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Review
Glossary

Androgens: hormones such as testosterone that influence some male

characteristics such as the development of male genitalia.

Biopsychosocial: term that emphasizes the continuous, causal interactions

between biological (e.g., brains) and environmental (e.g., activities) factors.

Cognitive sex differences: average differences in performance between

females and males on tests of academic achievement and cognitive abilities.

Congenital adrenal hyperplasia (CAH): a genetic disorder that causes

individuals to have abnormally high exposure to prenatal androgens.

Cortical thickness: the thickness of the cerebral cortex in a specific brain

region. The cerebral cortex supports most cognitive functioning and is the

outermost layer of the brain.

Gender: meanings that societies and individuals give to female and male

categories.

Gender equity: structural factors that provide equal opportunities for men and

women in different societal domains (e.g., education, workforce).

Gender stereotypes: beliefs such as ‘women have poor mathematics ability’

that associate women and men with particular traits. Some aspects of
Surprising new findings indicate that many conclusions
about sex differences and similarities in cognitive abili-
ties need to be reexamined. Cognitive sex differences are
changing, decreasing for some tasks whereas remaining
stable or increasing for other tasks. Some sex differences
are detected in infancy, but the data are complex and
depend on task characteristics. Diverse disciplines have
revolutionized our understanding of why these differ-
ences exist. For instance, fraternal-twin studies align
with earlier literature to help establish the role of prena-
tal androgens and large international datasets help ex-
plain how cultural factors such as economic prosperity
and gender equity affect females and males differently.
Understanding how biological and environmental fac-
tors interact could help maximize cognitive potential
and address pressing societal issues.

The new science of cognitive sex differences:
contemporary societal issues, contemporary data
Controversial societal issues such as single-sex education
and the underrepresentation of women in science and engi-
neering fields have sparked new interest in and debate
about sex differences in cognitive abilities. The idea of
cognitive sex differences has captivated many people’s curi-
osities and raises politically and emotionally charged ques-
tions. Can brain differences and testosterone explain why
women and men perform differently on some cognitive
tasks? Or can these differences be attributed to socialization
practices and gender stereotypes? Recent evidence, emerg-
ing from diverse disciplines, has revolutionized our under-
standing of when these differences are found and why they
exist. Research has confirmed some societal stereotypes,
finding reliable and large sex differences on specific cogni-
tive tasks [1]. Research has disconfirmed other stereotypes,
finding compelling evidence for similarities between males
and females on many cognitive tasks [2]. Moreover, even
when average sex differences are large (Box 1), many indi-
vidual men and women will disconfirm these group descrip-
tions. These broad conclusions about sex differences and
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similarities have remained unchanged for many decades.
However, surprising new findings, especially about trends
over time, infant cognition, sex hormones, brain differences,
culture, and stereotypes, indicate that other, earlier conclu-
sions need to be reexamined. Building on comprehensive
reviews [1,3], this review selectively focuses on these recent
findings to highlight their relevance for understanding con-
temporary societal issues and informing policy decisions.
These recent data are especially critical considering rapid
changes in men’s and women’s participation in societal
institutions such as higher education and employment.
We focus on findings published within approximately the
past 2–4 years and occasionally cite older studies to estab-
lish historical trends and meta-analytic findings. Earlier
reviews [1,3] provide detailed discussion of other studies
such as those concerning attitudes towards specific academ-
ic fields [4,5], biological sex differences more broadly [6,7],
and socialization practices [8] including the effects of paren-
tal and teacher expectations [4,5].

Changes over decades
Research conducted in the 1970s to 1980s suggested an
alarming finding that boys outnumber girls 13 to 1 among
stereotypes are accurate, whereas others are not.

Meta-analysis: quantitative synthesis of empirical studies investigating a

particular topic (e.g., sex differences in mathematics test performance).

Prenatal and postnatal: before and after birth, respectively.

Sex: grouping of people into female and male categories. Use of the term ‘sex

differences’ does not imply that those differences are primarily biologically or

environmentally caused.

Sex hormones: hormones such as estrogen and testosterone that influence

some sex-differentiated characteristics such as reproductive functioning.

Stereotype threat: being at risk of confirming a negative stereotype about

one’s social group.
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Box 1. What cognitive tasks show sex differences?

Some spatial tasks such as mentally rotating 3D objects show the

largest sex differences, favoring men by �0.5–1 standard deviations

[26]. Much research has understandably focused on spatial tasks

that show large sex differences, but this focus does not address how

typical male advantages would be on a fuller range of spatial tasks.

For instance, despite their presumed demands on spatial proces-

sing, geometry problems on mathematics tests typically show

small-to-nonexistent sex differences [13,77].

Task characteristics influence spatial sex differences. For instance,

male advantages in mental rotation are larger when the task

involves 3D objects versus 2D objects [26] and has strict time limits

versus no time limits [25]. However, other task differences are less

well understood, such as why mentally rotating objects shows sex

differences but mentally folding paper does not reliably (see

Figure 1 in main text) [26,112]. For instance, Harris and colleagues

recently reviewed comparisons between mental rotation and mental

folding, finding evidence for many similarities in the underlying

cognitive processes [112]. That review paper speculated that the

differences in male advantages may reflect task differences in

requiring rigid versus non-rigid transformations of objects, but

noted that current evidence is limited.

At least one spatial task (remembering object locations) moder-

ately favors women [22]. This finding aligns with small to moderate

female advantages on some memory tasks such as remembering

object identities, faces, and lists of words and numbers [11,18,22].

Some other memory tasks show more mixed findings [17,19–21].

For instance, when described as a test of geometry ability, a task

involving recalling an abstract spatial diagram showed differences

favoring boys (d = 0.51) [20]. However, when described as a test of

drawing ability, the task showed differences favoring girls (d = 0.50).

This study (n = 199) [20] replicated two earlier studies [19].

Sex differences in average mathematics test performance tend to

be small to nonexistent [13,16,77], although boys outnumber girls

among high performers (e.g., top 1% or higher) in most but not all

nations [9,10,16,78]. These differences often do not reliably differ by

task characteristics (e.g., geometry versus non-geometry problems),

although girls sometimes slightly outperform boys on problems

requiring algebraic solutions or short-answer responses [13,77].

These small female advantages for algebra and short-answer

problems align with findings regarding verbal tasks. For instance,

girls outperform boys in reading across the globe (�0.2–0.6

standard deviations) [11,16,79]. These female advantages are larger

among lower-performing students [16,79] and are even larger for

writing tasks [11].

Box 2. How do sex hormones influence cognitive ability-

related brain development?

Influential theories in the 1980s hypothesized that cognitive sex

differences can be explained by how much of the brain’s left or right

hemisphere is dominant for particular cognitive functions. Prenatal

androgens were thought to slow development of the left hemi-

sphere, resulting in males becoming more dominant than females in

their right hemisphere. These lateralization sex differences could

explain cognitive sex differences because verbal tasks often rely

more on the left hemisphere and spatial tasks more on the right

hemisphere [1]. However, four meta-analyses published within the

past 5 years do not provide compelling support for these predictions

regarding lateralization for language tasks [72,74,75] or hormone–

brain relationships [71]. For instance, sex differences in lateraliza-

tion for listening tasks are minimal (d = 0.05) [74]. Lateralization sex

differences are sometimes found for spatial tasks [37,73], but these

differences could reflect differences in strategies and experience

[69,86] rather than the organizing effects of prenatal androgens.

Adding additional complexity, prenatal androgens may not directly

affect neural regions related to cognitive abilities but instead

regions related to sex-typed preferences [42].

Postnatal hormones may influence brain development and

functioning related to cognitive abilities, but the evidence is mixed.

Some scholars have argued that moderate levels of androgens

maximize spatial performance and therefore higher androgen levels

should predict better spatial performance for females and worse

performance for males [59]. Some evidence exists for these

predictions regarding androgens encountered in utero [43,46], in

puberty [62], and in adulthood [59,63]. However, other studies fail to

support these predictions regarding androgens encountered in

adolescence [52,56] or adulthood [54,61]. For instance, higher

circulating levels of testosterone sometimes predict better spatial

performance among adult men [54,61] or more complicated

patterns [51]. Other correlational [55,56,58,60] and experimental

studies [55,57], even those with moderately large samples (n � 200)

[55,57,60], suggest that postnatal androgens have limited effects on

adults’ cognition. Puts and colleagues [60] concluded that ‘circulat-

ing [testosterone] does not contribute substantially to sex differ-

ences in spatial ability in young men and women’ (p. 282), based on

a moderately large study with a within-subjects design (n = 337) and

an extensive review of literature published in or before 2010. Studies

on estrogens [51,55–58], older adults [55,57,58,61,63], and verbal

abilities [53–58,61–63] do not indicate any clearer findings. These

results may be consistent with the brain’s sensitivity to sex

hormones decreasing during adolescence [64,65]. Hormones may

affect cognitive brain development during adolescence, but current

evidence is mixed [52,56,62].

Review Trends in Cognitive Sciences January 2014, Vol. 18, No. 1
American students with exceptional mathematics talent
[9]. However, this tail ratio has dropped to about 2–4 to 1 in
recent years, according to both self-selected [9] and nation-
ally representative samples [10]. Sex differences in aver-
age mathematics test performance also decreased during
the 1970s to 1980s [11,12] and have since remained small
to negligible [10,13].

These changes over time have led some scholars to
conclude that cognitive sex differences are disappearing.
However, the data indicate nuanced trends. For instance,
the overrepresentation of males among high mathematics
performers decreased during the 1980s, but has not been
decreasing since the 1990s [9,10]. Since at least 1990, girls
have earned higher mathematics grades by approximately
0.1–0.2 Grade Point Average (GPA) points [14]. Other data
also indicate complex findings. Earlier meta-analytic evi-
dence suggested few sex differences in verbal abilities [15],
but recent analyses of large-scale international assess-
ments call for reexamination of this claim. In an analysis
of 1.5 million children’s reading achievements, girls out-
performed boys in all 75 nations in all testing administra-
38
tions (in total, 213 independent samples) [16]. These sex
differences were moderately large in 55% of cases
(0.36 � d < 0.65) and may be increasing over time.
Small-to-moderate female advantages are also consistent-
ly found for some but not all memory tasks (Box 2) [11,17–
22]. Male advantages are found on some but not all spatial
tasks (Figure 1) [22–26]; cross-temporal trends on spatial
tasks are mixed [26].

Developmental trends
Some sex differences are found surprisingly early in life.
For instance, in a large nationally representative sample,
girls outperformed boys in reading by 0.2 standard devia-
tions when entering kindergarten [27]. Although sex dif-
ferences in average mathematics test performance are not
reliably found until high school and college [13], small male
advantages in high mathematics test performance (e.g.,
top 10%) are found among kindergarteners [28]. More
dramatically, four studies have found male advantages
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Figure 1. Example spatial tasks showing either large or small sex differences. For the mental-rotation task, participants are asked to mentally rotate the far-left object to

match two of the right-hand objects (correct answers: B and C). For the mental-folding task, participants are asked to mentally fold the far-left drawing to match one of the

right-hand drawings (correct answer: A). The mental-rotation task reliably shows large male advantages (�0.5–1 standard deviations), but the mental-folding task does not

(�0.1–0.3 standard deviations) [26]. Reasons for this substantial variability across tasks remain a mystery [112]. Adapted, with permission, from [24] and [113].
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in mental rotation tasks among infants as young as 3
months of age [29,30]. However, many other infant studies
did not detect these differences when alternate mental
rotation tasks were used [31–35], including tasks [34,35]
that closely matched those used in prior studies [29].
Similar male advantages in rotation tasks are sometimes
detected among preschoolers and kindergarteners [36–38]
but sometimes not [39–41]. Causes for these nuanced
differences across studies and tasks are currently unclear.
Although often interpreted as reflecting innate brain dif-
ferences, early-emerging sex differences do not necessarily
establish biological or environmental causation. For in-
stance, sex differences in high mathematics test perfor-
mance are reversed (female advantage) among Latino
kindergarteners, indicating the early emerging effects of
family and culture [28]. Moreover, even infants’ cognitive
abilities are sensitive to small differences in experience
(e.g., crawling, manually exploring objects) [31–35].

Hormonal influences
Much research on the cognitive effects of prenatal sex
hormones has previously been limited to clinical popula-
tions, such as females with congenital adrenal hyperplasia
(CAH) who are exposed to high levels of prenatal andro-
gens in utero [42]. According to a meta-analysis of nine
samples [43], females with CAH exhibit higher spatial
performance than control females (d = 0.47). Recent re-
search on nonclinical populations aligns with these CAH
studies to provide converging evidence that prenatal hor-
mones influence cognition. For instance, serving as natural
experiments in nonclinical populations, females with fra-
ternal male twins are also exposed to high levels of prena-
tal androgens [44]. These females also have higher mental
rotation performance than control females (d � 0.3–0.4),
according to two published studies (n = 200 and 471) and
one unpublished study [45,46]. One study [45] also found
that women with a slightly older brother (within 18 months
of age) performed the same as women with a slightly older
sister. This latter finding helps exclude the environmental
confounds (e.g., presence of male-typical toys) that result
from growing up with a male sibling close in age.

Females with fraternal male twins also show more
male-typical patterns on a few other sex-differentiated
traits such as sensation-seeking and tooth size [44,47],
but not other traits such as female-typical interests and
reproductive functioning [44]. A systematic review of the
literature on hormonal transfer between co-twins conclud-
ed that, ‘while uneven, the evidence for the [twin testos-
terone transfer] hypothesis is sufficient to warrant further
investigation’ (p. 713) [44]. The review found the most
consistent evidence for hormonal transfer in studies inves-
tigating cognitive traits and hypothesized that inconsis-
tencies across different traits may reflect differences in
when certain phenotypes develop prenatally. Hence, these
co-twin studies [44–46] have important limitations, as with
any empirical research. However, these studies also align
with earlier CAH studies [42,43] to provide converging
evidence that prenatal androgens influence cognitive abil-
ities. Scholars continue to debate this evidence and form
differing conclusions [3,6,7].

Evidence for prenatal effects has been mixed in studies
analyzing individual differences in androgen exposure.
However, these mixed results may relate to methodological
limitations, especially in the case of one widely used, but
crude, indicator of androgen exposure based on individuals’
finger lengths [43,48]. A few studies have analyzed more
direct measures of prenatal androgen exposure (e.g., tes-
tosterone in amniotic fluid), but these measures are also
limited [49]. For instance, in one recent study (n = 64),
individual differences in amniotic testosterone predicted
later performance on one spatial task (disembedding) but
not others (mental rotation and targeting) [36]. These
results are difficult to interpret because neural regions
supporting specific spatial abilities and preferences
39
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develop during unknown gestational periods that may or
may not coincide with the time of testosterone measure-
ment [48,49].

Hence, barring correlational studies that have notable
limitations [36,43,48], evidence from clinical [42,43] and
nonclinical populations [44–46] indicates that prenatal
androgens are likely to increase females’ mental rotation
performance and slightly decrease that of males (Box 2).
Effects on any other cognitive abilities (spatial or other-
wise) remain unclear, although current research is addres-
sing this limitation [42,44,50]. Postnatal androgens may
have smaller cognitive effects than prenatal androgens
(Box 2) [51–63], consistent with androgen sensitivity de-
creasing during development [64,65].

Brain differences
Sex hormones encountered during critical developmental
periods (e.g., in utero, shortly after birth, during puberty)
are often assumed to have permanent, organizational
effects on brain development, whereas sex hormones en-
countered during adulthood have temporary, activational
effects on brain functioning [65]. However, distinctions
between organizational and activational effects are often
difficult to distinguish empirically, especially because en-
vironmental experiences continue to shape brain structure
even in adulthood [66]. Recent data indicate nuanced
interpretations of how prenatal androgens influence brain
development. For instance, prenatal hormones could influ-
ence postnatal cognitive abilities, but indirectly through
preferences [48]. Higher prenatal androgen exposure may
cause females to seek out male-typical activities that are
likely to enhance spatial cognition, according to mediation-
al analyses in one recent CAH study (n = 32) [42]. Infant
sex differences, regardless of whether robust [29,30] or not
[31–35], also do not support interpretation of permanent
brain differences caused by organizational hormonal
effects. For instance, one recent study (n = 293) on neo-
nates’ brain structure concluded that androgens had ‘some
minor sex-specific effects. . .but did not appear to be the
primary determinant of sexual dimorphism in this age
group’ (p. 9) [67]. In summary, the precise neural mecha-
nisms that underlie the cognitive effects of prenatal andro-
gens are unclear (Box 2), but current research offers
promising research directions [42,45,67].

Longitudinal studies provide evidence that sex hor-
mones influence some specific aspects of brain develop-
ment during puberty. For instance, adolescents (n = 284)
with higher androgen sensitivity showed more male-typi-
cal patterns of maturation in specific areas of the cerebral
cortex [68]. This finding is potentially relevant to cognitive
sex differences because the cerebral cortex, the outermost
structure of the brain, supports most cognitive functioning.
However, that study’s authors cautioned that their dataset
did not allow them to directly test brain–cognition relation-
ships [68] and studies directly relating pubertal sex hor-
mones to cognitive abilities have found mixed results
[52,56,62]. Neural explanations of cognitive sex differences
are complex, especially given findings that women and men
sometimes use brain regions differently to achieve equal
cognitive performance [69,70]. Recent research informs
older theories about sex differences in brain lateralization
40
(Box 2) [71–75] and newer theories about other neural
characteristics such as proportions of white matter and
connectivity between brain regions [70,76].

Cultural influences
Enormous international datasets (e.g., n > 100,000) have
found large cross-cultural variation in cognitive sex differ-
ences. For instance, challenging the notion of universal
male advantage in mathematics, sex differences in average
mathematics test performance are not found in many
nations and are even reversed (female advantage) in a
few [16,77–79]. Female advantages in reading and male
advantages in mental rotation are found in all nations
analyzed so far (75 nations for reading, 53 for spatial)
[16,23], but these sex differences vary in magnitude. For
instance, male advantages in spatial (and mathematics)
performance tend to be larger in wealthier nations [23,79]
and in families with higher socioeconomic status within
nations [28,80]. Female advantages in reading also vary
substantially, but cross-national trends are unclear
[16,79,81].

These cross-national findings have multiple plausible
interpretations. For instance, boys could also learn spatial
skills better or faster than girls, thus explaining why
spatial sex differences are larger in nations with more
educational resources [82]. However, meta-analytic find-
ings provide evidence against this interpretation [83].
Another possibility relates to differential engagement in
sex-typed activities [80,82]. For instance, some male-typi-
cal activities such as playing with construction toys or
action video games can substantially improve spatial skills
[83–85], even causing neural changes in cortical thickness
[86] and sex-differentiated patterns of brain activation
[69,86]. Ability and neural sex differences may therefore
be larger in environments such as richer nations that
provide more opportunities to engage in such sex-typed
cognitive activities [80]. Other interpretations are also
possible (Box 3).

Sex differences in mathematics test performance are also
larger in nations with less gender equity (e.g., percentage of
women among employed researchers) [77,79]. This litera-
ture’s rapid development has understandably led to confu-
sion over conceptualizations of core constructs such as
gender equity. Contrasting with unidimensional operatio-
nalizations [16], Else-Quest and colleagues [77,87] argue
that gender equity is a complex, multidimensional construct
(Box 3). For instance, despite scoring highly on composite
measures of gender equity, many Western European
nations have large sex differences in the types of academic
and occupational fields that men and women pursue [88,89].
Such sex segregation could then reinforce gender stereo-
types even in ‘gender-equal’ nations such as The
Netherlands [90]. Evidence suggests that gender equity in
only some domains (e.g., education, workforce), and not
others (e.g., health), may influence cognitive sex differences
[77,79,91]. Hence, disagreement among scholars [16,78]
may reflect differences in operationalizations of gender
equity rather than differences in results. As discussed in
Box 3, these cross-national findings build on socialization
theories that focus on individual attitudinal constructs such
as valuing of mathematics and intergenerational factors



Box 3. Defining gender equity

Gender equity refers to structural factors such as access to education

and antidiscrimination policies that provide equal societal opportu-

nities for women and men [87]. Else-Quest and colleagues argue that

gender equity is multidimensional (e.g., equitable access to education

weakly correlates with women’s political agency) and that composite

measures that collapse across multiple equity domains often do not

pinpoint specific mechanisms [77,87].

Psychological theory should specify which equity domains are most

relevant. For instance, according to theories of academic motivation

[4,77], a girl may not persist in mathematics classes if she does not

perceive their utility for the future (e.g., she observes that women are

scarce in mathematics-intensive occupations). Girls’ educational

choices and mathematics test performance should therefore relate

more strongly to women’s employment in mathematics-intensive

occupations specifically than all occupations generally. These predic-

tions are supported in both cross-national research [77,79] and research

conducted across school districts within the USA [91]. Also consistent

with theoretical predictions, women’s employment in the national

research workforce predicted girls reporting more confidence in their

mathematics ability, more motivation to pursue mathematical tasks,

more valuing of mathematics, and less mathematics anxiety [77].

Previous longitudinal research provides evidence on how these multi-

faceted attitudinal constructs may influence academic choices and

performance [4,5]. These cross-national findings extend previous

research on socialization practices [4,5,8] by suggesting how broad

sociocultural factors such as occupational sex segregation may

influence individual-level outcomes such as valuing of mathematics

[77]. Any strong causal interpretation of these data is limited because of

their correlational nature, but the findings nevertheless demonstrate

the need for psychological theories that can explain domain-specific,

cross-national relationships [87].

Attesting to the multidimensionality of gender equity in general,

sociologists distinguish between forms of occupational sex segrega-

tion that are vertical (men disproportionally have jobs with higher

pay) and horizontal (the sexes have equal income, but different

occupations) [89]. For instance, in Sweden women and men earn

more-equal pay than in some other nations but pursue different types

of occupations [88,89]. Factors other than cognitive sex differences

are likely to contribute to cross-national variation in horizontal sex

segregation. For instance, some sociologists have argued that

economic prosperity increases such segregation for several reasons

(e.g., diversification of occupational choices, stronger gender-essen-

tialist ideologies) [88]. Once established, this segregation can enlarge

cognitive sex differences as discussed [77,79] and reinforce stereo-

types about women and men in specific academic fields (e.g., science)

even in ‘gender-equal’ nations such as The Netherlands [90].
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such as parental expectations [4,5]. Another socialization
perspective that has received much recent attention regards
the situational cognitive effects of gender stereotypes.

Gender stereotypes
Gender stereotypes may influence cognitive sex differences
through a complex phenomenon known as stereotype
threat (see Glossary) [92]. Stereotype-threat research
builds on considerable previous literature on gender
stereotypes [4,5,8,93] by experimentally establishing
how they can have immediate situational effects on cogni-
tive performance. For instance, reminding women of nega-
tive stereotypes about their mathematics abilities can
immediately lower their mathematics test performance
[92] and even cause differences in brain activation
[94,95]. Some scholars debate this evidence [3], suggesting
that these effects are not robust according to a meta-
analysis [96]. Stereotype-threat researchers responded
by arguing that the meta-analysis’s selection criteria were
biased and that a subsequent meta-analysis found robust
effects [97]. Recent field research provides new evidence on
stereotype-threat effects in real-world, applied settings.
For instance, in a large, nationally representative sample
(n � 200,000), experimental methods found evidence for
small, but potentially important, stereotype-threat effects
on a low-stakes, standardized mathematics exam [98].
Reducing stereotype threat increased some women’s phys-
ics achievement over one college semester, illustrating how
stereotype threat can have both immediate and longitudi-
nal consequences [99]. Other studies [19,100,101] find
analogous results, but much more field-based research is
needed. Gender-stereotype research has also begun to
investigate spatial [19,20,54,102,103] and verbal [104–
106] cognitive tasks and has found encouraging but com-
plex results. An exciting research direction investigates
the role of teachers and parents in shaping stereotype
threat [5]. For instance, girls (but not boys) in kindergarten
underperformed and endorsed gender-mathematics
stereotypes if their female teacher was anxious about
mathematics [107], but were immune to stereotype-threat
effects if their mothers rejected gender-mathematics
stereotypes [108]. These studies and others
[103,104,109] suggest that stereotype-threat effects may
emerge as early as in kindergarten, although results are
mixed [110]. In summary, both laboratory and field re-
search suggest that stereotype threat may explain some,
but not all, of the sex differences sometimes found in
standardized test performance.

Biopsychosocial interactions
Based on the reviewed evidence, are biological or environ-
mental influences more important in explaining cognitive
sex differences? This question is flawed because it assumes
a false dichotomy between biology and environment. As
reviewed, biological factors such as prenatal androgens can
influence how individuals select environments [42] and
these environments can then cause further biological de-
velopment [66,69,86]. Broad cultural factors such as gen-
der equity can even reverse these sex differences in
particular contexts and nations [77–79]. Biopsychosocial
perspectives therefore describe biology and environment
as two sets of intertwined factors that influence each other
in a continuous causal loop (Figure 2) [1]. The reviewed
evidence suggests that both sets of factors (e.g., prenatal
androgens and gender stereotypes) fuel this intertwined
loop to sometimes produce sex differences and sometimes
sex similarities. Recent research has been increasingly
using these broad perspectives [111] to test empirically
specific biopsychosocial hypotheses in the context of cogni-
tive sex differences [42,54,69,86,94,95]. These integrative
approaches have potential for addressing other mysteries
in this literature (Box 4). For instance, why do some
cognitive tasks such as mental rotation show large sex
differences but other closely related tasks such as mental
folding do not [112]? Any theory of cognitive sex differences
is incomplete if it cannot also explain why related tasks
41
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Figure 2. Biopsychosocial model. This model depicts how biology and

environment exert reciprocal effects on each other. For instance, biological

factors such as brain differences can affect how individuals select environments

and these environmental factors can then cause further biological development.

Both biology and culture (top-left and bottom-right arrows, respectively) serve as

inputs that start this interacting causal loop, which sometimes produces sex

differences and sometimes sex similarities. Reproduced, with permission, from [1].
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show sex similarities [2]. Interdisciplinary theories and
methods that integrate understanding of the brain, cogni-
tion, and culture are needed to help understand these
complex findings.

Concluding remarks: societal implications
What implications do these cognitive sex differences have?
Importantly, these findings describe group averages and
therefore often have limited relevance to understanding
individual men and women [2]. Many men excel in writing
tasks and many women excel in mental rotation tasks,
even if group averages exist. Do these group averages,
however, explain other group averages such as the
underrepresentation of women in science and engineering
fields [3,113]? Some research suggests ‘partly’, but for
Box 4. Outstanding questions

� How do prenatal sex hormones influence cognitive ability-related

brain development directly in utero and indirectly through activity

preferences after birth?

� How does the brain’s sensitivity to sex hormones change in utero

and during puberty, especially in neural regions supporting

cognitive abilities and preferences?

� How do longitudinal changes in brain development bidirectionally

relate to differences in environmental experiences and cognitive

abilities?

� What explains cross-temporal and cross-national variation in

cognitive sex differences, especially in the domain of reading and

writing?

� When do stereotype-threat effects emerge in development and

how do parents, teachers, and peers cause or protect against

these effects?

� How do gender stereotypes influence sex differences in spatial

and verbal tasks?

� How can literature on cognitive sex differences be optimally used

to maximize women’s and men’s cognitive potential?

42
non-obvious reasons. For instance, among individuals with
high mathematics test performance, individuals with
higher verbal performance are less likely to pursue science
and engineering fields [114,115]. These results suggest
that individuals’ relative cognitive strengths are important
to educational and career decisions. This finding may be
relevant because, on average, men are more likely than
women to have profiles of high mathematics but moderate
verbal test performance [114,115]. However, other factors
may play a more central role in explaining such career
choices, such as work–family balance, which is more diffi-
cult for women who traditionally do the work of care-giving
[3], or perceptions that certain occupations do not afford
communal goals (e.g., working with or helping other peo-
ple), which women endorse more strongly than men [116].

This literature offers insight on how educational policies
and well-designed curricula can maximize women’s and
men’s cognitive potential. For instance, some scholars have
suggested that single-sex education might benefit some
boys and girls by tailoring instruction to their learning
needs [117]. However, the data indicate no clear academic
advantage for single-sex or mixed-sex schools [117,118]
and the potential benefits and harms of single-sex educa-
tion are debated on other grounds [117,119]. Fortunately,
other educational research indicates clearer findings. Well-
designed curricula can improve cognitive abilities and
educational outcomes for both sexes [83–85,120], even
resulting in changes in brain function and structure
[66,86]. Removing stereotype threat can improve both
men’s [104] and women’s [99] academic achievement. As
interdisciplinary approaches emerge to understand sex
differences and similarities, researchers need to also con-
sider these pressing societal implications.
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31 Frick, A. and Möhring, W. (2013) Mental object rotation and motor
development in 8- and 10-month infants. J. Exp. Child Psychol. 115,
708–720

32 Frick, A. and Wang, S. (2013) Mental spatial transformations in 14-
and 16-month infants: effects of action and observational experience.
Child Dev. http://dx.doi.org/10.1111/cdev.12116
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59 Ostatnı́ková, D. et al. (2010) Spatial abilities during the circalunar
cycle in both sexes. Learn. Individ. Differ. 20, 484–487

60 Puts, D.A. et al. (2010) Salivary testosterone does not predict
mental rotation performance in men or women. Horm. Behav. 58,
282–289
43

http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0050
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0050
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0050
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0055
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0055
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0055
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0060
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0060
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0065
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0065
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0070
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0070
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0070
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0075
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0075
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0080
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0080
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0080
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0085
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0085
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0085
http://dx.doi.org/10.1080/13506285.2013.823140
http://dx.doi.org/10.1080/13506285.2013.823140
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0095
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0095
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0095
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0100
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0100
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0100
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0105
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0105
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0105
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0110
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0110
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0115
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0115
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0115
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0115
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0120
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0120
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0120
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0125
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0125
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0125
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0130
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0130
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0130
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0135
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0135
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0135
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0135
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0140
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0140
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0140
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0145
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0145
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0145
http://dx.doi.org/10.1111/infa.12033
http://dx.doi.org/10.1111/infa.12033
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0155
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0155
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0155
http://dx.doi.org/10.1111/cdev.12116
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0165
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0165
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0165
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0170
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0170
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0175
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0175
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0175
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0180
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0180
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0185
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0185
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0190
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0190
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0190
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0195
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0195
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0200
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0200
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0205
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0205
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0205
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0210
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0210
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0210
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0215
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0215
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0215
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0220
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0220
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0220
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0225
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0225
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0230
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0230
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0235
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0235
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0240
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0240
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0240
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0240
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0245
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0245
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0245
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0250
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0250
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0250
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0250
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0255
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0255
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0260
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0260
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0260
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0265
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0265
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0265
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0270
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0270
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0270
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0275
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0275
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0275
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0280
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0280
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0280
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0285
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0285
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0285
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0285
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0290
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0290
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0290
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0295
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0295
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0300
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0300
http://refhub.elsevier.com/S1364-6613(13)00232-5/sbref0300


Review Trends in Cognitive Sciences January 2014, Vol. 18, No. 1
61 Thilers, P.P. et al. (2006) The association between endogenous free
testosterone and cognitive performance: a population-based study in
35 to 90 year-old men and women. Psychoneuroendocrinology 31, 565–
576

62 Vuoksimaa, E. et al. (2012) Pubertal testosterone predicts
mental rotation performance of young adult males.
Psychoneuroendocrinology 37, 1791–1800

63 Yonker, J.E. et al. (2006) Negative association of testosterone on
spatial visualization in 35 to 80 year old men. Cortex 42, 376–386

64 Beltz, A.M. and Berenbaum, S.A. (2013) Cognitive effects of variations
in pubertal timing: is puberty a period of brain organization for
human sex-typed cognition? Horm. Behav. 63, 823–828

65 Schulz, K.M. et al. (2009) Back to the future: the organizational–
activational hypothesis adapted to puberty and adolescence. Horm.
Behav. 55, 597–604

66 May, A. (2011) Experience-dependent structural plasticity in the
adult human brain. Trends Cogn. Sci. 15, 475–482

67 Knickmeyer, R.C. et al. (2013) Impact of sex and gonadal steroids on
neonatal brain structure. Cereb. Cortex http://dx.doi.org/10.1093/
cercor/bht125

68 Raznahan, A. et al. (2010) Longitudinally mapping the influence of sex
and androgen signaling on the dynamics of human cortical
maturation. Proc. Natl. Acad. Sci. U.S.A. 107, 16988–16993
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