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ABSTRACT

Human culture and cognition vary widely across groups, but how exactly culture
‘shapes’ cognition remains underspecified. Here, we outline four qualitatively different
pathways by which culture can shape cognition. In this framework, culture can (i)
Privilege some cognitive processes, while leaving alternative processes intact, (ii) Prune
unused alternative processes, which are irretrievably lost (iii) Produce new cognitive
processes, or (iv) have no effect on cognition at all. To illustrate the utility of this
framework, we apply it to three debated effects of culture on cognitive processes,
including visual illusions, large exact number abilities, and spatial-numerical
associations. The distinctions we propose can serve to reframe longstanding debates,

sharpen empirical predictions, and open new avenues of research in cognitive diversity.
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How culture shapes cognition

Many longstanding debates in the study of the mind have turned on whether a given
cognitive ability is universally available to all people — perhaps because of our innate
biological inheritance — or variable across groups, learned by each individual anew [e.g.
1-5]. While it is clear that culture supplies the content for many consequential and
often higher-order cognitive processes — such as political views, religious outlooks, and
economic preferences [5-7] — its effects on fundamental cognitive processes — such as

how we perceive, reason, represent, and decide — remain debated.

A guiding goal of cross-cultural psychology is characterizing variation across diverse
human populations [8]. This endeavor includes not only charting the scope of cognitive
diversity, but also uncovering its mechanisms, that is, clarifying the principles by which
the structure of experience produces the structure of human minds [9]. This growing
literature has regularly documented substantial psychological variation across cultures,
leading researchers to frequently conclude that culture “shapes”, “influences”, or
“affects” cognition [10,11], but such claims are often underspecified: How does culture
shape cognition and how do these effects differ in kind? The answer can help to clarify
the mechanisms that underlie the cognitive process in question, whether it varies across
groups or not. In previous answers to this question, researchers have classified the
effects of a particular type of cultural experience (e.g. reading, language; [12]) on various
cognitive domains (and brain organization; e.g. [13—-15]) and documented the various
types of cultural experience that affect a specific cognitive domain (e.g. number [16],
memory [17,18], or others [19]). One more general framework, proposed by Norenzayan
& Heine [5], seeks to classify psychological universals in any domain, but does not
specify the ways in which cognition may be, in their words, “elaborated, added to, and
possibly modified by cultural experience” (see Box 1 for discussion), the primary focus
of our efforts here. We argue that effects of culture on cognition can be categorized into
a small number of classes and that making these qualitative distinctions among effect
types can help researchers reframe longstanding debates, sharpen hypotheses, generate

novel predictions, and clarify universal mechanisms of cognitive diversity.

Four pathways through which culture can shape cognition

We propose a simple framework that delineates four types of effects of culture on
cognitive processes: One in which culture has no effect and three in which culture has



significant — but qualitatively different — effects on cognition: Privileging one cognitive
process over others, Pruning away a given process, or Producing new processes
altogether. This framework therefore expands the set of alternatives from the minimal
pair that typically characterizes many debates (i.e. “Does culture shape a given
cognitive process or not?”) to a four-alternative set, including three ways in which
culture can be said to “shape” cognition. We focus on effects across an individual’s
lifetime and primarily across cultural groups, though the framework can in principle be
applied to other timescales (see Box 2) and to individual differences within groups (see
Box 3).

Figure 1 presents a visual representation of our framework, with its four
pathways. Although the number of possible cognitive processes is vast, for simplicity
each pathway in our figure includes just two hypothetical alternative cognitive processes
(represented by colored strips). The pathways differ in (a) whether culture moves people
from one process to another and (b) the status of those processes before and after this
transition. In the first of these pathways, culture has no effect on the cognitive process
of interest. Empirically, such cognitive processes should exhibit regularity in their
development across groups, even in vastly different cultural settings. To be clear,
cognitive processes in this pathway are not necessarily innate; they can either reflect
features of our biological inheritance or universal features of the natural world (like
gravity or light generally originating from above) [5]. In the other pathways, culture
influences cognition in one of three ways. In the Privileging pathway, cultural inputs
favor one cognitive process over latent alternatives, without eliminating these
alternatives. In these cases, we would expect to find variation in the cognitive process of
interest across cultures and contexts, but importantly, individuals should retain the
capacity to adopt alternative processes given other input. By contrast, in the Pruning
pathway, cultural inputs determine the set of available cognitive processes, and cause
the irreversible loss of alternatives. Empirically, this requires that people show variation
in the cognitive process of interest but that they cannot adopt alternative processes
found in others, even with extensive training. In the Producing pathway, cultural inputs
create a new cognitive process, expanding the set of available alternatives. Importantly,
such a cognitive process should be found only among people who have experience with
the requisite cultural practice, and should be absent from groups without sufficient
experience with that practice, including young children and non-human animals.
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Figure 1: Four pathways by which culture can shape cognition. Colored strips

represent alternative cognitive processes and black arrows represent hypothetical paths between
these alternatives. From top to bottom: No effect: culture does not exhibit any significant
influence on a cognitive process. Privilege: culture privileges one cognitive process over another,
but the other remains available. Prune: culture determines which of various cognitive processes
people use and alternative processes are unrecoverable, as if pruned. Produce: culture produces a
new cognitive process, expanding the set of alternatives.

As both cultural experience and cognitive processes are characterized by immense
diversity and complexity, their interactions are similarly diverse. A large literature
focuses on how cognition shapes culture, especially over evolutionary time [20], but here,
we focus only on the causal arrow pointing in the other direction (i.e. how culture
shapes cognition). One point of ambiguity in these endeavors, although not the one we
focus on here, is the use of the words “culture” and “cognition,” which can vary
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dramatically across (sub)disciplines and even among individual scholars. Rather than
try to resolve the ambiguity of these abstract terms, here we take a broad view of both,
as the framework we present is not specific to narrow definitions of either. For present
purposes, “culture” may be any feature of a person’s experience that is the product of
other people — past, present, near, or far — including both information that is directly
transmitted among individuals (e.g. weaving techniques and social norms) and
information embedded in the built environment (i.e. cultural artifacts like buildings and
tools). This definition is sufficiently broad so as to include any number of tangible
artifacts and behavioral conventions, but not so broad as to include physical laws,
natural environments, or physiological structures. We are similarly permissive in our use
of “cognition” or “cognitive process”, in which we mean to include any psychological
process or mental state, from low-level perceptual processes to high-level conceptual
representations. Our goal is not to suggest an authoritative definition of either term, but
rather to offer a framework that can apply to the broadest possible set of questions. It is
important for researchers to specify which aspect(s) of culture is interacting with which
aspect(s) of cognition, but the ambiguity we seek to address here is not in these nouns,
per se, but in the verb: What does it mean for culture to ‘shape’ a cognitive process?
Below, we demonstrate how the distinctions we propose can inform psychological theory

and motivate new research.

Applying the framework: Three case studies

Here, we consider three case studies that demonstrate the framework’s utility in
interpreting existing research and motivating new research in cross-cultural cognitive
science: Perception of visual illusions, large exact number representations, and spatial

representations of number.

Case study #1: Susceptibility to visual illusions

To evaluate how deeply culture can affect cognition, many scholars have focused on how
and whether culture can shape low-level features of visual perception, such as the
perception of length or depth. They reason that if culture can indeed shape even these
fundamental processes, then perhaps its effects are more pervasive than often assumed.
Many empirical assessments of cultural variation in visual perception have focused on
susceptibility to visual illusions [21], as they provide a simple, portable way to test
differences in perception without the need for more complex psychophysical methods. A



now-classic case study in this domain is the Miiller-Lyer illusion, comprised of two lines
of equal length that end in either outward-facing or inward-facing arrowheads [22]. Low-
level processes involved in the perception of the Miiller-Lyer illusion (and others like it
that may rely on similar processes) create an illusory effect in which the line with the
outward-facing arrowheads appears longer than the one with inward-facing arrowheads.

In one tradition, the Miiller-Lyer has been touted as the textbook example of
informational encapsulation, in which no amount of knowledge, belief, desire, or emotion
can eradicate the illusion that one line appears longer than the other [23]. This view
best aligns with the “no effect” pathway. A competing tradition, however, puts
susceptibility to the Miiller-Lyer illusion in the extreme opposite category, arguing that
it is not only influenced by culture, but produced by it. On one popular account, the
illusion results from exposure to culturally-determined visual stimuli, such as
carpentered corners that are common in rectangular buildings [24,25]. In principle,
sufficient exposure to the relevant visual stimuli (such as carpentered corners) could be
enough to produce the illusion at any age, although some scholars have suggested there
may be a sensitive window for such effects [26]. In line with this view, some findings
have suggested that individuals who inhabit “environments largely free of right angular
corners and parallel lines — such as the Zulus who live in a 'circular culture' of round
huts — do not suffer these illusions” [27]. However, these findings have recently been
critically reassessed [16], both in light of concerns regarding the original cross-cultural
work and also in light of new findings suggesting a greater degree of universality (e.g.,
the emergence of the illusion in non-human animals such as lizards and fish, as well as
the finding that congenitally blind children perceive the illusion mere hours after having
their sight restored)[22].

In our framework, this debate is between the two most extreme pathways: No effect or
cultural production. However, as the framework makes explicit, this all-or-nothing
comparison is one of many logical possibilities: cultural experience could also influence
perception of the illusion without producing it. That is, cultural inputs could in
principle privilege susceptibility to the illusion, leading to variation in its strength across
groups. On this account, susceptibility to the illusion should be relatively consistent in
young children across cultures and then diverge over the course of cognitive
development, as a function of experience with the relevant cultural input (e.g.
carpentered corners). For any adults who show little or no susceptibility, exposure to
the cultural input should be able to modulate the strength of the illusion, a prediction
that distinguishes the Privileging account from a Pruning account. Although the

empirical work (arguably) favors a subset of these accounts over others [22],



entertaining all four pathways can help identify overlooked alternative explanations and
generate testable questions.

This line of argument can also be applied to understanding purported cultural effects on
other visual illusions, more broadly, and underscores the importance of specifying which
specific cultural inputs are affecting which specific cognitive processes. Different visual
illusions, for example, do not all engage the same cognitive processes. It may be true
that cultural inputs are more likely to influence higher-level processes, such as attention
and memory, as opposed to lower-level perceptual processes such as depth or length
perception. As this case study illustrates, our proposed framework can advance such
yes-or-no debates by offering more (and more nuanced) ways in which cognition might
be shaped by culture, with contrasting empirical predictions.

Case study #2: Large exact numbers

Perhaps the most dramatic effects of culture on cognition are those in which culture
produces an entirely new cognitive ability, expanding the set of alternatives. This
theoretical possibility is at the center of a longstanding debate in numerical cognition
about whether and how language ‘shapes’, ‘restructures’, ‘facilitates’ or ‘underpins’
number concepts [28]. Developmental and comparative research makes clear that at
least some numerical abilities are innate: Newborn infants, non-human primates, and a
variety of vertebrates and invertebrates can distinguish small quantities exactly (up to
about four) and can even distinguish much larger quantities approximately (e.g. ten vs.
thirty dots) [29-31]. More controversial are the numbers that compose many everyday
experiences — exact quantities larger than four: numbers like seven or sixteen. On some
accounts [4,32], these large exact numbers are part of our biological inheritance,
supported by an innate neural mechanism that “allows an unbounded set of discrete
values to be represented” [28]. In this case, cultural input should have little or no effect
on basic numerical abilities. Alternative accounts posit that experience with verbal
counting systems (e.g. “one, two, three..” and perhaps other external symbol systems
[33,34]) not only facilitates but indeed produces large exact number concepts in
children, allowing people to represent quantities larger than four with precision [35-38].

To test these competing accounts, researchers have studied numerical representations
across cultures, including among Indigenous Amazonian cultures with no words for large
exact quantities. Notably, the Piraha of Brazil have words to describe approximate
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amounts (e.g. “some”; “few”, “many”), but appear to lack number vocabulary for any
exact quantity, not even “one” [39,40]. Perhaps as a consequence, they rely entirely on
small exact and large approximate number representations, according to several studies
of their non-verbal numerical abilities. In those studies, Piraha adults saw a number of
objects (e.g. a row of seven spoons) and were asked to make another set of objects of
‘the same number’ (e.g. seven pebbles) without aligning them one-to-one [39,40].
Critically, these tasks are not inherently linguistic, as neither the experimenters nor the
participants name the quantities in question. Yet people appear to need number
language (or some other culturally-constructed symbol system) to succeed: Without
words for large exact numbers, Piraha adults only made exact matches up to about four
and approximated for larger sets. Similar findings have been documented in other
groups whose languages lack large exact number words [41,42], in individuals who have
mastered only some such words [43], and in studies that experimentally manipulate the
availability of number language [44] (but see [28,45]). Although the evidence remains
largely correlational, it challenges the notion that culture has no effect on large exact
number concepts or even that it only facilitates these abilities. Rather, one
interpretation of these findings is that culture is producing a new cognitive ability in the
domain of number, as it may do in other domains as well [12].

Case study #3: The mental number line

The previous case studies describe work that adjudicates between two of the four
pathways we have laid out. However, in order to clarify how culture shapes a given
cognitive process, researchers should ultimately address all four pathways. In the final
case study, we do so for a single cognitive phenomenon: the mental number line.

People implicitly associate smaller numbers with one side of space and larger numbers
with the other side, forming a mental number line (MNL; see Figure 2) whose direction
varies across cultures: In some groups, it increases from left to right and in others from
right to left [e.g. 46]. This variation has long been attributed to culture-specific
directional practices like reading, writing, and counting, but the precise role of such
practices has often been underspecified or unsupported [e.g. 47,48]. Below, we use our
framework to outline how recent studies can be synthesized to clarify whether and how
culture influences this fundamental feature of numerical cognition.



Does culture produce the mental number line?

In principle, the mental number line could be the product of cultural experience alone,
learned from scratch by each individual from human-made artifacts (e.g. graphs and
rulers) and practices (e.g. finger counting). If so, people without sufficient exposure to
the relevant cultural experiences should lack any mental number line. This hypothetical
possibility is challenged by studies of human infants and non-human animals, who also
show signs of a mental number line despite having little or no cultural experience [49,50,
but see 51]. Additional evidence comes from studies of certain cultures, where adults
show systematic space-number associations (albeit without preferred direction), despite
having little experience with reading, counting, and other direction-specific cultural
practices [52,53— see Figure 2]. Together, the evidence suggests that culture can
influence — but does not fully produce — the mental number line.

Tsimane’ adults

Relative frequency

Leftward Rightward  Leftward Rightward Leftward Rightward

ry ' u H “ Direction of
. mental number line

Figure 2. Mental number lines across ages and cultures. In a study of three groups [52],

participants were asked to arrange number stimuli on a lateral response board (as in example
shown). The strength and direction of these response mappings were scored to create a measure
of spatial-numerical associations. Colored bars show the relative frequencies of these scores.
Points show group means and bars show standard errors. Whereas US adults uniformly mapped
numbers from left to right (left plot), US children and Indigenous Tsimane’ adults (center and
right plots) were equally likely to produce mappings that increased to the left as to the right. In



each group, response mappings differed from chance distribution (light gray bars), indicating
that people used space systematically, even in the absence of a conventional mapping direction.

Does culture Privilege or Prune variants of the mental number

line?

Given that culture does not Produce the mental number line, what role does it play in
its structure and at what timescale? In principle, the mental number line could be
flexible early in life and then harden in adulthood. This possibility is especially easy to
imagine in highly numerate cultures, where people are awash in depictions of numbers
that reinforce a left-to-right mapping from early in life (e.g. on graphs, calendars,
keyboards, rulers, and kindergarten walls). What happens to alternative mappings — like
the right-to-left mental number line — in the face of such strong cultural conventions?
Are they overwritten (i.e. Pruned) by years of consistent cultural experience or do they
remain latently available (i.e. Privileged)? The answer is central to specifying the type
of effect culture has on these cognitive processes and to evaluating competing theoretical
accounts of their structure.

To find out, Pitt & Casasanto [11] changed people’s typical cultural experience by
manipulating it in the lab. In a training phase, participants read English text or counted
on their fingers in one of two directions, either left-to-right or right-to-left, and then
performed tests of their implicit spatial associations. These participants — U.S.
American university students — had spent their entire lives immersed in cultures with
strong left-to-right conventions. If their cultural experience had truly Pruned alternative
versions of the mental number line, then those alternatives should have been lost. On
the contrary, the results showed remarkable flexibility, even in these deeply-
enculturated adults. Participants in the “standard” left-to-right training condition
showed the typical left-to-right mental number line, whereas participants in the right-
to-left training condition showed mappings that were extinguished or even reversed.
This surprising flexibility (see [11] for discussion) has also been found for spatial
mappings of time, emotional valence, and musical pitch [52,54,55], showing that even
decades of experience is not enough to Prune such constructs. Rather, in these cases,
culture appears to shift the weight of evidence toward one prepotent possibility, while
leaving alternatives intact [56]. In clarifying that culture Privileges rather than Prunes
these mappings, these results support a general account that explains why certain
aspects of cultural experience influence certain aspects of cognition [56]. In this way,
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distinguishing pathways can clarify not only the scope of cognitive variation, but also its
causes, illuminating the cognitive mechanisms that support human-level reasoning about

numbers, time, and other abstract domains [11].

Broader Implications & Considerations

Uniform effects of culture

We have focused primarily on how cultures vary across groups, but some aspects of
cultural experience appear to be universal across human groups, at least at some level of
abstraction. For example, all human cultures speak language and use tools, even if the
individual languages and toolsets vary dramatically across groups. In principle, such
high-level cultural universals could have uniform effects on human cognition (at various
timescales; see Box 2), whether via Privileging, Pruning, or Producing pathways.
However, such effects cannot be evinced by any amount of cross-cultural comparison
because a uniform effect would be indistinguishable from a null effect. In this way,
cross-cultural psychology is inherently blind to what could be some of the most
pervasive effects of culture on cognition, precisely because they are so pervasive.
Studying these effects therefore requires methods from comparative psychology, in
which humans are compared to non-human animals, and from developmental
psychology, in which humans are compared at different stages, as they are enculturated
[57,58].

Cultural tools as cognitive technologies

Material culture is full of practices and artifacts used to augment our impressive but
limited perceptual and cognitive abilities. For example, timekeeping tools like
hourglasses, clocks, and calendars improve people’s ability to measure, plan, and predict
the temporal structure of events [59]. Tools like abacuses, spreadsheets, and finger
counting help people to better track, compare, and compute numerical information
[39,60,61]. And writing systems and writing implements like paper and keyboards allow
people to use information far beyond the limits of their biological memories [62]. Given
that these ‘cognitive technologies’ greatly expand what people can do, it is tempting to
assume that these improvements in human ability represent changes to underlying
cognitive processes, but this assumption is not always warranted. Rather, we suggest
that such tools represent one form of cultural input, and, consequently, can shape
cognitive processes by any of the pathways we propose — including no effect at all —
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even in the face of observed changes in behavior (e.g. improve precision, accuracy, or
consistency).

For example, in many cultures, people are able to navigate back to their starting
point — an ability called ‘dead reckoning’ — using spatial cues available in the visual
environment to chart their course, even when the destination is unseen [63,64]. Using a
compass can improve performance in such tasks, helping people to travel more direct
routes, but such performance improvements do not necessarily imply an effect of culture
on cognition. Many cultural tools — compasses, calculators, and clocks among them —
may serve primarily as cognitive crutches, allowing people to bypass the mental
processes that would be required to perform a given task (like navigating between two
points, adding two numbers, or assessing the duration of an event), which are effectively
offloaded to the tool [65]. In this way, people’s cognitive abilities can in principle remain
stable (or even deteriorate), even as their performance in the task improves.
Alternatively, experience navigating by compass could change the way people habitually
solve navigation tasks, even when they are not using a compass, for example by
privileging geocentric (e.g. North-South) spatial representations over egocentric (e.g.
left-right) ones. Identifying the effects of cultural technologies on cognition (if any)
likely requires studying people who do not have access to the relevant tool or practice
during testing, as in verbal interference paradigms, which seek to characterize effects of
language by precluding its use during behavioral tasks [66].

Relative frequencies of each pathway

Although the four pathways we propose are given relatively equal treatment here, they
are unlikely to occur with equal frequency in reality. A great many cognitive processes
are likely evolutionarily ancient, shared across taxa, and impervious to cultural input.
We suspect that the most common and prevalent cultural effects fall into the category
of Privileging, where cultural inputs bias one process over another, while leaving
alternatives intact. In this way, culture may function as a flexible coordination
mechanism through which individuals can efficiently align on which cognitive processes
and behaviors to adopt across variable contexts. By contrast, we suspect that Pruning is
relatively rare. In principle, eliminating unused alternatives can be adaptive, if
maintaining flexibility is costly [67]. Indeed, many biological processes are highly path
dependent, both at the timescale of natural selection [68] and ontogenetic development
[69]. However, humans exhibit extraordinary cognitive flexibility [70], an adaptation
that, on some accounts, allowed Homo to thrive during periods of volatile environmental
change [71] and consequently allowed our genus to inhabit an unusually wide variety of
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ecologies. Existing evidence suggests that culture Produces at least some cognitive
processes, such as large exact number representations, but the prevalence of this
pathway is an ongoing point of debate.

Concluding remarks

Decades of cross-cultural study have revealed enormous diversity in human culture and
cognition, yet claims that culture ‘shapes’ cognition have often been left underspecified.
Here, we propose a framework that classifies these effects into four theoretical pathways
— Privileging, Pruning, Producing, and No Effect — with the goal of moving beyond
asking whether culture matters to asking how, when, and why it does. The framework
we propose makes categorical distinctions to facilitate analysis but natural phenomena
rarely fall into perfectly discrete categories, and reasonable people may disagree about
how exactly to classify a given process. Rather, variation is often continuous but ‘spiky’,
with fuzzy boundaries between adjacent clusters [72], and we suspect the same is true of
the pathways we propose. For example, the Pruning pathway depends on how
recoverable disfavored processes are and the Producing pathway is distinguished by how
new the cognitive process is. Rather than attempting to establish precise criteria for
these distinctions, our framework does what all classification systems attempt to do:
Lend useful structure to variation. In this way, all frameworks are wrong, but some are
useful. We hope it will help researchers negotiate this variation by reframing existing
debates, revealing untested assumptions, clarifying underlying mechanisms, and
identifying new opportunities for research (see Outstanding Questions).
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Box 1. Complementary frameworks

Our framework is not the first to lend structure to the study of cognitive diversity.
Notably, Norenzayan & Heine [5] proposed a hierarchy of psychological universals
that aligns partially with our framework. At the top of their hierarchy are
“accessibility universals,” psychological processes that exist in all minds, are used
for the same purpose, and are equally accessible, a category that aligns with our
No effect pathway. They then distinguish cognitive processes that are latently
available to all adults but which some groups either disprefer (i.e. “functional
universals”) or use for different functional ends (i.e. “existential universals”). Both
types fall within our Privileging pathway, insofar as alternative processes remain
available but are differentially weighted by experience. The frameworks further
diverges in their treatment of “non-universals” — cognitive processes found in only
some groups. Norenzayan & Heine group these into a single category, without
distinguishing whether such differences reflect the loss of existing processes or the
emergence of new ones, what distinguishes Pruning and Producing. These
differences reflect complementary goals: Norenayan & Heine (2005) classify types
of universals, yielding multiple universals and a single category of non-universals,
whereas we classify types of differences, yielding the opposite. Just as “it is crucial
to be clear as to which level of universal one is referring to” (ibid, p. 772), it is also
crucial to be clear what kind of effect culture is having, if any.

Beyond this, other frameworks focus on specific aspects of culture (e.g. language)
or specific cognitive domains (e.g. numerical cognition, memory; [13,73]). One
notable example is a proposal on linguistic relativity by Wolff & Holmes (2011),
which delineates seven ways language might influence thought [12]. Many of their
effect types are specific to language (e.g. Thinking before vs. after language), but
others have clear analogs in our framework: Their “Language as meddler” category
aligns with the Privileging pathway and their “Language as augmenter” aligns
with the Producing pathway (also see [74]). These distinctions among linguistic
effects may be considered “species” of the more general cultural effects we
delineate. In this way, such typologies can operate within our framework, while
making additional distinctions specific to the cultural feature or cognitive domain

in question.
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Box 2. Effects at various timescales

Our case studies focus on the effects of culture on the cognition of individuals over
the course of a single lifespan. However, culture can theoretically shape cognitive
processes at many timescales, from minutes to millennia. At one end of this
spectrum are effects of the immediate cultural context. For example, a study of
Russian-Hebrew bilinguals shows that the direction of the mental number line
depends on culture-specific practices: Participants showed different — even opposite
— spatial-numerical associations depending on the language in which the tasks were
administered [75]. Importantly, people show similar flexibility even for cultural
practices that are entirely novel, as shown by the training studies described in this
article. In those experiments, brief experience with right-to-left reading or counting
transiently changed people’s implicit associations, even though they likely had
little or no prior experience with such cultural practices [11,76]. Such findings
suggest that although culture acts on people throughout their lives, it does not
always take years or even weeks to measurably influence cognition. Rather, even
habitual patterns of thinking can be rapidly — if transiently — shaped by the
structure of the immediate cultural context in a matter of minutes [56].

On the other end of the spectrum are effects of culture over generations and across
evolutionary time. At these larger time scales, cultural innovations can
accumulate, yielding the tools, technologies, institutions, and conventions that
compose the cultural milieu that individuals inherit [9,77,78]. Repeated exposure to
cultural inputs across long time scales can potentially intersect with evolutionary
processes [79], leading to phenomena such as gene-culture coevolution [80,81].
Classic examples of gene-culture coevolution focus primarily on physical traits (e.g.
the advent of dairy farming leading to lactase persistence [82], starch-rich diets
leading to duplications in the gene that codes for salivary amylase [83]), but these
can theoretically also extend to cognitive processes. Some have argued, for
instance, that several unique features of human cognition — such as sensitivity to
social norms [84] or imitative learning [85]— could have arisen as a result of direct
selection for cultural transmission [e.g. 86|, though debate continues [87]. Although
outside the scope of this paper, our framework can also be applied at this
evolutionary time scale, over which culture could in principle Produce, Prune, or

Privilege cognitive processes across millennia.
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Box 3. Cultural variation within groups

The paper focuses primarily on differences across diverse cultural groups, but
cultural experience also varies along various within-group dimensions, and our
framework is readily applicable at these levels, as well. First, cultural experience
varies systematically as a function of age; Children typically experience less of the
cultural practices of adults and engage in qualitatively different cultural practices
altogether [88]. This variation provides leverage on the cognitive effects of cultural
practices over the course of enculturation in an individual’s lifetime, rather than

across cultures [57].

Second, adults differ in their cultural experiences, even within the same nominal
group. Some of this variation is generational, producing systematic differences in
cultural experience in successive generations [89]. Other variation is primarily
generated by social and economic variables like wealth, occupation, and market
integration. For example, among the Shuar of Ecuador, decision-theoretic
preferences can vary dramatically between communities [90]. Such variation also
exists at the individual level, even within the same small communities. For
example, whereas some Indigenous Tsimane’ adults can read, write, and do basic
arithmetic, other adults in the same small village — their neighbors — have none of
these skills, in part because of differences in formal schooling [91]. In principle, any
systematic difference in cultural experience — whether across ages, individuals, or
contexts — could shape cognitive processes through the same pathways that apply

to group-level differences.

Further, although we focus on the effects of culture-specific experiences, our
framework can theoretically be extended to any source of systematic variation in
experience, including variation not just across and within cultures, but also across
languages, ecologies, sensory abilities (like vision and audition), and even bodily
characteristics (like biological sex and height), many of which vary within cultural
groups. For example, handedness produces within-group variation in the way
people represent emotional valence: Right-handers implicitly associate positive
emotions with the right side of space and negative emotions with the left, whereas
left-handers form the opposite spatial associations [54]. This effect can be
characterized as an example of physical experience Privileging one representation
over another, independent of culture [92].
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Outstanding Questions

17

What kind of cognitive domains are most susceptible to cultural production? And
conversely, what kind of cultural inputs are most likely to have cognitive effects?
What empirical signatures can best differentiate privileging, pruning, and
producing?

Do these pathways dissociate at the implementation level (i.e. in neural tissue)?
Can longitudinal data help arbitrate between pathways when behavior looks
similar?

All cultural practices involve cognitive processes (e.g. tango dancing involves
sophisticated motor programs, parallel parking involves mental representations of
the car’s position). In this way, all cultural experience can be said to shape
cognition in some way. When are such effects of theoretical interest?

How can we distinguish between culture producing a new process versus
augmenting or extending an existing one? Where do we draw the boundary
between “new” and “improved”?

How can comparative studies with non-human animals most effectively be used
to distinguish between the pathways?

How can we best distinguish uniform effects of culture from no effects of culture?



References

© o N o

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

18

Elfenbein, H.A. and Ambady, N. (2003) Universals and Cultural Differences in Recognizing
Emotions. Curr. Dir. Psychol. Sci. 12, 159-164

Spelke, E.S. and Kinzler, K.D. (2007) Core knowledge. Dev. Sci. 10, 89-96

Evans, N. and Levinson, S.C. (2009) The myth of language universals: Language diversity
and its importance for cognitive science. Behav. Brain Sci. 32, 429-448

Leslie, A.M. et al. (2008) The generative basis of natural number concepts. Trends Cogn.
Sci. 12, 213-218

Norenzayan, A. and Heine, S.J. (2005) Psychological universals: What are they and how can
we know? Psychol. Bull. 131, 763-784

Heine, S.J. (2020) Cultural Psychology, (Fourth edition.), W. W. Norton & Company
Henrich, J. et al. (2010) The weirdest people in the world? Behav Brain Sci 33, 61-135
Majid, A. (2023) Establishing psychological universals. Nat. Rev. Psychol. 2, 199-200
Heine, S.J. and Norenzayan, A. (2006) Toward a Psychological Science for a Cultural
Species. Perspect. Psychol. Sci. 1, 251-269

. Amir, D. and Bornstein, M.H. (2024) Culture in Development. In Developmental Science

((8th edn) ), Routledge

Pitt, B. and Casasanto, D. (2020) The correlations in experience principle: How culture
shapes concepts of time and number. J. Fxp. Psychol. Gen. 149, 1048-1070

Wolff, P. and Holmes, K.J. (2011) Linguistic relativity. Wiley Interdiscip. Rev. Cogn. Sci. 2,
253-265

Kim, H.S. and Sasaki, J.Y. (2014) Cultural Neuroscience: Biology of the Mind in Cultural
Contexts. Annu. Rev. Psychol. 65, 487-514

Dehaene, S. et al. (2010) How Learning to Read Changes the Cortical Networks for Vision
and Language. Science 330, 1359-1364

MacSweeney, M. et al. (2008) The signing brain: the neurobiology of sign language. Trends
Cogn. Sci. 12, 432-440

Gobel, S.M. et al. (2011) The Cultural Number Line: A Review of Cultural and Linguistic
Influences on the Development of Number Processing. J. Cross-Cult. Psychol. 42, 543-565
Gutchess, A.H. et al. (2011) The Influence of Culture on Memory. in Foundations of
Augmented Cognition. Directing the Future of Adaptive Systems, pp. 67-76

Wang, Q. (2021) The Cultural Foundation of Human Memory. Annu. Rev. Psychol. 72,
151-179

Wang, Q. (2016) Why should we all be cultural psychologists? Lessons from the study of
social cognition. Perspect. Psychol. Sci. 11, 583-596

Sperber, D. and Hirschfeld, L. (1999) Evolution, cognition, and culture. MIT Encycl. Cogn.
Sci.

Segall, M.H. et al. (1966) The influence of culture on visual perception, Bobbs-Merrill
Indianapolis

Amir, D. and Firestone, C. (2025) Is visual perception WEIRD? The Miiller-Lyer illusion



23.

24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.

35.
36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

19

and the Cultural Byproduct Hypothesis. Psychol. Reuv.

Fodor, J.A. (1983) The Modularity of Mind, MIT Press

Gregory, R.L. (1968) Visual Illusions. Sci. Am. 219, 66-79

McCauley, R.N. and Henrich, J. (2006) Susceptibility to the Miiller-Lyer Illusion, Theory-
Neutral Observation, and the Diachronic Penetrability of the Visual Input System. Philos.
Psychol. 19, 79-101

Henrich, J. (2008) A cultural species. In Explaining Culture Scientifically (Brown, M., ed),
pp- 184-210, University of Washington Press

Gregory, R.L. (1965) Constancy and the Geometric Illusions. Nature 206, 745-746
Gelman, R. and Butterworth, B. (2005) Number and language: How are they related?
Trends Cogn. Sci. 9, 6-10

Cheyette, S.J. and Piantadosi, S.T. (2020) A unified account of numerosity perception. Nat.
Hum. Behav. 4, 1265-1272

Feigenson, L. et al. (2004) Core systems of number. Trends Cogn. Sci. 8, 307-314

Choi, Y. et al. (2024) Lack of early sensitivity and gradual emergence of native phoneme
categories: A pattern from underrepresented language learners. Dev. Sci. 27, €13422
Gelman, R. and Gallistel, C.R. (2004) Language and the Origin of Numerical Concepts.
Science 306, 441-443

Frank, M.C. and Barner, D. (2012) Representing exact number visually using mental
abacus. J. Ezp. Psychol. Gen. 141, 134

Saxe, G.B. (1981) Body parts as numerals: A developmental analysis of numeration among
the Oksapmin in Papua New Guinea. Child Dev. 52, 306-316

Overmann, K.A. (2018) Constructing a concept of number. J. Numer. Cogn. 4, 464-493
Bender, A. and Beller, S. (2012) Nature and culture of finger counting: Diversity and
representational effects of an embodied cognitive tool. Cognition 124, 156-182

Carey, S. and Barner, D. (2019) Ontogenetic origins of human integer representations.
Trends Cogn. Sci. 23, 823-835

Carey, S. (2004) Bootstrapping & the origin of concepts. Daedalus 133, 59-68

Frank, M.C. et al. (2008) Number as a cognitive technology: Evidence from Piraha language
and cognition. Cognition 108, 819-824

Gordon, P. (2004) Numerical Cognition Without Words: Evidence from Amazonia. Science
306, 496-499

Spaepen, E. et al. (2011) Number without a language model. Proc. Natl. Acad. Sci. 108,
3163-3168

Pica, P. et al. (2004) Exact and Approximate Arithmetic in an Amazonian Indigene Group.
Science 306, 499-503

Pitt, B. et al. (2022) Exact Number Concepts Are Limited to the Verbal Count Range.
Psychol. Sci. 33, 371-381

Frank, M.C. et al. (2012) Verbal interference suppresses exact numerical representation.
Cognit. Psychol. 64, 74-92

Butterworth, B. et al. (2008) Numerical thought with and without words: Evidence from



46.

47.

48.

49.

50.
o1l.

92.

93.

o4.

95.

56.

o7.

o8.

99.

60.

61.

62.

63.

64.

65.
66.

20

indigenous Australian children. Proc. Natl. Acad. Sci. 105, 13179-13184

Shaki, S. et al. (2009) Reading habits for both words and numbers contribute to the
SNARC effect. Psychon. Bull. Rev. 16, 328-331

Rugani, R. and de Hevia, M.-D. (2017) Number-space associations without language:
Evidence from preverbal human infants and non-human animal species. Psychon. Bull. Rev.
24, 352-369

Dehaene, S. et al. (1993) The mental representation of parity and number magnitude. J.
Ezp. Psychol. Gen. 122, 371

Giurfa, M. et al. (2022) An insect brain organizes numbers on a left-to-right mental number
line. Proc. Natl. Acad. Sci. 119, €2203584119

Di Giorgio, E. et al. (2019) A mental number line in human newborns. Dev. Sci. 22, 12801
Pitt, B. et al. (2023) No clear evidence for an innate left-to-right mental number line. Proc.
Natl. Acad. Sci. 120, 2306099120

Pitt, B. et al. (2021) Spatial concepts of number, size, and time in an indigenous culture.
Sci. Adv. 7, eabgd141

Cooperrider, K. et al. (2017) Where Does the Ordered Line Come From? Evidence From a
Culture of Papua New Guinea. Psychol. Sci. 28, 599-608

Casasanto, D. and Chrysikou, E.G. (2011) When Left Is “Right”: Motor Fluency Shapes
Abstract Concepts. Psychol. Sci. 22, 419-422

Dolscheid, S. et al. (2013) The Thickness of Musical Pitch: Psychophysical Evidence for
Linguistic Relativity. Psychol. Sci. 24, 613-621

Casasanto, D. (2017) The Hierarchical Structure of Mental Metaphors. In Metaphor:
Embodied Cognition and Discourse (Hampe, B., ed), pp. 46-61, Cambridge University Press
Liebal, K. and Haun, D.B.M. (2018) Why cross-cultural psychology is incomplete without
comparative and developmental perspectives. J. Cross-Cult. Psychol. 49, 751-763

Nielsen, M. and Haun, D. (2016) Why developmental psychology is incomplete without
comparative and cross-cultural perspectives. Philos. Trans. R. Soc. B Biol. Sci. 371,
20150071

Cooperrider, K. (2025) Time Tools. Top. Cogn. Sci. DOI: 10.1111 /tops.70005

Nunez, R.E. (2017) Is There Really an Evolved Capacity for Number? Trends Cogn. Sci.
21, 409-424

O’Shaughnessy, D.M. et al. (2022) The Cultural Origins of Symbolic Number. Psychol. Rev.
129, 1442-1456

Intons-Peterson, M.J. and Fournier, J. (1986) External and internal memory aids: When
and how often do we use them? J. Fxp. Psychol. Gen. 115, 267-280

Jang, H. et al. (2019) Sun, age and test location affect spatial orientation in human foragers
in rainforests. Proc. Biol. Sci. 286, 20190934

Epstein, R.A. et al. (2017) The cognitive map in humans: spatial navigation and beyond.
Nat. Neurosci. 20, 1504-1513

Risko, E.F. and Gilbert, S.J. (2016) Cognitive offloading. Trends Cogn. Sci. 20, 676-688
Nedergaard, J.S.K. et al. (2023) Verbal interference paradigms: A systematic review



67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

21

investigating the role of language in cognition. Psychon. Bull. Rev. 30, 464-488
Tello-Ramos, M.C. et al. (2019) Spatial memory and cognitive flexibility trade-offs: to be or
not to be flexible, that is the question. Anim. Behav. 147, 129-136

McKitrick, M.C. (1993) Phylogenetic Constraint in Evolutionary Theory: Has It Any
Explanatory Power? Annu. Rev. Ecol. Syst. 24, 307-330

Paolicelli, R.C. et al. (2011) Synaptic Pruning by Microglia Is Necessary for Normal Brain
Development. Science 333, 1456-1458

Hauptman, M. et al. (2024) Built to adapt: Mechanisms of cognitive flexibility in the human
brain. Annu. Rev. Dev. Psychol. 6

Potts, R. (1998) Variability selection in hominid evolution. Evol. Anthropol. Issues News
Rev. 7, 81-96

Feldman, J. (2012) Symbolic representation of probabilistic worlds. Cognition 123, 61-83
Dehaene, S. (2011) The number sense: How the mind creates mathematics, Oxford
University Press

Casasanto, D. (2015) Linguistic relativity. In The Routledge handbook of semantics, pp.
158-174, Routledge

Shaki, S. and Fischer, M.H. (2008) Reading space into numbers — a cross-linguistic
comparison of the SNARC effect. Cognition 108, 590-599

Casasanto, D. and Bottini, R. (2014) Mirror reading can reverse the flow of time. J. Ezp.
Psychol. Gen. 143, 473

Bender, A. et al. (2023) The Dual Role of Culture for Reconstructing Early Sapiens
Cognition. Psychol. Rev. 131, 1411-1434

Derex, M. and Boyd, R. (2015) The foundations of the human cultural niche. Nat.
Commun. 6, 1-7

Heyes, C. (2018) Cognitive gadgets: The cultural evolution of thinking, Harvard University
Press

Richerson, P.J. et al. (2010) Gene-culture coevolution in the age of genomics. Proc. Natl.
Acad. Sci. 107, 8985-8992

Feldman, M.W. and Laland, K.N. (1996) Gene-culture coevolutionary theory. Trends Ecol.
Evol. 11, 453-457

Gerbault, P. et al. (2011) Evolution of lactase persistence: an example of human niche
construction. Philos. Trans. R. Soc. B Biol. Sci. 366, 863-877

Perry, G.H. et al. (2007) Diet and the evolution of human amylase gene copy number
variation. Nat. Genet. 39, 1256-1260

Chudek, M. and Henrich, J. (2011) Culture-gene coevolution, norm-psychology and the
emergence of human prosociality. Trends Cogn. Sci. 15, 218-226

Tomasello, M. (2022) The Cultural Origins of Human Cognition, Harvard University Press
Henrich, J. and McElreath, R. (2003) The evolution of cultural evolution. Evol. Anthropol.
12, 123-135

Scott-Phillips, T. (2022) Biological adaptations for cultural transmission? Biol. Lett. 18,
20220439



88.

89.

90.

91.

92.

22

Lew-Levy, S. and Amir, D. (2024) Children as agents of cultural adaptation. Behav. Brain
Sci. DOI: 10.1017/50140525X24001377

Murphy Jr, E.F. et al. (2004) Cross-cultural, cross-cultural age and cross-cultural
generational differences in values between the United States and Japan. J. Appl. Manag.
Entrep. 9, 21

Amir, D. et al. (2019) The developmental origins of risk and time preferences across diverse
societies. J. Exp. Psychol. Gen. 149, 651-661

O’Shaughnessy, D.M. et al. (2023) Diverse mathematical knowledge among indigenous
Amagzonians. Proc. Natl. Acad. Sci. 120, 2215999120

Casasanto, D. (2016) A Shared Mechanism of Linguistic, Cultural, and Bodily Relativity.
Lang. Learn. 66, 714-730



