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Abstract:
Cumulative culture, where innovations are progressively incorporated into a
population’s stock of skills and knowledge, generating ever more sophisticated
repertoires, is a core aspect of human cognition that underpins the technological
advances which characterize our species. Cumulative culture relies on our proclivity
for high fidelity imitation, something that emerged phylogenetically early in our
evolutionary history and emerges ontogenetically early in our development.
Commensurate with this proclivity to copy others comes a tradeoff that functionally
irrelevant behaviors will be easily maintained and transmitted. Rituals are an
expression of this. In this paper, I set out the argument that the core cognitive
architecture responsible for cumulative culture and technological progress has the
same origin as that which propagates rituals: That is, our socially-motivated
propensity for engaging in high-fidelity imitation.
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Over a million years ago our hominin ancestors began constructing the
complex handaxes and cleavers that characterize the Acheulean stone tool industry.
The spread of this industry relied on something that is yet to be reliably found in any
other animal lineage – a focus towards the specific means required to bring about an
outcome (e.g., the sequence of steps used to produce a symmetrical bifacial handaxe)
and away from the ultimate goal of the process (e.g., to make a functional butchery
tool). This approach to social learning signifies the emergence of a fixation on
behaviors whose overarching purpose is to satisfy social motivations. The primary
aim in this paper is to outline why this process of high-fidelity imitation, compelled
by social motivations, is simultaneously responsible for a mind capable of driving
remarkable technological progress whilst simultaneously engaging in (seemingly)
functionally-meaningless ritual behaviors.

Cumulative Culture, Imitation and Innovation
The kinds of technological advances that impact, enrich and improve our lives
rely, to varying degrees, on innovations being progressively incorporated into our
stock of skills and knowledge, ratcheting ever more sophisticated repertoires (1). This
process is known as cumulative culture. Claims may exist for cumulative culture in
other animals (e.g., 2) but in terms of complexity and diversity there are no parallels
to its expression in humans (3).
For many authors, cumulative culture is built on our capacities for imitation
and innovation (see 4). Imitation is key as it permits a vast array of skills and
behaviors to be transmitted from generation to generation while avoiding the risks and
potential costs associated with individual learning. From early in life children show a
capacity for acquiring the skills to operate objects and artifacts by copying what
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adults do with them. By the time they are 2 years of age children so readily imitate
that they will reproduce another’s causally irrelevant actions in what has come to be
known as overimitation (5, 6). For example, Nielsen and Tomaselli (7) had an
experimenter show children aged 2 to 13 years how to retrieve a toy from a closed
box (e.g., by pushing open a trap door). Although the box could easily be opened by
hand, the adult complicated the demonstration by unnecessarily swiping an ordinary
object across the top of the box in a causally irrelevant manner, then using the same
object to open the box in an inefficient and difficult way. Children replicated the
model's object use and incorporated the causally irrelevant actions into their response,
and, suggesting this is not culturally specific, did so regardless of whether they lived
in a large, industrialized Western city or in remote Bushman communities of Southern
Africa.
Of course, imitation is not enough for cumulative culture to function. There
needs to be a mechanism for change. There needs to be innovation. However, in stark
contrast to their capacity for and engagement in imitation, young children appear to
lack the capacity for independent tool creation and design. Tool innovation, or the
construction of a novel tool in the absence of observing another perform that
construction, is a comparatively late developing ability (8). Recent investigations into
children’s tool innovation reveal that children younger than 7 years struggle to create
simple tools to achieve a goal if they are given no clues about how the tool could be
created or what it might look like (9, 10). In a landmark study, children aged 3 to 11
years were presented with a task in which they needed to retrieve a small bucket
containing a toy from the bottom of a clear plastic tube (8). To realize the goal, they
were given a straight pipe cleaner and some distractor items. The solution was to bend
a hook on one end of the pipe cleaner to fish the bucket out of the tube, something the
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majority of those younger than 7 years failed to do. Highlighting the cultural
broadness of this behavior, young children responded similarly to this task whether
they grew up in a typical, large Western city or in a small, remote Bushman
communities (11). It thus appears that when we are young, we are driven imitators but
restricted innovators.

The Beginnings of Cumulative Culture
Non-human animals that may be expected to overimitate (domesticated dogs
and our closest living animal relatives, common chimpanzees and bonobos) do not –
instead they will omit actions modelled to them that are demonstrably redundant (1214). Given the limited evidence for cumulative culture in other animals we can ask
when, in our evolutionary history, might it have emerged? Answering this question is
challenging given that minds don't fossilize. Fortunately, the products of them can –
and it is in this context we can appeal to the archaeological record. Over 2 million
years ago our Australopithecine and early Homo ancestors were engaged in the
Oldowan stone tool industry. For most scholars, these early stone tools were primarily
made through individual trial and error learning, with their shapes largely controlled
by the properties of the raw materials used (15). That is, the level of engagement in
social learning necessary to support cumulative culture appears not to have been
present during this period.
Around 1.75 million years ago the Oldowan transitioned into the Acheulean,
the most persistent of all archaeological cultures with its characteristic artefacts,
handaxes (see Figure 1) and cleavers (16). It has been argued that the hominins who
produced the Acheulean shared our modern propensity for overimitation (17-19).
First, many aspects of Acheulean knapping (the deliberate shaping of stone to make
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tools) make it unlikely that the propagation of these tools was achieved via processes
of independent invention. For example, their manufacture employs a series of
hierarchically organized stages arranged in sequences such that the relationship
between execution of the earlier stages and the finished product would be
imperceptible to a novice (20). Another key feature is the unparalleled homogeneity
of the Acheulean: the industry persisted for around 1.5 million years (16, 21) and
spread as far afield as South Africa and North Wales, and from Morocco to Nepal.
The Acheulean even transcends species boundaries, being manufactured by various
hominins, including Homo erectus and Homo heidelbergensis. Critically, the
symmetry and size of handaxes have been shown to be more homogenous than would
be expected under conditions of random variation, indicating cultural constraints on
these factors (22, 23). Finally, Acheulean bifaces are deliberately shaped to be
symmetrical, often in two planes (see Fig 1), yet butchery experiments suggest this
symmetry does not greatly improve their utilitarian value (24). Manufacture of these
objects was thus maintained across multiple generations as an outcome of
overimitation of an approximately, but unnecessarily, symmetrical form.
Existing from around 1.75mya to around 800kya, the unparalleled longevity
and ubiquity of the Acheulean thus appears dependent on a mind that left much
evidence of high fidelity imitation but little of innovation (21). Indeed, it is not until
we move into the Middle Paleolithic, around 300 kya, that clear signs of functional
innovative approaches to stone tool manufacture emerge in what is known as the
Mousterian tool kit (commonly associated with Homo neanderthalensis, late archaic
humans, and anatomically modern humans) featuring tools specially made for
skinning and preparing meat, hunting, and woodworking (for speculation over what
might have driven the shift from the Acheulean to the Mousterian see 17).
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There is thus a vast evolutionary pressure shaping our cumulative cultural
mind: Pressure exerted relatively early in our Homo phylogeny that builds imitation
and resists innovation. But what do stone tools have to do with ritual? Key here is that
in the construction of Acheulean stone tools we see signs of the devotion to high
fidelity imitation which emerges early in modern children and is thought to underpin
cumulative culture and by extension new technology. Critically, through reliance on
this process, Acheulean stone tools also hint at the emergence of ritual behavior.

Overimitation and Ritual
Almost all human societies feature rituals: conventional, causally opaque
procedures, that are uninterpretable from the perspective of physical causality because
they lack an intuitive or observable causal connection between the specific action
performed (e.g., synchronized dancing) and the desired outcome or effect (e.g.,
making it rain) (25). Consider births, deaths, marriages or any other significant
cultural milestone experienced through the lifespan and try to imagine how they
would appear without ritual of some form at their center.
Rituals tend to feature actions that are both causally opaque, affording no
access to a physical causal mechanism, and goal demoted, affording little-to-no
insight into the motives of the ritual actor (see 26, 27). Ritualized actions cannot
therefore be interpreted as serving an exclusively instrumental purpose but are instead
interpreted as being motivated by social concerns, such as affiliation with group
members or group-relevant norms (28). There are multiple ways in which children
show social and cognitive preparedness to adopt the ritualized behaviors of those
around them (4, 28). According to a number of authors the most compelling is
overimitation (18, 29, 30).
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A key feature that overimitation shares with rituals is the focus on the actions
used over the outcomes achieved. Highlighting this, in a study by Nielsen and
colleagues (30), preschool children watched an adult experimenter model redundant
actions on a box (e.g., tapping the side of it with a tool) after the box had been
opened. When given the box and tool, children reproduced the redundant action
despite there being no causal value in doing so (the box was open at the time the
actions were produced and the toy that had been hidden inside was accessible).
Extending this design, young children living in remote Bushman communities in
South Africa were shown a sequence of causally irrelevant actions on an opaque box
(31). For some of the children the actions culminated in a clear goal being achieved
(i.e., a desirable sticker was retrieved), for others the goal was made unclear (e.g., the
sticker was available but not retrieved) or removed entirely (i.e., there was nothing in
the box – the actions did not achieve anything). The children consistently replicated
the causally irrelevant actions, but when there was no goal at all the irrelevant actions
were reproduced at significantly higher rates and featured considerable additional
repetition, redundancy, and stereotypy. Thus, when the actions were most ritualistic
and least instrumental children reproduced them with the greatest number of
repetitions. This highlights the ease with which children overimitate but also how this
proclivity can be simply and easily co-opted to support the uptake of ritualistic
actions.

Social Motivations
There is ample evidence that overimitation functions to satisfy social
motivations, be they affiliative or normative (see 32). For example, Nielsen and Blank
(33) had 4 to 5 year old children sit opposite two adult models. Both experimenters
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took turns demonstrating a sequence of actions on a puzzle box that led to it being
opened, making a novel toy available for retrieval. One of the models included
irrelevant actions in her demonstration whereas the other used only causally relevant
actions. When the child was given the box to operate on, one of the adults left the test
room. The children proceeded to copy the actions of whomever remained – most
tellingly reproducing the irrelevant actions when the model who had used them was
still sitting opposite, despite the alternate adult having clearly shown these actions
were unnecessary. Other studies have shown that children will actively protest a
protagonist omitting a causally irrelevant action after having seen it being modeled,
and will do so even after stating that they understand the irrelevant action is not
necessary to achieving the modeled goal (see 34, 35). In line with this, contemporary
experimental archaeology studies have highlighted the likely role of social
motivations in handaxe construction (see 36).
There is thus evidence for the early emergence, ontogenetically and
phylogenetically, of behavior underpinned by social motivations and that these
motivations guide (and guided) learning and skill acquisition decisions. Whether to
satisfy affiliative or normative concerns, once social reasons are used to drive
decisions about what to learn ritual behavior can easily take hold. Notably, this
psychological foundation of a simultaneously technological and ritual mind may
mean that arguments about science displacing religious belief will ultimately prove
false
A Speculative Link Between Science and Religion
Science may be idealized as a process in which theories or paradigms are
evaluated according to a set of values, with the strength of the resulting evidence
subjected to test and subsequent peer evaluation. No matter how novel, discoveries in
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science build off of an ever-increasing corpus of skill and knowledge that no single
individual could develop in his or her lifetime (whether ideas themselves or reliance
on previously developed apparatus and/or techniques). In this regard, science can be
seen as an expression of cumulative culture. Reflecting this, a number of authors draw
developmental links between imitation and children’s scientific reasoning (e.g., 37,
38). Critically, attention has also been drawn to links between imitation and children’s
understanding of rituals (e.g., 39, 40). While non-religious rituals exist (e.g., singing
‘happy birthday’) the most diverse and elaborate ones are found among religious
groups (41). Indeed, our engagement with rituals in terms of our compulsion to enact
them is one reason religions are so pervasive and transmissible (42).
Multiple reasons have been proposed to explain why religions have such a
hold on our psychology. Irrespective of the reasons, for over a century there have
been predictions that an increasing reliance on, and understanding of, scientific
frameworks will ultimately result in the disappearance of religion (e.g., 43). However,
to the extent that science is an expression of cumulative culture, and religion is
grounded in ritual behavior, such views may prove ultimately invalid given both
processes rely on the same cognitive architecture: A socially-motivated imitative
mind. That is, irrespective of our capacity to explain more and more of our world by
relying on some version of a scientific method ideas appealing to supernatural and
untestable approaches have not completely disappeared. It may be this way precisely
because the mind, driven as it is by social motivations and shaped to copy everything
others do, enables science while simultaneously enabling religion. New research
endeavors are now needed to explore this possibility.

Summary
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Over a million years ago our ancestors began to manufacture artifacts for
reasons that transcended pure functionality and likely satisfied social motivations.
This characterized the emergence of a devotion to high fidelity imitation and with it
the beginnings of cumulative culture. This same mind became fertile ground for
planting ritual behaviors. Thus, in both of its primary components (i.e., the technical
side whereby skills and behaviors are rapidly learned through a focus on process and
the precise actions used, rather than the outcome achieved) and motivations (i.e., the
normative/affiliative side whereby actions will be reproduced even when their causal
efficacy is suspect) overimitation provides the bedrock on which cumulative culture
and ritual are built in a single unifying package. The last decade has seen an evergrowing corpus of research devoted to understanding overimitation (for an exhaustive
list see Table S1 in 44). As is hopefully evident here, such research promises to not
only yield novel insights into the mind of the developing child but to also provide
greater understanding of what it means to be human.

11

References
1.

Tennie, C., Call, J., & Tomasello, M. (2009). Ratcheting up the ratchet: On the
evolution of cumulative culture. Philosophical Transactions Of The Royal
Society Of London B, 364, 2405-2415.
doi:http://dx.doi.org/10.1098/rstb.2009.0052

2.

Vale, G. L., Davis, S. J., Lambeth, S. P., Schapiro, S. J., & Whiten, A. (2017).
Acquisition of a socially learned tool use sequence in chimpanzees:
Implications for cumulative culture. Evolution and Human Behavior, 38, 635644. doi:10.1016/j.evolhumbehav.2017.04.007

3.

Dean, L. G., Vale, G. L., Laland, K. N., Flynn, E., & Kendal, R. L. (2013).
Human cumulative culture: a comparative perspective. Biological Reviews, 89,
284–301. doi:10.1111/brv.12053.

4.

Legare, C. H., & Nielsen, M. (2015). Imitation and innovation: The dual
engines of cultural learning. Trends in Cognitive Sciences, 19, 688–699.
doi:10.1016/j.tics.2015.08.005

5.

Lyons, D. E., Young, A. G., & Keil, F. C. (2007). The hidden structure of
overimitation. Proceedings of the National Academy of Sciences, U.S.A., 104,
19751-19756. doi:http://dx.doi.org/10.1073/pnas.0704452104

6.

Nielsen, M. (2006). Copying actions and copying outcomes: Social learning
through the second year. Developmental Psychology, 42, 555-565.
doi:http://dx.doi.org/10.1037/0012-1649.42.3.555

7.

Nielsen, M., & Tomaselli, K. (2010). Over-imitation in Kalahari Bushman
children and the origins of human cultural cognition. Psychological Science,
21, 729-736. doi:http://dx.doi.org/10.1177/0956797610368808

12

8.

Beck, S. R., Apperly, I. A., Chappell, J., Guthrie, C., & Cutting, N. (2011).
Making tools isn't child's play. Cognition, 119, 301-306.
doi:http://dx.doi.org/10.1016/j.cognition.2011.01.003.

9.

Cutting, N., Apperly, I. A., Chappell, J., & Beck, S. R. (2014). The puzzling
difficulty of tool innovation: Why can't children piece their knowledge
together? Journal of Experimental Child Psychology, 125, 110-117.
doi:https://doi.org/10.1016/j.jecp.2013.11.010

10.

Neldner, K., Mushin, I., & Nielsen, M. (2017). Young children’s tool
innovation across culture: Affordance visibility matters. Cognition, 168, 335343. doi:https://doi.org/10.1016/j.cognition.2017.07.015

11.

Nielsen, M., Tomaselli, K., Mushin, I., & Whiten, A. (2014). Exploring tool
innovation: A comparison of Western and Bushman children. Journal of
Experimental Child Psychology, 126, 384-394.
doi:https://doi.org/10.1016/j.jecp.2014.05.008

12.

Clay, Z., & Tennie, C. (2017). Is over-imitation a uniquely human
phenomenon? Insights from human children as compared to bonobos. Child
Development [Epub ahead of print]. doi:https://doi.org/10.1111/cdev.12857

13.

Horner, V., & Whiten, A. (2005). Causal knowledge and imitation/emulation
switching in chimpanzees (Pan troglodytes) and children (Homo sapiens).
Animal Cognition, 8, 164-181. doi:http://dx.doi.org/10.1007/s10071-0040239-6

14.

Johnston, A. M., Holden, P. C., & Santos, L. R. (2017). Exploring the
evolutionary origins of overimitation: a comparison across domesticated and
non-domesticated canids. Developmental Science, 20, e12460.
doi:10.1111/desc.12460

13

15.

Wynn, T., & McGrew, W. C. (1989). An ape's view of the Oldowan. Man, 24,
383-398.

16.

Beyene, Y., Katohc, S., WoldeGabrield, G., Harte, W. K., Utof, K., Sudog,
M., . . . Asfawm, B. (2013). The characteristics and chronology of the earliest
Acheulean at Konso, Ethiopia. Proceedings of the National Academy of
Sciences of the United States of America, 110, 1584-1591.

17.

Nielsen, M. (2012). Imitation, pretend play and childhood: Essential elements
in the evolution of human culture? Journal of Comparative Psychology, 126,
170-181. doi:http://dx.doi.org/10.1037/a0025168

18.

Rossano, M. J. (2017). Cognitive fluidity and Acheulean over-imitation.
Cambridge Archaeological Journal, 27, 495-509.
doi:10.1017/S0959774317000208

19.

Shipton, C., & Nielsen, M. (2015). Before cumulative culture: The
evolutionary origins of overimitation and shared intentionality. Human
Nature, 26, 331-345. doi:10.1007/s12110-015-9233-8

20.

Shipton, C. (2013). A million years of hominin sociality and cognition:
Acheulean bifaces in the Hunsgi-Baichbal Valley, India. Oxford:
Archaeopress (British Archaeological Reports).

21.

Shipton, C., Clarkson, C., Pal, J. N., Jones, S. C., Roberts, R. G., Harris, C., . .
. Petraglia, M. D. (2013). Generativity, hierarchical action and recursion in the
Acheulean to Middle Palaeolithic transition: a perspective from the Son
Valley, India. Journal of Human Evolution, 65, 93-108.
doi:10.1016/j.jhevol.2013.03.007

14

22.

Kempe, M., Lycett, S., & Mesoudi, A. (2012). An experimental test of the
accumulated copying error model of cultural mutation for Acheulean handaxe
size. PLoS ONE, 7, e48333. doi:https://doi.org/10.1371/journal.pone.0048333

23.

Lycett, S. J. (2008). Acheulean variation and selection: Does handaxe
symmetry fit neutral expectations? Journal of Archaeological Science, 35,
2640-2648. doi:10.1016/j.jas.2008.05.002

24.

Machin, A., Hosfield, R., & Mithen, S. (2007). Why are some handaxes
symmetrical? Testing the influence of handaxe morphology on butchery
effectiveness. Journal of Archaeological Science, 34, 883-893.
doi:10.1016/j.jas.2006.09.008

25.

Muller, A., Clarkson, C., & Shipton, C. (2017). Measuring behavioural and
cognitive complexity in lithic technology throughout human evolution. 48,
166-180. doi:http://dx.doi.org/10.1016/j.jaa.2017.07.006

26.

Legare, C. H. (2017). Cumulative cultural learning: Development and
diversity. Proceedings of the National Academy of Sciences, 114(30), 78777883. doi:10.1073/pnas.1620743114

27.
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Figure 1. Bifacial handaxes made in the Acheulean tradition. LHS images show a tool
made by an experienced knapper highlighting how these artifacts are commonly
shaped to be symmetrical in two planes. Underscoring the challenging nature of their
construction, RHS images show the best of many attempts by the author under direct,
guided instruction from the expert. For a detailed analysis of Acheulean construction
techniques see Muller, Clarkson and Shipton (25).
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