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Here, I discuss two broad versions of human cultural evolution which
currently exist in the literature and which emphasize different underlying
dynamics. One, which originates in population-genetic-style modelling,
emphasizes how cultural selection causes some cultural variants to be favoured
and gradually increase in frequency over others. The other, which draws more
from cognitive science, holds that cultural change is driven by the biased
transformation of cultural variants by individuals in non-random and consistent directions. Despite claims that cultural evolution is characterized by one or
the other of these dynamics, these are neither mutually exclusive nor a dichotomy. Different domains of human culture are likely to be more or less strongly
weighted towards cultural selection or biased transformation. Identifying
cultural dynamics in real-world cultural data is challenging given that they
can generate the same population-level patterns, such as directional change
or cross-cultural stability, and the same cognitive and emotional mechanisms
may underlie both cultural selection and biased transformation. Nevertheless,
fine-grained historical analysis and laboratory experiments, combined with
formal models to generate quantitative predictions, offer the best way of
distinguishing them.
This article is part of the theme issue ‘Foundations of cultural evolution’.

1. Introduction
Does culture ‘evolve’? Can socially transmitted behavioural traits such as
languages, attitudes, technological inventions, religious beliefs, scientific theories
and so on, be understood as changing over time in a way comparable to how biological species change over time? Such a comparison was drawn by historical
linguists long before Darwin wrote The Origin of Species (see [1]), and was
made by Darwin himself in The Descent of Man [2]. However, it was not until
the 1970s and 1980s that serious attempts to formalize the idea of cultural evolution appeared [3–5]. These seminal works borrowed the tools of mathematical
population genetics and adapted them to culture, creating models that assume
behavioural traits vary across individuals, are inherited socially (not genetically)
via imitation, language, teaching or other means of social learning, and can be
subject to selection wherein some traits are more or less likely to be passed on
than others, as well as non-selective dynamics in the form of cultural drift.
These models explicitly recognized differences between genetic and cultural
evolution, such as the possibility of acquiring cultural traits from a wide range
of individuals, not just the two parents from whom we acquire our DNA [5],
and various biases by which we do this, such as conforming to the majority
trait in one’s group [3]. In the last two decades, there has been an exponential
increase in cultural evolution research inspired by this groundwork [6], with
evolutionary concepts, tools and methods used to explain cultural variation
and change in domains such as language, technology, religion, political
systems, family dynamics, migration and acculturation, music, art, literature
and more [7–10]. The notion that cultural change represents an evolutionary
process is more than a philosophical curiosity; it potentially provides powerful
© 2021 The Author(s) Published by the Royal Society. All rights reserved.

2. Disagreements over the dynamics of cultural
evolution
Several researchers have drawn the conclusion that, if biased
transformation plays a causal role in cultural change—in
terms of the Price equation, if the second biased transformation term is non-zero—then cultural change should not be
described as ‘Darwinian’, and/or that methods borrowed
from biology (e.g. population genetic modelling) are inappropriate [29,44,47,48]. For example, ‘it would seem reasonable
to reserve the category ‘Darwinian’ for cases where … there is
a prominent role for selection rather than transmission in
explaining design-like properties’ [44, p. 7]. Or, ‘in order to
model cultural evolution, we must not simply adjust existing
replicative or selectional models to fit the cultural case’
[29, p. 2]. Furthermore, rather than focusing on populationlevel dynamics and selection-like learning biases, which are
characteristic of cultural selection, it is argued that a more
appropriate approach would be to focus on individual
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transmission episodes, representations gradually transform
according to, and converge on, individuals’ inductive biases.
Finally, this dynamic also has precedence in the earlier population-genetic-inspired approach discussed above. Early
models of ‘guided variation’ [3] involved individuals non-randomly improving cultural traits via reinforcement or other
forms of individual learning, with such traits then culturally
transmitted in an unbiased, non-selective manner. Again, these
models show that guided variation causes cultural evolution to
converge on the cultural traits that are favoured by individual
learning.
Examples of this second approach to cultural evolution
include the cross-cultural convergence on blood-letting as a
medical practice [34], on direct eye gaze in portraits rather
than averted gaze [35], and on common colour terminologies
[36], all of which are argued to reflect psychologically ‘attractive’ forms. Lab experiments simulating Bayesian inductive
biases have shown how participants independently converge
on common priors, such as linear relations between variables
[32], compositionally structured languages [37] or visually
symmetrical arrowhead dimensions [38].
These two versions of cultural evolution emphasize different dynamics, which I will call cultural selection and biased
transformation respectively.2 In evolutionary terms, cultural
selection assumes small and often undirected cultural mutation
followed by the selection of beneficial variants via non-random
learning biases, with the latter selection-like process primarily
driving cultural change. Biased transformation comprises substantial and directional mutation at the individual level which
is primarily responsible for driving cultural change, rather
than population-level selection-like learning biases.
It has been pointed out by some scholars [41–44] that these
two dynamics represent the two terms in the Price equation
[45,46], a commonly used abstract formalization of the evolutionary process. The first term of the Price equation
represents change due to (cultural) selection of traits due to
their fitness effects, and the second represents change due to
(biased) transformation of traits from one generation to the
next. While the latter transformation term is often assumed
to be negligible in genetic evolution, the same is not the case
for cultural evolution, such that biased transformation may
be a directional source of cultural change.3
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new theoretical and methodological tools for understanding
cultural change and variation that can significantly enhance
and perhaps even synthesize the social and behavioural
sciences [11–13].
Yet there remains an underlying and ongoing tension concerning the extent to which cultural change resembles the
process of genetic evolution.1 Two broad approaches can be
recognized. First, scholars more closely rooted in the tradition
that began with the aforementioned population-genetic-style
models tend to focus on how selection-like learning biases
cause some cultural variants to be favoured and gradually
increase in frequency over others [9,14–17]. Such learning
biases include preferentially copying older, prestigious or
successful individuals (sometimes called ‘context biases’), or
preferentially copying certain kinds of traits over others (sometimes called ‘content biases’), such as stories that are
emotionally salient or tools that are particularly effective
[16,18,19]. ‘Copying’ here is assumed to be relatively faithful,
reflecting claims that humans possess unique psychological
adaptations for high fidelity social learning [20,21]. Less explanatory weight is placed on how individuals create, modify and
transform cultural traits as sources of directional cultural
change (although this is acknowledged to occur; see below).
Cultural change is seen instead as primarily a populationlevel process, where small, often random changes (akin to cultural mutation [5]) that happen to be effective are selectively
copied over time. This leads to an emphasis on cultural evolution as a cumulative, population-level process that often
exceeds any one individual’s understanding or ability
[22,23], and accounts for our species’ distinct ecological success
[14]. Examples of work in this tradition include field studies
showing that pregnancy-related food taboos are preferentially
learned from mothers and prestigious older women [24], lab
experiments showing that more complex tools are maintained
in larger groups due to the availability of more demonstrators
from whom to learn [25], and historical analysis of Go matches
showing that opening moves spread by being copied from
successful players [26].
Other scholars see cultural evolution differently [27–32].
Inspired more by cognitive science than population genetics,
here cultural change is seen as primarily resulting from the directional transformation by individuals of culturally acquired
information. According to this view, the acquisition of cultural
information is rarely a case of high fidelity copying. Rather, it
is a process of transformation and reinterpretation that may be
affected by the receiver’s cognitive biases, pre-existing knowledge, individual learning, or the dynamics of communication
and interaction between sender and receiver. Consequently,
directional cultural change is seen as resulting from the directional transformation of information by individuals. Where
individuals transform representations in the same direction,
such as due to a universal feature of human cognition or a similar
ecological or environmental pressure, then representations will
converge on a stable type or form, sometimes called a ‘cultural
attractor’ [29–31]. Consequently, there is more focus on explaining cross-cultural regularities (rather than diversification and
cumulative change) that reflect individual-level psychological
processes (rather than exceeding individual-level understanding). This approach has also been explored in the
context of Bayesian models of cultural evolution, where individuals possess inductive biases—constraints on learning
and memory—that shape their priors when evaluating information received from other individuals [32,33]. Over successive

Words are imprecise means of communicating ideas. Formal
models can help make this imprecision more precise, and
reveal the often hidden assumptions of purely verbal models
[49]. Consequently, here are two very simple individualbased models of cultural selection and biased transformation
to illustrate what I mean above, and to draw some very
simple insights. Model 1 simulates cultural selection and
biased transformation within a single population to examine
how each dynamic generates cultural change. Model 2 extends
this to multiple populations and cumulative culture, to
examine claims of cross-cultural stability and diversification.
The R code for both models is available at https://github.
com/amesoudi/culturalselection_biasedtransformation, and
readers can play with them without needing to run the code at
https://amesoudi.shinyapps.io/CSBT_model1/ and https://
amesoudi.shinyapps.io/CSBT_model2/.
These models are intended to complement previous models
that examine these cultural dynamics [3,38,42,47,50–52]. The
insights are not particularly novel compared to these previous
studies, but (i) they provide a replication and confirmation of
previous models’ results using different assumptions and
implementations, thus contributing to a broad family of
models addressing the same issue (which is often better than
seeking a single ‘perfect’ model: [49]); (ii) their insights are integrated below with more recent empirical studies and placed
within the context of ongoing debates concerning the nature
of cultural evolution; and (iii) full code and interactive online
versions of the models are provided alongside this paper, to
allow others to directly explore the results and extend the
models using different assumptions.

(a) Model 1: Within-population dynamics
In Model 1, each of n individuals possesses a value of a continuously varying culturally transmitted trait which ranges
from 0 to 100. In this model, cultural selection and biased

(b) Discussion of Model 1
The results of Model 1 are shown in figure 2. The first column
shows, as both intuition and previous models [3,44] predict,
that both cultural selection and biased transformation drive
the cultural trait towards the value favoured by each of
them, i.e. the maximum value of 100. This replicates a point
made in Nettle [44]: directional change in cultural evolution
may be caused by either cultural selection or biased transformation (or both, as shown in the bottom row of the first column).
Observing that a particular cultural trait has spread, be it a
tool, word, song, folk tale or religious belief, therefore does
not provide evidence that cultural selection was responsible
for that spread [44]. For example, one recent study claimed
that certain grammatical forms, such as the regularization of
past tense verbs, spread due to ‘selection in language
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3. Two models of cultural selection and biased
transformation

transformation are assumed to act in the same direction,
towards 100. Hence, higher values of the trait indicate both
higher-payoff traits that are favoured by cultural selection,
and/or more individually attractive traits favoured by
biased transformation. The n individuals are initialized
with trait values drawn from a normal distribution with
mean of 10 and standard deviation of 1, giving slightly different values centred around a relatively low value.
In each time-step, all n individuals are replaced with n
new individuals. This can be seen as a new biological generation, or a new instantiation of the same population at a new
time following cultural transmission. These n new individuals first each choose a demonstrator from the previous
time step from whom to learn (figure 1). Cultural selection
is implemented via payoff-biased social learning. With probability s, each individual selectively adopts the highest-value
trait from the individuals of the previous time-step. With
probability 1 − s, they adopt the trait value of a randomly
chosen individual from the previous time-step. Random
copying is, by definition, non-selective.
Biased transformation, as well as unbiased transformation/
cultural mutation, is then implemented via the modification of
the chosen demonstrator’s trait value (figure 1). The chosen
demonstrator’s trait value is modified by an amount drawn
from an exponentially modified Gaussian (EMG) distribution
[53]. This distribution combines a normal/Gaussian distribution (with mean μ and standard deviation σ) with an
exponential distribution (with scale parameter β) to give a distribution that is directionally skewed when β > 0. Specifically,
the mean of the normal distribution μ is set to zero, i.e. no
change to the trait value of the chosen demonstrator.
Random deviation to this copied value is introduced when
the standard deviation of the normal distribution σ is greater
than zero. This can be seen as random copying error, or
blind, undirected attempts at modifying the trait following
transmission, akin to cultural mutation [5]. The skew introduced by the scale parameter β generates biased
transformation. When β > 0, the skewed distribution makes
individuals more likely to transform the trait in the direction
of the biased transformation, i.e. towards 100. Note that there
is no gene-like replication in this model (unless σ = 0 and β =
0 such that the adopted value is exactly the same as the demonstrator’s, but in this case, there is also no evolution), and biased
transformation is probabilistic not deterministic: biased transformation can sometimes lead to values in the opposite
direction to the bias, even when β is large.
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cognition, which, if biased transformation is the predominant
driver of cultural change, may be sufficient to explain the direction of cultural change. For example, ‘[n]ovel concepts and
mechanisms, more inspired by cognitive sciences and less by
population genetics, are required [to explain cultural evolution]’
[48, p. 21] or ‘advances in understanding the population
distribution of cultural practices or representations seem most
likely to come from cognitive science … No isomorphism to
Darwinian evolution is required in order to do this’ [44, p. 8].
On the other hand, researchers who emphasize cultural
selection have tended to downplay the importance of
biased transformation for explaining cultural change. For
example, one model concluded that even (actually, especially)
when biased transformation is strong, the long-term cultural
dynamics and the final equilibrium of a cultural trait are both
determined by cultural selection [42]. According to this
model, biased transformation reduces to cultural selection.
Furthermore, while biased transformation is acknowledged
in seminal texts (e.g. ‘guided variation’ in [3], as noted
above), in practice much more attention has been given to
cultural selection learning biases such as those related to
prestige, conformity and content biases [16,18,19].

step 2: mutation/transformation

4

unbiased mutation
(b = 0)
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Figure 1. Outline of Model 1. In step 1, individuals choose a demonstrator from whom to socially learn. With probability s they choose the demonstrator with the
highest-payoff trait, characteristic of cultural selection, and with probability 1 − s they choose a demonstrator at random, which by definition is non-selective. In step 2,
they modify the chosen demonstrator’s trait by drawing a value from an exponentially modified Gaussian (EMG) distribution, with mean and standard deviation of the
normal distribution component set to zero and one respectively, and which is then added to the demonstrator’s trait value. When the scale parameter of the exponential
component of the EMG, β, is zero, then this modification is entirely random, thus implementing unbiased cultural mutation (akin to genetic mutation). When β > 0,
the values are more likely to be drawn from the upper end of the distribution, thus implementing biased transformation. The upper parts of each box are characteristic
of cultural selection, while the lower parts are characteristic of biased transformation, although the continuous parameters s and β allow a mixture of these two
dynamics to occur together.

evolution’ [54]. Yet what they actually showed was that these
grammatical forms showed a directional increase in frequency,
which is consistent with either cultural selection or biased
transformation (or both combined).
However, this works the other way too. It does not necessarily follow that all instances of directional change are
therefore due to biased transformation. For example, the demonstration that direct eye gaze in portraits has increased in
frequency over time [35] does not necessarily mean, as claimed
in the original study, that this was due to biased transformation as individual artists modified their style from averted
to direct eye gaze. It could equally have been cultural selection,
with novice portrait artists preferentially copying other artists
that painted direct eye gaze, or preferentially copying direct
eye gaze portraits, rather than individually transforming
their style from averted gaze to direct gaze. Or it could have
been a mixture of the two dynamics, with preferential copying
of direct eye gaze artists or portraits, combined with individual
transformation towards direct eye gaze.
How then can we distinguish between cultural selection
and biased transformation in real-life instances of cultural
evolution? Figure 2 provides some suggestions. The first
column shows that cultural selection is characterized by an
s-shaped diffusion curve, which starts slow, increases in
rate, and then levels off. Biased transformation is characterized by an r-shaped diffusion curve, which increases at a
constant rate until reaching the maximum. It has been
suggested that diffusion curve shape can be used to distinguish cultural selection and biased transformation [55],
and because most diffusion curves in the diffusion of

innovations literature in sociology are s-shaped [56], that
the typical mode of technological and social change in
human societies is cultural selection rather than biased transformation [55]. Non-human social learning researchers have
also used s-shaped diffusion curves to argue that certain
behaviours spread via social rather than asocial learning
[57]. Unfortunately, however, the use of diffusion curve
shape to infer learning dynamics has been deemed unreliable
since it was shown that s-shaped curves can also be generated
by non-cultural selection dynamics under certain circumstances, such as when there is individual variation in the
strength of biased transformation [58,59].
The final column of figure 2 shows another difference. As
is well known from evolutionary biology, the strength of
natural selection depends on the variation in the population
(known as Fisher’s fundamental theorem). In principle, the
same applies to cultural selection. Consequently, cultural
selection is more effective in larger populations where there
is more variation upon which to act. Biased transformation,
on the other hand, is an individual-level process. Transformation occurs at the same rate irrespective of what trait values
others in the population possess. Consequently, biased transformation shows no relation to population size (see [50,52] for
similar findings).
This links to an ongoing debate concerning the effect of
population size and other demographic factors in cultural
evolution [25,60–63]. There has been much back and forth
between those who argue that the rate of cultural evolution
is partly determined by population size [61,62] and those
who argue that it is not [63]. While some of this debate
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Figure 2. Results of Model 1. The top row shows results representative of cultural selection dynamics, the middle row those of biased transformation, and the
bottom row of both dynamics acting simultaneously. The first column shows time series (aka ’diffusion curves’), where either cultural selection (via s) or biased
transformation (via β) or both drives the culturally transmitted trait to its maximum value, which is the value favoured by both cultural selection and biased
transformation. The second column shows the effect of different values of s or β on the number of timesteps taken to reach its maximum value (specifically,
to reach a trait value of 95, given that 100 may not be reached due to mutation). In the first two cases, as cultural selection or biased transformation increase
in strength, the faster is the spread of the favoured trait. The middle bottom panel shows a heatmap of the same measure (t = timesteps until trait 95 is reached)
for different non-zero combinations of s and β. The final column shows the effect of population size, n, on time to reach the maximum. Here, cultural selection is
more effective in larger populations, while population size has no effect on the action of biased transformation. When both dynamics are acting, there is a weaker
effect of population size. n, number of individuals; β, strength of biased transformation; s, probability of cultural selection; σ, random, undirected mutation. All
results are the average of 10 independent simulation runs.

concerns the reliability of the empirical record, it may be
worthwhile turning the debate on its head. Perhaps those
instances where population size does seem to determine the
rate of cultural evolution, mostly relating to technology
[61,64], can be taken as evidence of cultural selection operating in that domain. Instances where population size does not
seem to affect the rate of cultural evolution, as observed for
example for folk tales [65], can be taken as evidence of
biased transformation operating in that domain. However,
this requires overcoming empirical issues surrounding estimates of population size and structure [60], measures
which may not always be available or reliable.
Alternatively, there can be more direct examination of
cultural variation and change to explicitly test for cultural
selection and biased transformation. This requires going
beyond population-level signatures and delving into the history and function of specific cultural traits. For example, one

innovative study examined the long-term cultural evolution
of the ‘f-holes’ in violins [66], the holes in the body of the
instrument that improve sound quality by enhancing acoustic
conductance. These holes gradually evolved over several centuries from relatively ineffective circular holes in the tenth
century to the now-standard f-holes in the eighteenth century,
which hugely enhance sound quality. Using formal analysis
of the variation in hole shape over time, it was shown that
this change in shape was so gradual as to be consistent
with random, undirected changes introduced by each generation of violin-maker due to imperfections in the
manufacturing process. Within each generation, those violins
that happened to sound better were selectively copied, and
those that happened to sound worse were not. There were
no disruptive or directional changes within generations,
and no evidence that violin-makers were directionally transforming the hole shapes to improve sound quality. This is
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(c) Model 2: Between-population dynamics and
cumulative culture
Another common claim is that biased transformation can
explain cross-cultural stability, i.e. similarity in cultural
traits across different populations, societies or groups. Sometimes this is turned around: that evidence of cross-cultural
stability in a particular trait can be taken as evidence for
the operation of biased transformation [30]. Yet it seems
logical that cultural selection can also generate cross-cultural
stability. One way it can do this is if there is a single highpayoff trait on which cultural selection converges, as in
Model 1. If there are multiple high-payoff traits, i.e. multiple
cultural lineages, then cultural selection may generate crosscultural divergence if different populations converge on
different solutions to a problem. However, if there is some
migration or inter-cultural transmission [51], then again multiple populations may converge on the same solution. Model
2 simulates this latter scenario.
Assume now that there are discrete cultural traits structured as shown in figure 3. There is a single intuitive or
attractive trait, X. This might be blood-letting as a medical
practice, for example. Assume it has a payoff of zero, and
that the same biased transformation process as implemented
in Model 1 favours trait X (in fact, blood-letting is suggested
to decrease fitness due to the greater chance of blood infections [34], but for our purposes fitness neutrality is a
reasonable conservative assumption). There are also three
trait lineages, A, B and C, representing increasingly effective
(high payoff ) solutions to the same problem. They might represent, for example, herbal medicine, allopathic medicine and
surgery. Each lineage has five cumulative levels. These are
cumulative in the sense that the preceding trait (e.g. B3)
must be known before the subsequent trait (e.g. B4) can be
acquired, and they increase in payoffs (e.g. B4 has higher
payoff than B3). Consequently, the same cultural selection
process as implemented in Model 1, selective payoff-biased
social learning, favours increasing levels of each lineage.
Unlike Model 1, therefore, in this model biased
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such a strong conclusion may not be warranted. Similarly,
other effects documented experimentally using the transmission chain method, including advantages for social
information [72,73], minimally counterintuitive concepts
[74] and negative information [75,76], may be equally effective when operating via cultural selection as they have been
demonstrated to be via biased transformation.
We can also draw a parallel between payoff-biased social
learning (the form of cultural selection that is assumed in
Model 1; see figure 1), where traits associated with higher monetary, social or reproductive payoffs are preferentially copied,
and the form of biased transformation modelled in Boyd &
Richerson [3] as guided variation, in which traits that are
associated with higher payoffs are reinforced during an individual’s lifetime via instrumental conditioning. In both cases,
a psychological preference for high payoffs causes an increase
in high-payoff traits, in the former via cultural selection, and
in the latter via biased transformation. The general point here
is that the same cognitive, social or emotional mechanisms
can underlie both biased transformation and cultural selection.
We should therefore not necessarily identify biased transformation specifically with ‘cognition’, when the same psychological
mechanisms may also underlie cultural selection dynamics.
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probably because the effects of violin holes on acoustic conductance are complex, opaque and unintuitive. It is not
cognitively intuitive that f-shaped holes give better acoustic
conductance than any other shaped hole, and the design
space of possible hole shapes combined with possible violin
designs is too vast to easily solve with trial and error
within a single lifetime.
There were even counterexamples to demonstrate this
point [66]. In two cases (Savart’s trapezoidal design and Chanot’s guitar-shaped design), early nineteenth-century violin
makers attempted to use contemporary scientific principles
to create novel violin designs that were beyond the normal
range of random variation. Yet these designs had poorer
acoustic properties than the standard designs, and are nowforgotten evolutionary dead-ends. This study therefore provides quantitative evidence not only that the dynamics of
cultural selection—small, undirected, random variation plus
selective copying—were responsible for the cumulative
cultural evolution of violin designs, but that this makes
adaptive sense given the complexity and opacity of this
particular cultural trait.
As well as historical analyses, one might also use lab
experiments to obtain independent evidence that an instance
of directional change is consistent with biased transformation
or cultural selection. For example, one study which argued
that blood-letting as a medical practice has independently
emerged cross-culturally due to biased transformation presented a series of lab experiments showing that (i) stories
containing blood-letting are more memorable, and persist
for longer, than equivalent stories involving other therapies,
and (ii) descriptions of accidental cuts can spontaneously
transform into stories about blood-letting [34]. This provides
independent evidence that individual cognition drives biased
transformation to favour blood-letting, lending plausibility to
the claim that biased transformation has generated the crosscultural stability of blood-letting in actual human societies.
We should be cautious, however, in drawing too strong
conclusions from lab experiments, and too closely identifying
biased transformation with cognition. It is possible that the
same cognitive mechanism can underpin both biased transformation and cultural selection.4 For example, experimental
studies using the transmission chain method [68], where information is passed from individual to individual along linear
chains, have identified an advantage for emotionally salient
information in cultural evolution, particularly content that elicits a reaction of disgust [69,70]. However, this could in
principle occur via either biased transformation or cultural
selection (or both): individuals may directionally transform
what they receive from others to make it more disgusting
(biased transformation), and/or they may preferentially
attend to, acquire and pass on more disgusting material than
less disgusting material (cultural selection).
One study demonstrated that both of these dynamics are
present and can cause the spread of disgusting information as
people both transformed and selectively acquired and passed
on disgusting material [69]. Most transmission chain experiments, however, can by design only detect transformation
[68]. It is sometimes argued that because a particular form
is favoured at the end of an experimental transmission
chain [71], then this indicates that biased transformation is
the dominant force in real-world cultural evolution [32]. Yet
without explicitly demonstrating that the same directional
change could not also be generated by cultural selection,
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Figure 3. Trait structure in Model 2. There is a single intuitive, cognitively attractive trait, X, which is favoured by biased transformation. Cultural selection, in the
form of payoff-biased social learning, favours traits along three trait lineages, A, B and C. These lineages comprise five traits each (A1-A5, B1-B5 and C1-C5), with
each level increasing in payoff (w). Cultural selection therefore favours traits higher in each lineage. In addition, when d > 0, the equivalent traits in lineage C have
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( p = 1/3 for each). (Online version in colour.)

transformation and cultural selection act in opposite directions: biased transformation towards trait X, and cultural
selection away from trait X. Finally, the lineages may vary
in their payoffs for equivalent traits. When d > 0, then traits
in lineage C have higher payoffs than the equivalent traits in
lineage B, and traits in lineage B have higher payoffs than
the equivalents in lineage A.
To examine cross-cultural stability, we assume g groups
each containing n individuals. In each timestep, individuals
in each group first select a demonstrator from within their
own group. As before, they select the demonstrator with
the highest payoff with probability s, and a random
member of their group with probability 1 − s. This is cultural
selection. Their final adopted trait is determined by a similar
process of biased transformation as in Model 1, but modified
to handle discrete traits5 and always favouring transformation towards X. For example, if the demonstrator has trait
A4, when β > 0, then A3 is more likely to be adopted than
A5. As in Model 1, the process is probabilistic, so movement
in the opposite direction is also possible; this is how highpayoff traits appear that are then favoured by cultural selection when s > 0. Finally, there is migration. With probability
m, each individual moves to a new group chosen at
random (Wright’s island model; see [51] for details). This
can be seen as either individuals actually moving to a new
group and taking their traits with them, or a process of
inter-group transmission as a member of one group interacts
with and adopts the trait of a member of another group.

(d) Discussion of Model 2
Representative results are shown in figure 4. As expected, when
biased transformation is the only process operating (figure 4,
top), then we see cross-cultural stability as each group converges
on the intuitive, attractive trait X. While the probabilistic process
of biased transformation sometimes leads to the emergence of

high payoff traits, in the absence of cultural selection to select
these traits, biased transformation drives cultural evolution
back to trait X. When cultural selection is the only process operating (figure 4, middle), then we see cross-cultural divergence.
Each group converges on the highest-payoff trait within a different lineage (note that, by chance, sometimes groups can end up
independently converging on the same trait; this would be an
instance of convergent cultural evolution and is not shown in
figure 4. However, if there are a large enough number of
groups relative to number of trait lineages, then some divergence
would be expected). Finally, when cultural selection is combined
with a small amount of migration or inter-group contact
(figure 4, bottom), then each group converges on the highestpayoff trait from the highest-payoff lineage, trait C5. Hence, we
see cross-cultural stability resulting from cultural selection plus
a small amount of migration/inter-group contact. Migration
has no effect when biased transformation is the dominant cultural
dynamic as in the top panel of figure 4, because almost every
individual in every group already possesses the same trait X.6
The convergence on high payoff traits due to cultural
selection plus migration resembles the advantage of partial
connectivity shown in previous laboratory experiments [77]
and models [78]. This occurs when there are multiple traits
varying in payoff, and when relatively infrequent migration
or inter-cultural contact causes high payoff traits to spread
across groups. Full connectivity can lead to the premature
convergence on a low payoff trait, while no connectivity prevents convergence of any kind. For our purposes, it does not
matter so much whether convergence is premature and suboptimal, just that cultural selection plus migration (or some
kind of inter-group contact) generates cross-cultural stability.
How then can we distinguish between cross-cultural stability due to biased transformation and cross-cultural stability
due to cultural selection plus migration? Historical analysis
will be useful here given that the former should show no cumulative change, while the latter should. The presence of prior, less
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Figure 4. Indicative runs of Model 2. In each plot, each row represents a single individual, and columns represent time steps. Each row therefore shows how an
individual’s cultural trait changes over time. Traits are colour-coded according to figure 3, with the intuitive trait X shown in grey, the A lineage in oranges, B lineage
in greens and C lineage in purples. The darker the shading, the higher the trait payoff. Individuals are in one of three groups separated with dotted lines, with ten
individuals per group. The top plot shows how biased transformation via β generates cross-cultural stability, with each group independently converging on the
attractive trait X. The middle plot shows divergence due to cultural selection via s, with each group converging on a different trait lineage. The bottom plot shows
convergence on the highest-payoff lineage (C), as migration via m causes C traits to spread to other groups. β, strength of biased transformation; s, probability of
cultural selection; m, probability of between-group migration. In all cases, σ = 1, n = 10, d = 0.5 and g = 3. (Online version in colour.)
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Cultural evolution is often described as comprising two
distinct dynamics: cultural selection and biased transformation. Cultural selection involves small, often undirected
modification of cultural traits, followed by the selective copying of certain kinds of individuals or traits. Biased
transformation involves the directional modification or transformation of adopted cultural traits often in consistent
directions across individuals and societies. These two
dynamics are sometimes presented as alternative models
for human cultural evolution, and the presence of the latter
is sometimes used to argue against the notion that cultural
change comprises a Darwinian evolutionary process.
Here, I have presented and discussed the results of two
simple models in the context of recent empirical work, to
try to clarify these issues. Model 1 reinforces the conclusions
of previous models [3,42,44,47] that directional change in
cultural evolution can be generated by either biased transformation or cultural selection, or both acting together. The
two dynamics are not mutually exclusive, and can potentially
combine to act in the same direction. Importantly, the presence of directional cultural change alone cannot be taken as
evidence for one or the other dynamic. Furthermore, the
same psychological mechanisms (e.g. preferences for disgust-eliciting or minimally counterintuitive information, or
a preference for high-payoff outcomes) can potentially
underlie directional change generated by both cultural selection and biased transformation. Model 1 also showed that
there may be some population-level signatures that can be
used to distinguish between the dynamics, specifically the
shape of diffusion curves and the effect of population size,
but these have limitations.
Similarly, Model 2 illustrates that cross-cultural stability in
cultural evolution can be generated by either biased transformation or cultural selection ( plus migration), again
reflecting previous model results [38,50–52]. Like for directional change, the presence of cross-cultural stability alone
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4. General discussion

cannot be taken as evidence for one or the other. In fact,
there are multiple causes of apparent cross-cultural stability:
biased transformation due to universal cognitive mechanisms
or inductive biases, biased transformation due to individual
(e.g. reinforcement) learning in similar ecological conditions,
cultural selection due to payoff-biased copying in similar ecological conditions, or cultural selection combined with
migration (as in Model 2).
For both directional change and cross-cultural stability,
further historical and experimental evidence is needed to identify the dynamics generating that phenomenon. The empirical
examples discussed above should indicate that there is evidence for both cultural selection and biased transformation in
human cultural evolution. Violin designs [66], given their complexity, opacity and unintuitiveness, have been largely driven
by cultural selection, given that the extent of change in each
generation is consistent with accidental and undirected
mutation due to craftsmanship limitations. The same probably
applies to similarly complex and opaque technologies such as
glassware [79] and metalworking [80]. By contrast, bloodletting as a medical practice [34], given its intuitive fit with cognitive biases (folk theories of illness), appears to have been
largely driven by biased transformation, given experimental
evidence that neutral descriptions regularly transform into
blood-letting descriptions and the ineffectiveness of bloodletting as a medical practice (ruling out payoff-driven cultural
selection). The same probably applies to direct eye gaze in portraits [35] and colour terminologies [36], which similarly reflect
intuitive cognitive or perceptual biases.
This suggests that cultural selection and biased transformation may operate on different domains of culture [39]. In
those domains where favoured variants are unintuitive or
exceed what individual learning alone can produce, such as
science, modern technologies or complex socio-political institutions, then cultural selection may be the predominant
driver of cultural change. This cultural change becomes cumulative when it exceeds the scope of individual learning [81,82],
thus leading to diversification as different populations
accumulate different non-intuitive solutions to the same problems (assuming a multimodal fitness landscape, which is a
reasonable assumption for domains such as complex technology or socio-political institutions). In those domains where
favoured variants are intuitive or within the scope of individual rediscovery (sometimes called the ‘zone of latent solutions’
[81]), such as artistic traditions, folk tales, folk medicine or
food preferences, then biased transformation may be the predominant driver of cultural change. This cultural change is
unlikely to be cumulative across generations, and less likely
to result in cross-cultural divergence.
The conclusions regarding cross-cultural diversification
and cumulative culture drawn from Model 2 depend on the
assumptions that there is a single culturally attractive trait
(in Model 2 labelled X) that is favoured by biased transformation, and that cultural selection can lead to multiple trait
lineages. This seems like a reasonable assumption given
empirical case studies to date, each of which find or assume
a single attractor, e.g. blood-letting [34], direct eye gaze
[35], colour terms consistent with the World Colour Survey
[36], linear relationships between variables [32] or symmetrical arrowhead designs [38]. However, where there are
different ecological pressures in different areas, then biased
transformation may equally generate cross-cultural divergence (for an experimental demonstration of this, see [83]).

royalsocietypublishing.org/journal/rstb

effective forms of a trait would indicate cultural selection. One
might also track instances of migration or between-society contact that bring traits across historical group boundaries, which
would indicate convergence via cultural selection. Again, violin
f-holes might be a good real-world example of both of these
cases, given that they were shown to gradually improve over several centuries towards higher-payoff (i.e. better acoustic quality)
forms, and that all modern violins have converged on the same
design due to communication and comparison across different
inventor lineages [66].
Finally, experimental evidence can be used to explore
whether a cross-culturally stable cultural trait is attractive or
intuitive, e.g. where transmission chains converge on this
form, suggesting a role for biased transformation as in
Miton et al. [34], or whether the trait is unintuitive, difficult
to learn and easily lost, suggesting a role for cultural selection, as in Nia et al. [66]. Such experimental evidence
should be conducted cross-culturally and demonstrate that
biased transformation acts individually in the same direction
in as many of the societies in which it is or has been observed
at the population level as possible. If instead the biased transformation dynamic is specific only to certain societies and not
others, then biased transformation would be a less likely
explanation for cross-cultural stability.
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1

In the following, I have intentionally avoided identifying traditions
with particular scholars or sets of scholars, or with particular geographical regions. Such identification often triggers social identityrelated groupishness and defensiveness. I have tried instead to
focus on the distinctive theoretical and intellectual aspects of each
broad position. Naturally, there are also many exceptions and overlap
across the broad positions.
2
Some of the scholars who I cite in association with cultural selection
(e.g. [3]) avoid the term ‘selection’, preferring ‘transmission bias’.
Others do use the term (e.g. [5]). It seems to me that the process of
selectively copying certain other individuals (e.g. those high in prestige) or certain types of traits (e.g. more effective tools) justifies use of
the term ‘selection’, and is appropriate given the foundation of this
tradition in population-genetic models. Many of the scholars who I
cite in association with biased transformation often use the term ‘cultural attraction’, but I will avoid this term due to its ambiguity
[39,40], and due to the fact that sometimes selection-like learning
biases such as conformity are included within it [29]. The term
‘biased transformation’ is used frequently in Scott-Phillips et al. [30]
to describe the core mechanism of the cultural attraction approach,
and so seems a suitable description of its key assumption.
3
This is not, however, as clear-cut as often portrayed (FJ Weissing
2020, personal communication). Strictly, the second term in the
Price equation can only be equated solely with trait transformation/transmission if selection is very weak and frequencyindependent. Otherwise, the second term will be affected by factors
other than transformation, such as changes in the environment,
and even in genetic systems will often be non-negligible (otherwise,
fitness would always increase or stay constant, given that the first
term in the Price equation, when applied to fitness change, is a variance and hence non-negative; on the contrary, in genetic evolution
fitness may decrease, implying that the second term must be negative). Given that cultural selection is unlikely to be very weak, and
is often frequency-dependent (e.g. in the case of conformity), these
conditions are unlikely to hold for cultural evolution. This means
that the second term cannot be straightforwardly equated with ‘transformation’. There are also several other caveats and complications
with applying the Price equation to cultural evolution [41,44]. For
these reasons, I do not focus my analysis primarily on the Price
Equation, and in the models I implement cultural selection and
biased transformation in a more concrete manner.
4
By ‘cognitive mechanism’ I mean a bias to attend to, process or recall
information in a particular way. Such a mechanism would operate at
a lower level than broader cultural ‘dynamics’ such as cultural selection and biased transformation, which describe how cultural traits
are transformed and transmitted by and between individuals.
Hence, cognitive mechanisms and cultural dynamics are alternative
(and complementary) levels of analysis. Generally, it is desirable to
unpack higher-level descriptions of social learning strategies (e.g.
the ‘payoff-biased copying’ that I use as a form of cultural selection
here) into their underlying psychological mechanisms [67].
5
To modify the biased transformation process to handle discrete
traits, a continuous number is drawn from an EMG distribution
with a Gaussian mean of zero, standard deviation σ (typically set
to 1), and exponential scale parameter β, as in Model 1. If this
value lies between −1 and 1, then the individual adopts the demonstrator’s trait with no modification. If the value is greater than 1, then
the individual adopts the next trait in that lineage closest to X (e.g. C4
becomes C3; A2 becomes A1). A1, B1 and C1 all become X. If the
value is less than −1, then the individual adopts the next trait in
that lineage in the opposite direction (e.g. C4 becomes C5; A2
becomes A3). Lineages are bounded at X and A5/B5/C5. All individuals start with no trait before initially acquiring trait X.
6
When both biased transformation and cultural selection are operating simultaneously (not shown in figure 4), we see the emergence of
transient cultural traditions that accumulate for a while before reverting back to trait X. This results in different trait lineages emerging in
the same group over time even in the absence of migration. Even
with these simple assumptions, interesting cultural dynamics
emerge from the interplay of cultural selection, biased transformation
and migration. Readers can explore this at https://amesoudi.shinyapps.io/CSBT_model2/.
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Data accessibility. R code for Models 1 and 2 are publicly available at
https://github.com/amesoudi/culturalselection_biasedtransformation.

Endnotes
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This is especially likely when biased transformation takes the
relatively open-ended and flexible form of individual learning
(‘guided variation’ in [3]), rather than convergence on an ecologically-independent cognitive universal. It is less easy to see
how biased transformation can result in cumulative cultural
change given that it is, by definition, bounded by individual
cognition and learning, and drives cultural traits back to intuitive, simple forms. Nevertheless, distortions arising from
biased transformation may serve as variation upon which cultural selection may act, such that biased transformation may
play a role in cumulative cultural evolution in combination
with cultural selection. Model 2 could be extended to explore
these interactions.
A further limitation of the present models is the lack of
individual differences in the operation of both cultural selection and biased transformation. Different individuals may
employ cultural selection processes such as payoff-biased
social learning to different extents, influenced by such factors
as cultural background and subsistence [84–86]. In the context
of biased transformation, different individuals in the same
population may possess different inductive priors (beyond
the external ecological differences noted in the previous paragraph), which models show may result in different populationlevel outcomes to any of those specific individual priors [87].
In conclusion, there should be no debate over whether cultural evolution is characterized by cultural selection or biased
transformation: it is characterized by both, weighted differently for different domains, with this weighting being an
empirical issue in each case. Whether this justifies calling cultural evolution ‘Darwinian’ or not depends on how one
defines the term ‘Darwinian’.7 While some prefer to restrict
the term ‘Darwinian’ to a selection-only system akin to genetic
evolution [44], my preference would be to see genetic and
cultural evolution as two different instances of Darwinian
evolutionary processes. In cultural evolution, biased transformation is clearly much more important than it is in
genetic evolution. But selection is also present. Cultural evolutionists can have the best of both worlds: borrowing tools
from biology where appropriate, such as population genetic
modelling techniques or phylogenetic methods, but also drawing on cognitive science to study biased transformation-related
inductive biases. Focusing on just one of these dynamics seems
misguided. For example, focusing solely on biased transformation will obscure the important role of population size and
structure on patterns of cultural evolution [60], and ignore
the diverging historical cultural lineages that result in crosscultural variation [82]. On the other hand, focusing solely on
cultural selection will downplay the important role of individual cognition and communication in cultural evolution [31],
and obscure unique phenomena such as repeated learning
and refinement during the lifetime [89,90] that have no
precedent in genetic evolution.

transformation was present in Darwin’s original scheme, it is perhaps
historically accurate to include biased transformation under the
descriptor ‘Darwinian’ (but not ‘neo-Darwinian’, after it was shown
during the modern synthesis that acquired characteristics are not
inherited genetically: [11]).
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