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Individuals high in Openness to Experience are more likely to enjoy imaginary
worlds, visit museums, be vaccinated, support redistribution, endorse animal
rights, and volunteer, alongside a wide array of other characteristic behaviors.
Although these behaviors appear disparate, we propose that they form a coher-
ent constellation grounded in a tendency to explore the unknown and tolerate
uncertainty. This clarifies why levels of Openness vary across individuals,
groups, and historical periods: exploration is modulated by ecological conditions
such as safety and resource availability. When environments make exploration
worthwhile, Openness expands; when conditions are harsh or precarious, it
contracts. Consequently, ecological differences should generate systematic dif-
ferences in cultural forms. This framework explains how ecological conditions
shape culture through their effects on personality.

Toward a unified account of Openness

Openness to Experience (Openness; see Glossary) is a central dimension of human person-
ality within frameworks such as the Big Five or the HEXACO (Honesty-Humility, Emotionality,
eXtraversion, Agreeableness, Conscientiousness, Openness to Experience) [1] (Box 1). Prior
accounts have successfully characterized what Openness correlates with, but a unified framework
explaining why these diverse outcomes cluster within a single trait and why Openness systematically
varies across individuals, groups, and historical contexts is still lacking (although see [6]). This review
advances a framework that links ecological conditions, psychological orientations, and cultural
outcomes. We propose that Openness reflects relatively stable differences in how individuals explore
and engage with ambiguity, and that these differences are adaptively modulated by ecological cues
such as resource availability. Under this view, Openness is not merely a list of disparate preferences
or traits, but a coherent psychological orientation that promotes exploratory engagement with
particular life domains when ecological conditions make such engagement beneficial.

In the following sections, we first outline the behavioral constellation of Openness, describing the
diverse behaviors and preferences associated with the trait, and explain how these manifestations
reflect a shared underlying orientation. We then examine how Openness is ecologically modulated,
drawing on evidence from ecological, cross-cultural, developmental, and comparative perspectives
to show how environmental conditions shape its expression. Next, we discuss the cultural expressions
of Openness, illustrating how variation in this trait scales up to influence symbolic culture, moral norms,
and patterns of innovation. We conclude by highlighting implications for understanding cultural change
and future directions for research at the intersection of ecology, psychology, and culture.

The behavioral constellation of Openness
Openness predicts attraction to a range of behaviors and cultural expressions that foreground
imagination, abstraction, innovation, and conceptual novelty [1,7-10] (Figure 1). In modern
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Openness to Experience predicts cul-
tural, political, and lifestyle outcomes,
but existing research has not explained
why these diverse behaviors cluster
within a single trait, or why Openness
varies across individuals, groups, and
historical periods.

We propose that two psychological
mechanisms, curiosity and ambiguity
tolerance, jointly constitute the core of
Openness, explaining why aesthetic, epi-
stemic, and social behaviors cohere
within the same individuals.

Evolutionary models predict that curiosity
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Box 1. The Big Five: A descriptive, hierarchical taxonomy with predictive power

The Big Five personality dimensions were not based on any a priori structural theory (though they still relied on theoretical
assumptions about which questionnaire items were important to assess [2]). Instead, they emerged from patterns of
covariation observed in large sets of descriptors, following the lexical hypothesis that significant personality differences
are encoded in language: when thousands of individuals are asked to rate themselves or others on everyday personality
items (e.g., ‘is imaginative’, ‘keeps commitments’, and ‘is sociable’), some descriptors systematically co-occur across
individuals. Statistical analyses (notably factor analyses) reveal stable clusters of items that group together, and, at a
broader level, five robust higher-order dimensions repeatedly emerge: Openness, Conscientiousness, Extraversion,
Agreeableness, and Neuroticism.

Crucially, the Big Five traits are heritable. Twin and family studies show that genetic variation accounts for a substantial
portion of differences between individuals on each dimension, including Openness [3]. Heritability does not imply genetic
determinism, as even highly heritable characteristics, such as height, are subject to developmental and environmental fac-
tors (e.g., malnutrition).

Beyond their measurement origin, Big Five traits predict life outcomes of major societal relevance. Openness correlates
with career pathways involving symbolic reasoning and creativity; Conscientiousness predicts educational and
occupational achievement as well as a lower risk of substance misuse; Neuroticism predicts mental and physical health;
and several traits together predict morbidity and mortality risk [4]. Thus, these dimensions are not mere statistical artifacts:
they consistently forecast meaningful real-world behavior.

At the same time, Big Five traits show long-term rank-order stability. Individuals who score relatively high or low on a given
trait tend to remain so across decades, even as their absolute levels may change [5]. Personality is therefore neither rigid
nor volatile: people tend to maintain their relative standing compared with others over their lifespan. Together, these
findings justify treating Big Five traits as empirically grounded, partially stable, biologically influenced, and developmentally
malleable dimensions of human individuality, and provide the foundation for examining how Openness shapes behavior,
varies across environments, and influences cultural dynamics.

societies, open individuals tend, on average, to be drawn not only toward abstract or experimen-
tal art [11-14], new and sophisticated music [15,43,44], highly fictive stories [16-18,45] but also
toward nonfiction books [19] and novel food [20].

Beyond cultural preferences, open individuals typically cultivate particular lifestyles [21-24].
In contemporary Western samples, Openness predicts attraction to diverse sexual practices
[25,26], greater experimentation with psychoactive substances such as cannabis [27], and a
higher likelihood of living in urban rather than agricultural environments [28]. Open individuals
from modern societies are also more likely to get vaccinated [29], support environmental and
animal protection [30-33], and participate in voluntary or community initiatives [34-37].

Finally, Openness is also associated with political orientations [38] and moral views [39]. For
instance, open individuals are more likely to endorse liberal political values [26] and resist conser-
vative ideologies [11,38,46]—although this trend has been shown to be modulated by context
[47]. Large, preregistered studies in the USA also showed that Openness (but not Agreeableness)
predicts having close friends from different racial backgrounds, even after accounting for regional
diversity [40,48]. This suggests that exploratory tendencies, beyond affiliative tendencies, help
make cross-group connectedness possible.

Of course, individuals with similar levels of Openness may nevertheless vary in their specific activ-
ities and preferences. This variation arises from several factors. First, it can be attributed to the
different facets of Openness—for instance, one individual may score high in aesthetic sensitivity,
while another is primarily high in intellectual curiosity [49]. Second, behavioral outcomes are
often shaped by other personality traits and their interactions with Openness [50]. For instance,
morbid curiosity and a preference for horror-themed entertainment are better predicted by an
interaction between high Openness and high Neuroticism [51]. Finally, the expression of the
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Glossary

Ambiguity tolerance: the dispositional
tendency to remain engaged when
information is incomplete, uncertain, or
cognitively complex.

Behavioral syndromes: correlated
suites of personality traits that persist
across contexts within a species. In
animals, boldness, exploration, and risk-
taking often covary, forming stable
clusters regulated by shared
physiological mechanisms. These
syndromes help explain why exploratory
tendencies and risk management co-
occur across individuals.

Big Five: a hierarchical taxonomy
derived from statistical covariation
among everyday descriptors of
personality. The five broad dimensions—
Openness, Conscientiousness,
Extraversion, Agreeableness, and
Neuroticism—capture relatively stable
patterns in thoughts, emotions, and
behavior observed across cultures and
instruments.

Cultural evolution: changes in
collective beliefs, practices, and
symbolic forms over time. Cultural
evolution here refers not to genetic
processes but to shifts in artistic,
scientific, political, and moral forms.
Curiosity: a motivational system that
drives organisms to seek and leam new
information.

Ecological harshness: chronic
adversity in an environment, such as
sustained resource scarcity, high
mortality risk, or prolonged deprivation.
Ecological modulation: the process
through which psychological systems
adjust their typical level of expression

in response to cues about the

current or expected ecological
environment.

Ecological unpredictability: temporal
instability in environmental conditions,
such as fluctuating resource availability
or inconsistent caregiving.
Exploration—exploitation: a
fundamental decision problem faced by
both humans and nonhuman animals—
whether to seek new information
(exploration) or pursue known, reliable
rewards (exploitation).

Openness to Experience
(Openness): a Big Five personality
dimension reflecting individual
differences in imagination, creativity,
intellect, and aesthetic sensitivity.
Individuals high in Openness are
sensitive to novelty, enjoy abstract or
complex ideas, and tolerate uncertainty.
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trait is impacted by the affordances surrounding the individual; for instance, a predisposition to
experiment with psychoactive substances is more likely to manifest in contexts where such sub-
stances are readily available. In this sense, Openness is best understood as a high-level summary
of motivations and strategies whose specific behavioral correlations are not necessarily invariant
across ecologies, even though they rest on a shared psychological foundation (see section ‘The
psychological basis of Openness’).

Taken together, these findings show that Openness reliably predicts a constellation of cultural,
political, informational, and lifestyle behaviors. This raises a central question: what underlying dis-
positions cause these diverse tendencies to cluster in the same individuals?

The psychological basis of Openness

Curiosity is increasingly identified as a motivational core of openness. Early descriptions already
emphasized an exploratory impulse [52], and subsequent psychometric studies show that
curiosity emerges as a central facet of Openness inventories [53]. Defined as the drive to
seek and learn new information [54], curiosity underlies the tendency to engage with unfamiliar
ideas, sensations, and social or moral perspectives—an idea developed in mechanistic terms
by recent theorists who conceptualize Openness as sensitivity to the reward value of informa-
tion [55,56].

In addition to curiosity, the Openness constellation also reflects ambiguity tolerance—the
capacity to remain engaged when information is unfamiliar, complex, or uncertain. Early person-
ality theorists noted that individuals vary in their comfort with incomplete or conflicting information
[57], and recent psychometric work shows that ambiguity tolerance strongly covaries with
Openness (r = 0.60 [58]), at a magnitude similar to interest-based curiosity [59].

These two processes (curiosity and ambiguity tolerance) clarify why Openness does not uniformly
predict information-seeking behavior. Openness only predicts information seeking in tasks that
require sustained engagement with unresolved or fragmentary information, such as trivia ques-
tions that provoke curiosity without immediate resolution [60,61]. By contrast, in tasks where
information quickly reduces uncertainty, individuals who dislike ambiguity may seek information
to eliminate discomfort; in such contexts, Neuroticism—but not Openness—ypredicts information
seeking [62,63]. Curiosity motivates the search for novelty, while ambiguity tolerance sustains
engagement when novelty becomes cognitively challenging.

This dual mechanism helps explain why Openness correlates with a broad range of cognitive con-
structs [64]. Curiosity promotes engagement with novel ideas and problems, supporting tendencies
such as the need for cognition [65] and creative ideation [66], while ambiguity tolerance allows
individuals to persist when tasks lack clear structure or immediate resolution, contributing to fantasy
proneness [66] and a preference for novelty [67].

Crucially, this dual model of Openness also helps explain its broad behavioral constellation. For
instance, it clarifies why imaginative or unconventional cultural content (e.g., abstract art, fictional
worlds, and complex music) is, on average, more appealing to open individuals: for these individuals,
epistemic exploration and perceptual ambiguity are rewarding rather than threatening.

Finally, the same model of Openness explains social and political outcomes. Engaging with unfa-
miliar people, ideas, or moral claims requires a willingness to tolerate uncertainty about one’s
assumptions, social categories, or values. Curiosity fosters interest in unfamiliar groups and
norms, while ambiguity tolerance reduces the discomfort associated with revising beliefs or
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Openness predicts diverse cultural,
political, and lifestyle behaviors.
Phenotypic plasticity: the capacity of
a single genotype to produce different
physiological, morphological, or
behavioral phenotypes depending on
environmental conditions.
Usage-based models: frameworks
proposing that cultural pattems arise
from the repeated, goal-directed use of
symbolic forms. Frequent use by
individuals stabilizes artistic, linguistic,
and scientific forms and structures
across time.
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Figure 1. Behavioral correlates of Openness to Experience across domains. This figure summarizes a nonsystematic review of published studies examining the
correlates of Openness across diverse domains [7-42]. The links represent positive (green) or negative (purple) associations with Openness. Openness to Experience is
typically assessed through standard personality inventories, most commonly the NEO-PI-R, BFI (Big Five Inventory), TIPI, or IPIP-based scales. The outcome variables
vary widely in the measurement method. Some are based on self-report surveys (e.g., artistic engagement, moral attitudes, and environmental behaviors), others on
behavioral tasks (e.g., music preference sorting), or on digital behavioral traces, such as Facebook likes. (NB: ‘Veg*ns’ means vegetarian or vegan; ‘Nouveau Roman’
refers to an experimental French literary movement that rejected traditional plot and character). IPIP: International Personality Item Pool; NEO-PI-R: Neo Personality Inven-
tory; TIPI: Ten-ltem Personality Inventory. (See [12,28,13,16,14,7,17,8,9,19,15,41,20,30,40,11,38,42,36,39,35,37,29,31,33,32,22,21,27,26,23,10,25,24].)
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expanding moral boundaries. In this view, attitudes toward multiculturalism, environmentalism, or
animal welfare are not driven by altruism alone but also by exploratory engagement [68].

More generally, this account of Openness further clarifies why this trait encompasses a broad and
seemingly disparate constellation of behaviors and preferences: it may reflect how this trait
adapts to varying local affordances (see the Niche Diversity hypothesis [69]). For an Open
individual, the mere proximity of a museum or a theater can shift their behavioral output toward
aesthetic exploration (without that proximity necessarily increasing the individual’s underlying
trait level). By adopting the ‘Niche-Diversity’ hypothesis, we propose that the visibility of
Openness in modern societies is a byproduct of rich societies providing a vast array of
affordances for this trait. This logic may help clarify why the structure and correlates of Openness
observed in Western cultures fail to generalize to other cultural groups and contexts [6].

The ecological modulation of Openness

By clarifying why so many cultural, moral, political, and lifestyle behaviors cluster around a single
personality dimension, we now have a powerful tool for explaining social phenomena. If
Openness shapes these behaviors, then populations that differ in Openness should differ syste-
matically in the types of art they produce, the scientific practices they value, the political attitudes
they endorse, and the moral boundaries they draw. In other words, variation in personality distri-
butions should generate correlated variation in cultural forms.

Previous research has documented genetic, developmental, and demographic influences on
Openness (Box 2), but these influences cannot account for large, patterned differences between
regions, socioeconomic strata, and historical periods. We argue that ecological conditions are the
more fundamental driver.

The evolutionary rationale behind this ecological modulation is straightforward: in ancestral
environments, exploration entailed risks (time, energy, and exposure to harm) but also yielded
information essential for long-term fitness [84,85]. Natural selection, therefore, favored flexible

Box 2. Individual factors of variation in Openness

Genetic heritability is a major determinant of variation in Openness. A recent meta-analysis of behavioral-genetic studies
shows that genetics explained about 40% of individual differences in Openness, with even higher estimates in twin studies
[3]. Genome-wide association studies (GWASs) have examined this relationship as well and reported that genetic variation
accounted for roughly 15% of the variance in Openness after correcting for measurement error [70]. The gap between
GWAS and twin-study estimates is known as the ‘missing heritability’ problem and likely results from the fact that GWAS
cover only part of the genome and often miss alleles with very small effects due to limited sample power [71]. Researchers
are still investigating both the evolutionary origins of Openness and the causal pathways from genes to behavior [72].

The link between Openness and gender is more mixed. An analysis of five large datasets spanning more than 230
countries found that women scored higher on Openness than men on four of the five personality inventories, despite sub-
stantial cross-country variability [73]. Other large studies, however, have reported opposite trends [74], mixed results [75],
or no gender differences [76,77]. At the aspect level, the consensus is clearer: men tend to score higher on the intellect
aspect, whereas women score higher on the Openness aspect, including Openness to emotions and aesthetics [73].

Openness also varies with age, but the pattern depends on the life stage. A meta-analysis of 16 longitudinal samples
shows an overall decline across the adult lifespan [78], although this average trend conceals age-specific shifts. During
childhood and adolescence, evidence is mixed: some studies report decreases in Openness, others document increases,
and meta-analyses find no consistent linear trend [79]. Instead, Openness appears to rise in early adolescence and then
decline [80]. Across adulthood, several meta-analyses and large-scale studies reveal an inverted U-shaped relationship:
Openness increases in early adulthood, or even until middle adulthood, and then declines in later life [81]. Facet-level anal-
yses support this pattern but also highlight nuances [82]. For example, in an analysis of 1667 participants from the Seattle
Longitudinal Study, overall Openness began to decline after age 40, whereas the Openness to actions facet continued to
increase [83].
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regulation: curiosity and ambiguity tolerance should increase when safety and surplus make
exploration worthwhile and decrease when immediate exploitation offers higher payoffs [86].
This adaptive modulation reflects an optimal allocation of effort, consistent with models showing
that quantitative differences in available resources produce qualitative differences in behavioral
priorities [87]. This psychological modulation is a particular case of phenotypic plasticity: envi-
ronments that afford exploration increase Openness, whereas harsher or more precarious condi-
tions suppress it. Importantly, this logic does not only apply to humans; many nonhuman species
show analogous modulation of exploratory dispositions when their ecological conditions change.

Ecological modulation of exploration in nonhuman animals

Animals display stable individual differences in behavioral traits [88]. Among these traits, explora-
tion, neophilia, and play correspond most closely to the human constellation of Openness. These
traits are typically assessed with standardized behavioral tests, such as novel object or novel envi-
ronment exploration, latency to emerge or resume activity after a simulated predator, and willing-
ness to sample unfamiliar food. These personality expressions are sufficiently stable to allow the
study of behavioral syndromes [39].

Comparative work now documents consistent individual variation in exploration, neophobia, and
play that is systematically modulated by ecological conditions. Such ecological modulations of
Openness-like traits have been shown across diverse species, including gelada baboons
(Theropithecus gelada [90]), meerkats (Suricata suricatta [91]), parrots [92], Killifish (Fundulus
diaphanus [93)), lizards (Eulamprus quoyii [94]), honeybees (Apis mellifera [95]), and wild Asian
elephants (Elephas maximus [96]). For instance, in free-ranging meerkats, experimental food
provisioning increased juvenile play rates, demonstrating that energetic surplus promotes explor-
atory activities [91]. Similarly, in honeybees, experimental manipulation of energetic state shifted
foraging strategies along an exploration—exploitation continuum: bees with high energetic
reserves explored more broadly [95]. Finally, in Killifish, populations from predator-free lakes initi-
ated exploration sooner and more vigorously than those from predator-rich lakes [93].

Together, experimental provisioning, energetic manipulations, and landscape comparisons
converge on the same inference: when resources are plentiful, energetic state is high, or pred-
ator risk is low, animals shift toward information gathering, play, and exploratory sampling;
when resources are scarce or predation risk is high, tendencies contract toward exploitation
and caution.

Of course, exploration in nonhuman animals and Openness in humans are not instantiated in the
same way. In humans, the same exploratory orientation is scaffolded by symbolic cognition, lan-
guage, and cumulative culture, allowing curiosity and ambiguity tolerance to be expressed in
abstract, social, and normative domains, including science, art, morality, and ideology. Yet,
these differences likely reflect the representational systems through which exploration is
expressed, rather than a fundamentally different underlying trait. It is, therefore, unsurprising
that this same ecological modulation applies to humans.

Evidence for ecological modulation of Openness in humans

Human populations exhibit the same ecological modulation of exploratory tendencies observed
in nonhuman animals. Across countries, regions, and socioeconomic strata, Openness systema-
tically covaries with ecological favorability. Large-scale personality surveys reveal higher average
Openness in wealthier nations and in regions with greater stability and social safety nets [97]
(although see [98]). At finer geographical scales, rapid shifts in local ecological resource levels
also recalibrate exploratory tendencies; rising housing costs—which serve as a proxy for
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increasing local amenities—predict subsequent increases in city-level Openness, driven jointly by
selective migration and social acculturation [99,100].

At the individual level, individuals raised in more prosperous or secure households consistently
score higher in Openness than those in less favorable environments. For instance, some studies
have shown that familial socioeconomic levels or other factors of environmental quality are
associated with higher levels of curiosity in kindergarten [101,102], greater creativity in elementary
school children [103], and heightened levels of Openness in adolescence [104,105]. Meta-analytic
evidence indicates that parental socioeconomic status reliably predicts higher Openness [98].

Beyond socioeconomic variation, this ecological framework could also partially account for age-
related shifts in Openness. Children and adolescents exhibit higher levels of exploratory behavior
compared with adults [106], plausibly because early development is characterized by unusually
favorable ecological conditions created by sustained parental investment. In human societies,
parents routinely buffer offspring from material risk by providing food, protection, and social sup-
port well beyond infancy, even in forager societies [107], reducing the costs of exploration and
learning [108]. From this perspective, extended human development may function as an adaptive
solution to the exploration—exploitation trade-off: by externalizing risk onto caregivers, children
and adolescents can afford high levels of Openness during periods when exploration is most
valuable [109].

These findings converge across diverse methodologies—cross-sectional comparisons,
intranational gradients, within-individual change—suggesting that ecological conditions modu-
late exploratory dispositions.

Importantly, this ecological modulation of Openness may help explain why the structure and cor-
relates of this trait do not show high cross-cultural generalizability [6]. As noted above, one source
of variation lies in local affordances: even when exploratory motivation is present, the domains
through which it is expressed depend on available niches. However, there is a complementary
explanation: in environments characterized by chronic insecurity or scarcity, exploration is not
merely expressed differently but is adaptively downregulated; when exploratory engagement is
rare, its behavioral manifestations become sparse and unstable, reducing between-individual var-
iance and weakening the anchoring of standardized indicators [129].

From this perspective, ecological conditions operate at two separate levels: resource security
determines how adaptive exploratory engagement is, shaping levels of Openness, whereas
cultural affordances determine how exploration can be expressed and, thus, how it is optimally
measured.

Which ecological cues modulate Openness?

If Openness is modulated by ecological conditions, then cultural variation becomes predictable
only insofar as we can identify which ecological cues the mind uses to regulate exploratory moti-
vation. Environments contain multiple potential cues, and not all are treated equally by the evolved
mechanisms that regulate curiosity and ambiguity tolerance. Identifying the cues that matter is,
therefore, central to building a predictive framework linking ecology, personality, and culture.

Harshness versus unpredictability. Behavioral ecology distinguishes two dimensions that shift
trade-offs between immediate and delayed benefits: ecological harshness and ecological
unpredictability [110]. Harshness refers to chronic adversity or resource scarcity; unpredictability
reflects unstable or volatile conditions over time. Evidence that harshness reduces Openness is
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strong and consistent. Lower parental income, education, and occupation predict lower Openness
in adulthood [98], while exposure to adversity, such as parental death or unstable caregiving, pro-
duces similar effects [86]. Pathogen threat, which increases the costs of foreign stimuli and social
contact, also predicts lower Openness in many, though not all, studies [111]. By contrast, evidence
that unpredictability shapes Openness remains scarce, despite robust effects on other psycholog-
ical traits [112]. This asymmetry suggests that chronic adversity may be a more stable and
evolutionarily reliable signal than fluctuations in short-term instability when calibrating exploratory
dispositions.

Individual versus aggregate ecology. Ecological conditions can be measured at multiple scales:
household, neighborhood, regional economy, or national wealth. Openness covaries with socio-
economic indicators at both individual and aggregate levels, but individual-level measures are
generally more predictive [113]. This pattern implies that we are more sensitive to the constraints
and opportunities we experience directly, rather than to the broader ecological conditions in
which those experiences occur. Aggregate indicators remain useful for tracking temporal trends,
yet they are better considered as population-scale consequences of shared ecological cues, not
the cues themselves.

Objective versus subjective indicators. Objective measures (e.g., income and years of education)
and subjective indicators (e.g., perceived socioeconomic status and feelings of insecurity) often
correlate, but subjective indicators frequently exhibit stronger associations with psychological
traits [114]. This is consistent with the idea that modulation depends on perceived opportunities
and risks rather than objective conditions. People can live in material comfort while perceiving
their environment as unstable, threatening, or competitive; under those subjective cues, Open-
ness should decline despite objective affluence.

Developmental timing. Modulation may occur through early-life conditions, current conditions, or
cumulative exposure. Although both early and current environments relate to Openness [100],
early-life cues tend to be more predictive [114]. However, Openness also changes in response
to ecological shifts later in life [100,115], suggesting that modulation remains at least partially flex-
ible. A plausible conclusion is that variations in Openness reflect both early modulation and ongo-
ing updates, with early cues setting broad thresholds and later cues adjusting exploratory
motivation within them.

Taken together, ecological modulation of Openness depends on the perceived costs and
benefits of exploration, inferred from cues of chronic harshness, local resources, subjective
safety, and developmental exposure. If these cues shape the population distribution of
Openness, then cultural variation should follow ecological variation rather than emerging
randomly or solely from historical contingencies. This sets the stage for the following sec-
tion, which examines how ecological differences translate into systematic differences in
culture.

The cultural expressions of Openness

Because Openness shapes the way individuals explore aesthetic content, evaluate information,
reason about moral boundaries, and adopt unconventional lifestyles (Figure 1), variation in its
distribution should scale up to produce collective variation in cultural products, scientific prefer-
ences, political attitudes, and social norms (Figure 2).

Under this view, cultural patterns are not arbitrary expressions of tradition or ideology but are
aggregated behavioral manifestations of population-level psychological dispositions (Box 3).
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Figure 2. Ecological modulation of Openness across levels of analysis. Ecological and psychological modulations
across levels of analysis. At the individual level, secure and predictable environments increase exploratory motivation and
Openness. When aggregated across populations, these shifts in motivational orientation raise the mean level of Openness,
fostering collective trends in creativity, cultural innovation, and symbolic engagement. If, on average, a population
becomes higher in Openness, we should expect corresponding shifts in the cultural ecology (e.g., the emergence of more
science fiction novels, experimental music, and jazz venues, the proliferation of vegan restaurants and animal rights cam-
paigns, increasing social acceptance of unconventional sexual practices, and a declining appeal of authoritarian leaders or
exclusionary ideologies; see Figure 1). In some cases, these cultural innovations may in turn feed back on ecological condi-
tions (e.g., through scientific advances in medicine or the expansion of formal education), further increasing safety and
resource availability, though not all cultural change necessarily produces such effects. (See [32,29,30,27,10,16,12].)

Box 3. A usage-based view of culture

Usage-based models of language explain grammar not as an autonomous system that spreads by transmission but as
an emergent byproduct of repeated usage. Patterns solidify because speakers rely on them to achieve communicative
goals; frequency and function, not replication, create structure [116]. In this view, the question is not why a linguistic item
spreads but why speakers keep using it.

This logic applies to culture more broadly [117]. Instead of assuming that cultural forms persist because they replicate suc-
cessfully (as in Dual Inheritance Theory [118] or the epidemiology of representations [119]), a usage-based approach treats
cultural products as practices maintained by motivated individuals within specific ecological conditions: (i) creators use
forms to attract attention, earn income, or express status or identity; (i) audiences consume them because they satisfy
preferences or solve informational problems; (iii) institutions (schools, platforms, museums, and publishers) sustain forms
when they support organizational or political goals; and (iv) material and technological environments condition what is
cheap, visible, and profitable to produce or consume [117].

As in usage-based linguistics, where linguistic structure emerges from speakers actively employing forms to achieve
communicative goals, cultural structure emerges from individuals strategically using cultural forms to pursue their goals.
Cultural items persist not because they replicate well but because people repeatedly use them—by consuming them or
by producing them.

This framework clarifies why Openness affects cultural evolution: populations high in Openness differ in the kinds of
practices they repeatedly choose—novel genres, experimental art, exploratory scientific norms, and unconventional life-
styles. Over time, these preferences shape what authors produce, what institutions support, and what technologies are
developed to serve exploratory audiences. Just as frequent linguistic patterns become grammar, frequently selected
explorative practices become cultural structure.
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Societies in which individuals tend to be more curious and more tolerant of ambiguity should be more
likely to generate artistic experimentation, scientific exploration, expansive moral concern, and open-
ness to unconventional practices. Conversely, societies in which local ecologies calibrate Openness
downward should exhibit the opposite tendency: a greater preference for familiar cultural forms, stron-
ger adherence to prescriptive norms, and lower engagement with symbolic or moral novelty.

This section examines how ecological variation in Openness translates into observable cultural
differences across three major domains: symbolic culture (art, fiction, and aesthetic complexity),
public knowledge systems (science, information seeking, and institutional learning), and collective
values (morality, political ideology, and social norms).

Symbolic culture and artistic abstraction

When the baseline of Openness shifts in the population, audiences become more receptive to uncon-
ventional cultural forms, creators have greater incentive to produce them, and cultural markets grad-
ually reorganize around exploratory consumption. Consistent with the strong association between
Openness and attraction to imaginary worlds and symbolic novelty, computational analyses show
that the proportion of cultural works featuring invented settings—fantasy realms, speculative
futures, alternative histories—has increased steadily in Europe, North America, China, and
Japan, closely tracking long-term rises in economic prosperity and institutional stability [120,121].

Beyond the growth of imaginary worlds, cultural forms also become more fictive. Fictiveness
refers to the degree to which a narrative diverges from everyday reality in its events, agents,
causal structure, or informational content. Highly fictive features demand both curiosity (to
acquire new narrative knowledge) and tolerance for ambiguity (to engage with unfamiliar or coun-
terintuitive content), making highly fictive works more attractive in societies where Openness
increases. Large-scale longitudinal analyses confirm this pattern: measures of fictiveness grow
over time across regions, with the steepest increases appearing in societies experiencing sus-
tained gains in education, income, and security [45].

Together, these results show how changes in Openness can produce systematic changes in
cultural forms. This rise in exploratory demand is unlikely to be limited to literature: similar shifts
characterize popular music (e.g., genre hybridization in contemporary pop and multisection for-
mats in K-pop), mainstream cinema (e.g., expansive fictional worlds and multiverse narratives),
and global visual culture (e.g., manga and digital art forms). These broad transformations suggest
that increases in Openness contribute to the historical move away from mimetic realism toward
widely accessible cultural products that reward symbolic exploration.

Science, superstition, and epistemic institutions

Scientific practice is another domain where exploration becomes possible only under secure ecolog-
ical conditions. Engaging with uncertain hypotheses, interpreting noisy data, and investing time in
noninstrumental inquiry are costly behaviors unless basic needs are satisfied and failure is tolerable.
Consistent with this perspective, large-scale historical estimates show that the Scientific Revolution
emerged first in regions with unusually high living standards—most notably the Netherlands and
England—where individuals were richer, healthier, and better nourished than in any earlier societies
[113]. A similar pattern had appeared centuries earlier: during the medieval period, the most scien-
tifically productive region was the Islamic world, where high levels of economic development were
associated with great advances in mathematics, optics, and astronomy.

The same ecological mechanism helps explain the Industrial Revolution. Technical innovation
requires exploratory cognition: experimenting with unfamiliar mechanisms, investing time in
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trial-and-error engineering, and tolerating failure before success becomes possible. This techno-
logical boom was preceded by unusually high wages, low mortality, and historically unprecedented
levels of nutrition and energy availability [122]. In England and the Netherlands, average workers
consumed more calories than elites in most previous civilizations, were paid for skilled labor rather
than subsistence, and faced fewer constraints on time and risk. Under these conditions, artisans,
merchants, and engineers could afford long-term exploratory projects, leading to the proliferation
of mechanical inventions in textiles, metallurgy, navigation, and energy production.

Finally, the ecological transition also helps explain the historical decline of magical thinking and
superstition. As living standards rose in early modern Europe, individuals became less dependent
on supernatural agents to cope with uncertainty and more optimistic about the prospect of
improving the world through their own actions. Significantly, this decline occurred before science
had demonstrated any material benefits, suggesting that prosperity first modified psychological
attitudes toward uncertainty [123]. Science itself is cognitively counterintuitive and requires trust
in abstract mechanisms and invisible causal structures [124], so its adoption became appealing
only when individuals were sufficiently secure to tolerate conceptual uncertainty and invest in
exploratory reasoning.

Cooperation, tolerance, and the expansion of moral boundaries

Moral change is another outcome of variation in Openness. Extending concern beyond kin,
local groups, or familiar identities requires both the motivation to engage with unfamiliar per-
spectives and the capacity to tolerate uncertainty about who counts as a legitimate beneficiary
of moral concern. Inclusive political attitudes (e.g., support for redistribution, environmental
protection, animal welfare, and multicultural policies) demand that individuals entertain values
that challenge inherited boundaries of solidarity. When Openness is low, unfamiliar groups
are more readily perceived as potential threats, and norms restricting cooperation to known
categories remain stable.

As prosperity increases and Openness rises, individuals become more willing to reconsider
inherited norms, broaden moral boundaries, and experiment with legal protections for outsiders
and nonhuman entities. Historical evidence supports this ecological pattern. Moments of rising
prosperity in Europe saw the diffusion of demands for religious freedom, legal equality, abolition
of privileges, and universal civil rights. This is evident in cultural productions, which reflect the
dominant values, motivations, and preferences of a given historical period [125]: quantitative
analyses of theatrical productions in Paris and London across several centuries show that
economically prosperous periods feature plots emphasizing negotiation, alliance, and mutually
beneficial exchange, whereas poorer or unstable contexts emphasize predation, opportunistic
gain, and distrust ([126] see also [121] for a parallel pattern in Chinese history). Likewise,
European portraiture reveals a long-term rise in facial cues associated with perceived trustworthi-
ness, suggesting that as cooperation becomes more profitable, signaling willingness to cooperate
becomes advantageous [127].

This dynamic persists in modern societies. Large-scale comparative surveys show that citizens in
richer and better-educated countries are more tolerant, more trusting of unfamiliar others, and
more supportive of democratic norms [128]. While trust is typically represented as a facet of
Agreeableness, in this context, it likely reflects an Openness-driven willingness to engage with
unknown social partners and a higher tolerance for the risks inherent in social novelty. Across
the past century, each cohort has expressed less authoritarian, more individualistic, egalitarian,
and expressive values than the previous one, mirroring rises in material security. Crucially, such
changes need not originate in ideological persuasion or elite activism; rather, political movements
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succeed when they align with the underlying psychological dispositions fostered by favorable
ecological conditions.

Concluding remarks

Across artistic, scientific, and moral domains, the diverse behaviors associated with Openness
are not accidental: they form a coherent constellation rooted in exploratory motivation and toler-
ance for ambiguity. Individuals high in Openness are drawn to imaginary worlds, abstract ideas,
experimentation, and inclusive moral norms because each of these practices requires
approaching unfamiliar information and sustaining engagement when outcomes are ambiguous.
By showing that Openness itself is modulated by ecological conditions—rising with prosperity,
safety, and predictability—we offer a principled explanation for individual variations and long-
term cultural change. As environments make exploration psychologically affordable, societies
produce richer symbolic worlds, invest in scientific inquiry, and expand cooperation and moral
concern beyond traditional boundaries. Cultural evolution can therefore be understood as the
aggregate expression of a population’s exploratory psychology, regulated by the ecological con-
ditions in which it develops [117]. Longitudinal, cross-cultural, and historical analyses linking eco-
logical indicators to changes in cultural outputs provide a promising avenue for further testing the
predictions this framework generates (e.g., in Chinese history, see [121]). Several key questions
remain open, especially concerning how exploratory dispositions respond to ecological cues
across development and how individual modulations scale up to shape emergent, collective cul-
tural patterns (see Outstanding questions).
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Outstanding questions

How do curiosity and ambiguity
tolerance jointly respond to ecological
signals? Do they modulate
independently or via a shared
mechanism that integrates expectations
about the value of future information?
Do modulations in curiosity and
ambiguity tolerance produce separable
changes in individual preferences?

Which ecological cues most reliably
trigger exploratory behavior across
species, and how consistent are
these cues across taxa such as
insects, fish, reptiles, birds, primates,
and large mammals?

How early in development do humans
begin to extract ecological cues that
regulate exploratory motivation?

To what extent is Openness
modulated by immediate conditions
versus cumulative life-history expo-
sure, and how quickly do exploratory
dispositions respond to ecological
improvement or deterioration? How
resilient is Openness to ecological
shocks such as pandemics, conflict,
or economic crises, and how quickly
do exploratory dispositions return
once stability is restored?

By what mechanisms do population-
level distributions of Openness give
rise to emergent norms, institutions,
and cultural practices? How are these
collective  patterns  negotiated,
stabilized, and transformed through
individual interactions? To what extent
and in what ways do such emergent
cultural phenomena reshape the cues
that modulate Openness?

Can we empirically trace retroactive
feedback loops in which rising
Openness increases investment in
science, innovation, and institutional
learning, thereby boosting prosperity,
which, in turn, further increases
Openness?

To what extent are age-related
changes in Openness driven by devel-
opment per se versus by predictable
age-linked ecological conditions, such
as parental protection and resource
buffering? If age effects largely reflect
ecological security, we should observe
that the rise and decline of Openness
across the lifespan should attenuate


http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0005
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0005
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0005
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0005
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0010
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0010
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0010
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0010
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0015
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0015
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0015
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0020
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0020
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0020
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0025
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0025
https://doi.org/10.1177/10888683251377227
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0035
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0035
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0035
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0035
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0040
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0040
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0040
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0040
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0045
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0045
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0045
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0045
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0050
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0050
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0050
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0055
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0055
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0055
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0060
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0060
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0065
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0065
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0065
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0070
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0070
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0070
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0070

Trends in Cognitive Sciences

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Vella, E.J. and Mills, G. (2017) Personality, uses of music, and
music preference: the influence of openness to experience
and extraversion. Psychol. Music 45, 338-354

Dubourg, E. et al. (2023) Exploratory preferences explain the
human fascination for imaginary worlds. Sci. Rep. 13, 8657
Lorenz, T. et al. (2022) Do not make me roll initiative: assessing
the Big Five characteristics of Dungeons & Dragons players in
comparison to non-players. Front. Psychol. 13, 1010800
Nave, G. et al. (2022) We are what we watch: movie plots pre-
dict the personalities of their fans. Preprint https://doi.org/
10.31234/0sf.io/wsdu8

Manolika, M. (2023) The Big Five and beyond: which personality
traits do predict movie and reading preferences? Psychol. Pop.
Media 12, 197-206

Rajagopal, L. and Hamouz, F.L. (2009) Use of food attitudes
and behaviors in determination of the personality characteristic
of openness: a pilot study. Int. J. Intercult. Relat. 33, 254-258
Samar, S.M. et al. (2013) Personality traits predict irrational
beliefs. J. Rat-Emo. Cognitive-Behav. Ther. 31, 231-242
Trapnell, P.D. and Campbell, J.D. (1999) Private self-
consciousness and the five-factor model of personality: distin-
guishing rumination from reflection. J. Pers. Soc. Psychol. 76,
284-304

Stahl, T. and Turner, J. (2021) Epistemic values and the Big
Five: personality characteristics of those who ascribe personal
and moral value to epistemic rationality. PLOS One 16,
0258228

Busseri, M.A. and Erb, E.M. (2024) The happy personality
revisited: re-examining associations between Big Five personal-
ity traits and subjective well-being using meta-analytic structural
equation modeling. J. Pers. 92, 968-984

Paarnio, M. et al. (2023) The prevalence of BDSM in Finland and
the association between BDSM interest and personality traits.
J. Sex. Res. 60, 443-451

Allen, M.S. and Robson, D.A. (2020) Personality and sexual
orientation: new data and meta-analysis. J. Sex. Res. 57,
953-965

Dash, G.F. et al. (2019) Big Five personality traits and alcohol,
nicotine, cannabis, and gambling disorder comorbidity.
Psychol. Addict. Behav. 33, 420-429

Militaru, L.LE. et al. (2024) The lay of the land: associations
between environmental features and personality. J. Pers. 92,
88-110

Bleidorn, W. et al. (2025) Big Five personality traits and vaccina-
tion: a systematic review and meta-analysis. Health Psychol.
44, 44-56

Reist, M.E. et al. (2023) Meta-analysis of personality trait differ-
ences between omnivores, vegetarians, and vegans. Appetite
191, 107085

Trenkenschuh, M. et al. (2024) Personality aspects and atti-
tudes about Animal Welfare Legislation. Anthrozods 37,
977-996

Muffato, V. et al. (2025) Are explorers greener? investigating the
role of personality traits, connectedness to nature and attitudes
toward exploring in various pro-environmental behaviors. Front.
Psychol. 15, 1404095

Cipriani, E. et al. (2024) Personality traits and climate change
denial, concern, and proactivity: a systematic review and
meta-analysis. J. Environ. Psychol. 95, 102277

Bleidorn, W. et al. (2025) Personality traits and traditional
philanthropy: a systematic review and meta-analysis. J. Pers.
Soc. Psychol. 129, 363-383

Wiks, M. et al. (2023) Who gives? characteristics of those who have
taken the giving what we can pledge. J. Pers. 92, 7563-763

Abu Elanain, H.M. (2010) Work locus of control and interactional
justice as mediators of the relationship between openness to
experience and organizational citizenship behavior. Int. J. Cross
Cult. Manag. 17, 170-192

Ferguson, E. et al. (2019) Costless and costly prosociality: cor-
respondence among personality traits, economic preferences,
and real-world prosociality. Soc. Psychol. Pers. Sci. 10,
461-471

Krieger, F. et al. (2019) Big-Five personality and political orienta-
tion: results from four panel studies with representative German
samples. J. Res. Pers. 80, 78-83

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6

62.

63.

Smillie, L.D. et al. (2021) Personality and moral judgment: curi-
ous consequentialists and polite deontologists. J. Pers. 89,
549-564

Antonoplis, S. and John, O.P. (2022) Who has different-race
friends, and does it depend on context? Openness (to other),
but not agreeableness, predicts lower racial homophily in
friendship networks. J. Pers. Soc. Psychol. 122, 894-919
Nave, G. et al. (2018) Musical preferences predict personality:
evidence from active listening and Facebook likes. Psychol.
Sci. 29, 1145-1158

Sibley, C.G. and Duckitt, J. (2008) Personality and prejudice: a
meta-analysis and theoretical review. Personal. Soc. Psychol.
Rev. 12, 248-279

Anderson, |. et al. (2020) “Just the Way You Are”: linking music
listening on spotify and personality. Soc. Psychol. Pers. Sci. 12,
561-572

Greenberg, D.M. et al. (2022) Universals and variations in musi-
cal preferences: a study of preferential reactions to Western
music in 53 countries. J. Pers. Soc. Psychol. 122, 286-309
Dubourg, E. et al. (2025) Quantifying and explaining the rise of
fiction. Evol. Hum. Sci. 7, €20

Sibley, C.G. et al. (2012) Personality and political orientation:
meta-analysis and test of a threat-constraint model. J. Res.
Pers. 46, 664-677

Entringer, T.M. et al. (2021) Big Five facets and religiosity: three
large-scale, cross-cultural, theory-driven, and process-attentive
tests. J. Pers. Soc. Psychol. 120, 1662-1695

Lawn, E.C.R. et al. (2023) Where the head meets the heart:
‘enlightened’ compassion lies between Big Five openness/intel-
lect and agreeableness. Collabra Psychol. 9, 74468
Sassenberg, T.A. et al. (2023) Imagination as a facet of open-
ness/intellect: a new scale differentiating experiential simulation
and conceptual innovation. Creat. Res. J. 35, 583-595

Vize, C.E. et al. (2023) Do the Big Five personality traits interact
to predict life outcomes? Systematically testing the prevalence,
nature, and effect size of trait-by-trait moderation. Eur.
J. Personal. 37, 605-625

Dubourg, E. and Scrivner, C. (2026) Vulnerability and the com-
putational logic of fear: insights from the horror genre. Evol.
Hum. Behav. 47, 106813

Saucier, G. (1992) Openness versus intellect: much ado about
nothing? Eur. J. Personal. 6, 381-386

Silvia, P.J. and Christensen, A.P. (2020) Looking up at the curi-
ous personality: individual differences in curiosity and openness
to experience. Curr. Opin. Behav. Sci. 35, 1-6

Kidd, C. and Hayden, B.Y. (2015) The psychology and neuro-
science of curiosity. Neuron 88, 449-460

DeYoung, C.G. (2015) Openness/intellect: a dimension of per-
sonality reflecting cognitive exploration. In APA Handbook of
Personality and Social Psychology, Volume 4: Personality Pro-
cesses and Individual Differences (Mikulincer, M. et al., eds),
pp. 369-399, American Psychological Association

Kenett, Y.N. et al. (2023) A thirst for knowledge: grounding curi-
osity, creativity, and aesthetics in memory and reward neural
systems. Creat. Res. J. 35, 412-426

Frenkel-Brunswik, E. (1949) Intolerance of ambiguity as an emo-
tional and perceptual personality variable. J. Pers. 18, 108-143
Jach, H.K. and Smillie, L.D. (2019) To fear or fly to the unknown:
tolerance for ambiguity and Big Five personality traits. J. Res.
Pers. 79, 67-78

Kashdan, T.B. et al. (2018) The five-dimensional curiosity scale:
capturing the bandwidth of curiosity and identifying four unique
subgroups of curious people. J. Res. Pers. 73, 130-149
Ryakhovskaya, Y. et al. (2022) Curiosity as feelings of interest
versus deprivation: relations between curiosity traits and affec-
tive states when anticipating information. J. Res. Pers. 96, 1-9

. Jach, HK. et al. (2024) Individual differences in information

demand have a low dimensional structure predicted by some
curiosity traits. Proc. Natl. Acad. Sci. U. S. A. 121, 2415236121
Bennett, D. et al. (2021) Anxious and obsessive-compulsive
traits are independently associated with valuation of noninstru-
mental information. J. Exp. Psychol. Gen. 150, 739-755
Smillie, L.D. et al. (2021) Does openness/intellect predict sensi-
tivity to the reward value of information? Cogn. Affect. Behav.
Neurosci. 21, 993-1009

¢ CellP’ress

in increasingly safe and affluent socie-
ties and intensify under conditions of
chronic insecurity.

Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 13


http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0075
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0075
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0075
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0080
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0080
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0085
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0085
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0085
https://doi.org/10.31234/osf.io/wsdu8
https://doi.org/10.31234/osf.io/wsdu8
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0095
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0095
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0095
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0100
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0100
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0100
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0105
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0105
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0110
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0110
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0110
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0110
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0115
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0115
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0115
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0115
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0120
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0120
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0120
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0120
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0125
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0125
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0125
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0130
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0130
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0130
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0135
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0135
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0135
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0140
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0140
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0140
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0145
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0145
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0145
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0150
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0150
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0150
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0155
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0155
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0155
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0160
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0160
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0160
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0160
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0165
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0165
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0165
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0170
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0170
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0170
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0175
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0175
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0180
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0180
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0180
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0180
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0185
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0185
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0185
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0185
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0190
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0190
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0190
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0195
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0195
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0195
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0200
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0200
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0200
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0200
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0205
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0205
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0205
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0210
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0210
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0210
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0215
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0215
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0215
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0220
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0220
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0220
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0225
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0225
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0230
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0230
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0230
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0235
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0235
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0235
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0240
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0240
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0240
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0245
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0245
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0245
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0250
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0250
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0250
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0250
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0255
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0255
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0255
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0260
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0260
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0265
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0265
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0265
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0270
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0270
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0275
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0275
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0275
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0275
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0275
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0280
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0280
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0280
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0285
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0285
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0290
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0290
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0290
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0295
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0295
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0295
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0300
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0300
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0300
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0305
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0305
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0305
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0310
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0310
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0310
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0315
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0315
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0315

- ¢? CellPress

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

14

Stanek, K.C. and Ones, D.S. (2023) Meta-analytic relations
between personality and cognitive ability. Proc. Natl. Acad.
Sci. U. S. A. 120, 2212794120

Bainbridge, T.F. et al. (2022) Evaluating the Big Five as an orga-
nizing framework for commonly used psychological trait scales.
J. Pers. Soc. Psychol. 122, 749-777

DeYoung, C.G. et al. (2012) From madness to genius: the
Openness/Intellect trait domain as a paradoxical simplex.
J. Res. Pers. 46, 63-78

Lauriola, M. et al. (2016) Attitude toward ambiguity: empirically
robust factors in self-report personality scales. Assessment
23, 353-373

Schwaba, T. (2019) The structure, measurement, and develop-
ment of openness to experience across adulthood. In Hand-
book of Personality Development (McAdams, D.P. et al., eds),
pp. 185-200, The Guilford Press

Smaldino, P.E. et al. (2019) Niche diversity can explain cross-
cultural differences in personality structure. Nat. Hum. Behav.
3, 1276-1283

Schwaba, T. et al. (2025) Robust inference and widespread
genetic correlates from a large-scale genetic association study
of human personality. bioRxiv https://doi.org/10.1101/
2025.05.16.648988

Zietsch, B.P. (2024) Genomic findings and their implications for
the evolutionary social sciences. Evol. Hum. Behav. 45, 106596
DeYoung, C.G. (2013) The neuromodulator of exploration: a
unifying theory of the role of dopamine in personality. Front.
Hum. Neurosci. 7, 762

Hofmann, R. et al. (2025) There are a million ways to be a
woman and a million ways to be a man: gender differences
across personality nuances and nations. J. Res. Pers. 115,
104582

Costa, P.T. et al. (2001) Gender differences in personality traits
across cultures: robust and surprising findings. J. Pers. Soc.
Psychol. 81, 322-331

Schmitt, D. (2008) Why can’t a man be more like a woman?
sex differences in Big Five personality traits across 55 cultures.
J. Pers. Soc. Psychol. https://doi.org/10.1037/0022-
3514.94.1.168

Murphy, S.A. et al. (2021) International comparison of gender
differences in the five-factor model of personality: an investiga-
tion across 105 countries. J. Res. Pers. 90, 104047

Kajonius, P. and Mac Giolla, E. (2017) Personality traits across
countries: support for similarities rather than differences. PLoS
ONE 12, 0179646

Graham, E.K. et al. (2020) Trajectories of Big Five personality
traits: a coordinated analysis of 16 longitudinal samples. Eur.
J. Personal. 34, 301-321

Roberts, B.W. et al. (2006) Patterns of mean-level change in
personality traits across the life course: a meta-analysis of longi-
tudinal studies. Psychol. Bull. 132, 1

Denissen, J.J.A. et al. (2013) Self-regulation underlies tempera-
ment and personality: an integrative developmental framework.
Child Dev. Perspect. 7, 255-260

Seifert, 1.S. et al. (2024) Using within-person change in three
large panel studies to estimate personality age trajectories.
J. Pers. Soc. Psychol. 126, 150-174

Schwaba, T. et al. (2022) Refining the maturity principle of per-
sonality development by examining facets, close others, and
co-maturation. J. Pers. Soc. Psychol. 122, 942-958

Brandt, N.D. et al. (2023) Beyond Big Five trait domains: stabil-
ity and change in personality facets across midlife and old age.
J. Pers. 91, 1171-1188

Chu, L. et al. (2021) Association between age and intellectual
curiosity: the mediating roles of future time perspective and
importance of curiosity. Eur. J. Ageing 18, 45-53

Sadeghiyeh, H. et al. (2020) Temporal discounting correlates
with directed exploration but not with random exploration. Sci.
Rep. 10, 4020

Frankenhuis, W.E. and Gopnik, A. (2023) Early adversity and
the development of explore—exploit tradeoffs. Trends Cogn.
Sci. https://doi.org/10.1016/j.tics.2023.04.001

Boon-Falleur, M. et al. (2024) The effect of income and wealth on
behavioral strategies, personality traits, and preferences. Perspect.
Psychol. Sci. https://doi.org/10.1177/17456916231201512

Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

10

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

Trends in Cognitive Sciences

Brommer, J.E. and Class, B. (2017) Personality from the per-
spective of behavioral ecology. In Personality in Nonhuman Ani-
mals (Vonk, J. et al., eds), pp. 73-107, Springer International
Publishing

Frost, A.J. et al. (2007) Plasticity in animal personality traits:
does prior experience alter the degree of boldness? Proc.
Biol. Sci. 274, 333-339

Barrett, L. et al. (1992) Environmental influences on play behav-
jour in immature gelada baboons. Anim. Behav. 44, 111-115
Sharpe, L.L. et al. (2002) Experimental provisioning increases
play in free-ranging meerkats. Anim. Behav. 64, 113-121
Mettke-Hofmann, C. et al. (2002) The significance of ecological
factors for exploration and neophobia in parrots. Ethology 108,
249-272

Gabora, L. and Colgan, P. (1990) A model of the mechanisms
underlying exploratory behaviour. In From Animals to Animats:
Proceedings of the First International Conference on Simulation
of Adaptive Behavior (Meyer, J.-A. and Wilson, S.W., eds), pp.
475-484, The MIT Press

Meester, G.D. et al. (2018) Hunt or hide: how insularity and
urbanization affect foraging decisions in lizards. Ethology 124,
227-235

Katz, K. and Naug, D. (2015) Energetic state regulates the
exploration—-exploitation trade-off in honeybees. Beheco 26,
1045-1050

Jacobson, S.L. et al. (2025) Wild elephants vary in their attrac-
tion to novelty across an anthropogenic landscape gradient.
R. Soc. Open Sci. 12, 250896

Korotayev, A. et al. (2019) Human values and modernization:
a global analysis. J. Global. Stud. 1, 44-71. https://doi.org/
10.30884/j0gs/2019.01.04

Beuchot, T. et al. (2026) Socio-economic conditions and the
calibration of human personality: a meta-analytic review.
Preprint https://doi.org/10.31234/osf.io/rv75e_v1

Gotz, F.M. et al. (2021) Local housing market dynamics predict
rapid shifts in cultural openness: a 9-year study across 199
cities. Am. Psychol. 76, 947-961

Xu, Q. et al. (2025) Distinct effects of early-stage and late-stage
socioeconomic factors on brain and behavioral traits. Nat.
Neurosci. 28, 676-687

. Shah, P.E. et al. (2023) Ecological contexts associated

with early childhood curiosity: neighborhood safety, home and
parenting quality, and socioeconomic status. Front. Psychol.
14, 986221

Xu, Y. et al. (2023) Childhood unpredictability and the
development of exploration. Proc. Natl. Acad. Sci. U. S. A.
120, 2303869120

Zhang, D. et al. (2018) Family socio-economic status and
parent-child relationships are associated with the social
creativity of elementary school children: the mediating role of
personality traits. J. Child Fam. Stud. 27, 2999-3007

Lloyd, A. et al. (2022) Individuals with adverse childhood expe-
riences explore less and underweight reward feedback. Proc.
Natl. Acad. Sci. U. S. A. 119, e2109373119

Oh, V.Y. et al. (2022) Income moderates changes in big-five
personality traits across eighteen years. Eur. J. Pers. https://
doi.org/10.1177/08902070221078479

Liquin, E.G. and Gopnik, A. (2022) Children are more explor-
atory and learn more than adults in an approach-avoid task.
Cognition 218, 104940

Kaplan, H.S. et al. (2009) The evolutionary and ecological roots of
human social organization. Phios. Trans. R. Soc. B 364, 3289-3299
Tottenham, N. et al. (2019) Parental presence switches avoidance to
attraction learming in children. Nat. Hum. Behav. 3, 1070-1077
Gopnik, A. (2020) Childhood as a solution to explore—exploit
tensions. Philos. Trans. R. Soc. B 375, 201905602

Ellis, B.J. et al. (2022) Why and how does early adversity influ-
ence development? Toward an integrated model of dimensions
of environmental experience. Dev. Psychopathol. 34, 447-471
Mullett, T.L. et al. (2020) Individual-level analyses of the impact
of parasite stress on personality: reduced openness only for
older individuals. Pers. Soc. Psychol. Bull. 46, 79-93

Farkas, B.C. and Jacquet, P.O. (2025) Characterizing the role of
unpredictability within different dimensions of early life adversity.
Dev. Psychopathol. 37, 1996-2010


http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0320
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0320
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0320
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0325
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0325
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0325
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0330
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0330
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0330
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0335
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0335
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0335
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0340
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0340
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0340
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0340
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0345
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0345
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0345
https://doi.org/10.1101/2025.05.16.648988
https://doi.org/10.1101/2025.05.16.648988
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0350
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0350
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0355
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0355
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0355
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0360
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0360
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0360
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0360
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0365
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0365
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0365
https://doi.org/10.1037/0022-3514.94.1.168
https://doi.org/10.1037/0022-3514.94.1.168
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0375
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0375
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0375
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0380
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0380
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0380
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0385
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0385
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0385
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0390
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0390
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0390
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0395
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0395
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0395
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0400
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0400
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0400
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0405
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0405
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0405
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0410
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0410
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0410
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0415
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0415
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0415
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0420
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0420
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0420
https://doi.org/10.1016/j.tics.2023.04.001
https://doi.org/10.1177/17456916231201512
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0435
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0435
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0435
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0435
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0440
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0440
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0440
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0445
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0445
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0450
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0450
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0455
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0455
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0455
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0460
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0460
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0460
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0460
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0460
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0465
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0465
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0465
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0470
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0470
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0470
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0475
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0475
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0475
https://doi.org/10.30884/jogs/2019.01.04
https://doi.org/10.30884/jogs/2019.01.04
https://doi.org/10.31234/osf.io/rv75e_v1
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0490
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0490
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0490
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0495
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0495
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0495
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0500
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0500
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0500
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0500
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0505
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0505
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0505
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0510
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0510
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0510
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0510
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0515
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0515
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0515
https://doi.org/10.1177/08902070221078479
https://doi.org/10.1177/08902070221078479
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0525
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0525
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0525
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0530
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0530
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0535
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0535
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0540
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0540
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0545
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0545
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0545
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0550
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0550
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0550
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0555
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0555
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0555

Trends in Cognitive Sciences

118.

114.

116.

116.

7.

118.

110.

120.

121.

Courson, B. de et al. (2023) Quantifying the scientific revolution.
Evol. Hum. Sci. 5, e19

Batruch, A. et al. (2025) Advancing the psychology of social
class with large-scale replications in four countries. Nat. Hum.
Behav. 9, 2382-2403

Dubourg, E. and Baumard, N. (2024) Does curiosity adaptively vary
with ecological contexts? a correlational study with socioeconomic
status. Evol. Behav. Sci. https://doi.org/10.1037/ebs0000355
Tomasello, M. (2003) Constructing A Language: A Usage-
based Theory of Language Acquisition, Harvard University
Press

Baumard, N. and André, J.-B. (2025) The ecological approach
to culture. Evol. Hum. Behav. 46, 106686

Laland, K.N. (2008) Exploring gene-culture interactions:
insights from handedness, sexual selection and niche-
construction case studies. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 363, 3577-3589

Claidiere, N. and Sperber, D. (2007) The role of attraction in cul-
tural evolution. J. Cogn. Sci. 7, 89-111

Dubourg, E. et al. (2025) Charting the rise of imaginary worlds in
history. Humanit. Soc. Sci. Commun. 12, 580

Zhong, Y. et al. (2025) Literary fiction indicates earty modemization in
China prior to westem influence. Sociol. Sci. 12, 202-231

122.

128.

124.

125.

126.

127.

128.

129.

Baumard, N. (2019) Psychological origins of the Industrial Rev-
olution. Behav. Brain Sci. 42, €189

Thomas, K. (1971) Religion and the Decline of Magic: Studies in
Popular Beliefs in Sixteenth and Seventeenth Century England,
Weidenfeld & Nicolson

McCauley, R.N. (2011) Why Religion Is Natural and Science Is
Not, Oxford University Press

Baumard, N. et al. (2023) Cognitive fossils: using cultural arti-
facts to reconstruct psychological changes throughout history.
Trends Cogn. Sci. 28, 172-186

Martins, M. de J.D. and Baumard, N. (2020) The rise of
prosociality in fiction preceded democratic revolutions in Early
Modern Europe. Proc. Natl. Acad. Sci. U. S. A. 117, 202009571
Safra, L. et al. (2020) Tracking historical changes in trustworthi-
ness using machine learning analyses of facial cues in paintings.
Nat. Commun. 11, 4728

Inglehart, R. and Baker, W.E. (2000) Modernization, cultural
change, and the persistence of traditional values. Am. Sociol.
Rev. 65, 19

Gurven, M. et al. (2013) How universal is the Big Five? Testing
the five-factor model of personality variation among forager—
farmers in the Bolivian Amazon. J. Pers. Soc. Psychol. https://
doi.org/10.1037/a0030841

¢ CellP’ress

Trends in Cognitive Sciences, Month 2026, Vol. xx, No. xx 15



http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0560
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0560
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0565
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0565
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0565
https://doi.org/10.1037/ebs0000355
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0575
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0575
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0575
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0580
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0580
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0585
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0585
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0585
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0585
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0590
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0590
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0595
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0595
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0600
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0600
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0605
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0605
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0610
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0610
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0610
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0615
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0615
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0620
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0620
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0620
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0625
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0625
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0625
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0630
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0630
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0630
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0635
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0635
http://refhub.elsevier.com/S1364-6613(26)00071-9/rf0635
https://doi.org/10.1037/a0030841
https://doi.org/10.1037/a0030841

	Openness to Experience: from ecology to culture
	Toward a unified account of Openness
	The behavioral constellation of Openness
	The psychological basis of Openness
	The ecological modulation of Openness
	Ecological modulation of exploration in nonhuman animals
	Evidence for ecological modulation of Openness in humans
	Which ecological cues modulate Openness?
	Harshness versus unpredictability
	Individual versus aggregate ecology
	Objective versus subjective indicators
	Developmental timing


	The cultural expressions of Openness
	Symbolic culture and artistic abstraction
	Science, superstition, and epistemic institutions
	Cooperation, tolerance, and the expansion of moral boundaries

	Concluding remarks
	Acknowledgments
	Declaration of interests
	Declaration of Generative AI and AI-assisted technologies in the writing process
	References




