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Abstract

The rapid growth of cultural evolutionary science, its expansion into numerous fields, its use of diverse meth-
ods, and several conceptual problems have outpaced corollary developments in theory and philosophy of sci-
ence. This has led to concern, exemplified in results from a recent survey conducted with members of the
Cultural Evolution Society, that the field lacks ‘knowledge synthesis’, is poorly supported by ‘theory’, has an
ambiguous relation to biological evolution and uses key terms (e.g. ‘culture’, ‘social learning’, ‘cumulative cul-
ture’) in ways that hamper operationalization in models, experiments and field studies. Although numerous
review papers in the field represent and categorize its empirical findings, the field’s theoretical challenges receive
less critical attention even though challenges of a theoretical or conceptual nature underlie most of the problems
identified by Cultural Evolution Society members. Guided by the heterogeneous ‘grand challenges’ emergent in
this survey, this paper restates those challenges and adopts an organizational style requisite to discussion of
them. The paper’s goal is to contribute to increasing conceptual clarity and theoretical discernment around
the most pressing challenges facing the field of cultural evolutionary science. It will be of most interest to cul-
tural evolutionary scientists, theoreticians, philosophers of science and interdisciplinary researchers.
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1. Introduction

The growing attraction of cultural evolutionary science stems from the fact that cultural evolutionary
processes operate in ways that can be described as ‘descent with modification’. Such processes, like
language, exhibit dynamics similar to biological evolutionary processes. This paper serves the research
community as a review of theoretical challenges (with occasional suggestions) in cultural evolutionary
science across four domains: conceptual challenges; methodological issues, including modelling,
experimentation and field studies; topical challenges; and implications and applications. In the
remainder of this section, we define terms and restate survey results conducted by the Cultural
Evolution Society, results which we use to motivate the rest of the discussion.
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The term ‘cultural evolutionary science’ (abbreviated ‘CES’) refers to an interdisciplinary field of
inquiry using an array of scientific methods to study culture and the interactions between cultural
and biological evolutionary processes. Contents of cultural evolutionary science include observation
statements, methodological commitments, presuppositions about varieties of statistical tests, and
more. ‘Cultural evolutionary theory’ (‘CET’) refers to the subset of cultural evolutionary science com-
posing laws, generalizations and hypotheses, and their derivations and entailments. The events, pro-
cesses and objects in the world that physically and mentally instantiate the transmission and evolution
of culture across persons, populations and generations we refer to simply as ‘cultural evolution’ or ‘cul-
tural evolutionary processes’.

Numerous reviews of CES have been written. Creanza et al. (2017) review CES results broadly rele-
vant for demography and genetics. Legare (2017) reviews adaptations for teaching and imitation and
their cultural representation. Mesoudi (2016) makes a broad review of findings in CES. Singh et al.
(2021) review CES findings that, per the title, go ‘beyond social learning’. Smith (2020) reviews theory
and findings about cultural group selection. Tamariz (2017) focuses on cultural language evolution.
Whiten (2019) reviews experimental findings pertaining to culture in non-animals. Smolla et al.
(2021) focus on underappreciated features of cultural evolution. However, these papers have not
attempted to diagnose theoretical problems in CES whose varied instantiations animate the discussion
below. This is no criticism since the aims of these other review papers are mainly to summarize recent
empirical results (usually within one sub-area of CES) and identify potential hypotheses for further
testing. The present contribution is instead a critical review of the needs and challenges facing the
body of theory accompanying CES, which we refer to as cultural evolutionary theory.

An efficient means for researchers concerned with CET to contribute to improvements in the field
is to take account of and respond to the most pressing stated challenges facing the field. As a result, the
present critical review of theoretical needs takes its cue from results of a recent survey of the member-
ship of the Cultural Evolution Society about the field’s ‘grand challenges’ (Brewer et al., 2017).
Published results of this survey detail two varied sets of challenges. The first set was drawn from
semantic analysis of topics directly from survey results. (Subsequent references to ‘survey results’
are to this paper.) Its most pressing challenge, revealed to be about twice as important as the next
topic, was with ‘knowledge synthesis’. The authors state that this topic relates ‘primarily to issues of
theoretical integration and speaks to the idea that while many behavioural scientists and humanities
scholars see culture as a defining feature of humankind, different subfields rarely read each other’s
work or build interdisciplinary research programmes to explore how human cultures differ from
those of other animals’ (Brewer et al., 2017: 1). Additional topics of appreciable concern in the first
set of results were topics labelled ‘culture definition’, ‘theory’, ‘shared language’ across the disciplines,
‘pro-sociality’ and ‘cultural transmission’.

The second set of ‘grand challenges’ were produced by co-authors of the report following their reflec-
tion on the first set of results and the clustered relations amongst those results. In the second set are:

(C1) understanding ‘social adaptation’ and what drives it;

(C2) understanding ‘the role of cultural evolution in the context of organic evolution’ in light of
the fact that ‘culture is strongly influenced by biology’;

(C3) overcoming problems involved in ‘modelling culture as a complex adaptive system’;

(C4) ‘identifying processes of transmission and accumulation of cultural traits’ to reach ‘consensus
on the mechanisms underlying’ mathematical models of cultural evolution;

(C5) ‘integrating methods, data, and results across disciplines’, which is reported to necessitate
‘shared conceptual references and vocabulary’;

(C6) creating ‘organizational and funding structures’;

(C7) ‘identifying cultural evolutionary processes that address significant social, economic, and pol-
itical problems’ including ‘climate change’; and

(C8) ‘educating policymakers’ and developing a public understanding of results of cultural evolu-
tionary research (Brewer et al., 2017: 3).
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One problem is symptomatic of several of these challenges.

Often CES research teams identify a concept representing some coarse-grained phenomenon; the
concept is operationalized for use in modelling, laboratory experiments and/or field studies; corre-
sponding empirical research is conducted and intriguing results are found. Often this occurs without
a definition or formal analysis of (i.e. without providing a set of necessary and sufficient conditions to
govern) the concept. (See Lewens 2020; we thank Tim Lewens for crystallizing this problem for us.)
Tokens of this type of what we will call the ‘general problem’ not infrequently issue in enigmatic
results, methodological challenges, misinterpretation or miscommunication. The presence of this gen-
eral problem is unsurprising to those who believe that even the term ‘cultural evolution’ is ‘confused’
because it is ‘being used to indicate both a phenomenon - culture changing through time - and an
approach to study it’ (Micheletti et al., 2022: 667). Echoes of this general problem lurk behind pro-
blems of ‘knowledge synthesis’ and ‘theory’, and concerns with definitions of ‘culture’, ‘cumulative cul-
ture’ and ‘social learning’, as well as challenges (C1)-(C5).

The primary goal of this paper is to contribute to improving future research in CES by increasing
the conceptual clarity and theoretical discernment around several of the most pressing challenges
facing CES as revealed by these survey results. These challenges range widely and frequently overlap,
which informs the paper’s eclectic organization. Section 2 opens with some case studies to establish the
utility of a focus on theoretical issues. Section 3 reviews germane developments in the philosophy of
science. Section 4 focuses attention on methods challenges in CES, especially on issues of integration
as found in (C5). Section 5 discusses two topical issues, culture in human and non-human animals
and the nature of ‘selection’ in linguistics. Taking a cue from (C7) and (C8), Section 6 discusses chal-
lenges facing application of CES to policy, with attention to climate change.

2. Case studies in the value of theory and conceptual analysis for CES

To motivate the utility of critical discussion of the field’s theoretical challenges, we lead with three
abbreviated case studies. Each represents one area in which survey results have pointed to a ‘grand
challenge’. Each case study anticipates a subsequent section of the paper.

2.1. Conceptual challenges

Conceptual challenges are typically problems of definitional scope. The importance of establishing
clear definitions of terms is obvious from survey results that lament the field’s lack of ‘shared concep-
tual references and vocabulary’ and its need to find ‘common language’ (Brewer et al., 2017: 3).
Meanings of ‘copying’, ‘imitation’ and ‘social learning’ are used equivocally across CES, impeding con-
sistent operationalization in experiments. An influential formal model of cultural transmission pur-
ports to show that ‘environmental learning’ does not, but ‘social learning’ does, produce the
‘empirical ‘S-shaped’ cumulative adoption curves that dominate the diffusion of innovations literature’
(Henrich, 2001: 992). (The term ‘S-shaped curve’ refers to a sigmoid curve plotting data about the
adoption of innovations characterized by, first, lengthy, laboured growth of early adopters followed
by a quick increase in adoption, creating a high slope, and concluded by a slowly increasing phase
with low slope and many adopters.) Tim Lewens argues (2015: 114-118) that this model treats its con-
cepts of ‘environmental learning” and ‘social learning’ as mutually exclusive. Henrich’s definition of
‘environmental learning’ reads: ‘individuals acquire and evaluate payoff-relevant information about
alternative behavioural options by action and interaction in their local social, economic and ecological
environments’ (Henrich, 2001: 992). As defined, the meaning of ‘environmental learning’ overlaps
with the meaning of ‘social learning’. That is, the two are not independently defined. This entails
that ‘environmental learning’ could also be modelled to yield S-shaped curves. This appears inconsist-
ent with Henrich’s conclusions from the model.

If the definitions of ‘social learning’ and ‘environmental learning’ are not retooled, subsequent
modelling and experimentation using these definitions are unlikely to overcome challenge (C3).
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This conceptual misstep appears to inform pointed empirical criticisms of the model’s explanation
(Henrich, 2004) of the contraction of the Tasmanian toolkit (Read, 2011; Vaesen et al., 2016a, b;
Henrich et al., 2016). This preliminarily demonstrates the value of critical philosophical attention
on definitions in CES; see Section 3 below.

2.2. Methods

‘Cumulative cultural evolution’, a topic of significant concern in survey results pertaining to the
dynamics of cultural systems (Brewer et al., 2017: 2), refers to a process in which traditions are modi-
fied and improved over time with a performance capacity that is beyond what an individual could gen-
erate on her own. This marks a necessary condition for a process to represent cumulative culture, a
necessary condition widely repeated amongst experimentalists. For example, in their experimental
attempt to understand what they call ‘cumulative culture’, Derex et al. (2013) repeat this condition
in their first paragraph by writing that cumulative culture is that which ‘no individual could have
invented alone’ (p. 389). This necessary condition on cumulative culture was first articulated by
Boyd and Richerson (1996: 80), who wrote that for a process to be properly cumulative, it must
lead human cultures to ‘accumulate changes over many generations, resulting in culturally transmitted
behaviors that no single human individual could invent on his own’ (Boyd & Richerson, 1996: 80; our
italics). Thus, to test whether a cumulative effect has been obtained, an experiment must at minimum
compare how a solitary individual and a diffusion chain fare on the same task using equivalent time
resources (Miton & Charbonneau, 2018: 3).

Study of cumulative culture is done through a variety of methods including modelling, field studies,
experiments and more, but this issues in a challenge of creating necessary and sufficient conditions
(see (C5) at Brewer et al, 2017: 3) that are clear, consistent and integrated across methods.
According to Miton and Charbonneau (2018), this is yet to happen in the study of cumulative culture.
Specifically, a crucial difference emerged between theory-based analysis of the cumulative culture con-
cept, in which the necessary condition was identified, and its operationalization in experiments and
models. The necessary condition stated above is infrequently operationalized in experiments. And
when it is (as in Derex et al., 2014; Mesoudi, 2011), it risks misleading readers. Suppose a solitary indi-
vidual and a group in a diffusion chain are each given one hour to complete the same task, and sup-
pose that the group completes the task faster. Is the necessary condition met by this
operationalization? No. Miton and Charbonneau (2018: 3) argue that this is ‘insufficient to warrant
the conclusion that observed differences in performance are the results of a genuinely cumulative pro-
cess’ because these control conditions cannot distinguish between performance capacity (evidence of
cumulative culture) and its confound of improvement speed. This is because participants might have
their individual skill development accelerated by learning in a social context (improvement speed),
and complete a puzzle, even though social collaboration across generations is unnecessary (perform-
ance capacity) for completion of the puzzle (Miton & Charbonneau, 2018: 3). Section 4 includes dis-
cussion of challenges (C3), (C4) and (C5) pertaining to three common methods in CES research,
modelling, experimentation and field studies.

2.3. Topical challenges

Sub-disciplines within CES face messy challenges when researchers port coarse-grained focal concepts
from one subfield to another. In the Cultural Evolution Society survey (Brewer et al., 2017: 1-2), the
challenge of synthesizing knowledge across diverse research areas was rated as the field’s most pressing
concern. Consider the status of a prominent CES explanation of ‘cooperation’, which says that cooper-
ation within groups emerged because of psycho-social consequences of belief in punitive gods
(Johnson, 2005; Norenzayan, 2013). This causal claim was supported by diverse studies ranging
from anthropological databases that identified statistical relations between a culture’s adoption of a
moralistic high god and markers of cooperation (Roes & Raymond, 2003) to economic games
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experiments that showed priming with religious concepts raised offers to strangers (Shariff &
Norenzayan, 2007), and from cognitive science of religion research on minimally counterintuitive
ideas (Norenzayan et al., 2006, although see Purzycki & Willard, 2016) to psychological studies of
agent-based teleological thinking (Kelemen, 1999).

Yet CES-inspired study of religion and cooperation can succumb to the aforementioned challenges.
As part of a wider problem in the social sciences, religious priming studies have suffered from multiple
failures to replicate (e.g. Gomes & McCullough, 2015; Miyatake & Higuchi, 2017). While cross-cultural
experimental evidence bolsters the supernatural punishment-cooperation relationship (Lang et al.,
2019), the purported causal relation between supernatural punishment and social complexity (an
index of broader cooperation) remains unclear (Watts et al., 2015) and more basic conceptual con-
cerns about presumed psychological mechanisms linger (Schloss & Murray, 2011). Echoing our ‘gen-
eral problem’, critics argue that the concept of ‘cooperation’ at work in models and experiments about
effects of belief in supernatural punishment on cooperation often equivocates because within-group
parochiality is confused with cooperation between non-kin (Galen, 2016).

Critics might argue that research on this topic is consistent with scientific progress owing to its self-
correcting nature, and as a result, the community does not require theory-driven re-evaluation of the
subfield but more detail-oriented diligence. While we could be incorrect, it seems that focus on prosaic
aspects of CES research can camouflage hurdles still thwarting progress. Most hypotheses tested in this
subfield were not logical derivatives from a principled theory in part because the concept of a ‘high
god’ lacks adequate formality and consistency across operationalizations. Some advocates define the
term ‘high gods’ as ‘gods who cared about cooperative — and harmony - enhancing behavior’
(Shariff, Norenzayan, & Henrich, 2010: 124); others defined ‘high gods’ as deities specifically respon-
sible for creating reality, and who may or may not be ‘specifically supportive of human morality’
(Swanson, 1960). Confusions of this type put researchers’ ability to falsify causal hypotheses about reli-
gious beliefs and cooperation at risk since, if a correlation was not discovered in a dataset, the former
circular definition warrants the inference that the dataset represented a low’ not a ‘high’ god (Nichols
et al. (2020: 4), and see Table 1 in that paper for similar logical problems in this subfield; see Lightner
et al. (2023), on the empirical implications of these conflations). Below, Section 5 analyses theoretical
difficulties as found in the topical areas of non-human culture and language.

2.4. Implications and applications

There are many appreciable consequences of CES findings for public policy, social change, well-being
and research ethics. Aside from a few exceptions (e.g. Wilson, 2011) these implications have not been
thoroughly studied. Section 5 seeks to open this area with discussion of one application (about norms)
and one implication (about human uniqueness).

These case studies provide ample justification for the value of theoretical and philosophical atten-
tion given to major challenges to CES. To improve the conceptual clarity and theoretical discernment
in ongoing CES research, and because it may be unfamiliar to readers, we next encapsulate extant phil-
osophy of science research devoted to challenges voiced in the survey results above.

3. Developments in the philosophy of science for cultural evolution

The contemporary field of cultural evolutionary science has its formal origins in the work of Luigi
Luca Cavalli-Sforza and Marcus Feldman (1973) and Marcus Feldman and Cavalli-Sforza (1976).
Borrowing modelling strategies from population genetics and epidemiology, they identified analogies
between biological and cultural evolution and transmission, exploring culture as a distinct form of
inheritance. Subsequent generations of researchers have fleshed out this modelling approach, develop-
ing it further in multiple directions and identifying new explanatory projects — opportunistically bor-
rowing tools from evolutionary biology, quantitative and cultural sociology, anthropology and
cognitive psychology, among others. As a result, even the foundational status of formal mathematical
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models has not led to anything like a single, paradigmatic approach in CET. Instead, the field’s devel-
opment reflects its eclectic opportunism, leaving a vibrant patchwork of loosely related approaches
vulnerable to the aforementioned challenges, as well as to explicitly theoretical problems not men-
tioned in survey results but raised in recent philosophy of science.

In the first wave of theoretical and philosophy of science work on cultural evolution, applications to
culture of the Modern Synthesis in biology were developed (see Griesemer, 1988; Hull, 1988; Wimsatt,
1999). A second wave emerged at the end of the twentieth century. While continuing to involve
reapplication of tools from biology to culture (e.g. see Skyrms, 2014 on evolutionary game theory),
in this period additional effort was placed on analysis of competing theoretical frameworks for
CET (see Sterelny, 2017), understanding conditions for culture in non-human animals (e.g. Ramsey
et al., 2007; Sterelny, 2009) and evaluating the special character of cultural evolutionary explanations
(e.g. Godfrey-Smith, 2012). Currently, a third wave of theoretical work in CET is starting to swell (see
e.g. Lewens, 2015) in response to the emergence of problems for CES without precursors in biology.
Theoreticians and philosophers of science are now elaborating methods specific to CET, including
modelling, experimentation and field studies, observing operational challenges in each that follow
from the use of concepts like ‘culture’ and ‘cumulative culture’ (Buskell, 2022; Sterelny, 2021;
Vaesen & Houkes, 2021), ‘prestige bias’ (Chellappoo, 2021) and ‘cultural attractors’ (Driscoll, 2011;
Buskell, 2017). We contextualize then highlight three sets of philosophical problems that, in effect,
we seek to add to the list of grand challenges facing the field.

First, CES sources generally deny the claim, originally by Dawkins (1989) about ‘memes’, that cul-
tural transmission is replicative (Lewens & Buskell, 2023; see Henrich et al., 2008 & Sperber, 2000;
Dennett, 2017 is an exception). Nonetheless, many CES researchers appeal to ‘high-fidelity copying’
to explain complexity and diversity in human culture. Befitting the early growth of a new scientific
endeavour, we generally welcome explanatory pluralisms (Charbonneau, 2020), yet in this case it
represents a theoretical problem for the field. In biology, since genotype to phenotype mapping exists,
and since transmission occurs from genotype to genotype, a principled ‘grain’ of description exists to
guide the scientific study of transmission. This is absent in culture. The following example illustrates
the ‘grain’ problem, which can be considered an example of the general problem noted above. ‘Suppose
Andrew sings a line from a song, and Tim attempts to copy him: does “high fidelity” learning require
Tim to reproduce the same melody, must he sing in the same key, must he sing with the same words,
and the same emotional emphases?” (Lewens & Buskell, 2023: section 6.2). If Tim sings with different
words, in a dissimilar key, or with new accompaniment, under what conditions is it appropriate to
reason that he has ‘copied’” Andrew? The specific means by which CES researchers measure fidelity
or copying often lead to incompatible and incommensurable results, challenging the idea that fidelity
would be a general, natural property of human cultural learning, let alone a causal one (Charbonneau
& Bourrat, 2021).

Second, the advent of CES practised in broad spatiotemporal frames includes projects that consoli-
date historical and cross-cultural data in large databases (Slingerland et al., 2020), efforts in evolution-
ary archaeology and cognitive archaeology (Killin & Pain, 2023), and in cultural macroevolution more
generally (Gray & Watts, 2017). While surveyed members of the Cultural Evolution Society regard the
definition of ‘culture’ as a vexed but important problem (see Driscoll, 2017; Ramsey & De Block,
2015), a corollary often goes unnoticed, viz. that individuating cultures is distinct from the problem
of defining ‘culture’ simpliciter. So what are ‘cultures’ or ‘cultural groups’ and how should they be indi-
viduated? Are cultures natural kinds? The latter metaphysical question is not idle: many working in
political philosophy have long alleged that talking about ‘cultural groups’ is erroneously essentialist
(Patten, 2014). If we wish to avoid essentialist characterizations of specific ‘cultures’, then how can cul-
tural groups be taxonomized in modelling or experimentation? Related, how do various elements of
cultures, for instance, texts and material technologies, relate to one another (Buskell et al., 2019)?

Third is a set of issues emerging from the role of values in science, including epistemic values,
absent from survey results. ‘Epistemic values’ is a term referring to normative traits of theories or
methods themselves. Different methods and theories implicitly prioritize some values or purposes
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over others. For example, experimental collider physics prioritizes certainty over generalizability owing
to its endorsement of a 5¢ criterion of statistical significance. Cultural evolutionary science tends to
emphasize the epistemic value of generalizability in part because of its origins in modelling.
Generalizability can motivate the development of thin, abstract and largely ahistorical theories
(Fracchia & Lewontin, 1999). Epistemic values of CES in turn support characterizations of human cog-
nition that are automatic and ‘kinetic’ (Lewens, 2015), a term used to refer to the population modelling
approach to cultural evolution as akin to treating individuals as undifferentiated molecules familiar
from the kinetic theory of gasses, and thus, far easier to formally model. Extant, ‘thin’ characterizations
of cognition can pose a special problem in CES because they may misrepresent actual enculturation
and transmission of cognitive contents, and also because they may feed narratives about culture
and cultural change according to which individuals, perhaps especially in non-Western cultures
(Wolf, 2005; Chellappoo, 2022a), lack agency. Generally, what are the proper roles of personal and
sub-personal processes in formal explanations of cultural transmission? This question gets to the
heart of differences between the CES frameworks of cultural attractor theory and of population mod-
elling (see Buskell, 2019). Is it appropriate for ‘population-thinking’ models to minimize agency by
emphasizing roles of copying and imitation while neglecting to model roles of coercion or institutions
(Boyd & Richerson, 1985)? Does ‘cultural attractor theory’ (Sperber, 1996) in contrast attribute to
agents too much capacity to modify cultural items while transmitting them? Increased efforts to inte-
grate modelling with subtler accounts of encultured human cognition and transmission, in which they
are sometimes rational, effortful and culturally inflected, will probably improve the field.

Finally, current research in philosophy of science points to the promise of bootstrapping CES and
CET research into a philosophy of nature, i.e. formulating an ‘overall picture of the natural world that
science [...] seems to be giving us’ (Godfrey-Smith, 2001: 284). Important contributions include Kim
Sterelny’s (2012, 2021) work aimed at outlining the natural history of human beings and their hominin
ancestors, and work making sense of the striking increase in technological complexity of hominins
(Pain & Brown, 2021). This marks a promising shift that some have described in terms of movement
from a constrained form of behavioural innovation to one that is ‘open-ended’ (Borg et al., 2022;
Charbonneau, 2015), perhaps in a way analogous to the open-ended possibilities afforded by genetic
recombination (Charbonneau, 2016).

4. Methods: Models, experiments and field studies

In this section, we discuss challenges pertaining to three common methods in CES. Giant strides have
been made in the refinement and sophistication of these scientific techniques in recent decades. The
body of local theory tethered to a single method is used to warrant choices in modelling (e.g. about
framework or scale), in experimentation (e.g. about deriving from theory a hypothesis for testing)
and in field studies (e.g. about operationalizing ‘social learning’ in archaeological contexts). The
local theoretical reflection on decision-making about model type, parameterization and more, is
rich and growing richer. This type of ‘method-specific’ theory is distinct from and narrower in
scope than the cross-disciplinary theory essential for improving knowledge integration and meeting
other needs of the CES research community. For example, even though an agent-based model
might be exquisitely motivated on its own terms, there are rarely to be found theoretical tools that
provide a principled structure for how the results of such a model are to be validated using data or
results from experiments or field studies, even when those methods are used to explore ostensibly
similar research questions.

4.1. Models in cultural evolution

As cultural evolution developed into a scientific field, innovative mathematical and computational
techniques were devised to represent intricate features of cultural processes (Kandler et al., 2012).
Broadly speaking, three important modelling frameworks have helped to improve our theoretical
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understanding of evolutionary processes. The first framework is composed of gene-culture coevolution
models, which assume a continuous, bidirectional interaction between genes and culture
(Cavalli-Sforza & Feldman, 1981; Boyd & Richerson, 1985). Next are cultural neutral models, which
assume that all variants are equally likely to be adopted, and attempt to understand cultural evolution
in the absence of selective forces by assuming that changes in cultural variants are due solely to ran-
dom drift and innovation (Bentley et al., 2004; Blythe, 2012; Reali & Griffiths, 2009). Finally, the cul-
tural selection framework assumes that some variants spread more rapidly than others, making
evolution a process that is not neutral, but subject to biases (e.g. systematic cognitive and transmission
patterns deviating from rationality) or selection pressures (e.g. environmental factors that affect fitness
of variants) (Boyd & Richerson, 1985; Hagen & Hammerstein, 2006; Henrich & McElreath, 2007; Vale
et al., 2017).

While modelling frameworks make distinctive assumptions about the nature of cultural processes,
these frameworks can each be instantiated at either of two common scales. Regarding the scale used to
model cultural evolution, researchers in the field have distinguished between two general classes (Van
Dyke Parunak et al., 1998; Kandler et al., 2012). The first is composed of micro-scale models, which
aim to simulate how individual units in a system behave and interact with one another. The best-
known type of micro-scale model is the agent-based model, which consists of a system composed
of a set of autonomous units called agents, which simulates the decision-making, behaviour and inter-
actions of agents to understand how patterns emerge at the population level. Such models have been
used to study segregation dynamics (Schelling, 1971), the emergence of cooperation (Axelrod &
Hamilton, 1981), the evolution of language (Centola et al., 2007; Kirby et al., 2014) and network
dynamics (Segovia-Martin et al., 2020), and to adjudicate between competing explanations for biocul-
tural phenomena like footbinding (Chowdhury et al., 2022).

The second class is composed of macro-scale models, which attempt to capture the overall behav-
iour of the system. Macro-scale models may consist of ordinary or partial differential equations that
contain one or more functions with their derivatives. In this context, the functions represent quantities
(e.g. populations A and B), the derivatives define their rates of change and the equation defines the
relationship between both variables. These models have been used to study topics such as language
competition (Abrams & Strogatz, 2003), political competition (Misra, 2012), the evolution of religios-
ity (Rowthorn, 2011), the distribution of cultural traits (Manrubia & Zanette, 2002) and innovation
(Kandler & Laland, 2009), among other social issues (see Brown, 2007). Other macro-models, such
as phylogenetic or statistical inference models, are oriented to encompass the broader evolutionary
relationships between organisms and groups using existing experimental, historical and archaeological
data (Turchin et al., 2012).

An appreciable challenge facing the use of modelling to draw substantive inferences about actual
cultural processes is that varied costs involved in selection of a framework and a scale for analysis
often limit the inferential range of the model’s results. Micro-scale models allow more control over
the properties of individual entities in the system, generally at the expense of higher computational
cost and greater complexity of formalization, which limits their reproducibility and generalizability.
Macro-scale models, on the other hand, allow greater control over population variables and the evalu-
ation and formalization of the dynamical system, although at the cost of a lack of control over the indi-
vidual entities of the system. From these two types of models emerged a general theoretical concern
over how to integrate their results.

Of very special consideration in models of cultural evolution is the development of techniques to
represent multivariate causal interactions between phenomena at both micro- and macro-levels, e.g.
the ‘ratchet effect’ (Tennie et al., 2009), often regarded as indispensable for explaining cumulative cul-
tural evolution. Recent formal developments enabling the combination of micro- and macro-models
are allowing modellers to meet this need and, consequently, they will stimulate high-quality research in
CES and assist in overcoming challenge (C3). Micro- and macro-models can be combined by building
adaptive dynamics models or with multilevel selection models where both events at the individual level
generate effects at the group level and events at the group level affect the individual properties of the
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system (Mullon & Lehmann, 2017; Fishwick, 1995; McElreath & Henrich, 2007; Waring et al., 2017;
Segovia-Martin & Tamariz, 2021). This represents the future of modelling in cultural evolution, but it
is not itself without challenges.

Despite numerous advantages, joint micro-macro models are now confronting novel theoretical
problems. These include reconciling the role of individual-level behaviours with aggregate-level phe-
nomena; addressing emergent properties that cannot be explained by the actions of individual agents
alone; accounting for feedback loops between the micro- and macro-levels; and specifying the content,
behavioural influence and population-level effects of ‘regulatory traits’, i.e. traits governing cultural
transmission of other traits (Acerbi et al., 2014). Given their content, progress on these problems
would benefit from formal analyses of concepts like collective action, coercion and institutions,
which would facilitate operationalization in models.

4.2. Experiments in cultural evolution

Challenge (C3) focuses on the need to overcome several problems facing the effort to model culture as
a complex, adaptive system. In their report of survey results, authors wisely distinguish this from a
corollary challenge, (C4), which involves the need to develop an evidential bridge between modelling
results and research on the psycho-social mechanisms instantiating cultural transmission in the world.
Given the ascendant place of modelling in CES, validating models against data from experiments and
field studies has remained a persistent challenge. This challenge for CES typically has one of four
points of inception: (i) a lack of data, making validation unfeasible; (ii) a conceptual gulf between
model and empirical data; (iii) limitations of the model’s ability to properly describe new, previously
unseen data; and (iv) a lack of parallelism between model mechanisms and actual mechanisms, mak-
ing models of little use in capturing the causal interactions between real evolutionary processes (see
Weisberg, 2007, on assignment, scope and fidelity). Mechanisms for cultural evolution like social
learning biases have of course been proposed (Boyd & Richerson, 1985), modelled (Denton et al.,
2020) and experimented upon (Efferson et al., 2008). Yet CES nonetheless faces several problems inte-
grating theory and modelling with experimentation often owing to the absence of a set of criteria for a
measurable outcome that is commensurable across methods.

Take, for example, research that frames lab- and field-based experiments (see Mesoudi & Whiten,
2008 and Tamariz, 2017 for reviews). Cultural transmission has been a focus of laboratory experi-
ments, many of which examine whether or not some of the postulated learning biases exist. Other
studies pit multiple learning biases against each other to assess which are more powerful explanations
of cultural retention and transmission. While some experiments focus on biased social learning,
including, among others, content- (e.g. Boyer & Ramble, 2001; Broesch et al., 2014) and prestige-
biased cultural transmission (e.g. Jiménez & Mesoudi, 2019) in the retention and recall of stimuli,
others utilize sequential transmission chains to examine ostensibly unique properties of human cul-
tural evolution such as cumulative evolution and problem-solving (e.g. Caldwell & Millen, 2008;
Jiménez & Mesoudi, 2020). In step with the classic experiments of Bartlett (1932), many of these stud-
ies follow the logic and structure of ‘telephone’, a game that exploits distortion of information across
chains of multiple learner-teachers. Other experiments stress communication and group coordination
through actively and collectively aligning individual behaviours, such as drumming and movement,
and examining downstream behaviour (e.g. Tunggen¢ & Cohen, 2016; Wood et al., 2018). Aptly,
but unsystematically, the range of participants’ agency varies significantly across cultural transmission
experiments. This also applies to studies of cultural evolution in non-human animals, where a variety
of evidence stemming from controlled experiments and anchored in social learning models has been
observed (Whiten, 2019).

Much of the behavioural experimental work that falls under the rubric of cultural evolution assesses
the magnitude and scope of cooperation that is unique to our species. By measuring individual deci-
sions in allocating money and other resources, experiments in cross-cultural behavioural economics
suggest that culture and cultural institutions play a significant role in promoting more cooperative
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strategies (Pisor et al.,, 2020) or, less appreciated in CES, in reducing cooperation (cf. Akbari et al.,
2019). Studies that deploy the same experimental game but have culturally salient treatment conditions
show that when made culturally relevant, salient beliefs and values can alter the course of interper-
sonal behaviour (Cronk, 2007; Gerkey, 2013; Lightner et al., 2017). In such experiments, the outcome
variable is cooperation, not whatever cultural information that is purportedly inducing it, and certainly
not the transmission of such cultural information. Yet some paradigms have exploited such experi-
ments, and rather than using beliefs and cultural framings to predict behaviour, some have reversed
this structure and examined how game outcomes can predictably shift the content and structure of
extant beliefs (Purzycki et al., 2020). Neither of these experimental paradigms directly speaks to trans-
mission, however; one seeks to explain the evolution of cooperation and the other seeks to explain the
evolution of beliefs as responses to threats to cooperation.

While the ultimate theory that motivates such studies posits that cultural norms can co-evolve with
problems of cooperation, there remains a notable deficit in just how little of this work specifically
attends to cultural transmission and the co-variation between cooperation and tradition.
Experiments about variability of dynamics in transmission across cultures are infrequently motivated
by integration with cross-cultural psychology and so, albeit with exceptions (e.g. Mesoudi et al., 2014,
which found significant cross-cultural variation in the adoption rate of success-based social copying),
they generally do not motivate or test explicit hypotheses about cultural differences in transmission.
Many such studies might assess the cultural mechanisms that promote or reduce cooperation but
do nothing in the way of accounting for the diffusion or maintenance of such beliefs. In other
words, while we might see co-varying effects of cultural information and behaviour in the lab, and
while this might make certain explanations or theories more plausible, it remains unclear what this
has to do with the evolution and persistence of the cultural part of the dynamics. Are particular cul-
tural strains prevalent because they promote (or reduce) cooperation? Do the social benefits of cooper-
ation contribute to the prevalence and maintenance of particular cultural mechanisms? Such questions
are ripe for serious experimental treatment, and returning to challenge (C4), the results of such experi-
ments are expected to inform representations of subtle, varied causal interactions in future micro-
macro models.

4.3. Field studies

Field studies fall into various kinds. Ethological field studies concern cultural performances beyond our
species. Archaeological and palaeoanthropological excavations provide insight into the deep past and
into the emergence of cultural evolution of hominins from australopithecines and different Homo spe-
cies up to anatomically modern humans. Anthropological field studies, often separated into cultural
anthropology and evolutionary anthropology, examine social and material interactions in present-day
human groups and societies and their cultural products. Although these three fields differ markedly in
the nature and acquisition of their basic data as well as in their theoretical presuppositions, they share
important commonalities. Key features of all three approaches are: adoption of long-term data collec-
tion methods and analysis; attention to facts about the material, ecological and behavioural contexts of
cultural behaviours; and interest in identifying a potential variety of contributing elements. Field stud-
ies in CES aim to gain a broad overview of cultural performances and their environmental conditions,
and to examine the differences between distinct social and ecological settings in order to increase
understanding of the historical and biological circumstances of cultural evolution. Field studies in
CES incorporate fuzzy evidence about multi-faceted entanglements between agents, environments
and behaviours, captured with a variety of data types ranging from anecdotal reports to behaviour cod-
ing to structured research protocols, within which meaningful patterns of relations and development
can be detected.

Field studies have played and will continue to play the most prominent role in CES responses to
challenge (C8), which encompass the need to convince policymakers of the need to conserve animal
cultures. Until the second half of the twentieth century, culture had only been ascribed to humans.
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Since the expansion of the definition of culture to make it applicable to non-human animals (McGrew,
1992), and subsequent studies on behavioural traditions in chimpanzees (Whiten et al., 1999), which
combined field research from several groups in search of differences of occurrences of behaviour across
sites under similar environmental conditions, ethological field studies with cultural evolutionary scope
have been on the rise. The variety of animal species examined as well as evidence of performances with
basic cultural features have markedly increased. Ethological research has produced studies on the pace
of animal innovations, as found in seasonal changes in songs of humpback whales (Schulze et al.,
2022), on cultural transmission in the manufacture of tools, as in New Caledonian crows (Hunt &
Gray, 2003), and on the adoption of new behavioural elements from resident individuals when they
must adapt to new habitats after dispersal, as in male orangutans (Morchen et al., 2023). The current
state of the field suggests that there is a variety of basic cultural performances in a wide array of animal
orders from invertebrates to birds and mammals (Whiten, 2021) and that the number of (unspecified)
cases of ‘culture’ is underestimated (Schuppli & Van Schaik, 2019).

In contrast to field studies on animal behaviour and ethnography, which include direct observa-
tions of performances, primary data from archaeological field studies provide only indirect insights
into past human behaviour through trace material evidence. Performances, and thus also group-
specific patterns and their development, must be inferred from finds via multiple analytical steps
before interpretation (Perrault, 2019). The chronological frame of archaeological field studies spans
more than 3 million