldest known
stone technologies (Semaw ez al. 1997; Gamble 2007).
Collaboration between neuroimagers and archaeolo-
gists has the potential to illuminate the process by which
hominins developed this uniquely human capacity for
engagement with material culture. Both disciplines have
recently advanced by emphasizing the fundamentally
embodied character of cultural transmission and it is in
this area that dialogue promises to be most fruitful. But
this exchange of views will only be achieved if
archaeologists first address some conceptual issues.

2. WHAT NEEDS TO CHANGE IN THE STUDY
OF HUMAN EVOLUTION
The study of human evolution remains committed to a
Cartesian model of cognition and consciousness in
which the process of thinking is abstracted from its real-
world context. Its practitioners are also largely
uninterested in theory, even evolutionary theory
(Foley 2001, p. 5), relying instead on sequence and
correlation to reveal trends in the data. Archaeologists
in particular feel safest with populations (Flannery
1967; Clark 1992) rather than individuals as their unit
of study (though see Gamble & Porr 2005), and with a
model of rational behaviour based on the economic
costs of procuring food. How the food quest was
organized leaves tangible traces—camps, tools and
residues from foraging and agriculture—and these
serve as proxies for variation in reproductive success
between species such as Neanderthals and modern
humans, and for distinguishing between such proble-
matic economic categories as hunters and farmers.
Similar proxies are used to document the trend in
cognitive ability. Here the Cartesian model is most
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evident through the notion of symbolism and the key
role it is thought to play in the human revolution of
50 000 years ago. Chase & Dibble (1987, p. 265)
examined the rare ‘symbolic’ items from Neanderthal
archaeology ‘with an eye towards assessing the degree
to which arbitrary categories and symbols structured
behaviours’. They concluded that there was little or no
evidence—unsurprising, given that they concentrated
on material symbols that can trace an unbroken
ancestry from contemporary societies, such as ‘figur-
ines’ and €jewellery’. Moreover, when it comes to
explaining why such items are commonly encountered
after 50 000 years ago and associated with modern
humans, the answer is invariably that ‘substantial
amounts of brainpower’ (Henshilwood & Marean
2003; but see McBrearty & Brooks 2000; Zilhao
2007), together with language, were now involved.

In particular, the rational approach, using direct
material proxies to identify key behaviours, has failed to
deliver much of interest concerning the changing
structure of hominin society (Johnson & Earle 1987).
By comparison with the extensive literature on ape
sociality and cognition (e.g. Barrett & Henzi 2005), a
study of hominin social life has barely begun (Mithen
1996; Gamble 1999). The reason is simple; even
though hominins had brains two or three times larger
than apes, their societies apparently lacked material
proxies for social institutions such as markets,
assemblies and temples. In the absence of such proxies,
it would seem little or nothing can be inferred. Neither
does the rational approach have much to say beyond
the functional about the history of technology and
materials. In this paradigm, artefacts are merely
externalized mental constructs.

3. EMBODIED KNOWLEDGE AND IMAGINARY
GEOGRAPHIES

In emphasizing the embodied character of cultural
transmission, we need to avoid falling into the trap of
merely promoting from the opposite direction the
mind/body dualism we have just criticized. Rather, the
notion of ‘embodied knowledge’ is used here as a
corrective to traditional archaeological approaches that
tacitly endorsed the notion of abstract decontextualized
cognition. We use the term here in reference both to
Gibsonian ambulatory perception, which emphasizes
the sensory capacities of the body as the primary means
of engagement with the world (Gibson 1979), and to
‘embodied’, ‘extended’ or ‘distributed’ approaches
within cognitive science (see Anderson (2003) for
review, also Hutchins (2008)), linguistics (Lakoff &
Johnson 1980, 1999) and neuroscience (e.g. Maravita &
Iriki 2004), all of which suggest that cognition is not
an abstract symbolizing process but fundamentally
structured by the inescapable fact that the biological
processes constituting ‘mind’ are part of a body which is
constantly interacting with the world.

The change we advocate, and that opens up the
prospect of a more fruitful collaboration with neuro-
science, is the adoption of a relational approach to a
much wider set of archaeological data. A relational
approach (Gamble 1999, 2007) does not seek to
separate hominins from their worlds for analytical
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purposes. Instead, the focus of its investigation shifts to
the connections that constitute them within those
worlds. From a relational perspective, the entities
themselves—individuals, objects and animals—have
no essential qualities per se but rather are effects or
outcomes of their connectedness (e.g. Law 1999, p. 3;
see also Gosden 2008). As such, a relational perspec-
tive is not necessarily opposed to or separate from a
‘rational’ reading of the data, but complementary to it.

The shift in standpoint will allow us to address such
issues as the evolution of intentionality and the
emotions. We will be able to ask whether these changes
selected for social bonds that also functioned as
scaffolds for the imaginary cognitive geographies
identified by Gallese & Lakoff (2005, p. 9): ‘All
human beings entertain the capacity to imagine worlds
that they have or have not seen before, to imagine doing
things that they have or have not done before’. Without
such cognitive ability there would, for example, be no
archaeology, no interest in human evolution and indeed
no humans as we conceive them.

Here we will argue that the ability to create and
people such imaginary geographies constitutes a basic
hominin rather than exclusively human ability
(Gamble 2007). It is not an evidence of either a
lately evolved modern mind or a sapient revolution
(Renfrew 2008); later developments were instead the
outcome of a general shift towards the increasing use
of material culture to supplement face-to-face
interactions between individuals. Such relational
questions do not necessarily require better identified
proxies in order to consider hominin social life and
material culture—a shift in our conceptual approaches
can reveal many new relationships, hitherto obscured
from view in the archaeological data by a purely
rational approach.

4. WHAT NEEDS ADDRESSING IN HUMAN
EVOLUTION

Although embodiment has recently become a topic of
interest in archaeology (e.g. Hamilakis er al. 2002;
Sofaer 2006), for the most part archaeologists have yet
to follow up the consequences of departing from a
Cartesian approach for a perspective in which knowl-
edge is seen as mapped in our sensory—motor system,
and therefore embodied (Gallese ez al. 2004). One such
consequence is that emotions are seen as playing a key
role, characterizing the human brain (LeDoux 1998)
but always also embodied (Niedenthal 2007). For
example, Turner (2000) has argued that positive
emotions were pressed into service to facilitate the
evolution of more complex social behaviour, with
hominin evolution demonstrating a trend away from
low sociality and individualism towards more group-
oriented social structures, which can be investigated by
reference to group size and the scale of hominin groups’
imaginary geographies. These developments required
conceptual changes within the early learning environ-
ment of the infant, with the outcome of selection for
these positive emotions leading to ‘the expansion of the
anterior cingulate gyrus, as the centre for playfulness
and mother—infant bonding, (and which) may also have
been rewired to produce a more generalized source for
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Figure 1. Group sizes predicted for extinct hominins from the strong relationship demonstrated between neocortex ratio and
group size among extant primates. Data from Aiello & Dunbar 1993. In fossil hominins, the expansion of the neocortex accounts
for the increase in total brain size that can be measured in fossil crania. Mya, million years ago.

happiness and propensities for bonding, altruism, and
reciprocity beyond the mother—infant dyad (Turner
2000, p. 112)”

While an admittedly speculative account, Turner’s
emphasis on the emotions is suited to a relational rather
than strictly rational account of hominin evolution.
The task for archaeologists is to integrate material
culture into the early learning environments of
children. In this context, material culture and emotions
do not exist independently; rather, the latter frame
experience while the former embodies the concept on
which these developing relationships are based.

5. A TIMETABLE TO HOMININ EVOLUTION

The trend in hominin evolution is illustrated here by
Dunbar’s social brain model (2003), using increasing
group size as a measure of complexity (figure 1).

The model is less concerned with the taxonomy of
the various fossils and more with the overall trend in
encephalization. Brains are expensive metabolically,
and strong selection is required to account for the
expansion and the consequent costs involved, e.g. the
increased risk of parturition (Aiello 1998). Adaptations
for sociality are put forward as one source of such a
selective pressure since larger group size brings
evolutionary benefits in defence against predators and
foraging opportunities through sharing. However, the
model is currently light on the mechanisms behind the
increased complexity of social life. What were these
social bonds and networks based upon and how were
they organized into more complex patterns? In
particular, what role did material culture play in this
trend to complexity?

The earliest stone artefacts are currently ca 2.5 Myr
old (Semaw er al. 1997), thus dating to very early in the
process of encephalization. The subsequent evolution
of brains and artefacts reflects an entangled history that
needs careful unravelling if we are to avoid trite
narratives about progress towards modernity. Here,
we will structure our discussion of the archaeological
data around three processes occurring over the course
of hominin evolution.

(i) A sharp increase in encephalization 500 000 &+
100 000 years ago. This is much earlier than the
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artefactual changes that began 300 000 years
ago in Africa (McBrearty & Brooks 2000) and
gathered pace after 100 000 years ago (d’Errico
et al. 2003; Henshilwood & Marean 2003). The
predicted group sizes at 500 kyr ago probably
required language to facilitate interaction
(Dunbar 1993). Of interest at this time are
life-history changes and the evolution of early
learning environments of childhood and the
extent to which these were critical to cultural
transmission.
(i1)) The global human diaspora (Gamble 1993;
Cavalli-Sforza & Cavalli-Sforza 1995), starting
with the first appearance of Howmo erectus (sensu
lato) outside Africa ca 1.7 Myr ago and con-
tinuing even after the arrival of ocean-going
modern humans in Australia ca 60 000 years ago
(Gamble in press). To what extent does this
diaspora depend on the ability to construct
imaginative geographies that also supported
distributed social networks?
The widespread appearance of sedentism and
then agriculture 15 000-8000 years ago, which
changed human experience in ways that some
believe was fundamental for the modern mind
(Cauvin 2000; Renfrew 2001; Watkins 2004b).
However, sedentism needs to be understood in
the context of the social networks and small-
world societies that supported them. A com-
parative approach must look at both sides of this
apparent divide.

(iii)

These processes are emphatically nor revolutions
(Gamble 2007). Nor do we necessarily consider them
to be the three ‘big events’ in hominin evolution; we
simply use them here as temporal markers to organize a
long-term perspective based on archaeological evi-
dence. Discussing each in turn, we will demonstrate
that all are underpinned by changing social relation-
ships between hominins—and, crucially, between
hominins and the material world—building on a basic
hominid cognitive repertoire expanded during hominin
evolution through the spinning of networks of social
relationships that link us over increasing distances
through space and time.



1972 F. Coward & C. Gamble

Big brains, small worlds

6. ENCEPHALIZATION, CHILDHOOD AND
CULTURAL AND SOCIAL TRANSMISSION

The concepts of children and childhood are a good
example of the kinds of crucial information that
rational approaches to hominin evolution often over-
look. Children are an almost invisible category in
archaeology (Derevenski 2000) and particularly so
during hominin evolution. We can find their tiny
footprints (Roveland 2000), on occasion their skel-
etons and very rarely their weaning foods (Mason ez al.
1994), but further proxies such as cradles, carrying
slings and pacifiers are absent. The rational approach
assumes, quite reasonably, that they were present (they
are, after all, themselves a proxy for reproductive
success, the ultimate evolutionary goal). However, it
regards them as uninvestigatable, much like the study
of hominin society before art, monumental architecture
and ball courts (Childe 1951, p. 85; Leach 1973;
Gamble 1999, pp. 1-7; Wobst 2000, p. 43).

And yet the mother—child dyad, along with adult
pair bonding, is one of the principal units in the
construction of hominid social life. Social relationships
are the medium and mode of cultural transmission,
providing the networks along which ‘objects’ dissemi-
nate, and it is in childhood that the bases for these
relationships, so crucial to cultural transmission, are
established.

New research is beginning to demonstrate how the
mirror neuron system informs on the mechanisms of
cultural transmission; the information necessary to
imitate the acts—and infer the intentions—of others is
immediately present in their actions as spectators’
mirror neuron systems automatically map the observed
actions onto their own motor systems in logically
entrained sequences of action (Gallese er al. 2004,
2007). One point of interest here is Zow such sequences
become entrained. One hypothesis is that it occurs by
repeatedly experiencing sequences of actions ‘as they
are habitually performed or observed in the social
environment’ (Gallese ez al. 2007, p. 137).

It follows that, while the neural mechanisms behind
imitation and transmission are innate (Gallese er al.
2007, p. 145), they are only part of a complex of
biological, ethological and social factors that are
necessarily related to its evolution. Skeletal and
locomotive adaptations such as the size and pelvic
orientation of a bipedal hominid mean that increased
brain size must be associated with secondary
altriciality and delayed maturity, with a concomitant
temporal extension of the time available for encultura-
tion and enskillment (see Smith & Tompkins 1995;
Grove & Coward submitted), as most cultural trans-
mission occurs vertically, i.e. from parents to children®
(Shennan & Steele 1999; Hosfield in press). The
derived pattern of human life history also includes a
substantial period of post-reproductive life, an inno-
vation that makes little sense outside a way of life where
the handing down of complex skills learnt over a
lifetime is adaptive (Peccei 1995; Hawkes et al. 1998;
O’Connell er al. 1999). Moreover, encephalization is
also related to a reduction in the size of the gut and an
increase in the proportion of meat in the diet (Aiello &
Wheeler 1995). Exploitation of meat, a high-quality
patchy food, is associated with larger range sizes and
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social groups and necessarily more complex skills for its
appropriation which must be learned by each new
generation (Foley & Lee 1991; Smith & Tompkins
1995). On a less rational note, hunting is also
necessarily associated with new forms of social
relationships forged through communal hunting
strategies and/or division of labour, and the sharing of
large ‘packets’ of meat too substantial for individuals to
consume alone.

What lies at the heart of all of these changes is
sociality; the relationships between individuals and the
mechanisms by which those bonds are initiated and
sustained. At the fine scale of individual imitation and
transmission, these same relationships also underpin
cultural transmission. At a larger scale, innovations and
varied forms of material culture are disseminated in a
manner analogous to genes (e.g. Boyd & Richerson
1985; Shennan 2002); but again, these practices are
part and parcel of the wider social networks that link
individuals and communities in space and time, as we
will discuss later in relation to agriculture, sedentism
and small worlds.

As Fonagy et al. (2007, p. 297) propose, ‘evolution
has left it to the intimate relationships of early childhood
to elaborate the capacity for social cognition fully’. They
argue that the capacity of the brain to adapt to ever more
challenging physical and social environments cannot be
fixed by genetics (see also Deacon (1997) and discussion
in Grove & Coward (submitted)). Instead, such
adaptation is facilitated for the infant during a prolonged
childhood by a group of trusted adults, many of whom
will be kin, what they call attachment figures (see also
Frith 2008).

Elsewhere, one of us (Gamble 2007, pp. 225-230)
has introduced the concept of the childscape, the
environment for growth, which consists not only of
attachment figures but also emotionally charged arrays
including items of material culture. As Hespos &
Spelke’s (2004) work with five-month-old babies
demonstrates, the significance of these material arrays
is that infants think first in material rather than
linguistic categories, and establish the relationships
between forms® in an experiential metaphorical
manner (Bloom 2004); a good example of knowledge
structured by the embodied nature of experiential
learning. A relational approach interested in consider-
ing children in an evolutionary context does not
therefore need child-like material proxies. Instead, it
begins with the proposition that the individual is
emotionally connected to materials and carers from
the first. Moreover, as neuroscience shows, a rigid
distinction between body and brain is counterproduc-
tive for an understanding of the evolving structure of
this cognitive attachment (Gallese ez al. 2004, 2007;
Rizzolatti & Craighero 2004; Gallese 2006; Fonagy
et al. 2007). In the same way, a division between objects
and persons can also be rejected as both are targets for
the emotional association, or agency (Gell 1998;
Gosden & Marshall 1999; Dobres & Robb 2000),
that drives the connections between them—the object
of interest in a relational approach. In a relational
approach, objects and people are not distinguished by
some prior ‘essence’ but as a result of the web of
relationships each is a part of (e.g. Law 1999); from this
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perspective, people can be considered as a particular
category of ‘thing’ with their own characteristic
properties or affordances (Gibson 1979; Strathern
1998; Jordan 2008).

7. IMAGINATIVE GEOGRAPHIES, GLOBAL
DIASPORAS AND DISTRIBUTED NETWORKS
Among primates—and so probably also among our
ancestors, the australopithecines—the primary
mechanism for negotiating these social relationships is
grooming. The downside, as Dunbar has pointed out,
is that any individual can groom only one other
individual at a time. In contrast, auditory resources
such as vocal chorusing, laughter, singing and speech
can be directed towards several individuals simul-
taneously, and could therefore have been used to
sustain groups the size of those predicted for H. erectus
on the basis of neocortex ratio (figure 1; Dunbar 1993).
Dunbar’s work further suggests that these auditory
resources are likely to have increased in complexity over
time: archaic sapiens groups, predicted to be larger
again, would need more complex forms of social
‘language’, while Homo sapiens’ extremely large group
sizes need the time-and-energy-efficient resources of
metaphorical language to sustain them (Dunbar 1993).

But there has been a shift away from a focus on the
semiotic content of speech recently, with researchers
emphasizing instead its basis in embodied experience
(Lakoff & Johnson 1980; see also Rizzolatti & Craighero
2004; Gallese & Lakoff 2005; Gallese er al. 2007;
Roepstorff 2008). Not only is it argued that language
itself may arise from individuals’ common embodied
experience, but it has also been recognized that much of
the meaning in any instance of conversation is conveyed
by fundamentally corporal cues including stance, bodily
movement, facial expression, prosody and intonation,
which also underpin joint attention, attunement and
intentionality (Rizzolatti & Craighero 2004; Mithen
2005; Knoblich & Sebanz 2008).

But of course corporal and auditory resources, if
indeed we can separate them out, are not the only social
resource that we have to draw on in our social projects.
If they were, there would not be much of an
archaeological record. We also have things: material
resources. And while there are spatial and temporal
limits beyond which we cannot hear someone trying to
talk to us, or see them to judge their conversational
stance, material resources persist in both time and
space. As one of us has argued (Gamble 1998), this is
what allows the extension of social networks beyond the
spatial and temporal limitations of individual physical
bodies and instances of interaction, and was a key
mechanism of the global diaspora of modern humans.

In addition to the long-term temporal trend in vocal
and linguistic resources discussed by Dunbar, there-
fore, there is also a spatial dimension to social
relationships: different resources are necessarily associ-
ated with very different geographical scales of
interaction and relationship. Corporal, embodied
strategies such as grooming are practicable only
in situations of co-presence, while auditory resources
such as speech allow interaction with others within
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hearing distance. Material resources, however, can
travel considerable distances in both space and time.

It is important to emphasize that each new social
resource does not replace but adds to those previously
used, so that embodied, vocal material and symbolic
resources all become interlinked in the practice of
everyday life. However, what we so seem to see during
hominin evolution is the gradual adoption of material
resources to complement our primate heritage of
corporal and emotional social strategies.

A good example is provided by Inuit Inuksuit (singular
Inuksuk). These waymarking cairns constructed through
the Arctic, like such cairns elsewhere across the globe,
have multiple ‘uses’. They act as markers for human
paths and animal migration routes, to signal nearby
peoples, special places, caches, etc. These structures are
maintained with great care; tellingly, they are often
constructed to resemble humans, and the word in fact
means something that ‘acts in the capacity of a human’
(Hallendy 2000; Varney Burch 2007). Some Inuksuit
date back generations, and specific examples are
mentioned in the Aya-yait (Varney Burch 2007), the
travelling songs passed between generations that help the
travellers remember the series of directions involved in
long trips in the absence of memorable natural waymarks
in Arctic environments. The sameness of snow-bound
landscapes, the quality of light and the extremes of
weather that often result in ‘white-outs’ where visual cues
to direction and movement are virtually non-existent
mean that moment-to-moment navigation occurs by
almost unconscious reading of the subtle alignments of
snow, ice and wind: ‘there is no line separating Earth and
sky; there is no intermediate distance, no perspective or
contour; visibility is limited; and yet there is an
extraordinarily fine topology that relies not on points or
objects but rather on haeccities, on sets of relations
(winds, undulations of snow... the creaking of ice...)’
(Deleuze & Guattari 1987 (2004), p. 421).

Children must be enculturated, or enskilled through
an ‘education of attention’ in Ingold’s terms (2000),
into an understanding of this world through a guiding
of their bodily experience of it (the use of corporal,
emotional resources) as well as through discursive
means such as the rote learning and repetition of the
Aya-yait travelling songs (auditory resources) which
refer specific Inuksuk (material resources) as nodes in
the topology of movement and interaction.

Further examples might include the relational
material ‘maps’ of Australian Aborigines and Poly-
nesian and Micronesian groups. The Aboriginal spear-
thrower illustrated by Ingold (2000, p. 368) and the
‘wave-and-wind’ charts of the Micronesian Marshall
Islanders (Turnbull 1991) are material resources that
are similarly complemented by and work in tandem
with corporal and less material resources: the embo-
died, enskilled experience of moving through the land-
or seascape, and the myths and narratives associated
with such journeys—for example, the stories of the
dreamtime. These narratives contribute to the trans-
mission of these skills by associating the landscape,
its paths, tracks, denizens and the temporality and
skills that structure it with known mythical persons,
such that knowledge of it becomes personal, a question
of relationships between individuals. Landscape (and
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seascape), paths and routes become integrated into
social topologies rather than cognitive maps, and the
traversing of them is better viewed as the enactment of
a narrative than as an exercise in Cartesian geography.

Although these examples are all drawn from modern
human groups, they do serve to illustrate how children
are enskilled into the use of the different forms of social
resource that function together in the negotiation of a
variety of landscapes.

However, even this more relational perspective on
material resources remains rather Cartesian in its
division of subject and object. One of the most striking
features of human life is the extent to which we interact
with entities other than our fellow humans, and one of
the most lively debates in archaeology concerns the
status of material culture—as object or as subject,
passively imitated, used, traded, etc., or as playing an
active, reflexive role in these practices (Kopytoff 1986;
Tilley 1996; Gosden & Marshall 1999; Wobst 2000;
Ingold 2002; Jones 2002).

The question of whether objects have agency is too
broad an issue to address here. We will also leave aside
the problem of semiotic meaning: objects may or may
not have agency or ‘meaning’ per se, and archaeologists
may or may not ever be able to approach that (Tilley
1993; Knappett 2005). But what we can do is to
investigate the effect of material culture (Conkey 1995;
Gosden 2001, p. 164; Coward & Gamble in press). The
foregoing are rather practical examples of culturally
transmitted skills and material culture that allow
geographical and temporal extension, but ethnogra-
phical and anthropological literature has long demon-
strated how objects become integrated into social
relationships. They may be invested with great
personal and emotional significance, to the point of
being considered intentional, living subjects (Kopytoff
1986; Strathern 1988; Hoskins 1998; Coward &
Gamble in press). For example, Inuit retain a strong
emotional attachment to those Inuksuit believed to
have been constructed by their ancestors (Varney
Burch 2007). The wealth of mnemonic, metaphorical
and metonymic references that derives from the
biographies of items of material culture thus has the
effect of connecting people together across the land-
scape (Gosden & Marshall 1999; Chapman 2000;
Coward & Gamble in press). In this light, for example,
a necklace such as those found in Upper Palaeolithic
graves at Aven des Iboussieres and St-Germain-
de-la-Riviére in France becomes a set of metonymic
references to the red deer of whose canines it is
composed; a mnemonic for the occasions of hunting,
trade and/or exchange that brought these together;
and metaphorical of the relationships with those
people with whom one engaged in these interactions
and the places and occasions when these took
place (d’Errico & Vanhaeren 2002; Vanhaeren &
d’Errico 2005).

For this reason, we would very much like to see
neurology investigate not just the physical dimensions
of primate and human interaction with items of
material culture, but how these relate to the emotional
and mnemonic significance of particular objects.
Mirror neuron research demonstrates an innate,
embodied response to other individuals’ motor actions
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among primates: canonical neurons appear to rep-
resent not only goal-directed actions but also the
potential for such actions based on the objects to
hand (Grezes & Decety 2002; Grezes et al. 2003). The
mirror neuron literature would thus appear to confirm
that the ‘affordances’ of an item of material culture are
directly perceived by an observer (Gallese 2000), as
Gibson (1979) had previously argued, and therefore
that perception is always immediately and precon-
sciously integrated into embodied, active projects. In
this way, the object itself can perhaps be seen as
providing affordances for embodied action, a possibility
that invites some interesting questions about the ways
in which the perception of material objects relates to
the cultural transmission of manufacture and use.

8. AGRICULTURE, SEDENTISM AND SMALL
WORLDS

We have established, then, that social relationships are
the sine qua non of cultural transmission and, among
humans at least, objects of material culture become
incorporated in these relationships, enabling their
temporal and geographical extension beyond the here-
and-now of primate sociality. However, the varying
properties of different kinds of material culture both
constrain and enable different kinds of activities, inviting
some uses and precluding others (Parker-Pearson &
Ramilisonina 1998; Tilley 2004). In addition, different
individuals will always operate in different contexts
with different resources to hand and, as a result, will
necessarily construct for themselves very different
material networks. But, at the same time, individuals
are also always part of groups with shared histories
and shared understandings about the appropriateness or
otherwise of particular practices and performances.
These cross-cutting trends are what result in the
varyingly patterned co-associations of different kinds of
material resources that are understood archaeologically
as ‘cultures’.

The nature of the networks of social relationships
between individuals and groups is thus a crucial
determinant of the archaeological patterning of
material culture—indeed, given the arguments for the
active role of material culture in the forging and
maintenance of these networks, the archaeological
record is best seen as part of, and not a passive
reflection of, those social networks. The links between
the nodes, represented by shared items of material
culture, may be forged directly by the transport, trade,
exchange, etc. of objects; alternatively they may
represent imitation or dissemination of the tech-
nologies or ideas behind them. Either way, they
document a link, a relationship, between nodes. So
the various elements of material culture that are held in
common between sites become the heterogeneous
relationships connecting the individual elements into
multiple interlinked networks. And in this way, a social
network perspective can potentially take us from the
patterning of things to the structuring of relationships,
as called for by Barrett (2000 (1988), p. 28).

One of us (F.C.) is currently using a social network
perspective to address the shift to increasingly seden-
tary ways of life and the gradual adoption of stone-built
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architecture in the Near East during the Epipalaeolithic
and Early Neolithic (ca 18 000—ca 8000 radiocarbon
years BP). Considerable importance has been attached
to the first appearance of permanent built structures as
implying a relative fixity of social patternings that may
persist between generations, acting as an external form
of enculturation and ‘symbolic storage device’ and
sparking a new form of cognition among sedentary
agriculturalists (e.g. Renfrew 1998; Watkins 2004a,b).
However, there are no straightforward associations
between mobility, unstructured use of space and
hunting and gathering on the one hand, and permanent
architecture, sedentism and the symbolic or structured
use of space on the other hand: there are, for example,
mobile agriculturalists, mobile hunter—gatherers who
cultivate plants and sedentary hunter—gatherers (e.g.
Terrell 2007).

Each of these groups clearly has very different ways of
thinking about using and structuring space that vary from
the immaterial and ephemeral through to the physical
and semi-permanent. Cribb’s (1991) study comparing
pastoral tent dwellings and village houses in Turkey
found that, despite the obvious differences in the building
materials used, the tent and the house were virtually
identical in their underlying organizational templates.
There is nothing necessarily ‘unstructured’ about the
kinds of non-permanent constructions used by mobile
peoples: even just the placing of sticks in the ground to
represent a ‘doorway’ acts to structure movement and
activity along gender and age lines in temporary !Kung
encampments (Whitelaw 1994, p. 217). Nor are the
stone-built constructions of the Neolithic necessarily
‘permanent’ per se: sites and houses in the Epipalaeolithic
and Early Neolithic demonstrate continuous mainten-
ance, reworking and remodelling, burning, rebuilding,
abandonment and reuse. As Prussin (1989, p. 141)
reminds us, “The concept ‘temporary’ is not synonymous
with ‘transient’; the concept of ‘permanent’ is distinct
from ‘stationary”.

We prefer to view the gradual shift in the forms and
materialities of structures as integral to the social
relationships of which they were a part—a response to
a different social context in which people used
alternative resources to approach some new social
problems relating to the changing scale of their worlds.
Constructed environments—whether primate ‘nests’
(Groves & Pi 1985; Kolen 1999) or Pre-Pottery
Neolithic B (PPNB) houses—have a very obvious effect
on the distribution and trajectories of bodies in space
thatis a fundamental part of the negotiation and practice
of social relationships (Hillier & Hanson 1984; Barrett
1994). The layout and construction of houses is often
referenced to the body (Carsten & Hugh-Jones 1995), to
the extent that they form a material metaphor for the
experience of living and being social (Hodder 1990;
Tilley 1999).

However, this experience is not the same for
everyone, everywhere. As the scale and diversity of
the social relationships involved increases—as it did,
dramatically, during the global diasporas detailed in
the previous section—such experience may diverge
widely. While the basic cognitive mechanisms dis-
cussed above, supported by material culture, make it
possible in theory to establish social relationships with
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anyone, in practice it may be extremely difficult to
find a common denominator from which to commence
social interaction.

In mobile groups, the networks of social relationships
are diffuse, open and ephemeral, shifting and changing
almost constantly as groups and individuals break up and
aggregate. But the basic unit is small and structured
around groups of very close kin, who all know each other
extremely well (Lofland 1973; Wilson 1988; Whitelaw
1991). The individual performances of social interaction
are face-to-face, personal. They use corporal resources:
bodily movement and expression, and intimate conversa-
tional stances (Hillier & Hanson 1984; Wilson 1988).

In less mobile groups, the option of fissioning, of
breaking away from the group, becomes less feasible
almost by definition. And as the number of individuals
in any group increases, there is of course an exponential
increase in the inter-individual relationships that are
possible. But these social ties take time and energy to
maintain, and they are also cognitively demanding in
terms of integrating the relevant social information
(Dunbar 1992, 1993, 2003; Gamble 1999; Watts
2003). It is simply not possible for everyone to have
the kind of strong, complex relationship that charac-
terizes kin relationships with everyone else in the same
society. In larger groups, therefore, individual relation-
ships become simplified, reducing the potential ‘over-
load’ of information (Lofland 1973), so that the
relationships between people have fewer dimensions,
being categorized according to a few key charac-
teristics. Thus, knowledge of others whom you meet
only in very particular contexts is categorical rather than
simply biographical (Granovetter 1973, 1983; Lofland
1973; Milgram 1977; Rapoport 1981; Milroy 1987,
cited Gamble 1996; cf. Bloch 2008).

Thus, in high-density, strongly linked small-scale
groups such as extended families, the behaviours and
performances appropriate to particular temporal and
spatial contexts are so well known, and activities so highly
routinized, that people do not need much in the way of
clues from their environment to tell them how to act
(Douglas 1973, p. 78; Coser 1975; Rapoport 1990). For
example, in many Australian Aboriginal camps, sweeping
the ground around the shelter two or three times a day to
alter its surface texture is enough to indicate a private
domain (Rapoport 1990, p. 16). In larger scale, less-
dense societies, however, it becomes necessary to create
specialized ‘settings’ to cue appropriate behaviour, so
that contemporary western dwellings may have fences,
paths, porches and several doors and gates to achieve the
same goal of indicating privacy (Rapoport 1990, p. 16).
Increasing social scale is accompanied by increasing
redundancy of performative cues through the elaboration
of material environments that compensate for weak or
‘categorical’ knowledge of the people with whom one
must interact (Rapoport 1969, p. 30; Granovetter 1973,
1983; Lofland 1973; Bernstein cited Coser 1975;
Donley-Reid 1990, p. 115; Kent 1990; Sanders 1990,
p. 71; Whitelaw 1991, p. 165, 1994, p. 238).

Such a shift to increasingly well-defined material and
social environments has long been considered charac-
teristic of the Epipalaeolithic and Early Neolithic of the
Near East (see Renfrew 1998; Watkins 2004a,b;
Runciman 2005). However, the alternative model
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suggested here posits that instead of a step change,
material resources such as permanent built structures
were incorporated gradually into social practices as the
scale of social life increased; a social network perspec-
tive will allow testing of this hypothesis through
quantitative analysis of the near eastern Epipalaeolithic
and Early Neolithic.

Clearly, corporal and material resources are not
mutually exclusive: even today, we use corporal
resources, very intimate body-based forms of
interaction, alongside our more formal architectures.
Small- and large-scale forms of sociality intersect and
interlace, grading into and becoming layered onto one
another. Nevertheless, it would seem that as groups
and societies increase in scale, material resources
become more and more essential to maintain social
relationships with others who are becoming increas-
ingly ‘distant’ in social and physical space.

9. CONCLUSION: THE SAPIENT BODY AND THE
MIND OF THE ARTEFACT

The challenge that faces the long-term study of hominin
evolution is to understand how ‘the mind’ is grounded in
real-world contexts. A concerted effort by neuroscientists
and archaeologists working together may provide a
fundamental insight into the mechanisms of social life
and how this structures our relationships not only with
other people but also with material culture.

We have focused here on three trends in hominin
evolution: rapid encephalization; a global diaspora; and
the built environment. Our argument is that the sapient
mind is best approached through the study of local and
immediate cultural transmission, which is always
necessarily social transmission, grounded first and
foremost in the social relationships forged between
individuals and between groups using the different
kinds of resources available to hand.

We have argued that the rapid encephalization seen
among early hominins is intimately related to a
deepening of social relationships between individuals,
enacted using the intimate, face-to-face social
resources that are our primate inheritance. The
changes in hominin life-history and metabolic budgets
clearly reflect selection for a way of life in which the
construction and maintenance of social bonds through
the incorporation of material culture into our social
networks is of primary importance.

The extension of these social relationships in time
and space built on this increasing engagement with
material culture was marked by the commencement of
a phase of rapid geographical expansion. Using
material objects to forge and maintain imaginary
geographies that spanned the globe, hominins could
navigate their way across the world as well as among
each other—hence, the scale and diversity of material
culture of the last 100 000 years (Gamble 2007, ch. 7).

Seen in this light, the gradual development of
Neolithic Homo urbanus marks not so much a new
state of mind as an increasingly fine-tuned ability to
manipulate social networks over these great temporal
and geographical scales using a variety of resources,
but increasingly reliant on material objects and environ-
ments in a world where increased geographical distance
was accompanied by much greater social distance.
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Through neuroimaging studies, we are beginning to
understand some of the cognitive mechanisms that
underpin the corporal social resources used in face-
to-face interactions among hominins as well as among
primates and humans. But, the evolutionary question
remains: how are such interactions ‘scaled up’ in time
and space to allow, for example, global diasporas and
small worlds? We have argued here that these
developments are best explained by the adoption and
the increasing use of material resources, and to that end
our interest is in the neurological mechanisms for
emotional and social investment in material culture.

Artefacts do not have minds of their own. But
neither do people. Both are caught up from the first in
networks of action that are the basis for our ability to
people the world, live in settled communities and
diversify our material worlds beyond anything known
to other species. The selective pressures and the
mechanism for doing so came from the social
relationships that underpin our imaginary geographies
and make our minds so distinctive. However, these
relationships are dependent not only on face-to-face
interactions between individuals, a basic primate
strategy, but also on the active incorporation of
material culture into those relationships.
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discussion.

ENDNOTES

"Hominins include ourselves (humans) and all our fossil ancestors,
while hominids include humans, hominins and the great apes.
2Cultural transmission can also be horizontal and oblique (for
example, within or between peer groups) or formal or informal
(formal education or apprenticeships versus more or less discursive
forms of childhood enskillment; Boyd & Richerson 1985).

3These were the fit between a ring and a post or a cylinder and a
container; examples of instruments and containers (see Gamble
(2007) for further discussion).
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