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This meta-analysis studied the development of ability stereotypes that could limit girls’ and women’s
participation in science, technology, engineering, and mathematics (STEM) fields, as well as contribute to
boys’ underachievement in reading and writing. We integrated findings from 98 studies measuring
children’s gender stereotypes about STEM and verbal abilities. The data comprised 145,204 children
(ages 4-17) from 33 nations across more than 40 years (1977-2020). Preregistered analyses showed why
prior researchers have reached diverging conclusions about the onset, change, and extent of these
stereotypes in childhood and adolescence. Contrary to some prior conclusions, math stereotypes favoring
male ability were minimal on average (0.11 SDs from gender neutrality). Stereotypes were instead far
stronger for computer science, engineering, and physics (0.51 SDs), which favored male ability by age 6.
Girls increasingly endorsed pro-male STEM stereotypes with age. Pro-female verbal ability stereotypes
were also substantial (0.46 SDs), emerging by age 8 and becoming more female-biased with age.
Additionally, STEM stereotypes were weaker for Black than White U.S. participants, as predicted.
Unexpectedly, however, boys’ STEM stereotypes declined before age 13 but increased thereafter,
revealing an asymmetric development across STEM versus verbal domains. We integrated developmental
intergroup theory and social role theory to explain this asymmetry, considering both cognitive and
sociocultural processes. The early emergence of verbal stereotypes and certain STEM stereotypes (e.g.,
engineering) means that they have ample time to affect later downstream outcomes such as domain-

specific confidence and interests.
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underachievement in those domains.

This quantitative review of nearly 100 studies shows that, by age 6, children already think that boys are
better than girls at computer science and engineering. With age, girls increasingly believe in male
superiority in these technical fields—a stereotype that could potentially limit girls’ future aspirations. In
contrast, children hold far more gender-neutral beliefs about math ability. Children also think that girls
are much better in verbal domains like reading and writing, which could contribute to boys’
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Children’s gender stereotypes about abilities in science, technol-
ogy, engineering, and mathematics (STEM) fields have been a focus
of research for several decades, and with good reason. Despite earning
most of the U.S. bachelor’s degrees in life science and social sciences,
women are underrepresented in other STEM fields, both in college
and the workforce (Cheryan et al., 2017). In 2021, women were 40%
of mathematicians, 33% of physical scientists, 25% of computer
scientists, and 16% of engineers in the United States (National Center
for Science and Engineering Statistics [NCSES], 2023, Table 1-2).
Although many factors likely explain these postsecondary and career
gaps, ability stereotypes are a foundational construct that drive other
psychological phenomena (e.g., gender bias, motivational processes)
that could shape educational trajectories and career plans starting at
early ages (Wang & Degol, 2013). In a large, nationally representative
U.S. sample of 15-year-olds, only 3% of girls expected to work in a
computing or engineering career at age 30, compared to 16% of boys
(Organisation for Economic Co-operation and Development, 2016).
These aspirational differences may partly arise from gender
stereotypes that form early in children’s development and strengthen
with age (Arthur et al., 2008).

This article presents findings from a comprehensive meta-analysis of
more than 4 decades of studies on children’s gender stereotypes about
STEM abilities. We aimed to bring clarity to an extensive body of
research that has found mixed empirical results. These mixed results
arise in part from variation across STEM fields (McGuire et al., 2022;
Tang et al., 2024). For instance, in one study, high schoolers believed in
gender equality in biology ability but male superiority in physics ability
(Lerdpornkulrat et al., 2012). Results are mixed even within the widely
studied domain of math stereotypes. Although some studies have found
the expected stereotype of superior male math ability (e.g., Hargreaves
etal., 2008; Keller, 2001; Muzzatti & Agnoli, 2007), others have found
that “perceived gender differences were minimal for math” (Heyman &
Legare, 2004, p. 227; see also Martinot & Désert, 2007; Plante et al.,
2009). Some have even found that, “girls were viewed as more
competent in maths/science than boys” (Rowley et al., 2007, p. 157;
see also Evans et al., 2011; Kurtz-Costes et al., 2014).

These mixed results likely reflect differences in how children in
different communities and of different ages construct beliefs based on
the cultural messages they receive. For instance, children’s stereotypes
may strengthen with age as their cultural exposure grows, contributing
to differences across studies with varying average participant ages
(e.g., D. L. Miller, Nolla, et al., 2018). Heterogeneity could also arise
from differences in cultural environments and social identities (e.g.,
communities of color may hold different stereotypes; Skinner et al.,
2021). Even among the same participants, children may provide
different answers based on the measurement features (e.g., item
wording). Instead of emphasizing aggregate means, this meta-analysis
focused on investigating how cultural, demographic, and measurement
factors may explain heterogeneity.
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This meta-analysis also aimed to understand gender stereotype
development in a contrasting domain: verbal abilities. Studying
verbal ability stereotypes, which tend to favor girls and women (e.g.,
Rowley et al., 2007), was important for three main reasons:

e boys’ underperformance in reading and writing: Despite
small to no gender gaps in average math test scores, girls
robustly outperform boys in reading and writing by about
0.3 to 0.5 SDs across the world (D. 1. Miller & Halpern,
2014; Reilly et al., 2019). This gender gap underscores the
importance of understanding possible contributors such as
children’s gender stereotypes about verbal abilities.

* contrast to STEM stereotypes: Contrasting STEM stereotypes
with verbal stereotypes informs understanding of variation
across male-typed and female-typed domains. As a preview
of later results, STEM and verbal stereotypes showed an
unexpected asymmetry in age-related differences (which
helped to extend theories of stereotype development).

* potential contribution to STEM gender gaps: Students often
compare their strengths across domains when evaluating their
abilities. Among students with equal math performance, those
with higher verbal performance tend to have lower math
confidence (Moller & Marsh, 2013; Wigfield et al., 2020).
Relatedly, pro-female verbal ability stereotypes might draw
girls away from quantitative fields and attract boys to them,
contributing to STEM gender gaps (Kurtz-Costes et al., 2014).

We define domain-specific ability stereotypes as beliefs about the
competence of different social groups to accomplish tasks or duties in
an academic, cognitive, or occupational domain. As such, the term
captures a wide, multifaceted set of beliefs, including stereotypes
about “raw” or innate intelligence (e.g., “Who is more naturally gifted
in physics?”) and stereotypes about learned competencies that depend
on environment and experience (e.g., achievement stereotypes such
as “Who does better on physics tests?”). We also define ability
stereotypes as distinct from cultural fit stereotypes about interests
(e.g., “Who likes physics?”’; Master et al., 2021a) and associations
(e.g., “Is math for boys or girls?”’; Cvencek et al., 2011), which this
meta-analysis did not include (but for reviews on cultural fit
stereotypes, see Cheryan et al., 2015; Master & Meltzoft, 2020).

We draw on theories from developmental science, social
psychology, and sociology to frame understanding of how and
when gender stereotypes about STEM and verbal abilities emerge
and evolve through childhood and adolescence. These frameworks
aim to explain broad patterns of gender development across many
domains (e.g., sports, clothing, toys). Our empirical investigation
informs these broader theories via two routes. First, STEM and
verbal stereotypes can inform broader understanding of why women

permitted under this license.

David 1. Miller played a lead role in conceptualization, data curation,
formal analysis, funding acquisition, investigation, methodology, project
administration, resources, software, supervision, validation, visualization,
writing—original draft, and writing-review and editing. Jillian E. Lauer
played a supporting role in conceptualization, data curation, funding
acquisition, investigation, methodology, and writing—review and editing.
Courtney Tanenbaum played a supporting role in conceptualization, funding

acquisition, project administration, supervision, writing—original draft, and
writing-review and editing. Lauren Burr played a supporting role in data
curation, investigation, methodology, project administration, resources, and
writing-review and editing.

Correspondence concerning this article should be addressed to David 1.
Miller, Human Services Division, American Institutes for Research, 10
South Riverside Plaza, Suite 600, Chicago, IL 60606, United States.
Email: dimiller@air.org


mailto:dimiller@air.org

CHILDREN’S ABILITY STEREOTYPES

and men pursue different fields of education and employment
(Eccles & Wigfield, 2020; Su & Rounds, 2015). Second, focused
domain-specific investigations can identify nuances and contextual
influences not presently accounted for in broader theories of
stereotype development, ultimately extending those theories.

Theoretical Perspectives on Gender Stereotype
Development

Three prominent frameworks informed the meta-analytic predic-
tions: (a) cognitive theories of gender development, (b) social role
theory, and (c) intersectionality. Though overlapping in some of their
philosophical underpinnings, these frameworks also offered unique
perspectives that informed distinct predictions (e.g., age vs. cultural
variation).

Cognitive Theories of Gender Development

Cognitive theories of gender development emphasize that children
are active participants in their gender development (Martin & Ruble,
2004). As “gender detectives,” children seek to identify typical female
and male behaviors, motivated by a desire to interpret the social
world around them. Specific theories vary some in their underlying
assumptions and relative focus on cognitive versus environmental
processes:

* cognitive-developmental theory: Per Kohlberg’s (1966)
cognitive-developmental theory, children’s understanding
of gender progresses through distinct stages, which then
drives other aspects of children’s gendered behavior and
thinking. These stages develop during ages 2 to 6 as children
recognize that (a) they are a boy or girl (gender identity), (b)
this identity does not change over time (gender stability),
and (c) changes in gender-typed appearances and behaviors
do not affect this identity (gender consistency).

* gender schema theory: Compared to cognitive-developmental
theory, Bem’s (1983) gender schema theory deemphasizes
a stage-like model of gender identity, while more heavily
drawing from information processing theories of basic
cognitive processes (e.g., memory distortions; see also
Martin & Halverson, 1981). Children develop organizing
cognitive structures (schemas) used to search for, encode,
and remember cultural information about gender, often in
stereotype-reinforcing ways.

* developmental intergroup theory: Developmental intergroup
theory aims to integrate and extend prior theories in several
ways, such as explaining why children attend to certain
social categories like gender and ignore others (Bigler &
Liben, 2006). In this theory, both internal cognitive factors
(e.g., multiple classification skills) and external environ-
mental factors (e.g., teachers’ use of gender labels) interact to
shape children’s stereotyping and prejudice (for applications
to gender, see Arthur et al., 2008; Liben, 2014). As discussed
later, this theory also shares many similar assumptions with
social role theory, which we later exploit when building
bridges across traditionally unconnected perspectives.
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Despite their differences, these theories all assume that children’s
gender identity motivates their active construction of gender stereo-
types. Young children are eager to find, remember, and construct
positive information about their gender, driven by in-group gender
bias as early as ages 3-5 (Dunham et al., 2016; Halim et al., 2017;
Kurtz-Costes, Defreitas, et al., 2011). Young children can even
spontaneously form counter-cultural beliefs: As Martin (1993)
hypothesized, “before children know much about trait stereotypes,
they claim the positive traits for their own sex” (p. 80).

Change in Childhood. With age, young children begin to
integrate this in-group/out-group mentality with stereotype knowl-
edge that children actively construct based on increased environmen-
tal exposure (e.g., with mass media, toys, parents, peers). Cognitive
theories of gender development broadly agree that children’s gender
identity and stereotype knowledge start to emerge around ages 2—3
and strengthen until ages 5-6 (Martin et al., 2002). Though in-group
bias remains strong at ages 5-6, children’s stereotypes also start to
more closely resemble the normative views of adults (e.g., boys begin
to learn pro-female trait stereotypes; Serbin et al., 1993).

After ages 5-6, children undergo cognitive maturation that allows
for more sophisticated reasoning about gender (e.g., successfully
remembering counterstereotypic examples like female engineers;
Bigler & Liben, 2006, pp. 75-78). Developmental scholars have
described ages 5-6 as a period of “peak gender rigidity” for measures
assessing prescriptive stereotypes about how the world should be
(e.g., “Who should study math?”’; Ruble et al., 2007). That is, children
aged 5-6 are especially likely to say that certain roles or traits are
appropriate for only one gender. But this rigidity wanes during
elementary school (Halim, 2016; Trautner et al., 2005).

Different Patterns for Descriptive Stereotypes. Compared to
prescriptive stereotypes, however, developmental patterns are different
for descriptive stereotypes about how the world currently is! (Leaper,
2015, p. 813). Descriptive stereotypes are far more relevant to this
article’s focus because STEM and verbal ability stereotypes are
descriptive (e.g., “Who is good at math?”’), not prescriptive (e.g., “Who
should do math?”). Unlike prescriptive stereotypes, gender-stereotyped
responses tend to strengthen from ages 56 to ages 10-11 for descrip-
tive stereotypes, as found in a prior meta-analysis (Signorella et al.,
1993; see results on p. 165 for descriptive stereotypes about “Who is
usually ... ?” or “Who is better ... 7). Signorella et al. attributed this
shift to an increased knowledge of cultural stereotypes. Hence, children
appear to continually learn about stereotypes with age, but children at
ages 10-11 may be more flexible than children at ages 5—6 in applying
those stereotypes to saying who should do certain activities.

Change in Adolescence. Descriptive and prescriptive stereo-
types continue to show distinct developmental patterns in
adolescence. Of most relevance to our meta-analysis, studies on
descriptive gender stereotypes have typically found increasing
traditionality in adolescence from ages 11 to 16> (Alfieri et al., 1996;

! Other scholars have made the same theoretical distinction using different
words such as personal beliefs versus cultural knowledge (Halim & Ruble,
2010, p. 501) or attitudes toward stereotypes versus knowledge of stereotypes
(Signorella et al., 1993). We prefer the terms prescriptive and descriptive as
more informative labels that are less prone to misinterpretation, consistent with
some other scholars (Koenig, 2018; Leaper, 2015; Tobin et al., 2010).

2 Studies on prescriptive stereotypes have found more mixed results in
adolescence, including curvilinear change (Crouter et al., 2007) or
decreasing traditionality (Katz & Ksansnak, 1994; Klaczynski et al.,
2020; Liben & Bigler, 2002; Marcell et al., 2011).
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Neff & Terry-Schmitt, 2002; Skinner et al., 2021; Starr et al., 2023;
L. A. Wood et al., 2022). The exact mechanisms for this increasing
traditionality are unclear. Some scholars have proposed that gender
intensification—an increased pressure to conform traditional gender
roles in adolescence (Hill & Lynch, 1983)—should strengthen
traditional stereotypes, despite the counteracting force of cognitive
maturation (see Galambos et al., 2009, for a review). Yet, other
scholars have argued that gender intensification might not directly
apply to stereotypes (Klaczynski et al., 2020, p. 428), and others
have noted the mixed evidence for domain-general gender intensifi-
cation (Perry & Pauletti, 2011; Priess et al., 2009). Regardless of the
exact mechanism, these findings suggest that ability stereotypes might
also increase in traditionality in adolescence (a later section considers
other factors beyond gender intensification).

Development of In-Group Bias. We expected that increasing
traditionality in ability stereotypes would co-occur with declining
in-group bias. This bias tends to wane after ages 5-6 (e.g., Dunham
et al., 2016), including as expressed in measures of descriptive
stereotypes (e.g., Powlishta et al., 1994). In our context, we defined
in-group bias as generally assigning more ability to one’s own
gender more than others (e.g., a boy who says boys are good at math
and reading).

Developmental scholars often attribute declining in-group bias to
three factors: (a) a growing ability to classify others along multiple
dimensions (Bigler & Liben, 2006); (b) an increasing focus on
treating others as individuals rather than groups (Aboud, 2008;
Misch et al., 2022); and (c) advances in moral reasoning (e.g.,
increased attention to fairness and equity; Leaper, 2015, p. 814).
These changes should theoretically weaken in-group biases from
ages 5 to 11 across multiple domains (e.g., also racial or ethnic
prejudice; Raabe & Beelmann, 2011).

A later section unpacks how the expected age-related weakening
of in-group bias, coupled with increasing traditionality, leads to
specific Age X Gender predictions for this present meta-analysis.
The theories described next (e.g., social role theory) help place these
predictions in a broader cultural context, while attending to other
social identities such as race.

Social Role Theory

Eagly and Wood’s (2012) social role theory integrates social
psychological perspectives on stereotyping with biological, economic,
developmental, sociological, and evolutionary perspectives to explain
the origins of sex differences and similarities in behavior. Beyond its
common application to research on adults, this theory also attends to
socialization mechanisms (W. Wood & Eagly, 2012, pp. 65-70),
placing children’s stereotype development in a changing cultural
context (D. I. Miller, Nolla, et al., 2018; Wilbourn & Kee, 2010).

A core tenet of social role theory is that gender stereotypes form
based on observing the behaviors of men and women enacting
distinct social roles (e.g., occupational roles). People often assume
that differences in external behaviors (e.g., working as an engineer)
reflect differences in internal traits (e.g., math ability) via a cognitive
process called correspondent inference (Gilbert & Malone, 1995).
For instance, when observing women caring for children (an
external behavior), perceivers often infer that women possess
internal communal traits such as warmth and nurturance (Koenig &
Eagly, 2014).
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Social role theory aligns with and extends the previously
reviewed cognitive theories. For instance, correspondence inference
closely aligns with what developmental intergroup theory labels
implicit attribution (Bigler & Liben, 2006, Figure 1). Social role
theory extends these developmental perspectives by attending to the
distal causes of gender stereotypes (e.g., division of labor, cultural
and evolutionary forces).

Considering the distal causes of gender stereotypes offers a
unique perspective on the accuracy of ability stereotypes. Per social
role theory, ability stereotypes partly reflect the reality of career role
differences (e.g., more male than female engineers). However,
perceivers may not always account for other constraints on behavior,
such as other reasons for the paucity of women in STEM (e.g.,
interests, discrimination, child-rearing duties; Ceci et al., 2014;
Cheryan et al., 2017). Observing real career differences could
produce stereotypes about male math ability, even if those inferences
conflict with small to no gender gaps in average math test scores (e.g.,
Else-Quest et al., 2010). Career differences could also indirectly shape
children’s stereotypes via transmission by adults. That is, gender
stereotypes tend to be shared among members of society (Eagly et al.,
2020) who could transmit these beliefs to children (e.g., via mass
media, parenting, teaching), even if children lack direct exposure to
STEM workers.

Per social role theory, changes in occupational roles should
impact societal gender stereotypes. Supporting this view, a meta-
analysis of 16 nationally representative public opinion polls found
change in U.S. gender stereotypes since the 1940s (Eagly et al.,
2020). Of most relevance to our meta-analysis, general intelligence
stereotypes favored men in the 1940s but shifted toward equality
over time. In the most recent poll in 2018, 86% of adults said women
and men were equally intelligent, with more saying that women are
more intelligent (9%) than those saying men are (5%). Eagly et al.
argued this shift was likely rooted in dramatic changes since the
1940s in U.S. women’s educational attainment and labor force
participation. Such changes provided increased opportunities to
observe women in cognitively demanding roles (ultimately shifting
societal stereotypes in this explanation). These societal considera-
tions informed several predictions about variation across time,
cultures, and disciplinary fields.

Intersectional Frameworks

The intersection of gender with race and ethnicity is a critical
consideration when examining the development of gender identity
and stereotypes. Gender is not a homogenous construct: Intersectional
frameworks posit that people experience the world uniquely based on
how their multiple social identities such as gender, race, and class
simultaneously intersect to shape bias and inequality (Cole, 2009;
Crenshaw, 1991; Else-Quest & Hyde, 2016; Ghavami & Peplau,
2013; Lei & Rhodes, 2021; Purdie-Vaughns & Eibach, 2008).

For this meta-analysis, intersectionality informed how different
communities of color construct and endorse gender stereotypes. Fisk
and Ridgeway (2018) argued that the traditional stereotypes seen in
the media and other cultural institutions tend to resemble the
perspectives of those in the dominant culture (e.g., White, middle-class
Americans). Communities of color may instead construct alternate
understandings. For instance, compared to White U.S. adults, Black
U.S. adults tend to have stereotypes more favorable to women with
respects to STEM (vs. liberal arts) associations (O’Brien et al., 2015)
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and general intelligence stereotypes (Eagly et al., 2020, Figure 4).
These prior findings motivated a specific meta-analytic prediction
about participants’ race/ethnicity, as described later (see also Skinner
et al., 2021).

Gender stereotypes can also vary based who the stereotype targets
(Ghavami & Peplau, 2013). Negative stereotypes exist specific to
Black and Hispanic/Latinx boys’ academic aptitude and engage-
ment, for instance (Hudley & Graham, 2001). In one study, children
aged 5-6 saw Black men as less intellectually brilliant than Black
women, contrary to the findings for stereotypes of White targets
(Jaxon et al., 2019). As noted later, we were unable to test hypotheses
about intersectional targets, but this point nevertheless informs the
theoretical framing.

Moderator Hypotheses

The theoretical frameworks in the prior section formed a
foundation for preregistered moderator predictions. The following
section explains the rationale for each prediction, while situating
each in STEM- and verbal-specific literatures. As Tobin et al.
(2010) argued (p. 610), focusing on specific attributes like STEM
and verbal ability can identify contextual influences that are often
lost in a domain-general approach that aggregates across many
stereotype domains.

Participant Age and Gender

Per cognitive theories of gender development, we predicted that
children’s STEM and verbal ability stereotypes would reflect in-
group bias at ages 5-6 (boys favoring boys and girls favoring girls).
This in-group bias would then wane with age, as children also learn
stereotypic messages in their environments, leading to traditional
stereotypes in older ages (e.g., favoring female verbal ability).
Figure 1 depicts these implied Age X Gender interactions (copied
from the preregistration; see https://osf.io/8ktnj). These predictions
also imply stronger age effects for girls’ (vs. boys’) STEM stereotypes
and boys’ (vs. girls’) verbal stereotypes.

Figure 1 shows a general increase of traditionality with age
(aligning with an earlier point that descriptive stereotypes often

Figure 1
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reflect increased knowledge with age). A prior meta-analysis of 78
Draw-A-Scientist studies supported this prediction for male—science
associations; children increasingly depicted more male than female
scientists with age (D. I. Miller, Nolla, et al., 2018). Children could
construct these stereotypes based on stereotypic messages (e.g.,
male—science, female-reading) in child-directed conversations,
books, and television (Charlesworth et al., 2021).

We predicted the general increase in traditionality would continue
in adolescence. Beyond gender intensification (reviewed earlier),
relevant external observations and internal observations could
strengthen traditional STEM and verbal ability stereotypes in
adolescence:

e external observations (correspondent inference): Aca-
demic course-taking becomes more gender-differentiated
in high school with the introduction of advanced elective
courses (e.g., Advanced Placement Computer Science;
Bahar et al., 2022). Per social role theory, observing more
boys than girls in these advanced STEM course electives
could strengthen STEM ability stereotypes (via correspon-
dent inference). Gender differences in college majors and
occupations may also become more salient as high school
students explore their career interests and plan for the
future, further increasing traditionality.

e internal observations (self-to-group pathway): Gender
differences in STEM and verbal interests and confidence
(e.g., “I am good at science”) tend to strengthen before or
during adolescence (Levine & Pantoja, 2021; Liou et al.,
2023; Parker et al., 2020). Adolescents may then align these
beliefs about the self with their gender (“I am a boy”) to
actively construct stereotypes about their gender (“Therefore,
boys must be good at science”; Master, 2021), strengthening
traditional ability stereotypes in adolescence (for illustrative
studies of this self-to-group pathway, see Patterson & Bigler,
2018; Starr & Simpkins, 2021, Figure 1).

Consistent with these hypotheses, three large U.S. longitudinal
studies (all Ns > 1,000) have found increasing traditionality in math
and science ability stereotypes from grades 8 to 11 (Starr et al., 2023),

Preregistered Predictions for Age, Gender, and Stereotype Domain

Pro-Male STEM Stereotypes

Favors male targets

/Boys
/Girls

T

Favors female targets

Stereotype Mean

Children’s Age

Pro-Female Verbal Stereotypes

Favors female targets
Girls
0 /
Favors male targets

Children’s Age

Note. STEM = science, technology, engineering, and mathematics. See the online article for the color version

of this figure.
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grades 9 to 11 (Starr & Simpkins, 2021), and grades 10 to 12 (Skinner
et al., 2021).

Confirmatory hypotheses therefore predicted general increases
during the ages examined (99% of the meta-analyzed studies had
mean ages between 6.0 and 18.0). However, exploratory analyses
also examined nonlinear age effects given related past findings (e.g.,
Crouter et al., 2007) and the above considerations (which might
suggest increased age effects in adolescence).

Magnitude of STEM Versus Verbal Stereotypes

We predicted that verbal stereotypes would overall favor female
ability to a greater extent than STEM stereotypes favoring male
ability. This asymmetric magnitude might arise from children
generally associating girls with superior academic performance
(Hartley & Sutton, 2013; Heyder & Kessels, 2013). These general
academic stereotypes reflect the reality of girls’ superior grades in all
school subjects (Voyer & Voyer, 2014), potentially reinforcing pro-
female verbal ability stereotypes and mitigating pro-male STEM
ability stereotypes. Gender gaps in academic performance are also
larger in verbal than STEM subjects, which might contribute to
asymmetric magnitudes in verbal versus STEM ability stereotypes if
children are aware (D. I. Miller & Halpern, 2014; Reilly, 2012; Reilly
etal., 2019). This prediction considered STEM fields as a whole (e.g.,
combining math with engineering). But stereotypes could also vary
widely across STEM fields, which would qualify interpretation of this
magnitude difference.

STEM Domain Differences

The wide variability in gender diversity across STEM fields may
partly derive from and lead to field-specific beliefs (Cheryan et al.,
2017). We similarly predicted that stereotypes about the most male-
dominated STEM fields (computer science, engineering, physics) would
favor male ability more strongly than math or science stereotypes (for
related prior evidence, see McGuire et al., 2022; Tang et al., 2024).

Computer science, engineering, and physics show starkly different
patterns of women’s representation than other STEM fields. For
instance, among U.S. bachelor’s degree earners in 2020, women’s
representation was 21% for computer science, 24% for engineering,
24% for physics, compared to 42% for mathematics, 53% for
chemistry, and 64% for life sciences (NCSES, 2023, Table 2-2). Per
social role theory, these educational and occupational differences could
lead to stereotype differences. In observing more male than female
engineers, for instance, perceivers might most directly infer that men
have more engineering ability than women (in contrast, an inference to
math ability would be more tenuous). Once broader society (e.g.,
adults, cultural artifacts) establishes these cross-field differences in
stereotypes, children could learn them through various means (e.g.,
mass media, educational materials, parents, teachers, peers).

Beyond the confirmatory contrasts, we conducted exploratory
analyses to examine stereotypes for less commonly studied STEM
domains (e.g., biology, chemistry, spatial ability) and disaggregate
results for male-dominated STEM fields (e.g., physics vs. engineering).

Cultural Context

Per social role theory, we predicted that children’s pro-male
STEM ability stereotypes would be weaker for (a) nations with a
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greater representation of women among STEM college graduates
and (b) more recent decades of data collection within the United
States.

Related prior research has supported both hypotheses for cultural
fit stereotypes. In one study of 66 nations, adults had weaker
male—science associations in nations with more women in STEM
(D. L. Miller et al., 2015). In a meta-analysis with data since the
1960s, U.S. children’s male—science associations were weaker
in more recent decades (D. 1. Miller, Nolla, et al., 2018). Like D. L.
Miller, Nolla, et al. (2018), we restricted our cross-temporal hypothesis
to U.S. samples, given that U.S. women’s representation has greatly
increased since the 1960s across multiple STEM fields, but progress
has been uneven in other nations (Ceci et al., 2014; D. 1. Miller &
Wai, 2015).

We preregistered both cultural variation hypotheses as confirma-
tory, but as explained later, we ultimately presented them as
exploratory analyses, due to proven limitations in the available data
to reliably test these hypotheses (based on power analyses).

Participant Race and Ethnicity

Drawing on intersectional frameworks, we predicted that pro-
male STEM ability stereotypes would be weaker for Black than
White U.S. children. Related past studies have found that STEM-
related and intelligence-related stereotypes were more favorable to
female targets among Black than White perceivers (Eagly et al.,
2020; O’Brien et al., 2015), including in studies of children’s STEM
ability stereotypes (Skinner et al., 2021).

This hypothesis focused on the participant’s race (who endorses
the stereotype), not the stereotype target’s race (who the stereotype
concerns), due to limitations in the available evidence. Studies on
children’s ability stereotypes tend to use generic labels like “girls”
and “boys” (e.g., “Are gitls or boys better in mathematics?”’), not
intersectional targets. These considerations may be intertwined,
however, if children default to thinking of their own race/ethnicity
when asked about generic “boys” and “girls.” Hence, negative
messages about Black boys’ academic engagement (Hudley &
Graham, 2001) could still contribute to participant race differences.

Two other factors further motivated this hypothesis’s specificity
to Black versus White U.S. children. First, we restricted this
hypothesis to the United States, given this nation’s unique history
and cultural context surrounding race and ethnicity (Omi & Winant,
2014). Second, this hypothesis was neutral with respect to children
of other racial/ethnic identities (e.g., Asian children, multiracial
children); prior evidence has found more consistent differences in
gender ability stereotypes for Black versus White perceivers than for
other racial/ethnic comparisons (e.g., White vs. Hispanic/Latinx
perceivers; Eagly et al., 2020; Riegle-Crumb & Peng, 2021).

Measurement Characteristics

Ability stereotype measures in this literature tend to explicitly
mention gender, use child targets, and concern average or typical
abilities (e.g., “Are girls or boys typically better readers?”).
Compared to these typical features, we predicted that pro-male
STEM ability stereotypes would be stronger for measures that do not
explicitly mention gender, use adult targets, and concern exceptional
abilities, as detailed next. These features denote the measure’s
directness, target age, and target exceptionality, respectively.
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Measure Directness. We predicted that indirect measures
would show stronger pro-male STEM ability stereotypes than direct
measures due to social desirability bias. Direct stereotype measures
mention gender explicitly (e.g., “Are boys or gitls better at math?”),
which might introduce social desirability bias if children perceive
that saying boys are better in STEM is socially unacceptable.
Indirect measures, sometimes called implicit measures,3 use more
covert methods that do not explicitly mention gender, theoretically
mitigating the potential for social desirability to affect participants’
responses. One common example is asking children to select the
student good at math (or another subject) among pictures of girls
and boys, without calling attention to the genders depicted (e.g.,
Heyman & Legare, 2004; Martinot et al., 2012). Another common
example is to ask children to draw a picture of someone good at math
and then record the gender of the person drawn (e.g., Beilock et al.,
2010; Steele, 2003). A few other indirect measurement approaches
exist but are less common (e.g., the affect misattribution procedure
in Vuletich et al., 2020). A related method is reaction-time measures,
such as the Implicit Association Test (IAT), but those typically
assess associative (cultural fit) stereotypes, not ability stereotypes,
making them out of scope for this meta-analysis* (e.g., Cvencek
et al., 2011).

Target Age. Children may develop stereotypes about adult
targets (e.g., “Men are better at math”) because adult women are
underrepresented in STEM careers. Yet, children might not always
apply those beliefs to child targets (e.g., “Boys are better at math”),
as some studies have suggested (Martinot et al., 2012; Steele, 2003;
though null findings were found in Hildebrand et al., 2021).
Children may observe the reality that girls earn better grades (even
in math and science) and are less disruptive in classrooms, leading
to beliefs that girls are academically superior across subjects
(Hartley & Sutton, 2013; Voyer & Voyer, 2014). We therefore
predicted that STEM stereotypes favoring male ability will be
stronger for adult than child targets.

Target Exceptionality. We predicted that pro-male STEM
ability stereotypes would be stronger for exceptional targets or traits
(e.g., “Who can be really, really good at math?”’) than average targets
or traits (e.g., “On average, are boys or girls better at math?”). Several
recent studies have found “brilliance” stereotypes about exceptional
intelligence favoring male targets among both child and adult
participants in multiple cultures (Bian et al., 2017; Jaxon et al., 2019;
Okanda et al., 2022; Shu et al., 2022; Storage et al., 2020; S. Zhao
et al., 2022). In contrast, stereotypes about average intelligence now
mostly show gender neutrality among U.S. adult participants (with
some female advantage; Eagly et al., 2020). This exceptional-average
distinction could arise from observing women in cognitively
demanding jobs in general yet scarce in roles seen to require
brilliance (e.g., Nobel Prize winners; Storage et al., 2020, p. 11).

Exploratory Moderators

Exploratory analyses investigated additional moderators for
which we had less strong hypotheses or expected less available data.
One such moderator was item wording related to children’s
conceptions of effort and innate ability (e.g., Muradoglu & Cimpian,
2020). Some measures used wording such as “talent,” “gifted,” or
“aptitude” that suggest innate abilities (e.g., “Do girls or boys have
stronger natural aptitudes for math?”), whereas others concerned
school performance (e.g., “Do girls or boys get better math
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grades?”), which likely have greater effort-related connotations.
This distinction is relevant given that effortful school achievement is
often stereotyped as feminine, whereas innate intellectual ability is
stereotyped as relatively more masculine (e.g., Bian et al., 2017;
Heyder & Kessels, 2017).

Summary of Predictions

In sum, we made these confirmatory predictions for STEM and
verbal domains:

e overall means: Both domains would show traditionality
overall (e.g., verbal stereotypes favoring female ability), but
with a larger magnitude for verbal than STEM stereotypes.

e participant age: Both domains would show increased
traditionality with increased participant age.

* participant gender: Both domains would show participant
gender differences in line with in-group bias (e.g., stronger
pro-male STEM stereotypes among boys than girls).

e interactions between age and gender: Participant gender
differences would decline with age, leading to the predicted
Age X Gender interactions shown in Figure 1.

Pro-male STEM stereotypes should also be stronger for (a) computer
science, engineering, and physics versus math and general science, (b)
White versus Black U.S. children, (c) indirect versus direct measures,
(d) adult versus child targets, and (e) exceptional versus average
targets.

Method

We tested how the preceding hypotheses can help explain mixed
empirical findings in a comprehensive meta-analysis spanning more
than 4 decades of data collection. Though meta-analyses often focus
on mean differences, they can also analyze means as effect sizes
when applying appropriate scaling (e.g., Buecker et al., 2021), as
detailed later in this section.

Transparency, Openness, and Reproducibility

All data, analysis code, and review procedures are publicly
available on the Open Science Framework (OSF) site at https://osf.io/
29egh/ (D. I. Miller & Lauer, 2024), including the R Markdown code
to reproduce the results text, tables, and figures (enabling transparent
linking of any reported statistic to the R code that generated it). We
preregistered the review’s protocol’ within that OSF project site at

* We prefer to call these measures “indirect” because the term implicit is
more theoretically laden with assumptions (e.g., assuming that “implicit”
measures capture unconscious associations; Corneille & Hiitter, 2020).

*We found one reaction-time measure that explicitly concerned ability
stereotypes (Nowicki & Lopata, 2017), but we decided to not include the
measure because (a) we could not compute our focal stereotype score metric
for it (there was no theoretical minimum and maximum) and (b) the measure
was unlike all other included indirect measures (lacking comparability).
However, we included the study’s explicit stereotype measure, which met
other eligibility criteria.

> The preregistration describes two meta-analyses planned as separate
articles on (a) stereotype development and (b) correlations with STEM
outcomes. The current article summarizes the first meta-analysis.


https://osf.io/29egh/
https://osf.io/29egh/
https://osf.io/29egh/
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https://ost.io/7mnsw, including preregistering the inclusion criteria,
codebook, moderator hypotheses, analysis plan, and other review
procedures. We first preregistered the protocol in February 2020
(before completing eligibility screening) and then updated it in
January 2022 (before analyzing any effect size data but after initial
data extraction). The updated protocol transparently notes the changes
(see pages 5-7 at https://osf.io/8ktnj). There were no deviations from
that updated protocol for confirmatory analyses, except for one minor
change to imputing missing moderator data for participant race/
ethnicity.® This article followed the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA 2020) reporting
guidelines (Page et al., 2021); see Supplemental Material A for the
completed PRISMA checklist. Lastly, a web-based interactive data
tool (D. I. Miller, Joshi, et al., 2024) allows users to explore the
evidence base, subset by key moderators, and understand variation in
effect sizes: https://d-miller.shinyapps.io/STEM_verbal_stereotypes/.

Inclusion Criteria

This section briefly summarizes the inclusion criteria (for granular
detail, see Appendix B of the preregistration). We included studies
that met all the following criteria, without any restrictions on the
publication year, publication language,’ publication status, or study
location.

Criterion 1: Mean Age

We included samples with a mean age less than 18.0 years.

Criterion 2: Measured Gender Stereotypes About STEM
or Verbal Abilities

Aligning with our earlier definition of ability stereotypes, we
included STEM and verbal measures about raw or “innate”
intelligence (e.g., “Are girls or boys more naturally gifted in
math?”), academic or cognitive performance (e.g., “Who gets
better grades?” “Who is better at math?”), or job performance or
abilities to pursue a STEM career. We defined a gender stereotype
measure as one that captures beliefs about the attributes of novel or
general targets (e.g., “boys” vs. “girls”), excluding measures about
specific targets who the respondents already knew (e.g., “Is your
mom or dad better at math?”’). We included measures of self-
endorsement (e.g., “Do you think that ... ?””) and perception of
others’ stereotypes (e.g., “Do teachers think that ... ?7).

We excluded measures about representation in a field (e.g., “Are
engineers typically men or women?”), gender role attitudes (e.g., “Is
science more appropriate for boys or girls?”’), or domain-general
ability stereotypes (e.g., brilliance stereotypes; Bian et al., 2017).
We generally excluded associative measures (e.g., Draw-A-Scientist
Test, IAT), except if they concerned abilities or performance (e.g.,
“Draw a student who is good at math”).

We included measures of computing stereotypes about computer
programming or coding as well as general computer use® (e.g.,
“good at computers”). We included spatial ability (e.g., mental
rotation) as a “STEM field” given the close relationship of spatial
skills to success in STEM fields (Wai et al., 2009). We did not
include social sciences in the STEM fields examined.
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Criterion 3: Permitted a Directional Assessment of
Stereotypes

We included measures whose response structure permitted a
directional assessment of stereotypes such as:

* direct comparisons: measures comparing female and male
targets (e.g., “Are girls or boys better at math?”)

* separate ratings: measures with separate ratings of female
and male targets (e.g., ask children to rate how good boys
and girls are at math on a visual analog scale)

* agreement ratings with analogously worded reverse-coded
items: agreement ratings with male-biased items (e.g.,
“Boys are better at math”) and analogously worded female-
biased items (e.g., “Girls are better at math”)

We excluded response structures that provided more ambiguous
results, such as agreement ratings to statements about equality (e.g.,
“females are as good as males in geometry”; Fennema & Sherman,
1976); disagreements with such statements could indicate pro-male
or pro-female beliefs (Forgasz et al., 2004). The Limitations section
further discusses this point, including detailing the rationale for
excluding agreement ratings that lacked items in the reverse
direction.

Criterion 4: Timing of Stereotype Measurement

To study naturalistic variation in children’s stereotypes, we
included (a) cross-sectional studies (multiple age groups or a single
age group), (b) data from the first time when stereotypes were
measured in a longitudinal study, or (c) measures collected before a
researcher-developed manipulation or intervention.

Other Inclusion Criteria

We also required that studies (a) reported means for ability-related
items separately from other items, (b) included 10 or more participants,
and (c) reported sufficient statistics to extract an effect size (we emailed
study authors if the study report was insufficient).

Literature Search

We gathered records for published and unpublished studies using
(a) keyword searches of literature databases, (b) gray literature
searches, and (c) citation tracking.

®In the imputation models for missing moderator data, we specified the
Level-1 moderator covariance matrix as common across studies (setting
meth = “common” in the jomo R package). We did not follow the
preregistered specification of allowing the covariances to vary (setting
meth = “random”) because of the nonsensical imputations it yielded (e.g.,
produced extreme values such as values less than —200 or greater than +200
for proportion variables that were otherwise restricted to a 0—1 range). This
change only applies to participant race because no other confirmatory
moderator had missing data.

" Though the keyword searches were English-based, many literature
databases included translated English abstracts for non-English reports. We
also found non-English reports through citation tracking in Google Scholar.

8 We found nearly identical means (e.g., change by 0.01) when applying a
more restrictive definition of computing stereotypes that excluded
stereotypes about general computer use or technology, indicating robustness.


https://osf.io/7mnsw
https://osf.io/8ktnj
https://doi.org/10.1037/bul0000456.supp
https://d-miller.shinyapps.io/STEM_verbal_stereotypes/
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Database Searches

We conducted the most recent keyword searches in May 2022
using six databases: Education Resources Information Center,
Education Source, ProQuest Dissertations and Theses Global, APA
PsyclInfo, Scopus, and Web of Science Core Collection.’ We searched
for reports whose titles, abstracts, or author-provided keywords
included at least one keyword in each of the four following categories:
(a) domain-related keyword (e.g., math®, verbal abilit™), (b) gender-
related keyword (e.g., gender™, girl™), (c) stereotype-related keyword
(e.g., stereotyp™, gender™ belief*), and (d) age-related keyword (e.g.,
child®, middle school™). We also customized the search for APA
PsycInfo to leverage its controlled vocabulary (i.e., its Thesaurus of
Psychological Index Terms). Table 3 and Appendix A of the
preregistration include all search terms and the exact database-specific
strings to replicate the search.

We identified the search terms through a five-step process. First,
we used the litsearchr R package (Grames et al., 2019) to identify
common terms from the titles and abstracts from 37 example eligible
studies. Second, an experienced research librarian recommended
other terms and advised on translating the search syntax across
databases. Third, we conducted test searches to examine the number
and relevance of additional search hits; we translated general
phrases that had far too many irrelevant hits (e.g., beliefs) into more
specific variants (e.g., belie™ about gender™). Fourth, we applied the
litsearchr package again to all retrieved titles and abstracts from a
revised search. Fifth, we added keywords in updated literature
searches to capture eligible studies found via citation tracking but
not initial keyword searching.

Gray Literature Searches

Beyond searching databases that index gray literature (e.g.,
ProQuest Dissertations and Theses Global), we sought unpublished
studies by searching (a) conference programs, (b) federal grant
abstracts, and (c) additional websites (e.g., OSF).

First, we searched 80 conferences programs from eight societies
(American  Educational Research  Association, Cognitive
Development  Society, Gender Development Research
Conference, Society for Personality and Social Psychology,
Society for Research on Adolescence, Society for Research on
Child Development, Society for the Psychological Study of Social
Issues, Society of Experimental Social Psychology). For promising
presentation titles and abstracts, we emailed the first author for the
full presentation or related reports.

Second, we found relevant federal research grants through keyword
searches of project-level abstracts from three funding agencies:
Institute of Education Sciences, National Institutes for Health, and
National Science Foundation. We searched for associated publica-
tions from relevant grants by searching for the award number in
Google Scholar, which had the potential to yield additional
unpublished studies not indexed in other literature databases.

Third, we conducted keyword searches on four additional websites:
(a) EdWorkingPapers (https://edworkingpapers.con/), (b) OSF web-
site (https://osf.io/search/), (c) OSF preprints (https://osf.io/search/,
which include PsyArXiv and EdArXiv, among others), and (d) Think
Tank Search (https://guides.library.harvard.edu/c.php?g=310680&p=
2072552).

1371

Forward and Backward Citation Tracking

We used Google Scholar and Scopus to examine citations to and
from eligible studies.'® Google Scholar especially helped to identify
unpublished studies through faculty websites and other websites
(Haddaway et al., 2015).

Number of Records

These search methods yielded 18,482 unique records, after
removing duplicates. These records included 11,324 from keyword
searches of literature databases, 7,118 from citation tracking, and at
least 40 records'' from gray literature searches (see Figure 2 for a
PRISMA chart depicting the flow of records; Page et al., 2021). We
follow PRISMA’s terminology in which a report is a document
(e.g., ajournal article); a record is metadata about a report (e.g., title,
abstract); and a study is an investigation with a group of participants
(which could yield multiple reports, such as a dissertation and a
journal article).

Screening and Coding
Screening Procedures

A team of four screeners reviewed records for eligibility in three
stages: abstract screening (Stage 1), full-text screening (Stage 2), and
data availability screening (Stage 3). A written protocol provided
detailed guidance for answering stage-specific screener questions,
including eligible and ineligible examples (see Appendix B of the
preregistration). The first author, an experienced systematic reviewer,
was one of the four screeners and met weekly with the screening team
to discuss and resolve all discrepancies for dual-screened records. We
used Google Translate to translate non-English abstracts or reports.

In Stage 1 (abstract screening), screeners examined titles and
abstracts using the semiautomated screening tool Abstrackr (Rathbone
et al., 2015). The tool used machine learning to continuously learn
from screeners’ decisions, sorting abstracts with the highest probability
of inclusion to appear earlier in the queue. At least one human screener
reviewed all 18,482 abstracts. From these, two humans dual screened
3,617 of the more relevant abstracts. Hence, the machine learning in
Abstrackr did not replace human judgment but instead helped us
prioritize which records to dual screen. Of the 18,482 abstracts, 1,240
proceeded to full-text screening.

In Stage 2 (full-text screening), screeners examined full-text
reports, judging them against all inclusion criteria except data
availability and recording specific exclusion reasons for ineligible
articles (see Figure 2 for counts of these exclusion reasons' ). We

® We conducted the first search in November 2019 using 12 databases, but
we dropped the following six databases in later searches because they did not
uniquely find eligible studies in earlier searches: Academic Search Complete,
Education Full Text, Education Research Complete, GenderWatch, Social
Science Full Text, and SocINDEX.

10 For feasibility, we used eligible studies identified through the first
November 2019 database searches (i.e., we did not update citation searching
based on studies from the May 2022 database search update).

'! In practice, the number reviewed for gray literature searches was higher
due to sources like conference programs where tracking the exact number of
records reviewed was intractable.

12 The OSF site also includes a data file with the screening decisions for all
18,482 citations (see https://osf.io/bhvg5), including specific exclusion
reasons for ineligible records excluded at Stage 2 or Stage 3.


https://edworkingpapers.com/
https://edworkingpapers.com/
https://osf.io/search/
https://osf.io/search/
https://guides.library.harvard.edu/c.php?g=310680&x0026;p=2072552
https://guides.library.harvard.edu/c.php?g=310680&x0026;p=2072552
https://osf.io/bhvg5
https://osf.io/bhvg5
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Figure 2
Flow of Records Through the Literature Search and Screening
.g Unique records identified?:
<
& Database searches 11,324
= Citation tracking 7,118
$ Gray literatureP 40
— A 4
Abstracts screened 18,482 »| Abstracts excluded 17,242
A4
_E’ Full-text reports to retrieve 1,240 Full text unavailable 160
&
e
(%]
2 A
Reports excluded® 938
»  Qualitative only or not empirical 67
Full-text reports screened 1,080 No sample of children 26
No ability stereotype measure 441
Ineligible response structure 301
Measured after manipulation 29
Only domain-general measure 45
Insufficient statistics 29
) '
2
= Reports included 142
° Studies included 98
[=

Note. See the online article for the color version of this figure.

# These counts already remove exact duplicates of reports (i.e., each row is the number of unique new records
identified compared to the previous rows). ° In practice, the number reviewed for gray literature searches was
higher due to sources like conference programs where tracking the exact number of records reviewed was
intractable. € Reports ineligible for multiple reasons were grouped into a single reason based on the order

listed here.

were unable to retrieve the full text for 160 of the 1,240 reports. Of
the remaining 1,080 full-text reports reviewed (of which 604 were
dual screened), 171 proceeded to data availability screening.

In Stage 3, the lead author reviewed whether the report provided
sufficient information to extract at least one effect size and emailed
study authors for missing information if needed. Of the 171 eligible
full-text reports reviewed, 29 did not provide sufficient statistics in the
report or via author query. Hence, 142 full-text reports proceeded to
study coding. These 142 reports yielded 98 unique studies after
accounting for the same study appearing in multiple reports.

Coding Procedures

A team of three coders, including the lead author, coded study
characteristics and extracted quantitative information from eligible
studies. The preregistration details variable-specific coding rules,
definitions, and assumptions (e.g., if participants’ age was not
reported, we inferred it from the participants’ grade level). Of the 98
studies coded, 18 were dual coded by two independent coders; the
lead author resolved discrepancies after discussion with the other two

coders. For any study not dual coded, the lead author reviewed the
data entries of the other coder, checking for accuracy against the full-
text report and providing continuous weekly feedback to the rest of the
coding team. This process helped prevent coding drift over time and
ensure consistent interpretation of coding procedures and definitions.

Whenever possible, we coded the overall study sample and
demographic subsamples (e.g., girls vs. boys; third vs. fifth graders)
separately for each stereotype measure (e.g., physics vs. biology
stereotypes). We coded subsamples that differed by the confirma-
tory moderators of participant age, gender, race/ethnicity, and
nationality when possible. We did not try to code subsamples
differing in other respects (e.g., high vs. low academic achievement).

We used a relational database (Microsoft Access) to efficiently
code and link nested levels of study, sample, measure, and effect
size information. For studies reported in multiple reports (e.g., a
dissertation and journal article), we examined all reports for relevant
information and combined as needed. If any statistics differed across
a study’s multiple reports, we first attempted to contact the study
authors for clarification. If unsuccessful, we then generally relied on
the peer-reviewed report (e.g., journal article) or most recent report.
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Author Queries

We emailed the first authors of 125 reports for additional
information (or other authors if we could not find the first author’s
email address). We sent these author queries for (a) eligible studies
that did not provide sufficient information to compute any effect size
(47 reports), (b) eligible studies that provided sufficient data for
some but not all effect sizes or had conflicting information (55
reports), and (c) studies that lacked sufficient information to
determine eligibility (23 reports). We incentivized authors with a
$100 https://Amazon.com e-gift card for replying with the requested
information in one of two ways: (a) send us the raw data or (b) fill out
custom tables our team prepared. We sent up to two reminders after
the initial email. These emails also included a two-page data-sharing
agreement, which has been shown to increase successful author
query rates (Polanin & Terzian, 2019; Polanin & Williams, 2016).

We successfully received the needed additional information for
50 reports, yielding a 40% success rate. We received participant-level
data sets for 19 of these reports, for which we developed reproducible
R code to extract summary statistics, allowing for more disaggregated
statistics than often available in the original study reports.

Effect Size Metrics
Stereotypes Scores (Confirmatory)

Our confirmatory effect size metric was stereotype scores quantified
on a common scale from —1.0 to +1.0. Positive scores indicate
traditional stereotypes (favoring male STEM ability or female verbal
ability). A score of +1 is the maximum possible stereotype mean in the
traditional direction (e.g., all children selected the most extreme pro-
male STEM endpoint). For instance, a score of +0.35 indicates 35% of
the maximum possible pro-male STEM stereotype. Negative scores
indicate stereotypes in the reverse direction (e.g., favoring female
STEM ability).

This metric of stereotype scores is conceptually similar to Cohen et
al.’s (1999) percent of maximum possible scoring method, given that
both use the theoretical minimum and maximum of the response scale
to compare across measures. These types of metrics have two main
advantages: (a) They avoid conflating changes in means with changes in
standard deviations, and (b) they enhance interpretability by allowing for
translation back to the original response scales (e.g., 1-5 scales). For these
reasons, several prior meta-analyses have used percent of maximum
possible scores as the main effect size metric, such as to study relationship
satisfaction across age (Biihler et al., 2021) or loneliness over time
(Buecker et al., 2021). The preregistration provides further justification
and effect size extraction details (e.g., standard error equations).

Standardized Means (Exploratory)

We also computed standardized means for a robustness check (i.e.,
standard deviations away from gender neutrality). Standardized means
have the same directional meaning as for stereotype scores (e.g.,
positive values for pro-male STEM stereotypes). But the magnitude
scale is based on the observed variability, not the response scale per se.

Qualitative Responses (Exploratory)

As exploratory metrics, we also examined response frequencies
for three qualitative responses (traditional, nontraditional, or gender
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neutral). Consider if the measure asked children, “Are girls or boys
better at engineering?” A response of “boys” would be traditional,
“girls” would be nontraditional, and “the same” would be gender
neutral. We analyzed these qualitative responses by analyzing the
log odds for providing (a) traditional versus nontraditional responses
and (b) gender-neutral versus directional responses.

Analytic Approach

Mixed-effects meta-regression models investigated how STEM
and verbal ability stereotypes varied across child demographics,
cultural contexts, and measurement characteristics. These models,
estimated using restricted maximum likelihood, assumed that
variation in effect sizes was due to fixed effects of moderators (e.g.,
age), random effects of residual between-study heterogeneity, and
within-study sampling variance (Borenstein et al., 2009).

Robust Variance Estimation

Most studies had multiple samples (Mdn = 3, M = 4.91) and
multiple stereotype measures (Mdn =2, M = 3.38), often leading to
multiple effect sizes per study (Mdn = 8, M = 13.91). We used
robust variance estimation to account for these effect size
dependencies, applying the small-sample correction based on the
Satterthwaite approximation (Pustejovsky & Tipton, 2018; Tipton,
2015; Tipton & Pustejovsky, 2015). A “correlated and hierarchical
effects” model accounted for both the nesting of effect sizes within
samples and nesting of samples within studies (Pustejovsky &
Tipton, 2022). This approach estimated coefficients using the
rma.my() function in the metafor R package (Viechtbauer, 2010)
and then adjusted the other values (e.g., standard errors, degrees
of freedom) using the coef test() function in the clubSandwich
R package (Pustejovsky, 2018). We assumed a correlation of r = .5
for effects from the same sample (but examined r =.2 and » = .8 in
sensitivity analyses).

Characterizing Heterogeneity

We quantified heterogeneity in ability stereotypes by presenting
90% prediction intervals, which is the estimated middle 90% of true
underlying effects, after removing dispersion due to within-study
sampling error. Prediction intervals provide an absolute measure of
heterogeneity using the original effect size scale (Borenstein et al.,
2017), unlike other metrics like F* statistics (percentage of total
variation in effect size due to heterogeneity rather than chance).
Another heterogeneity metric was the estimated standard deviation
7 of true underlying effects in random-effects, intercept-only models.

Confirmatory Moderator Analyses

We examined each confirmatory moderator in separate mixed-
effects models and in one multivariable model that simultaneously
adjusted for all confirmatory moderators. For parsimony, the results
section focuses on models that included multiple confirmatory
moderators simultaneously (results were nearly identical when
testing one confirmatory moderator at a time). To control for
nuisance methods variance, all moderator models included four
dummy-coded covariates for the scale type: (a) two or three response
options, (b) forced-choice scale with no gender-neutral response
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option for individual items, (c) continuous scale (vs. discrete ratings),
and (d) separate ratings (vs. comparative scales). We analyzed STEM
and verbal stereotypes in separate statistical models, except when
directly comparing their overall magnitude.

Conditional Means

Beyond testing moderator differences, we also computed covariate-
adjusted conditional means at specific moderator values (e.g., age 6)
to aid interpretation (for details, see the supplemental materials of
Williams et al., 2022, for the approach we adopted). For instance,
a conditional mean for age 6 represents the model-predicted mean if
the entire sample of effect sizes came from 6-year-olds, while holding
constant other moderators (e.g., STEM domain). These predicted
values enable comparison of means while adjusting for potential
confounds.

Moderator Power Analyses

Before conducting moderator analyses, we first conducted
simulation-based power analyses to inform the final selection of
confirmatory moderators (see Appendix E of the preregistration for
details). These power analyses aimed to understand which moderator
tests had such little statistical power that their results should be
interpreted especially cautiously due to lack of sensitivity (i.e., label
as exploratory). We retained confirmatory moderators that demon-
strated at least 50% power based on a priori optimistic assumptions,
such as detecting an effect size difference of 0.36 SDs (the median
effect size found in a review of meta-analyses in social psychology;
Lovakov & Agadullina, 2021).

Based on these a priori rules, three moderators for which we had
confirmatory hypotheses became exploratory moderators instead
(i.e., still analyzed but only in exploratory models): (a) women’s
national representation among female STEM majors, (b) women’s
national representation among employed researchers, and (c) data
collection year for U.S. samples.

Missing Moderator Data

The only confirmatory moderator with missing data was participant
race/ethnicity, which was missing for 24 of 559 effect sizes for U.S.
samples. We used multiple imputation to account for these missing
moderator data, which often allows for less biased estimates compared
to listwise deletion in meta-analysis (Pigott, 2001, 2012). We used the
jomo R package to account for the multilevel structure of effect sizes
nested within studies, including the effect size and other analyzed
moderators in the imputation model (Quartagno et al., 2019). We
aggregated results across 80 imputations, accounting for both the
within- and between-imputation variance (Barnard & Rubin, 1999;
Pustejovsky, 2017).

Selective Reporting Bias

Although we found several unpublished studies (32% of the
included studies), selective reporting bias could nevertheless affect
the conclusions via publication bias or outcome reporting bias
(Carter et al., 2019; Flore & Wicherts, 2015). We diagnosed and
adjusted for such biases through (a) selection modeling, (b)
comparison of unpublished versus published studies, and (c) meta-
regression to assess small-study effects. Appendix F in the
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preregistration details these analyses and justifies using these
methods over others (e.g., trim-and-fill, p-curve analysis).

Addressing Cohort Confounds

Supplemental Material C of this article details how we controlled
for cohort effects to address potential concerns about cohort
confounds, given that the literature synthesized has overwhelmingly
used cross-sectional designs to estimate age effects.

Other Robustness Checks

Supplemental Material D details these other robustness checks:
(a) using standardized means rather than stereotype scores, (b)
including versus excluding outliers, (c) restricting analyses to data
from the year 2000 or later, (d) using different values for the assumed
correlation between dependent effects, (e) group-mean centering age
effects, and (f) repeating analyses separately by participant gender.

Exploratory Analyses

Exploratory analyses examined (a) STEM domain differences that
were not preregistered, (b) age differences that were not preregistered
(nonlinear effects), and (c) other exploratory moderators or metrics
(e.g., item wording, qualitative responses).

Results
Descriptive Frequencies

We extracted 1,363 effect sizes from 98 studies, representing
145,204 children, including 95 studies of STEM stereotypes and 46
studies of verbal stereotypes. Confirmatory moderators for STEM
stereotypes had the following frequencies (see Supplemental
Material B for sample sizes, other characteristics, and descriptive
frequencies for verbal stereotypes):

e participant age: Mean sample ages ranged from 4.2 to
17.7 years (M = 12.4; SD = 3.0). Samples between upper
elementary school to high school (9 to <18 years) were
common (86% of effect sizes), but less common were
samples of preschoolers (<6 years, 1% of effect sizes)
and lower elementary school students (6 to <9 years,
13% of effect sizes).

* participant gender: Most effect sizes came from disaggre-
gated results for boy participants (46%) and girl participants
(46%), rather than aggregated by gender (8%).

e STEM domain: The most commonly studied STEM
subdomain was mathematics, comprising 55% of STEM
stereotype effect sizes. General science was the next most
common (17%), followed by computer science/technology
(14%), engineering (7%), biology/life science (2%),
physics (2%), spatial ability (2%), and chemistry (1%).

e cultural context: Studies’ data collection spanned more
than 4 decades (1977-2020) across 31 nations (two more
nations contributed data for verbal, but not STEM,
stereotypes). However, most effect sizes came from data
in the 2000s (40%) and 2010s (49%), and U.S. samples
provided about half of the effect sizes (53%).
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* participant race/ethnicity: For U.S. samples, participants
were 51% White, 26% Black, 11% Hispanic/Latinx, 6%
multiracial, 4% Asian, 1% American Indian/Alaskan Native,
and 1% Native Hawaiian/Pacific Islander on average. The
representation of White children roughly matched population
percentages of U.S. children in 2020 (53% in population).
Hispanic/Latinx children were underrepresented (26% in
population), and Black children were overrepresented
(14% in population); other racial/ethnic groups were within
two percentage points of population values (U.S. Census
Bureau, 2021).

* measurement characteristics: Nearly all STEM stereotype
effect sizes represented direct measures (95%), child
targets (95%), and average targets (98%), rather than
indirect measures (5%), adult targets (5%), or exceptional
targets (2%).

Aggregate Means and Heterogeneity

STEM stereotypes overall favored male ability, and verbal
stereotypes overall favored female ability (see Table 1 for specific
statistics). As predicted, aggregate verbal stereotypes were also
larger in magnitude than aggregate STEM stereotypes (by a
factor of 2.16 for stereotype scores and 2.72 for standardized
means).

To illustrate the aggregate magnitudes in Table 1, consider a
STEM stereotype measure that asked children, “Are girls or boys
better at mathematics?” on a 5-point scale (1 = girls much better,
2 = girls better, 3 = equally good, 4 = boys better, 5 = boys much
better). The overall mean of 0.09 for STEM stereotype scores
would map to a raw mean of M = 3.17, which is only slightly
different from “equally good,” illustrating the small magnitude of
aggregate STEM stereotypes on average. The overall standardized
mean of 0.17 SDs would also imply a raw standard deviation of
1.01 for this example.

Though informative, these aggregate means should be inter-
preted cautiously as they are only a starting point for understanding
a wide distribution of effect sizes (see Figure 3). The estimated
middle 90% of underlying effects (i.e., prediction interval) was
—0.25 to 0.43 for STEM stereotypes and —0.07 to 0.45 for
verbal stereotypes. This wide variability emphasizes the need to
understand how moderators (e.g., participant age) contribute to
heterogeneity.

Moderator Analyses of Participant Age and Gender

Confirmatory analyses of participant age and gender examined
the linear effects of participant age and their interaction with gender,
whereas exploratory analyses examined nonlinear age effects and a
direct measure of in-group bias.

Confirmatory Analyses

Qualitatively, Figure 4 illustrates how STEM and verbal stereotypes
showed in-group bias at age 6 (boys favoring boys, girls favoring girls)
but traditionality at age 16 (favoring male STEM ability, favoring
female verbal ability). Quantitatively, Table 2 presents the regression
coefficients for confirmatory hypothesis tests.
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As predicted, the results showed robust participant gender
differences (all ps < .001), such that children strongly endorsed
positive stereotypes about their own gender (e.g., stronger pro-
female verbal stereotypes for girls than boys). Also as predicted,
these participant gender differences robustly declined with age,
becoming near 0 by age 16 (see Figure 4), as indicated by
significant Age X Gender interactions (all ps < .001). Lastly, verbal
stereotypes overall more strongly favored female ability with age
(as predicted), but the overall age effect was not significant for
STEM stereotypes (counter to hypotheses); see Table 2 for specific
statistics.

The Age x Gender interactions also imply that the age slopes
differed by participant gender. Girls’ STEM stereotypes became
more male-biased with age, switching from pro-female to pro-male
beliefs at ages 10-12; the predicted 10-year age difference'® was
b=0.19,SE=0.04,1(14.44) =4.73, p < .001. Counter to hypotheses,
boys’ STEM stereotypes showed a slight, but not significant, decline
with age, b = —-0.10, SE = 0.05, 1(14.26) = —2.06, p = .058, which the
following exploratory analyses further examined.

Relatedly, boys’ verbal stereotypes became more female-biased
with age, b = 0.34, SE = 0.06, #(10.89) = 5.37, p < .001, switching
from pro-male to pro-female beliefs at ages 8—10. For girls, this
increase was smaller and not significant, » = 0.08, SE = 0.06,
#(10.97) = 1.30, p = .219, though it was significant for standardized
means in sensitivity analyses (see Supplemental Material D). When
averaged across genders, verbal stereotypes significantly favored
female ability at age 8.

Exploratory Analyses

Boys’ STEM stereotypes showed nonlinear change (p < .001),
weakening before age 13 (p < .001) but strengthening after age 13
(p = .015). In contrast, girls’ STEM stereotypes increasingly
favored male ability both before and after age 13 (Figure 5). No
evidence was found for nonlinear change in boys’ or girls’ verbal
stereotypes (see Supplemental Material E for more detail on these
nonlinear analyses and results).

To better understand the unexpected age findings, we computed a
direct measure of in-group bias of how much boys or girls generally
assigned more ability (STEM or verbal) to their in-group (see
Supplemental Material E). As an example, the in-group bias score
would be greater than 0 if a boy expressed pro-male stereotypes for
both STEM and verbal domains, whereas the score would be 0 if
STEM and verbal stereotypes were equally strong in opposite
directions. Results showed an asymmetric development of in-group
bias: Boys’ in-group bias greatly declined during ages 6—13, whereas
girls’ in-group bias was stable (see Supplemental Figure S6).

Moderator Analyses of STEM Domain Differences

Confirmatory analyses of STEM domain differences examined
means for the three most male-dominated STEM fields (computer
science, engineering, physics) as a single aggregate category.
Exploratory analyses disaggregated this category, examined less
commonly studied STEM fields, and investigated how age
differences varied by STEM domain.

'3 For scaling presentation purposes, we present age coefficients as the
predicted difference per 10 years of age.
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Table 1

MILLER, LAUER, TANENBAUM, AND BURR

Random-Effects Models of Overall Stereotype Means and Heterogeneity

Model b m k SE daf P T 90% prediction interval
Stereotype scores
STEM stereotypes 0.09 95 1,053 0.02 91.40 <.001 0.21 [-0.25, 0.43]
Boys 0.16 78 480 0.02 73.70 <.001 0.20 [-0.16, 0.48]
Girls 0.02 82 484 0.02 77.06 292 0.22 [—0.34, 0.38]
Verbal stereotypes 0.19 46 310 0.02 43.56 <.001 0.16 [-0.07, 0.45]
Boys 0.09 35 133 0.03 32.44 .002 0.16 [-0.17, 0.35]
Girls 0.26 38 135 0.02 35.74 <.001 0.14 [0.03, 0.49]
Standardized means
STEM stereotypes 0.17 90 993 0.04 86.42 <.001 0.46 [—0.59, 0.93]
Boys 0.36 75 461 0.05 71.67 <.001 0.43 [-0.34, 1.06]
Girls 0.02 77 458 0.05 72.58 726 0.48 [-0.77, 0.81]
Verbal stereotypes 0.46 42 295 0.05 39.39 <.001 0.38 [-0.17, 1.09]
Boys 0.23 34 130 0.06 32.29 .001 0.38 [—0.39, 0.85]
Girls 0.69 36 131 0.05 34.05 <.001 0.33 [0.15, 1.23]
Note. These statistics come from random-effects meta-analyses estimated separately by type of effect size metric and stereotype domain. These intercept-

only models are intended for descriptive purposes only, not as tests of confirmatory hypotheses. The standard errors were adjusted for effect size
dependencies using robust variance estimation (RVE). b = average effect size; m = number of studies; X = number of effect sizes; SE = RVE-adjusted
standard error of the average effect sizes; df = RVE-adjusted degrees of freedom; p = RVE-adjusted significance level for the mean being different from 0;
T = estimated standard deviation of true underlying effect sizes; 90% prediction interval = estimated middle 90% of true underlying effect sizes; STEM =

science, technology, engineering, and mathematics.

Confirmatory Analyses

As predicted, STEM stereotypes much more strongly favored
male ability for the most male-dominated STEM fields than for
mathematics and general science (see Table 2 for confirmatory
hypothesis tests). Computer science, engineering, and physics
stereotypes (b = 0.25, m = 27 studies) were comparable in magnitude
to verbal stereotypes (b = 0.19, m = 46 studies). In contrast, the means
for general mathematics (b = 0.06, m = 69 studies) and general
science (b = 0.09, m = 26 studies) only slightly differed from 0.

Exploratory Analyses

Even when disaggregated, the male-dominated fields of computer
science (17 studies), engineering (eight studies), and physics (10
studies) each had much larger means than mathematics (69 studies);
see Figure 6. General science stereotypes (26 studies) masked
considerable variation across science fields: Unlike physics stereotypes,
biology stereotypes (eight studies) favored female ability. Chemistry
stereotypes (six studies) and spatial ability stereotypes (five studies) did
not significantly differ from gender neutrality.

We also examined age differences for computer science,
engineering, and physics stereotypes separately (27 studies), given
their exceptionally large means. Using mathematics as a compari-
son, Figure 7 shows two key findings:

» early-emerging STEM domain differences: Even young
children had diverging views across STEM domains. For
instance, at age 6, girls’ math stereotypes significantly
favored female ability, in line with in-group bias. Yet, their
stereotypes about computer science, engineering, and
physics were in the opposite direction, nonsignificantly
favoring male ability at age 6. When averaged across both
genders, male-dominated STEM stereotypes significantly
favored male ability at age 6 (math stereotypes did not do
so until age 12).

e similar age slopes: After age 6, stereotypes shifted with
age in nearly identical ways across STEM domains. That
is, the age slopes and interactions with gender were similar
(Supplemental Table S14), even though the starting
intercepts differed at age 6.

Other Moderator Analyses

Confirmatory analyses of other moderators examined participant
race and three confirmatory measurement characteristics (measure
directness, target age, and exceptionality), whereas exploratory
analyses examined many other moderators (e.g., item wording,
cultural characteristics, nation-specific comparisons, verbal domain
differences).

Confirmatory Analyses

As predicted, Black U.S. children had weaker STEM stereotypes
than White U.S. children, b = —0.05, SE = 0.02, #(4.34) = -3.37,
p =.025. Black children’s STEM stereotypes were gender neutral on
average (b = —0.01), whereas White children’s STEM stereotypes
slightly favored male ability (b = 0.04). This finding for participant
race was sensitive to participant gender: Black girls’ STEM
stereotypes were weaker than White girls’, but Black boys’ and
White boys’ stereotypes did not significantly differ (see Supplemental
Material D).

Counter to hypotheses, the differences were not significant for
indirect versus direct measures, adult versus child stereotype targets,
and exceptional versus average stereotype targets (Table 2). These
null findings should be interpreted somewhat cautiously given the
large standard errors (i.e., large uncertainty) for indirect measures
(5% of effect sizes), adult targets (5% of effect sizes), and exceptional
targets (2% of effect sizes). Among these contrasts, the largest
difference was between adult targets (b = 0.21) versus child targets
(b = 0.09), which was in the predicted direction but not significant
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Figure 3

Distribution of STEM and Verbal Stereotypes
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See the online article for the color version of this figure.

(p = .079); in sensitivity analyses, this difference was significant for
girl, but not boy, participants (see Supplemental Material D).

Exploratory Analyses

Two exploratory moderators showed significant differences: item
wording and certain nation-specific comparisons.

Regarding item wording, measures with wording about innate
abilities (e.g., “natural aptitude” or “more talented”’; 16% of effect sizes)
had more male-biased STEM stereotypes than measures explicitly
mentioning school performance (e.g., “math grades™; 18% of effect
sizes). Measures with more generic language like “better” or “good at
math” (54% of effect sizes) had means in between these two categories
(see Supplemental Material F).

Regarding nation-specific comparisons, samples from Germany
(b =0.28) and the United Kingdom (b = 0.18) had stronger pro-male
STEM stereotypes than U.S. samples (b = 0.02); other nation-
specific comparisons were not significant or had insufficient data
to test.

No significant differences were found for other exploratory
moderators, including (a) cultural characteristics (e.g., women’s
national representation in STEM, data collection year), (b) exploratory

participant race/ethnicity comparisons (other than the confirmatory
Black—White contrast for STEM stereotypes), (c) perception of others’
stereotypes (vs. self-endorsement), and (d) verbal domain (e.g.,
reading vs. writing); see Supplemental Material F.

Qualitative Response Frequencies

Figure 8 further characterizes aggregate means by grouping
responses into three qualitative categories (e.g., pro-male re-
sponses). For STEM stereotypes, children reported pro-male beliefs
more often than pro-female beliefs (30% vs. 19%, respectively),
though gender-neutral responses were most common (52%). For
verbal stereotypes, pro-female responses were most common (52%),
followed by gender-neutral responses (36%) and pro-male
responses (12%).

These qualitative responses shifted with participant age, both
conceptually replicating earlier findings (e.g., boys’ verbal stereo-
types becoming more female-biased with age) and adding nuance
about gender-neutral responding (see Supplemental Figure S7).
Gender-neutral responding significantly decreased with age for verbal
stereotypes but not for STEM stereotypes (Supplemental Material E
further discusses in relation to stereotype flexibility).
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Figure 4

Confirmatory Analysis of Participant Age and Gender

Pro—Male STEM Stereotypes
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online article for the color version of this figure.

Robustness Checks of Confirmatory Analyses
Selective Reporting Bias

Analyses for selective reporting bias reinforced the following
conclusion: STEM stereotypes favored male ability on average but with
a small magnitude. For instance, adjusted mean estimates ranged from
0.05 to 0.15 in selection models of STEM stereotypes depending on the
model specification, providing both upward and downward adjustments
to the unadjusted mean of 0.09. However, most adjustments (30 out
of 34) increased the mean estimate (see Supplemental Table S6),
indicating minimal impact on our conclusions.

Controlling for Cohort Confounds

The estimated age effects for STEM and verbal stereotypes were
much larger than the effects for birth cohort or data collection year,
which were small in magnitude and not significant. Hence, cohort
confounds cannot explain the large age effects found, supporting an
interpretation of developmental change (see Supplemental Material C).

Additional Robustness Checks

As detailed in Supplemental Material D, other moderator results
were robust to several sensitivity analyses (e.g., using standardized
means, excluding outliers, excluding older studies). However, as
noted previously, some slight sensitivities were found for participant
race, target age, and age effects disaggregated by participant gender.

Discussion

This meta-analysis integrated more than 4 decades of research,
spanning 33 nations, on children’s gender stereotypes about STEM
and verbal abilities. Despite the substantial empirical base, drawing
firm conclusions about when and how these stereotypes develop has

been formidable in prior narrative reviews, given the wide variability
in results. This synthesis explains prior enigmas by uncovering how
features such as stereotype domain, age, and gender contribute to the
mixed findings across nearly 100 studies with more than 140,000
children.

As expected, verbal stereotypes robustly favored female ability,
with an aggregate mean that was 19% of the maximum possible
stereotype (0.46 SDs away from gender neutrality). Findings for
STEM domain, age, gender, and race/ethnicity largely aligned
with hypotheses and were robust to many sensitivity analyses
(e.g., effect size metrics). However, as discussed next, two
especially surprising findings were as follows: (a) STEM domain
differences emerged remarkably early in development, and (b) age
differences were asymmetric across STEM versus verbal domains.
Additionally, no significant differences were found for confirma-
tory measurement characteristics (e.g., measure directness; see
Table 3 for a summary).

Beyond these specific findings, one broader takeaway is that these
stereotypes emerged early in development, including by age 8 for
verbal ability and by age 6 for computer science and engineering
ability (on average). As such, these beliefs have ample time to affect
later downstream outcomes (e.g., confidence, interests) via multiple
mechanisms (e.g., incorporating beliefs about one’s group into
beliefs about one’s self; Master & Meltzoff, 2020). This overall
point further emphasizes the need to consider how children learn
these stereotypes with age and why these stereotypes can also vary
widely along other dimensions (e.g., across STEM fields).

Discussion of STEM Domain Differences

Our discussion starts with STEM domain differences, given how
the robust findings offer especially clear implications for changing
the status quo of current research practice.
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Table 2
Confirmatory Moderator Results

Simple Multivariable
Moderator b SE df P b SE df P

STEM stereotypes

Age (in decades®) 0.05 0.04 13.99 213 0.05 0.04 11.21 271

Proportion male 0.12 0.01 28.40 <.001 0.12 0.01 28.28 <.001

Age x Male® —-0.30 0.03 23.52 <.001 -0.29 0.03 23.41 <.001

Proportion Black (United States only) -0.06 0.01 3.75 .022 —0.05 0.02 4.34 .025

Male-dominated versus math® 0.19 0.03 7.74 <.001 0.19 0.03 7.05 <.001

Male-dominated versus science® 0.17 0.03 7.07 .001 0.16 0.03 6.52 .001

Indirect measure -0.04 0.06 6.15 471 —0.03 0.05 5.60 523

Adult target 0.12 0.05 4.00 .071 0.12 0.05 3.21 .079

Exceptional target 0.00 0.13 5.24 995 -0.02 0.09 4.87 .856
Verbal stereotypes

Age (in decades®) 0.22 0.05 10.71 .002 0.21 0.06 8.41 .007

Proportion female 0.13 0.02 11.41 <.001 0.14 0.01 11.96 <.001

Age x Female” -0.27 0.03 17.49 <.001 -0.27 0.03 17.49 <.001
Cross-domain comparison’

Verbal versus STEM 0.16 0.02 1091 <.001 0.16 0.02 10.89 <.001

Note. The simple models (left-hand side) tested each confirmatory moderator one-by-one in separate models, but controlling for four
methods covariates: (a) 2 or 3 discrete response options, (b) forced-choice scale with no gender-neutral option, (c) continuous scale, and (d)
separate ratings (vs. comparative scale). The multivariable models (right-hand side) controlled for all confirmatory moderators and methods
covariates simultaneously. Supplemental Table S8 provides the analogous table for the exploratory standardized mean metric. STEM =
science, technology, engineering, and mathematics; SE = standard error.

% Age was entered as decades (e.g., 1.7 for 17 years of age) for scaling presentation purposes. Hence, the regression coefficient is the
predicted difference per 10 years of age. °Age and gender were grand mean centered so that the age and gender effect in the
multivariable models can be interpreted as overall average effects. ©“Male-dominated” refers to computer science, engineering, and
physics, which have the most extreme gender imbalance compared to other STEM fields. ¢ We analyzed STEM and verbal ability
stereotypes in separate statistical models, except when testing the bottom hypothesis about overall magnitude difference; in that one

case, we included the stereotype domain as a dummy code (1 = verbal; 0 = STEM).

STEM Domain Differences Were Large

As expected, computer science, engineering, and physics
stereotypes robustly favored male ability (25% of the maximum
possible; 0.51 SDs away from neutrality; based on 27 studies),
showing far more male-biased stereotypes compared to other STEM
fields. These STEM domain differences were robust, appearing in
every model that tested for them (all ps < .005), even when
disaggregating these three male-dominated fields and separately
comparing each to mathematics.

In contrast, stereotypes favoring male math ability were weak
on average (6% of the maximum possible; 0.11 SDs away from
neutrality), even in late adolescence (Figure 7). This finding,
supported by 69 studies with N = 49,502 children, challenges the
claim that children hold the “pervasive cultural stereotype” of
“males are better at math” as early as “early elementary school”
(Levine & Pantoja, 2021, p. 23).

General “science” stereotypes also masked considerable variation
across science fields. While physics stereotypes strongly favored
male ability, biology stereotypes strongly favored female ability,
mirroring variation in adult women’s representation across fields
(Cheryan et al., 2017). Chemistry stereotypes were gender neutral
on average but imprecisely estimated.

STEM Domain Differences Emerged Early

The stark differences by STEM domain emerged remarkably
early by age 6. When averaged across boys and girls, computer
science and engineering stereotypes'* already favored male ability

at age 6, whereas overall math stereotypes did not do so until age
12. Example measures used between ages 5 and 8 included
questions about being good computer programmers or engineers
(David & Tompa, 2018; C. F. Miller, Wheeler, & Woods, 2024) as
well as being good at computer coding, technology, or engineering
(Master et al., 2021a; McGuire et al., 2020, 2022). At these early
ages, boys robustly show computing and engineering stereotypes
favoring male ability, whereas girls often show neutrality or even
sometimes male bias (contrasting with girls’ typical in-group bias
at age 6). We find these results surprising given children’s
presumably limited exposure to computer science and engineering
in early childhood.

The early onset of these domain-specific stereotypes may partly
reflect how children interpret terms like “engineer.” Young children
often have misperceptions. For instance, some young English-speaking
children assume that engineers must fix car engines because “engineer”
contains the word “engine” (Lampley et al., 2022). In a study of 504
children in grades 1-5, most said that engineers repair cars (78%),
install wiring (75%), drive machines (71%), and construct buildings
(70%), but only 32% said that engineers design things (Cunningham
et al., 2005).

These misperceptions of engineers are relevant given that even
young children likely have direct exposure to blue-collar jobs such
as auto mechanics and construction workers. Young children may
therefore extend stereotypes about other male-dominated fields

'4 Physics stereotypes were not measured until ages 13—14 (see Supplemental
Material B), so we focus on computing and engineering stereotypes instead
when discussing early emerging STEM domain differences.
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Figure 5
Exploratory Analysis of Nonlinear Age Effects
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These trends came from mixed-effects models that included methods covariates, confirmatory moderators, and

dummy codes for age-gender groups (for quadratic models, see Supplemental Figure S5). The shaded areas represent 95%
confidence intervals. STEM = science, technology, engineering, and mathematics. See the online article for the color version

of this figure.

(e.g., auto repair) when constructing answers to measures about
engineering. Relatedly, young children might have limited direct
exposure to computer programming but could learn about male
computer nerd stereotypes through mass media (e.g., television,
movies; Cheryan et al., 2015; Hansen et al., 2017; Pantic et al.,
2018). These broader stereotypes (e.g., about auto mechanics or
computer nerd stereotypes) could shape children’s early under-
standing of and engagement with computing and engineering, even
when children later learn more field-specific information (e.g.,

Figure 6
Moderation by Detailed STEM Domain

receiving concrete definitions of “computing coding” or “engineer-
ing”; Master et al., 2021a).

The Results Call for Rethinking Research on STEM
Ability Stereotypes

The substantial divergences across STEM fields call into question
the field’s predominant focus on stereotypes about math and general
science (72% of the STEM effect sizes). In our view, computer
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Figure 7
Moderation by Age and Gender, Separately by STEM Domain
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this figure.

science, engineering, and physics stereotypes should instead take
center stage in future research on children’s gender stereotypes
about STEM abilities.

Focusing on these male-dominated STEM fields offers a firmer
empirical, theoretical, and policy-relevant foundation for under-
standing and addressing how stereotypes may contribute to
STEM participation gaps (Master & Meltzoff, 2020). These

stereotypes may both reflect and maintain the variation among
adults: Gender gaps in college and the workforce are far larger
for computer science, engineering, and physics relative to other
STEM fields (Cheryan et al., 2017). These gender gaps are
concerning from an equity perspective given that computer
science and engineering jobs alone account for 78% of the college-
educated U.S. STEM workforce (NCSES, 2023, Table 1-2,

Figure 8
Aggregate Qualitative Response Frequencies
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the color version of this figure.
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Table 3
Summary of Major Findings for Confirmatory Moderators

MILLER, LAUER, TANENBAUM, AND BURR

Prediction

Empirical finding

Future research direction

Age and gender differences

Verbal ability stereotypes will generally
strengthen with age

STEM ability stereotypes will generally
strengthen with age

Participant gender differences will exist but

decline with age asymmetries)

Confirmed (increase with age for girls and boys)

Increase for girls; nonlinear change for boys

Confirmed (but see the discussion about

How do children learn verbal stereotypes?
How do these beliefs affect other outcomes?

What explains the unexpected nonlinearity for
boys?

What explains why in-group bias developed
asymmetrically across boys versus girls?

Other predictions for STEM stereotypes

Stronger for computer science, engineering, Confirmed
physics than other STEM fields
Stronger for White than Black U.S. Confirmed

participants

Indirect > direct measures
Adult > child targets
Exceptional > average targets

Nonsignificant findings (but imprecisely estimated)

Devote far more attention to computer science,
engineering, and physics stereotypes

Study intersectional targets (with diverse
samples)

Need more research on indirect measures,
adult targets, and exceptional targets

Note. STEM = science, technology, engineering, and mathematics.

excluding health and social science), emphasizing their societal
relevance.

If this research field continues to focus its primary empirical
attention on children’s math stereotypes, one risk is concluding that
children do not hold STEM ability stereotypes on average. Statistical
power calculations illustrate this point. Detecting the average math
stereotype of 0.11 SDs at 80% power requires a sample size of n = 651
children, whereas detecting the average of 0.51 SDs for male-
dominated STEM fields requires only n = 32 children. These
demanding sample size requirements, along with substantial heteroge-
neity, illustrate why math ability stereotypes have shown such muddled
findings in past research.

Results for Age Differences Mostly Aligned With
Hypotheses

The results for age differences (Figure 5) largely aligned with
preregistered hypotheses (Figure 1). Ability stereotypes shifted from
in-group bias at age 6 (boys favoring boys, girls favoring girls) to
traditional stereotypes by age 16 (favoring male STEM ability,
female verbal ability). Beyond this qualitative change, verbal
stereotypes generally increased with age and so did girls’ STEM
stereotypes. Participant gender differences robustly declined with
age (typically p < .001 across many sensitivity analyses). All of
these findings aligned with hypotheses.

Three points are important to note about the scope of these
conclusions. First, these findings largely describe differences
between ages 6 to 17, but not earlier, given that samples younger
than 6 years were rare (1% of effect sizes). Second, these age
differences were similar across STEM domains (even though the
starting intercepts greatly differed), so we consider age differences
for STEM fields as a whole to streamline the following discussion.
Third, these age differences were far larger than birth cohort or data

collection year effects, which were small in magnitude and not
significant; we therefore interpret the age differences as develop-
mental change, given that cohort confounds cannot explain the large
age effects.

Unexpectedly, the development of boys” STEM stereotypes reversed
with age, declining before age 13 but increasing after age 13. What
explains the early decline for boys and later reversal in adolescence?
Follow-up exploratory analyses on children’s in-group bias provided
empirical clues for answering these questions, as discussed next. In
short, the early decline in boys’ STEM stereotypes aligns with broader
declines in boys’ in-group bias during middle childhood.

Understanding an Asymmetric Development of
In-Group Bias

Our initial hypotheses assumed that (a) in-group bias would
characterize children’s ability stereotypes at age 6 and (b) this bias
would decline by similar amounts for boys and gitls in later ages.
The results supported assumption (a) but not (b). Instead, the results
showed an asymmetric development of in-group bias, as this
following section further discusses.

Definition of In-Group Bias

As mentioned earlier, we defined in-group bias as a general
positivity toward one’s own gender (e.g., “Boys rule, girls drool!”),
aligning with other scholars (e.g., Powlishta et al., 1994). A boy
expresses in-group bias when saying that boys are better at math and
reading (i.e., boys are generally better). A boy who says “boys are
good at math” but “girls are good at reading” expresses traditional
stereotypes, not in-group bias per se (i.e., boys and girls have their
respective strengths, rather than boys are generally better).
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Empirical Differences

With this definition in mind, empirical analyses showed the
following patterns about in-group bias: (a) similarity in boys’ and
girls’ in-group bias at age 6, (b) decline for boys from ages 6 to 13,
and (c) stability for girls. In addition to this asymmetric development,
these patterns also imply a main effect of participant gender, such that
girls generally showed more in-group bias than boys after ages 68
(see Supplemental Figure S6).

The main effect of participant gender (i.e., greater in-group bias
for girls) closely aligns with many findings in other developmental
literatures beyond ability stereotypes. For instance, girls like girls
more than boys like boys (e.g., Dunham et al., 2016; Verkuyten &
Thijs, 2001), a pattern also found among adult participants (e.g.,
Rudman & Goodwin, 2004). Compared to boys, girls also tend
to show stronger in-group bias in assigning positive traits (e.g.,
confident, affectionate) to their own gender (Carver et al., 2003;
Egan & Perry, 2001; C. F. Miller, Wheeler, & Woods, 2024;
Powlishta, 1995; Powlishta et al., 1994; Serbin et al., 1993;
Silvern, 1977; Susskind & Hodges, 2007; Zalk & Katz, 1978), as
reviewed elsewhere (Powlishta, 2004, pp. 117-120).

The asymmetric development (i.e., greater decline with age for
boys) also aligns with broader literatures. For instance, a study with
441 U.S. children also found asymmetric development across ages
4-17 for general in-group preferences, as assessed by both explicit
measures (e.g., “Do you like girls or boys more?”) and implicit
measures (e.g., automatic gendered associations with good vs. bad;
Dunham et al., 2016). Like our findings, this study found that boys’
in-group bias sharply declined with age, whereas girls’ in-group bias
did not.

Speculative Mechanisms for Asymmetric Development

Why would in-group bias develop asymmetrically? The
introduction section briefly cited three cognitive factors that might
spur a general decline of in-group bias (e.g., growth in multiple
classification skills, advances in moral reasoning), but these factors
do not account for an asymmetric decline in bias.

One possible explanation concerns general academic stereo-
types favoring girls. That is, when children enter formal schooling
at ages 5—6, they may increasingly observe girls’ superior grades in
school (even in math and science; Voyer & Voyer, 2014). Children
may then associate school as feminine (e.g., Hartley & Sutton,
2013; Heyder & Kessels, 2013), contributing to asymmetry across
STEM versus verbal domains. Supporting this idea, exploratory
analyses found that measures with school-based wording (e.g.,
“Who gets better math grades?”) showed weaker pro-male STEM
stereotypes than measures with wording about innate ability (e.g.,
“Who has more natural talent in math?”’). Though this finding does
not directly speak to age-related shifts, it illustrates how general
associations of school as feminine could seep into domain-specific
stereotypes, which could buffer against declines in girls’ in-group
bias that might occur otherwise.

Of course, other factors are possible too. For instance, other
scholars have proposed that an awareness of greater male social
status may explain asymmetry in ability stereotypes (Rowley et al.,
2007, p. 152). As these scholars have argued, girls may resent
their lower status in society and may seek to “self-enhance” when
responding to ability stereotype measures, protecting their self-
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esteem and buffering against an age-related decline in their in-group
bias (Kurtz-Costes et al., 2008, p. 390; Vuletich et al., 2020, p. 2).
More generally, several other factors may contribute to greater in-
group bias in girls than boys, such as positive stereotypes of female
communion (e.g., warmth, Eagly & Mladinic, 1994, p. 28), positive
maternal attachment (Rudman & Goodwin, 2004, p. 496), and
negative experiences with male aggression and dominance (Dunham
et al, 2016, p. 786), as reviewed elsewhere (Powlishta, 2004,
pp. 117-120).

Explaining Unexpected Declines in Boys’ STEM
Stereotypes

This broader perspective about in-group bias helps to demystify
the unexpected decline in boys’ STEM stereotypes during middle
childhood (ages 6—13). During that period, boys increasingly express
more female positivity with age in other domains (e.g., general liking
of girls vs. boys, verbal ability stereotypes), making their increasing
female positivity for STEM ability stereotypes less surprising, despite
pro-male STEM messages in their cultural environments. In contrast,
for girls, stable in-group bias along with cultural learning of pro-male
STEM messages would contribute to increasing male bias in girls’
STEM stereotypes during this developmental period.

Changes in Adolescence

Despite earlier declines, boys’ in-group bias showed stability
during adolescence (ages 13-17; see Supplemental Figure S6),
suggesting that some of the relevant constructs may stabilize by
adolescence (e.g., multiple classification skills). Consistent with this
idea, a prior meta-analysis on ethnic, racial, and national prejudice
found stable bias for high-status groups in adolescence, despite
earlier declines in childhood (Raabe & Beelmann, 2011).

With stable in-group bias, several other factors may explain why
both boys’ and girls’ STEM stereotypes became more male-biased in
adolescence, as found in our exploratory analyses (for longitudinal
evidence, see also Skinner et al., 2021; Starr et al., 2023). The
introduction section noted how relevant external observations (e.g.,
more boys than girls in Advanced Placement Computer Science) and
internal observations (e.g., boys’ self-confidence in math) could
become salient in adolescence, strengthening traditional stereotypes.
As another factor, the meaning of “math” or “science” could shift in
adolescence too: As high school students explore future career paths,
they may increasingly view math and science as fields dominated by
adult men, rather than feminine school subjects.15

Summary

Though the exact underlying mechanisms are presently unclear,
the asymmetric development of in-group bias (as expressed in
children’s STEM and verbal ability stereotypes) aligns with other

'S Consistent with this idea, some tentative evidence suggested that pro-
male STEM stereotypes may be stronger for adult than child targets (p = .079
in the confirmatory model). The effect was significant for girls, but not boys, in
sensitivity analyses, consistent with some individual studies (Conlon, 2020;
Martinot et al., 2012; Steele, 2003; though see Hildebrand et al., 2021).
Though these findings do not directly speak to age-related shifts, they support
that STEM stereotypes might strengthen as adolescents increasingly think of
the adult-related connotations of “math” and “science.”
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developmental literatures and helps demystify other age-related
findings.

Theoretical Implications for Cognitive Theories of
Gender Development

The findings on age differences extend cognitive theories of
gender development by stressing the need to explain an asymmetric
development of in-group bias. Though developmental scholars
have long found stronger in-group bias in girls than boys (e.g.,
Silvern, 1977), this empirical conclusion typically has not featured
prominently in theories of stereotype development. For theories
like Bem’s (1983) gender schema theory, the reader is left to
assume that the cognitive processes apply equally across girls and
boys (the theory does not state otherwise). Our initial hypotheses
(e.g., Figure 1) reflect the tacitly implied symmetry.

Though surprising at first, these asymmetries make sense in a
broader societal context. In most societies, men hold greater power
than women across several domains such as business, politics,
control of resources, and property ownership. With this broader
perspective in mind, asymmetries should be expected for at least
some areas of gender development. Bridging social role theory (W.
Wood & Eagly, 2012) with developmental theories provides one
promising path to better connect these societal and cognitive
perspectives. Though a full integration is clearly beyond our present
scope, we briefly outline this direction here for others to pursue,
inspired by our empirical findings and Leaper’s (2011) recommen-
dations for theory bridging.

Social role theory complements and aligns especially well with
developmental intergroup theory (Bigler & Liben, 2006), which

Figure 9
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provides an integrative account of how children learn stereotypes
with age, while accounting for cognitive developmental changes
(see also Arthur et al., 2008; Liben, 2014, 2017). The central bridge
between these two theories is the assumed cognitive process of
inferring internal traits from external behaviors (Figure 9). That is,
implied attribution in developmental intergroup theory maps to
correspondent inference in social role theory (likewise, group-
attribute covariation maps to division of labor). In both theories,
perceivers actively construct stereotypes. For instance, high school
students may infer male math ability (an internal trait) from
observing a man teaching math (an external behavior; Sansone,
2019).

Developmental intergroup theory helps frames how in-group bias
depends on age-related changes in cognitive maturation (e.g.,
multiple classification skills; Bigler & Liben, 2006, p. 77), as well as
environmental features that establish the psychological salience of
gender (the far-left box in Figure 9). A social role perspective
extends this understanding by looking to a society’s division of
labor to explain asymmetries. For instance, women were 89% of
U.S. elementary school teachers in 2021 (Irwin et al., 2022), and
men have been 100% of U.S. presidents so far. Observing these
extreme gender imbalances could lead to stereotypes of greater
female academic ability and stereotypes of greater male power and
agency. Hence, the development of children’s stereotypes is not
random or arbitrary. Rather, it reflects the asymmetric distribution of
roles in society (e.g., women in roles that convey competence but
not power; Eagly et al., 2020). Both of these cognitive and societal
perspectives are needed to more fully account for the complex
processes of stereotype development in future theoretical integra-
tions and extensions.

Bridges Between Developmental Intergroup Theory and Social Role Theory

Developmental Intergroup Theory

Implicit attribution

Group-attribute
covariation

Social Role Theory

Women'’s reproductive
activities, men’s size and
strength

Local culture,
ecology, economy

N/

Division of labor

Correspondent inference

Establish salience
of person attributes

Categorize encountered
individuals

Develop stereotypes
and prejudices

Gender stereotypes

Internal affective motivation

In-group bias

Note. This figure presents simplified versions of the two theories to emphasize the theoretical bridges between them.
Developmental intergroup theory also details two other contributors to stereotype development (essentialism and explicit
attributions). Social role theory also details the downstream consequences of gender stereotypes on regulatory processes
(hormonal, social, and self). Essentialism and explicit attributions adapted from “A Developmental Intergroup Theory of Social
Stereotypes and Prejudice,” by R. S. Bigler and L. S. Liben, in R. V. Kail (Ed.), Advances in Child Development and Behavior
(p. 54), 2006, Elsevier. Copyright 2006 by Elsevier. Hormonal, social, and self adapted from “Biosocial Construction of Sex
Differences and Similarities in Behavior,” by W. Wood and A. H. Eagly, in M. P. Zanna and J. M. Olson (Eds.), Advances in
Experimental Social Psychology (p. 58), 2012, Elsevier. Copyright 2012 by Elsevier. See the online article for the color version

of this figure.



CHILDREN’S ABILITY STEREOTYPES

Further Extensions With Intersectional Perspectives

Characterizing the complex processes of stereotype development
also requires understanding variation within a society (e.g., across
race or ethnicity). As predicted, U.S. Black children had weaker pro-
male STEM stereotypes than U.S. White children, aligning with past
related findings for adults (Eagly et al., 2020, p. 310; O’Brien et al.,
2015). This participant race difference was also sensitive to participant
gender (i.e., strongest for Black vs. White girl participants, not
significant for Black vs. White boy participants). The direction of this
sensitivity aligns with a recent nationally representative analysis (Starr
et al., 2023), which found that Black girls had the weakest pro-male
math ability stereotypes compared to any other participant group (e.g.,
Black boys, White boys, White girls).

Why do Black girls show this nontraditionality, even in late
adolescence? Starr et al. (2023) hypothesized that, as a disenfranchised
group, Black girls have “less to gain by upholding the status quo and
may be more aware of social justice issues” (p. 19). This hypothesis is
plausible, but other factors may be at play too. Theoretical perspectives
on intersectional invisibility argue that individuals with multiple
subordinate-group identities (e.g., Black girls) can experience both
distinct advantages and disadvantages (Purdie-Vaughns & Eibach,
2008). Black girls may be overlooked and marginalized because they
are not seen as prototypical of “girls” or “Black children,” rendering
them metaphorically invisible. But this invisibility can also sometimes
protect racial minority girls and women by making them less
prototypical targets of some common biases and stereotypes (e.g.,
Biernat & Sesko, 2013; Ghavami & Peplau, 2013).

We hesitate to make strong theoretical claims from the meta-
analyzed data given a major evidence gap: Almost no evidence
exists for intersectional targets in this literature. That is, the underlying
measures used generic targets like “girls” and “boys” without
specifying the targets’ race or ethnicity. The meta-analyzed evidence
therefore speaks to intersectionality among participants (who endorses
the stereotype), not stereotype targets (who the stereotype concerns).
Also, less is known about other racial/ethnic groups beyond Black and
White children (e.g., estimates were less precise for Asian or Hispanic/
Latinx children; though see Starr et al., 2023). Overall, more research
is needed on intersectional targets, while using racially and ethnically
diverse samples.

Nonsignificant Findings for Confirmatory Measurement
Characteristics

Like intersectional targets, another major evidence gap was the
field’s limited use of adult targets (5% of STEM effect sizes),
indirect measures (5%), and exceptional targets (2%) in ability
stereotype measures. The null findings for the confirmatory measure-
ment characteristics (e.g., target age) should be interpreted somewhat
cautiously given those limitations. Nevertheless, the findings for
indirect measures still warrant further discussion about how they
inform hypotheses about social desirability bias (e.g., if saying “boys
are good at math” is a social taboo).

The Findings Mitigate Concern About Social Desirability
Bias

In total, 10 studies used at least one indirect measure that did not
explicitly call attention to gender (e.g., “Draw a student who is good
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at math”), indicating a small but nontrivial evidence base
(Supplemental Table S1). Theoretically, if children “hide” their
bias on direct measures due to social desirability, we should expect
to see much larger means for indirect measures that “uncover” that
bias. But the results did not align with that hypothesis: If anything,
the (nonsignificant) trend was in the opposite direction (smaller
mean for indirect measures; Supplemental Figure S8), mitigating
concern about social desirability bias.

Can Social Desirability Bias Explain the Age-Related
Findings?

Despite the somewhat reassuring findings for indirect measures,
is it still possible that social desirability bias might account for some
of the age-related findings? For instance, boys might increasingly
learn that saying “boys are better at STEM” is a social taboo,
explaining their declining STEM stereotypes during ages 6—13. In
our view, this explanation raises far more questions than it answers.
For instance, if expressing stereotyped beliefs is such a taboo, then
why would girls and boys be so comfortable with stating strong pro-
male beliefs about computer science and engineering? Does the
reversal of boys” STEM stereotypes in adolescence mean that social
desirability bias somehow lessens after age 13? Do the same
processes not apply to girls’ STEM stereotypes? And why would
verbal stereotypes generally become more traditional with age if
children are learning to hide stereotyped beliefs? Though answers to
these questions may exist,'® we overall do not view social desirability
bias as a plausible explanation for the observed age differences.

Implications for “Implicit” Associations

Our results for indirect measures contrast with those for “implicit”
associations (cultural fit stereotypes that our meta-analysis did not
include). For instance, IATs have found gendered associations with
STEM versus verbal subjects among elementary school children (e.g.,
Cvencek et al., 2011, 2014; del Rio et al., 2021). These IAT measures
have a serious problem though: They confound STEM with verbal
stereotypes. That is, IATs assess gendered associations with math
versus language (but typically not gendered associations with math
only). This confound is crucial given our findings about strong verbal
stereotypes, yet weak math stereotypes. Many past findings on
children’s implicit “math” stereotypes might instead reflect gender—
verbal associations, not gender—math associations, as others have
cautioned (Levine & Pantoja, 2021, p. 25; Vuletich et al., 2020, p. 5).
For instance, girls have not shown math-male bias in reaction-time
studies that separately assessed math and verbal stereotypes (Nowicki
& Lopata, 2017; Steffens & Jelenec, 2011).

!¢ For instance, maybe stating beliefs about gender differences is more
socially sensitive for STEM than verbal ability. And maybe girls’ STEM
stereotypes are less suspectable to social desirability if stating negative
stereotypes is more socially acceptable for in-group members (i.e., girls) than
out-group members (i.e., boys). These hypotheses are highly speculative.
Empirical evidence suggests that young children are sensitive to social norms
about expressing racial prejudice (e.g., Rutland et al., 2005), but gender
differences are presumably less socially sensitive.
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Summary

The available evidence for indirect measures indicates two key
conclusions. First, the concern about social desirability bias for
direct measures is likely not extreme.'” Second, previous studies
on children’s implicit “math” stereotypes might instead reflect
math—verbal confounds. We urge the field to use more precise
terminology like math-reading IAT or associations with science
versus liberal arts when contrast domain effects cannot be
ruled out.

Limitations
Limitations in the Evidence Base

As previously noted, limitations in the evidence base
constrained the conclusions, especially regarding adult targets,
exceptional targets, indirect measures, intersectional targets, and
preschool children. Relatedly, power analyses indicated serious
data limitations for detecting systematic cross-national or cross-
temporal effects.'® The wide variation in measures and constructs
used across studies, time points, and nations likely contributed to
the low power. Related past studies that used a single measure to
examine variation across 66 nations (D. I. Miller et al., 2015) or
changes since the 1960s (D. 1. Miller, Nolla, et al., 2018) have
found weakened STEM stereotypes in cultures with more women
in STEM nationally.

Limitations in the Review Methods Used

Due to resource constraints, we dual screened only 20% of
abstracts and 56% of full-text articles, which introduced some risk of
missing relevant studies. We also dual coded only 18% of eligible
studies, which introduced some risk of error. However, several other
methodological strengths mitigated those risks (e.g., using Abstrackr
to prioritize dual screening the more relevant abstracts, checking for
consistent interpretation of eligibility criteria and coding guidelines in
weekly meetings, the lead author checking the entered data for any
study that was not dual coded). We are confident that such limitations
would not change the review’s overall conclusions, especially given
the risk mitigation strategies.

The literature search likely also missed some relevant non-English
reports, given that our keyword searches were English-based. Using
Google Translate as the primary translation method could also have
led to some misinterpretations. Nevertheless, the searches found many
non-English reports via (a) literature databases that had translated
English abstracts and (b) citation tracking in Google Scholar (e.g., non-
English reports citing eligible studies). Methodological research has
also shown Google Translate to generally yield accurate and reliable
translations for the purposes of systematic reviews (Jackson et al.,
2019), in part due to major improvements in its algorithm in recent
years (Turner, 2016).

Excluding Measures Without a Meaningful Zero Point

While not a limitation per se, we included only measures that
allowed for computing effect sizes with a meaningful zero point (see
Criterion 3 in the Method section). This criterion meant needing to
exclude Likert agreement ratings that lacked analogously worded
items in the reverse direction (e.g., rate agreement to “boys are
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better,” without an analogous item for “girls are better”). This
exclusion is not a major constraint to the conclusions for two
reasons. First, even if we had included such measures, we would
have analyzed them in separate meta-analytic models given the large
structural differences (keeping results for the measures we included
intact). Second, the excluded Likert measures raise concern about
the question structure biasing children’s responses (called acquies-
cence bias). A child might agree that “boys are better in math” based
on a general tendency to agree with a researcher’s statements, even if
the child does not strongly hold such beliefs (Saris et al., 2010).

Constraints Due to Construct Focus

Lastly, the construct focus on STEM and verbal ability
stereotypes constrains our focus to descriptive stereotypes about
positive traits, which can differ from other gender stereotypes in
several critical ways as follows (see also C. F. Miller, Wheeler, &
Woods, 2024):

* descriptive stereotypes: As reviewed previously, prescrip-
tive stereotypes about how the world should be (e.g.,
“Who should study engineering?”’) often show radically
different patterns of development than descriptive stereo-
types (e.g., Signorella et al., 1993).

e trait stereotypes: Findings for descriptive stereotypes about
traits (e.g., ability, warmth) may not directly generalize to
descriptive stereotypes about highly gendered activities,
occupations, or toys (e.g., “Who plays with dolls?”), which
develop far more rapidly and often reach ceiling levels of
knowledge by age 6 (e.g., see Serbin et al., 1993, Figure 1).

* positive traits: In-group bias often emerges far more starkly
for stereotypes about positive traits (e.g., confident) than
negative traits (e.g., aggressive; Susskind & Hodges, 2007,
Figure 1). Hence, the evaluative processes that shape in-group
bias may operate differently for stereotypes of positive versus
negative traits.

This focus constrains the conclusions but also suggests how they
might generalize. For instance, the present results provide hypotheses
to test in future research on descriptive gender stereotypes about
positive agentic traits (e.g., ambitious) and communal traits (e.g.,
kind). This focus also implies that the results might not necessarily
generalize to STEM and verbal stereotypes in nonability domains
(e.g., associations or interest stereotypes; D. I. Miller, Nolla, et al.,
2018; Tang et al., 2024).

Recommendations for Future Research

Understanding the complexity of how these ability stereotypes
develop and shape children’s lives requires collaborative efforts across
multiple fields such as developmental science, social psychology,

17 Nevertheless, indirect and direct measures likely assess different
constructs (e.g., associative vs. propositional processes; Gawronski &
Bodenhausen, 2006, 2011). Hence, the field’s limited use of indirect
measures constrains our main conclusions to accounts of explicit social
cognition, which is an important phenomenon in its own right.

'8 To illustrate, the analysis did not even have 50% power to detect a
theoretical change in U.S. STEM stereotypes from —0.18 standard deviations
in 1977 to +0.18 standard deviations in 2019.
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sociology, and education. Our synthesis guides research in this
direction by integrating diverse empirical literatures with multiple
perspectives from psychology and beyond. An interactive data tool
allows scholars to find specific prior studies to help guide their future
research in these directions: https://d-miller.shinyapps.io/STEM_ve
rbal_stereotypes/.

For STEM stereotypes, the findings indicate a clear, pressing need
for this field to shift far more attention to computer science,
engineering, and physics stereotypes. Responding to this need can
occur in tandem with addressing other critical evidence gaps (i.e.,
studying with indirect measures, adult targets, exceptional targets,
intersectional targets, or preschool children).

For verbal stereotypes, the findings call for investigating (a) the cues
that children use in learning verbal ability stereotypes with age, (b)
other moderators that may further explain variability, and (c) the
downstream effects on reading and writing outcomes. These directions
are especially important given the large magnitudes for verbal ability
stereotypes, their clear increase with age, and their relevance for
understanding boys’ underachievement in reading and writing.

For intervention research, the findings raise the question: Should
applied interventions aim to directly challenge these stereotypes?
Some interventions have found short-term change in stereotypes by
countering negative messages about girls” STEM abilities (e.g., Cyr
et al., 2024; F. Zhao et al., 2018). However, other scholars have
argued that gender stereotypes are likely to reemerge later, due to the
difficulty of long-lasting stereotype change (Eagly & Koenig, 2021).
Given this tension, some scholars have instead suggested to broaden
stereotypes (e.g., highlight diversity) or mitigate the effects of
stereotypes (e.g., with growth mindset messages; Master & Meltzoff,
2020). Regardless of the exact approach, our results provide future
intervention researchers with key developmental context about when
children tend to endorse certain beliefs.

Conclusions and Implications

The findings overall emphasize the variability in children’s ability
stereotypes, while also calling for far more research on computing,
engineering, physics, and verbal stereotypes. Age-related findings
showed a simple qualitative conclusion and a more complex
quantitative conclusion. Qualitatively, STEM and verbal stereo-
types shifted from in-group bias at age 6 to traditional stereotypes by
age 16. Quantitatively, the development of STEM versus verbal
stereotypes was asymmetric, with a developmental reversal for boys’
STEM stereotypes.

These empirical findings provided opportunities to build novel
theoretical bridges. Integrating cognitive theories with social role
theory implicates broader developmental and societal factors that
may extend beyond ability stereotypes. Specifically, in-group bias
declined faster for boys than girls, as empirically found in other
domains too. This theoretical analysis offers new testable hypotheses
for other descriptive gender stereotypes about positive traits (e.g.,
agency, communion), while better accounting for both cognitive and
societal considerations.

More proximally, the early onset of computing, engineering, and
verbal ability stereotypes echoes that young children develop a
wealth of understanding about gender even before formal schooling.
With this early onset, multiple mechanisms exist for how these
beliefs could contribute to boys’ underachievement in reading or
variation in women’s participation across STEM fields. For instance,
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at age 6, children already believe that boys and men are better at
computing and engineering; girls increasingly endorse this belief in
older ages. These stereotypes therefore have ample time to affect
children’s motivations and behaviors as children engage with these
subjects in formal schooling and select diverging pathways in later
grades.
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