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Outcomes in the cultural arena are due to many factors but are there general rules
that can suggest what makes some cultural traits successful and others not? Research
in cultural evolution theory distinguishes factors related to social influence (such as
copying from the majority, or from certain individuals) from factors related to individ-
ual, nonsocially influenced, propensities such as evolved cognitive predispositions, or
physical, biological, and environmental constraints. Here, we show, using analytical and
individual-based models, that individual preferences, even when weak, determine the
equilibrium point of cultural dynamics when acting together with nondirectional social
influence in three out of four cases we study. The results have implications regarding the
importance of keeping into account individual-level, nonsocial, factors, when studying
cultural evolution, as well as regarding the interpretation of cross-cultural regularities,
that must be expected, but can be product of weak directional forces, intensified by
social influence.

cultural evolution | social influence | cultural transmission | modelling

On the first Thursday of March, the United Kingdom and Ireland celebrate World Book
Day, and, in many primary schools, children dress up as their favorite book characters.
When children turn seven or eight, parents start to recognize in the courtyard the familiar
figures of the Hogwarts School of Witchcraft and Wizardry. Children in the United
Kingdom and Ireland go through generational waves, where each cohort “rediscovers”
Harry Potter. Why are some things successful in spreading widely and stably, such as the
fictional world of Harry Potter in the last twenty years, while others are not?

An intuitive distinction concerns the effect of social influence versus stable, not-socially
influenced, preferences that make some features of the content of the traits more appealing.
The “rediscovery” of Harry Potter is due to parents, elder siblings, and early-adopter peers,
from which children learn, as a minimum, about its existence. At the same time, the
content of Harry Potter’s stories should be attractive enough to reinforce social influence,
in order to be stable through years, and in many different countries. Stable, nonsocial
preferences and social influence are likely to act together, to a different degree. For some
traits, however, individual preferences for the content seem more important: Western
children, on average, prefer pizza to boiled spinach; the great majority of cultures use, on
some occasions, masks, or make-up for faces (1). For others, it may be the opposite:
Hugging or kissing can be used as greetings in some societies, but considered inappropriate
in others where handshakes, or bowing, are used; beanie hats and skinny jeans come
and go.

This intuitive distinction reflects important practical differences. Social factors can be
leveraged to promote behavioral change (whether for the bad or for the good), while stable
preferences for content features tend to be more difficult to overcome, as parents or edu-
cators trying to have children eating spinach instead of pizza know well. Social factors
intuitively should result in more cross-cultural diversity, where relatively unconnected
subpopulations converge on different cultural configurations (see, e.g., the experimental
work in ref. 2) while more stable nonsocial preferences should attract the same subpop-
ulations toward similar outcomes.

The same distinction is used in evolutionary approaches to the study of culture.
Epistemic vigilance distinguishes, for example, between the evaluation of the “source” and
of the “content” of communicated information (3). In the cultural evolution framework,
different mechanisms have been proposed as reflecting social influence, usually under the
general label of indirect-biased transmission (4) or context-biased social learning strategies
(5): These mechanisms act by selecting among different cultural traits not drawing upon
their content, but on features of the individuals holding those traits. On the other side,
direct-biased transmission, or content-biased social learning, refers to the selection of traits
based on their intrinsic features. Preferences for content also act outside cultural selection:
We can adopt traits via individual learning, sometimes labeled as guided variation in
cultural evolution framework (4). More generally, various individual processes can make
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us converge with higher probability to some traits, or particular
configurations of traits: In cultural evolution terminology, they
are referred to as convergent transformation (6, 7), or content-based
attraction (8).

In what follows, we present analytical models of cultural evo-
lution that consider both stable nonsocial preferences and social
influence, both with binary and continuous traits. While in the
cultural evolution framework content biases include also cultur-
ally variable, possibly short-lived, preferences (e.g., a preference
for a tool can change when a more effective one is found), here
we have in mind a restricted version, that refers to stable and
possibly universal preferences. These may be preferences for fea-
tures that appeal to evolved cognitive predispositions, but also
broader biological preferences or physical and environmental
constraints. In detail, we are using the label “individual prefer-
ences” for mechanisms that are not socially influenced, that is, they
do not depend directly on features of the larger population; direc-
tional, that is, point toward a particular trait, or traits configura-
tion; and, finally, szable: They do not change, at least at the time
scale of the models.

It is important to point out that, because of the above defini-
tion, we explicitly model our individual preferences not as a selec-
tion process (a process that is determined also by aspects of the
structure of the population, i.e., the frequency of the trait), but
as a purely individual process. The individual preferences modeled
here are equivalent, in the binary case, to biased mutation as in
ref. 9; in the continuous case, to guided variation (4), biased or
convergent transformation (6, 7), or content-based attraction (8).

In opposition, in our models, “social influence” identifies mech-
anisms that select traits to copy based on features of the population/
source, that are not associated with traits, and thus change accord-
ingly to changes in the population. The models consider two of
the most studied mechanisms of social influence: conformity (or
frequency-based indirect bias) and demonstrator-based indirect
bias. Conformity is defined as a disproportionate tendency to copy
from the majority, and it is implemented, in the binary case, fol-
lowing ref. 9 for the individual-based version, and ref. 4 for the
analytical model. Conformity with continuous traits is rarely mod-
eled: (but see refs. 10 and 11). Demonstrator-based indirect biases
instead do not depend on the frequency of traits, but on features
of the demonstrator. A classic example is prestige bias, or a ten-
dency to copy preferentially from individuals that are considered
to be “high-status” (12), but any tendency that makes individuals
preferentially choose some demonstrators because of features inde-
pendent from the copied traits would fit the description, such as
copying preferentially younger (or older) demonstrators. The
individual-based models implementing demonstrator-based indi-
rect biases are inspired, with modification, by refs. 9 and 13, while
for the analytical treatment we follow refs. 14 and 15.

Surprisingly, there is not a univocal understanding of what are
exactly the consequences of dynamics driven by stable, nonsocial,
preferences for content or by social influence. Many studies in
cultural evolution focus on social influence, possibly because heu-
ristics like conformity or prestige bias can produce population-level
adaptive behaviors that go beyond individual cognition, a process
that is considered central in cultural evolution (16). However, this
focus has sometimes overshadowed the role of stable nonsocial
forces, and other researchers have instead highlighted the impor-
tance of weak but stable preferences for content as the main way
to support cultural transmission and hence stabilize traditions
(17). Some other models have considered the joint effect of con-
tent biases, intended as a selection processes, and social forces,
focusing for example on the evolution of altruism (18). Others
examined the relationship between individual learning processes

https://doi.org/10.1073/pnas.2412380122

and social forces, showing for example that the combination of
both results in a better adaptive outcome than using separately
either of them (19) or that dynamics of diffusion of innovation
suggests social forces have a predominant role (20).

Models inspired by cultural attraction theory, focusing on the
effect of stable, nonsocial, preferences, are closer to our intent.
Ref. 21 showed that when both social influence and preferences
for content act, social influence fully determines the outcome.
However, their model assumes two preferences for content, and
social influence acting stably toward one of the two. In response
to this work, ref. 22 presented a model where social influence and
the target for content preferences are separated, and they show
how the final equilibrium point depends on the relative strength
of social influence and content preferences (see also ref. 8).

In the models above, the target of social influence is however
fixed and linked to a particular trait, or trait configuration. In our
model, instead, we consider “pure” social influence, as determined
only by the context, be it the frequency of traits in the population,
or some demonstrators’ features, independent from the copied
trait. This makes clear the specific role of social influence. In real-
ity, we expect that social influence would preferentially target
certain traits and not others. As we examine in the Discussion;
however, we believe that this reinforces our point, underscoring
the importance of trait features for cultural dynamics.

Models and Results

Frequency-Based Social Influence. The analytical model assumes
a large population of individuals. In the binary trait model,
individuals possess a cultural trait A or B, and —p denotes the
frequency of A. For consistency across our different models, we
use the variable p to quantify the trait. In the binary trait, trait 4
is equivalent to p = 1, and trait B to p = 0. Traits A and B can be
thought as two mutually exclusive traits that are already present in
the population and can be chosen by the individuals, like in the
pizza and boiled spinach example, but also traits that represent
choices that can easily be taken by single individuals without the
necessity of inventing them anew. Examples include choosing to
paint faces with direct versus averted eye gaze, as in ref. 23, with a
cognitive individual preference pointing to direct eye gaze; using
tonal or atonal structure in music, as in ref. 24, with a cognitive
individual preference for tonal music; or transmitting stories
details with negative versus positive information, as in ref. 25, with
a cognitive individual preference for negative information. When
examining frequency-based social influence (e.g., conformity),
following ref. 4, at each time step, three demonstrators are
randomly chosen for each individual. If all have the same trait
(three As or three Bs), the individual copies it automatically. In
the other cases, the majority trait (i.e., the one possessed by two
demonstrators) is adopted with a probability equal to 2/3 + D/3.
The parameter D goes between 0 and 1, regulating the strength
of conformity. With D = 0 (no conformity), the probability of
copying the majority trait is 2/3, equivalent to unbiased copying,
and with D = 1 (maximum conformity) individuals always copy
the majority trait. At each time step, a fraction Dp(1 — p)(2p — 1)
of the population, where  is the frequency of trait A, switches to
trait 4 (4). In other words, the effect of conformity is proportional
to the strength of conformity D, to the variance of trait in the
population p(1 —p), and to the margin of majority of the
dominant trait (2p — 1). In the models, D is fixed to 1. In addition,
individuals have a nonsocial preference for a trait: At each time
step, with a probability a, individuals switch to trait 4.

In our analytical model, we assume that the population is infinite,
so that the dynamics are deterministic. For simplicity, we assume

pnas.org



Downloaded from https://www.pnas.org by UNIVERSITE PARIS SACLAY on February 21, 2025 from | P address 138.231.206.6.

that the two effects act simultaneously and independently. The results
align with our individual-based simulations where populations are
finite and where social influence and individual preferences act
sequentially, which shows that the model is robust to relaxing our
simplifying assumptions (S/ Appendix). The dynamics of the system
can be summarized by the same equation as the one governing con-
formist transmission in ref. 4, adding a term representing the indi-
vidual preference (to maintain realism, we impose that 0<p, <1,
which has no consequence at equilibrium):

;r+1 =;x +D?7z(l _]_)t) (2@_ 1) + a(l _;t)’

When only conformity acts (@ = 0), the trait that is initially in
majority will fixate. Fig. 1 shows the dynamics for all the range of — p
and for low values of . When & > ¥, A always fixates. When a < %4,
we have two stable equilibria: Either the fixation of A or a strong
majority of B (>%). The one reached depends on the initial value of
—2, above or below the “unstable equilibria” line in Fig. 1, which
separates the two basins of attraction. Like in ref. 4, individuals only
observe three demonstrators. With more demonstrators, equations
have degree higher than two and the model thus becomes much more
complex, or even intractable, but the value of & needed to guarantee
that A fixates would be higher, keeping constant the strength of con-
formity. (A python notebook to reproduce Figs. 1 and 2 below is
available at https://github.com/albertoacerbi/attraction_social.)

In the continuous trait models, individuals have a continuous trait
> and they are subject to three forces. First, social influence: Each
individual samples three individuals and updates its cultural trait in
the direction of the mean trait of the three demonstrators, by keeping
a fraction (1 - ) of its current trait value and adding a fraction f§ of
the mean trait value of three randomly sampled demonstrators,
whose traits are denoted p;, p,, and p;. Second, individuals have a
nonsocial preference for the trait value 1: At each time step, they
reduce their distance to trait value 1 by a fraction o. Third, a random
value € is added, drawn from a normal distribution with mean 0 and
variance O'f, representing copying error or stochasticity.

In summary, we have, for each individual, at each time step:
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Fig. 1. Vector field for the frequency-based social influence model with
discrete traits. The trait A always fixates, unless p is initially below the unstable
equilibrium line and o < 1/8 (0.125). For a = 1/8, we observe a saddle-node
bifurcation: The stable and unstable equilibria collide and disappear. Here,
as elsewhere, we use D = 1 (maximum conformity strength).
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Fig. 2. Time to fixation of the favored trait as a function of the strength of
demonstrator-based social influence. The stronger the demonstrator-based
bias (y), the faster the fixation of the trait favored by the individual preference
(here a= 0.1 and p is initially 0.5).

Again, we assume an infinite population for simplicity, and our
results align with our finite population simulations. In this case,
the mean —p of the trait in the population is in expectation unaf-
fected by the copying process, so that, with a > 0, the only equi-
librium is —p = 1, i.e., given some individual preference for the
trait, the population converges on it. At equilibrium, the popula-
tion is normally distributed around the trait value 1, with a vari-

2
2;: % (SI Appendix).

ance equal to

Demonstrator-Based Social Influence. As above, in the binary
trait model, we consider a population where individuals possess
a cultural trait 4 or B, and —p denotes the frequency of A. Now,
individuals choose only one demonstrator when they update
their trait. We assume that a fraction C, of the population (e.g.,
prestigious individuals) has a probability C,,,, times higher than
the rest of the population to be selected as demonstrators. As
before, agents have a preference for trait A: With probability «,
they switch to the trait A.

This setting is more subject to randomness: with a = 0, the
dynamics resemble a random walk. For this reason, we do not
assume an infinite population here, and build instead a stochas-
tic model. When the population is large, the system can be
approximated by a Wright—Fisher diffusion (15, 25). There,
both the time #and the proportion —p of individuals possessing
the trait A become continuous variables, which allows us to
make use of differential equations. Then, we can study the
long-term behavior of the system, and the time to reach equi-
librium (87 Appendix).

The system is governed by the stochastic differential equation:

d’?t = a(l _;t)dt +v \/;r(l _I_’t)dBt’

where B, is the standard Brownian motion and y measures the
strength of the demonstrator-based bias, encompassing both C,
and C,,,, (SI Appendix). In other words, the system is subject to
two forces, the first one being directional, proportional to the
individual preference o, and the other one being nondirectional,
analogous to genetic drift, proportional to the demonstrator-based

bias strength 7.
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As shown in ref. 26, in the long run, the trait A always fixates:
2 = 1 is the only absorbing state of the equation. A possibly more
surprising result is that the stronger the demonstrator-based bias
(either because individuals that are preferentially copied are rarer,
or because they are more influential), the quicker the fixation
(Fig. 2). In our model, individuals that are preferentially copied
do not have, in expectation, a different trait than the rest of the
population. Asvisible in the above equation, the demonstrator-based
bias has therefore no directional effect, but only increases the
volatility by shrinking the pool of demonstrators, which makes it
easier for the favored trait to fixate.

If the trait is instead continuous, we can apply the same rea-
soning as in the frequency-based social influence case with f = 0
(SI Appendix). As long as a > 0, individuals cluster around the
trait 1, with a variance proportional to the magnitude of copying
error and inversely proportional to .

Discussion

The results of the models show that, in most scenarios we studied,
stable, individual preferences stabilize culture at the point where
they are directed to. Besides the case of conformity acting on
binary choice (see more below), weak individual preferences (any
a higher than 0) suffice. Social influence mechanisms—both based
on frequency (conformity) and on demonstrators’ features (e.g.,
prestige bias)—are, in our models, independent of traits features
and nondirectional. When they act together with individual pref-
erences, the latter are therefore the only directional forces, and
their existence is sufficient to determine the cultural evolutionary
outcome of the system.

This message suffers one exception. When most of the pop-
ulation holds the nonpreferred trait in a binary choice, and
conformity acts, the preference for the (minority) traits needs
to be sufficiently strong to overcome the majority. In fact, con-
formity is nondirectional with respect to the traits, but reinforces
existing majorities. In cultural evolution, it has long been rec-
ognized that a conformist bias can make cultural traits persistent
and maintain between-group cultural variation (refs. 27 and 28,
but see ref. 29). If individual preferences for trait A build grad-
ually, our model suggests that cultural change could happen
suddenly: Trait A would stay rare for a while, then suddenly
spread asa crosses 1/8 (Fig. 1). This value of 1/8 applies in the
setting we study, with three demonstrators and maximum con-
formity; it would be higher with more demonstrators, and
smaller with weaker conformity. When conformity and individ-
ual preferences act together, a subtle change in preferences can
be enough to trigger a sudden cultural shift. Our model thus
provides a possible parsimonious explanation for “tipping
points” in cultural evolution (30, 31).

In the case of demonstrator-based bias (e.g., prestige), interestingly,
increasing social influence not only does not hamper the favored trait
fixation but even accelerates the process (Fig. 2). This counterintui-
tive has also recently been found independently (32) and interpreted
there as a “rich-get-richer” process. We prove mathematically (see
SI Appendix, p. 8) that the mechanism at play is that a stronger
prestige bias accelerates the fixation simply by reducing the effective
population size and thereby adding more stochasticity.

As we mentioned above, conformity with continuous traits has
been rarely modeled. In our implementation conformity with
continuous traits produces large differences in results with respect
to conformity with binary traits. The latter, usually considered in
cultural evolution theory, is a process, driving population toward
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the majority trait, while the former only reduces variation in the
population. Future works may explore different implementations
of conformity with continuous traits or with multiple ordinal
discrete traits (see, e.g., ref. 33).

It is important to notice that our results depend on the fact that
the modeled social influence mechanisms are fully detached from
the content of the traits. In reality, we expect that, for example,
prestigious individuals would possess, on average, more adaptive
traits than individuals chosen at random, or that the majority
targeted by conformist copying would effectively pool information
from individual learning (4). However, we believe that this rein-
forces our point, as it underscores again how social influence needs
to be guided by individual decisions or preferences for features of
traits to be effective.

Also, in the models presented here, the individual preference is
uniform in the population, i.e., only one preference was consid-
ered, but the same logic can be applied to more realistic situations
with various individual preferences acting in different directions,
where we would expect them to homogenize population toward
the stronger nonsocial preferences.

As mentioned in the Introduction, few works have explicitly
addressed these questions, but the results presented here are con-
sistent with suggestions coming from other cultural evolution
models and give them a more general background. Acerbi et al.
(6), for example, found that convergent transformation drives
cultural dynamics when acting together with unbiased copying
(and, similarly to here, the more faithful the copying is, the
stronger the effect of convergent transformation). Morgan et al.
(10) found that even weak priors render conformity unable to
stabilize traditions and determine the outcome, in most conditions
for binary choices, and always for continuous choices.

The immediate take-home message of these results is that, if our
question is why some things are culturally successful and others
are not, stable nonsocial forces, even when weak, need to be taken
into account. This holds also in case of social norms, where there
are benefits to coordinating with other group members, or sanc-
tions in deviating from other group members: Models including
these dynamics have recently shown that when stable, directional,
factors are present, different populations converge on the same
norm, at least when norms are continuous (34), echoing our results
in the frequency-based social influence model.

A less obvious take-home message concerns the interpretation
of cross-cultural regularities. The existence of human universals
(35) is sometimes interpreted as supporting the existence of strong
cognitive evolved dispositions, or strong ecological constraints,
and indicating a somehow limited role of culture. On the other
end of the spectrum, sociocultural anthropologists have tended
to diminish the importance of cross-cultural regularities to stress
the importance of culture. While everyone would agree this is a
false dichotomy (see, e.g., ref. 36), these results suggest a way to
understand why it is so: Weak directional, nonsocial forces, as
long as they are stable enough, can produce strong regularities.
These can be (possibly weak) cognitive priors, physical affordances,
relatively stable ecological conditions (such as the availability of
certain materials), and so on. Conceptually, it is important to
think of social influence and individual preferences not as oppos-
ing forces. Nondirectional social influence provides strength to
the weak but directional preferences for certain contents. In other
words, culture magnifies individual-level tendencies, allowing
them to become stable at population level. This can be clearly
seen, in our model, in the case of the demonstrator-based bias,
where the stronger is the social influence, the faster is the
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convergence toward the equilibrium to which the individual pref-
erences point.

Data, Materials, and Software Availability. R and python code data have
been deposited in attraction_social (GitHub) (https://github.com/albertoacerbi/
attraction_social) (37).
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