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Abstract: Though adults tend to endorse the stereotype that boys are better than girls in math, children
tend to favor their own gender or be gender egalitarian. When do individuals start endorsing the
traditional stereotype that boys are better? Using two longitudinal U.S. datasets that span 1993
to 2011, we examined three questions: (1) What are the developmental changes in adolescents’
gender stereotypes about math abilities from early to late adolescence? (2) Do the developmental
changes vary based on gender and race/ethnicity? (3) Are adolescents’ stereotypes related to their
math motivational beliefs? Finally, (4) do these patterns replicate across two datasets that vary in
historical time? Adolescents in grades 8/9 and 11 were asked whether girls or boys are better at
math (n’s = 1186 and 23,340, 49-53% girls, 30-54% White, 13-60% Black, 1-22% Latinx, and 2% to
4% Asian). Early adolescents were more likely to be gender egalitarian or favor their own gender.
By late adolescence, adolescents’ stereotypes typically shifted towards the traditional stereotype
that boys are better. In terms of race/ethnicity, White and Asian adolescents significantly favored
boys, whereas Black and Latinx adolescents were more likely to endorse gender egalitarian beliefs.
Adolescents’ stereotypes were significantly related to their expectancy beliefs, negatively for girls
and positively for boys.

Keywords: STEM; math; gender stereotypes; motivational beliefs; expectancy-value beliefs

1. Introduction

Psychologists have studied and attempted to minimize gender gaps in STEM for sev-
eral decades, yet gender gaps persist to this day [1,2]. Gender gaps in math are of particular
concern, as math serves as a gateway to numerous STEM educational opportunities [3].
One possible contributor to the persistent gender gaps in math is if individuals’ stereotypes
have not changed historically. Gendered math ability stereotypes, such as the belief that
boys are better at math than girls, exacerbate gender gaps by promoting boys in math while
hindering girls, who are already marginalized in math [1,4]. Though women historically
have made gains in many STEM fields (including math) [5], U.S. media portrayals have not
substantially improved [6]. Furthermore, a recent U.S. study suggests that parents’ math
ability gender stereotypes have not significantly changed over a 20-year period from 1984
to 2009 [7]. Although the U.S. ranks in the upper third of countries for gender equality
(ranking 43 out of 146), it currently ranks below many nations, including most of Europe [8].
Furthermore, the U.S. has a greater gender gap in STEM participation compared to many
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nations [1]. Examining the potential historical differences in U.S. adolescents” math stereo-
types will help us understand whether these gender stereotypes have persisted like parents’
stereotypes and potentially continue to contribute to gender differences in adolescents’
math motivational beliefs.

Most of the existing research on adolescents’ gender ability stereotypes in math focuses
on Whites and does not address developmental changes nor historical differences [9,10],
although there are notable exceptions, e.g., [9,11]. Furthermore, replication of research
findings is important for our field but seldom investigated [12]. In particular, conceptual
replication is valuable because it examines whether effects persist across different demo-
graphics, measures, and contexts, which speaks to the robustness of the finding [12,13]. To
address these gaps in the literature, the present study explores the prevalence of adolescents’
math ability gender stereotypes and the correlates across two large U.S. datasets that span
early and late adolescence and include racially /ethnically diverse adolescents. Though
the two longitudinal datasets differ in some respects, testing these processes across these
two datasets allowed us to test the extent to which the findings were replicated during
two different historical time periods, namely the 1990s and 2010s. Prior research has found
that parents’ math gender stereotypes favoring boys [7] and gender differences in math
self-concept [2] have not changed during this same period of time. Thus, we wished to
explore if adolescent gender stereotypes also have not changed during this time period.
Similar endorsement of math gender stereotypes during this time period may help explain
why gender differences in math self-concept, in addition to differences in participation in
certain STEM fields, remain [1,2].

1.1. Understanding Math Ability Stereotypes through Situated Expectancy-Value Theory and
Social Status Theory

Situated expectancy-value theory [14] postulates that gender stereotypes are culturally
situated attitudes that influence individuals’ beliefs, choices, and performance. According
to this theory, adolescents’ gender stereotypes about a domain like math influence their sub-
sequent motivational beliefs, which are composed of two primary constructs— expectancies
for success (how well someone expects to perform in a domain such as math) and subjective
task-values (beliefs about how interesting, useful, or important a task is) [14]. Specifically,
if an individual believes their gender is generally good at a domain, they are likely to
have higher expectancy and value beliefs in that domain [10,15]. Individuals” motivational
beliefs, in turn, are central determinants of their academic and career outcomes throughout
life [14]. Thus, adolescents’ gender stereotypes about a domain should have implications
for their motivational beliefs and subsequent outcomes in that domain.

Situated expectancy-value theory argues that social position factors, including gender
and race/ethnicity, influence where one is situated in society; however, it provides less
insight into the specific processes or expectations. To examine why the prevalence of
individuals” math gender stereotypes may differ by social group, we employed social
status theory. Social status theory [16] argues that socially privileged groups (e.g., White
individuals, boys) are more likely to endorse traditional gender stereotypes because they
have more to gain by upholding current social systems. Based on this theory, male, White,
and Asian adolescents (particularly White and Asian boys) have more to gain by upholding
traditional gender stereotypes about math because of their strong representation, whereas
female, Black, and Latinx adolescents (particularly Black and Latina girls) have less to
gain from upholding traditional stereotypes and may be more likely to endorse gender
egalitarian or non-traditional beliefs. Although White and Asian girls may not directly
benefit from the traditional math gender stereotype that boys have stronger math abilities,
they may still be more likely to endorse them than Black and Latinx adolescents. This
is because members of their family and community (such as their fathers and brothers)
may benefit from traditional math gender stereotypes; recent evidence suggests that Asian
and White parents are more likely to hold traditional math gender stereotypes than Black
and Latinx parents [7]. As a result, Asian and White parents and other family members
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may be more likely to transmit these beliefs to their children, including their daughters.
Additionally, competency and self-reliance are valued as part of Black women’s gender
identity [17]. Thus, female, Black, and Latinx adolescents may be less likely to endorse
traditional math gender stereotypes, whereas male, Asian, and White adolescents may be
more likely to endorse these stereotypes.

Adolescence is an important developmental period to investigate changes in math
gender stereotypes because it coincides with cognitive maturation as well as identity
development [18-20]. Greater endorsement of traditional math gender stereotypes as
adolescents move through early to late adolescence is plausible because adolescents have
increasingly sophisticated cognitive abilities to apply stereotypes to their own identity
and motivational beliefs [20,21]. Moreover, puberty as well as middle and high school
settings, may lead adolescents to pay more attention to gendered social comparisons in
math classrooms [22]. Adolescents also have a greater lifetime exposure to stereotypes
about STEM than younger children and may be in contexts that highlight traditional
stereotypes, like advanced STEM courses [22,23]. Thus, adolescents” traditional stereotypes
may become more prevalent with age due to developmental processes and as contexts
draw attention to gender and math ability [24].

1.2. Empirical Evidence on the Prevalence and Differences in Adolescents’ Math Ability
Gender Stereotypes

Developmental changes. Prior research suggests that individuals’ beliefs may shift to
more traditional math gender stereotypes during adolescence. Two U.S. studies among
racially/ethnically diverse youth suggest that early adolescents have gender egalitarian
views—the belief that both genders are equally good at math—compared to children [25]
and late adolescents [10]. One of these studies charted the changes in students’ math
gender stereotypes longitudinally; using one of the datasets used in the present study, the
researchers found that U.S. adolescents’ gender-stereotyped beliefs became more traditional
across high school, and by the eleventh grade, both girls and boys were significantly more
likely to believe males are better at math [10]. These patterns align with cross-sectional
research on majority-White French and German high school and college students [26,27].
Though several studies suggest that the traditional stereotype that boys are better than
girls at math is more prominent in late adolescence, there are some inconsistencies in the
literature. One study suggests traditional stereotype beliefs may emerge as early as the
ninth grade among majority-White gifted youth in the UK [28], whereas another UK study
and a French Canadian study (both majority White) found that adolescents (grades 9-12)
and late adolescents (grade 10) hold gender egalitarian beliefs [9,29]. Thus, research
conducted among diverse samples in the U.S. has largely found that early adolescents hold
gender egalitarian views, which switch to more traditional views in late adolescence [10].
These differences were replicated in some cross-sectional non-U.S. studies [26,27] but not in
other studies, potentially because the latter studies had, on average, younger adolescents
(e.g., grade 10 versus grade 11) [10,26,29]. Thus, the present study aimed to expand
upon the prior literature by examining the replication of changes in adolescent math
gender stereotypes in two diverse, longitudinal U.S. datasets that included both early and
late adolescents.

Gender differences. Findings from several studies suggest that boys typically en-
dorse traditional gender math stereotypes more often than girls [9,30]. This is potentially
because, according to social status theory, boys have more to gain from endorsing these
beliefs compared to girls and thus may be more likely to endorse traditional math gender
stereotypes [16]. Alternatively, some parents and media may socialize girls not to endorse
traditional gender stereotypes. Prior research finds that parents of girls are less likely to
endorse traditional math gender stereotypes [7], and parents may be more careful about
endorsing traditional gender stereotypes around their daughters. Relatedly, although the
media as a whole still largely portrays sexist stereotypes [31], there are some programs
and media targeted towards girls that endorse the belief girls can be anything, including
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being good at math. Thus, endorsing traditional math stereotypes may be more common
among boys and may be particularly pronounced among boys in late adolescence, given
the prevalence of traditional math stereotypes at that time [27,32,33].

Racial/Ethnic differences. Social status theory suggests that members of groups
underrepresented in STEM (i.e., Black and Latinx adolescents) will be less likely to endorse
traditional stereotypes in that domain compared to members of groups overrepresented in
STEM (i.e., Asian and White adolescents). Findings among Black and White Americans
support this assertion [16,34]. For example, one study about gender stereotypes among
fourth-, sixth-, and eighth-grade Black and White adolescents found that girls and Black
adolescents were less likely to endorse traditional gender stereotypes than their peers [10].
Black girls were the least likely to endorse traditional gender ability stereotypes in math and
science, whereas White boys were the most likely to endorse the stereotype [16]. Relatedly,
one study among Black seventh and eighth graders found that adolescents, on average,
endorsed non-traditional math stereotypes favoring girls [35]. Thus, evidence from several
studies in elementary and middle school suggests that Black adolescents may endorse less
traditional gender stereotypes than White adolescents, though this has not been tested
during high school. Most prior research has taken place among early adolescents when
non-traditional or egalitarian views are expected. Research with late adolescents and
longitudinal research across adolescence is needed to chart the developmental changes in
Black adolescents’ math gender stereotypes.

Moreover, few studies examine the prevalence of math ability gender stereotypes
among Latinx and Asian adolescents. Much of the existing research focuses on citizens
of Asian countries rather than Asian Americans; thus, it is unclear to what extent these
findings generalize to Asian adolescents in the U.S. Similar to Asian families, Latinx families
have been found to endorse more traditional gender roles [36]. However, this may not
translate to more traditional math ability gender stereotypes for Latinx adolescents, given
that two studies found Latinx mothers and parents had gender egalitarian views about
individuals” math abilities [7,30], which were significantly less traditional than Asian and
White parents’ stereotypes [7]. Two additional studies among adult women found Latina
women had significantly less traditional STEM-gender implicit stereotypes compared to
White women [37,38]. Thus, past studies suggest that Asian adolescents might endorse
more traditional math gender stereotypes similar to White adolescents, whereas Latinx
adolescents may endorse less traditional stereotypes similar to Black adolescents, although
it remains an open question among Asian and Latinx adolescents. It is important to explore
math gender stereotypes among Asian and Latinx adolescents for multiple reasons. First,
both racial/ethnic groups comprise sizable portions of the U.S. school age population and
are some of the fastest growing racial/ethnic groups. Second, it is important to explore
math gender stereotypes among Asian and Latinx adolescents because we cannot assume
that the patterns for White families generalize to other groups, as emerging evidence
among Black and White adolescents suggests stereotype processes vary by racial /ethnic
group [16]. Finally, studying stereotypes of Asian and Latinx adolescents has critical
theoretical implications. Both ethnic groups culturally endorse traditional gender roles, yet
differ in their representation in STEM, which makes for an interesting theoretical test of
social status theory [16].

1.3. Adolescents” Math Gender Stereotypes and Motivational Beliefs

According to situated expectancy-value theory, adolescents’ gender stereotypes about
math should shape their math motivational beliefs (such as expectancy-value beliefs) [14].
One study among high school students in the U.S. linked traditional math gender stereotype
endorsement to lower math motivational beliefs for girls and higher beliefs for boys [10].
However, another study among U.S. fourth, sixth, and eighth graders (54% White, 30%
Black) found that traditional gender stereotypes were positively related to boys” expectancy
beliefs but not significantly related to girls’ beliefs [39]. Much of past research has been con-
ducted among children; however, it is also important to explore these relations replicated
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during late adolescence, when stereotypes are theorized to become more traditional and
thus may be more likely to benefit boys while harming girls. Furthermore, it is important
to explore the extent to which these processes replicate among Asian, Latinx, and Black
adolescents in the U.S. or the extent to which the relations may differ across these groups.
For example, because of the model minority stereotype, Asian adolescents may be stereo-
typed in school and society as excelling at math, regardless of gender [40]. Furthermore,
studies have found that Asian adolescents do not demonstrate the gender differences in
math motivational beliefs that White adolescents do [2,11,41]. However, stereotype threat
research indicates that while highlighting Asian identity may improve performance among
Asian American women, highlighting female identity may lower performance [42]. This
suggests that gender-based stereotypes about math still affect Asian American women and
girls. Relatedly, given that Latino boys are often stereotyped as not doing well academ-
ically by teachers [22], math gender stereotypes may not benefit them in the same way
they do White boys. Thus, our study adds to this body of literature by testing the extent
to which racially/ethnically diverse U.S. adolescents” gender stereotypes are related to
their expectancy and value beliefs in two longitudinal datasets that span early and late
adolescence and differ in terms of historical time.

1.4. Current Study

Based on situated expectancy-value theory [14], adolescents” gender stereotypes about
math ability should vary by age, gender, or race/ethnicity and be differentially related to
their expectancy-value beliefs. We utilized two large, longitudinal datasets that included
early adolescents at the first time point (eighth and ninth grades) and late adolescents at
the second time point (eleventh grade) from the mid-1990s to the 2010s. The two datasets
were identified by consulting experts in the field and searching for datasets in databases
of publicly available data (e.g., IES, OSE, and the Henry A. Murray Research Archive
at Harvard) using terms such as “math gender stereotypes”. These two datasets were
included because they had data on math gender stereotypes and expectancy-value belief
questions on adolescents in the U.S.; other datasets did not include both types of data for
this age group. Using multiple datasets also afforded us the ability to test for conceptual
replication across historical time, study design, and races/ethnicities, to see whether the
results are similar across the datasets. Scholars argue that conceptual replication provides
more compelling evidence than exact replication [12] because it addresses the robustness
of the findings across different participant demographics, measures, and contexts [13]. As
an open research question, we examined conceptual replication and historical differences
in prevalence.

Based on the reviewed literature and situated expectancy-value theory [14], we exam-
ined the following hypotheses:

1.4.1. Hypothesis 1: Changes in the Prevalence of Math Gender Stereotypes over Time

Based on past research [10], we expected adolescents to move from same-gender
biased or egalitarian gender stereotypes in early adolescence (eighth/ninth grades) to
traditional stereotypes favoring boys in late adolescence (eleventh grade). Additionally, we
expected this pattern to replicate across the two datasets, given that past research has found
these developmental differences, and parents’ stereotypes and youth’s math self-concepts
have not changed over historical time. Finally, we explored if these changes varied based
on gender and race/ethnicity.

1.4.2. Hypothesis 2: Group Differences in the Prevalence of Math Gender Stereotypes

Based on past research [43], we expected that boys would hold significantly more
traditional math gender stereotypes at all grade levels compared to girls. Furthermore,
based on past research and theory [16], we expected that even though Asian and White
adolescents would take the developmental path outlined above (favoring their own gender
in early adolescence but boys in late adolescence), Black and Latinx adolescents would
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largely be gender egalitarian or favor their own gender across adolescence. Additionally, we
expected that Asian and White adolescents would hold significantly more traditional math
gender stereotypes at all grade levels compared to Black and Latinx. We expected these
patterns to replicate across the two datasets, given a past study found that parent gender
stereotypes (including racial/ethnic differences) were replicated across four datasets [7].

1.4.3. Hypothesis 3: Adolescents’ Math Gender Stereotypes in Relation to Their Math
Motivational Beliefs

We expected that more traditional gender stereotypes would be positively associ-
ated with math expectancy and value beliefs among boys but negatively associated with
expectancy and value beliefs among girls. We additionally wished to explore these rela-
tions within each racial/ethnic group. We expected these patterns to replicate across both
datasets, given past research has found these patterns, e.g., [10].

2. Method
2.1. Datasets

This present study used two longitudinal datasets. The first was a large, local dataset:
the Maryland Adolescent Development in Context Study (MADICS). The second dataset
was a large nationally representative dataset: the High School Longitudinal Study (HSLS).
For more information on MADICS, including study questionnaires, see https://garp.
education.uci.edu/madics.html (accessed on 21 August 2023). For more information about
HSLS, see the National Center for Education Statistics website [44].

For this paper, we used all waves when the math gender stereotype data were collected
in each dataset; MADICS and HSLS included the stereotype data at two waves—either the
eighth or ninth grades and the eleventh grade. Adolescents were excluded from our sample
if they were missing data for (a) their gender (MADICS n = 11; HSLS n = 0) or (b) their
stereotype data at both time points (MADICS n = 285; HSLS n = 160). Detailed descriptions
of the participants in the analytic sample for each study are in Table 1 and below.

Table 1. Participants by dataset.

Indicator MADICS HSLS
Design Longitudinal, 1 cohort Longitudinal, 1 cohort
Data included
Years when collected 1993-1996 2009-2012
Youth waves (Year) W3 (1993) and W4 (1996) W1 (2009) and W2 (2012)
Youth’s grades 8th and 11th Grades 9th and 11th Grades
Sample sizes
Total N: Dataset 1482 23,500
Total N: Current study 1186 23,340
Demographic information
% Girls (n) 49% (n = 585) 50% (n = 11,670)
% White (n) 30% (n = 350) 50% (n = 11,670)
% Black (n) 60% (n = 708) 13% (n = 3030)
% Latinx (1) 1% (n = 15) 22% (n = 5140)
% Asian (n) 2% (n = 20) 4% (n = 930)
% Other race/ethnicity 8% (n =93) 11% (n = 2570)
% Parent college degree 42% 45%
$30,000 or less: 23% $35,000 or less: 28%
Family income $30-60,000: 43% $35-75,000: 32%
Over $60,000: 34% Over $75,000: 41%

W = Wave. HSLS analyses, including demographic information, were weighted to be nationally representative.
HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for Education
Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and First Year Follow-Up public dataset;
n’s rounded to the nearest tens place.
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2.1.1. Maryland Adolescent Development in Context Study (MADICS): Eighth and
Eleventh Grades

MADICS is a longitudinal study following one cohort of 1482 adolescents (49% girls)
and their families. The sample includes primarily Black (60% of the sample) and White
(30%) families (in addition to 15 Latinx families, 20 Asian families, and 93 families that were
multiethnic or another race/ethnicity) from a range of socioeconomic statuses in Maryland
and the D.C. area. The present study used data from adolescents in Waves 3 and 4 (1993
and 1996) when adolescents were in the eighth (ages 13-14; n = 1043) and eleventh grades
(ages 16-17; n = 855).

2.1.2. High School Longitudinal Study (HSLS): Ninth and Eleventh Grades

HSLS is a longitudinal and nationally representative study of more than 20,000 ado-
lescents (49% girls, 54% White, 17% Latinx, 11% Black, and 9% Asian) from 944 schools in
the U.S. Eligible schools and adolescents were selected using a random, stratified sample
design. The present study used data from adolescents in Wave 1 (2009) and Wave 2 (2012)
when adolescents were in the ninth grade (ages 14-15; n = 20,720) and eleventh grade
(ages 16-17; n = 20,010). To be representative of the U.S. population, analyses in this study
were adjusted using the analytic weight W2STUDENT, strata, and clusters.

2.2. Measures

HSLS and MADICS included the same constructs with slight item-level variations,
allowing us to examine conceptual replication [12]. For a full list of items by dataset, see
Supplementary Table S1.

2.2.1. Adolescents’ Math Ability Gender Stereotypes

Adolescents in HSLS and MADICS reported their gender math ability stereotypes
using a similar item [45]. This item was measured in the ninth and eleventh grades in
HSLS and the eighth and eleventh grades in MADICS; these were the only two time
points the question was asked in both datasets. In the HSLS dataset, they were asked, “In
general, how would you compare males and females in math?” (1 = females much better to
5 = males much better). In the MADICS dataset, adolescents were asked, “Who is better at
math and science, girls or boys?” (1 = girls are a lot better, 2 = girls are somewhat better,
3 = girls and boys are the same, 4 = boys are somewhat better, and 5 = boys are a lot better).
Adolescents’ responses were recoded. The response “girls and boys are the same” was set
to 0. Responses that endorsed the belief that girls are better at math were set to be below 0
(—1 = girls are somewhat better, —2 = girls are a lot better). Responses that reflected the
traditional belief that boys are better at math were set to be above 0 (1 = boys are somewhat
better, 2 = boys are a lot better).

Past research about math gender stereotypes has used this item [10,24,45]. The item
has strong face validity as well as criterion validity because it directly asks about ability
stereotypes, and prior research has found that the item significantly correlates with other
scales in the expected direction [24]. Furthermore, prior research indicates that single
items perform similarly to scales [46—48], and the use of a single item allows adolescents to
endorse the belief that girls are better at math, that boys are better, or that both genders are
the same at math [10].

2.2.2. Adolescents” Math Expectancy and Value Beliefs

Both HSLS and MADICS had math expectancy and value belief items based on
Eccles’ situated expectancy-value model that prior work has validated [49,50]. The ex-
pectancy belief scale had three items in MADICS (eighth grade: alpha = 0.82; eleventh
grade: alpha = 0.85) and four items in HSLS (ninth grade: alpha = 0.89; eleventh grade:
alpha =0.90). An example expectancy belief item is “How good at math are you?”
(1 = not at all good, 7 = very good). The value belief scale was three items in MADICS
(eighth grade: alpha = 0.68; eleventh grade: alpha = 0.64) and six items in HSLS (ninth
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grade: alpha = 0.80; eleventh grade: alpha = 0.80). An example value belief item is “In
general, how useful is what you learn in math?” (1 = not at all useful, 7 = very useful).
HSLS used a response scale of 1-4, and MADICS used a 1-5 response scale for two value
questions and a 1-7 scale for the remaining question; in order to combine the three items,
the 1-5 response scale was converted to a 1-7 scale using a linear transformation. For
more information regarding psychometric properties such as measurement invariance,
see [41,51] (HSLS) and [52] (MADICS).

2.2.3. Background and Covariates

For the present analyses, we examined potential variations based on adolescent gender
(girl or boy, reported by adolescents) and adolescent race/ethnicity (Asian, Black, Latinx,
White, or other, reported by adolescents). Additionally, we controlled for household income
(reported by the caregivers) and highest caregiver education (reported by the caregivers).

2.3. Plan of Analysis

Data were analyzed in SPSS version 26 for MADICS, and STATA version 14.1 or R
version 4.0.1 and Rstudio were used for HSLS. The proportion of missing values across the
two datasets ranged from 11-12% for adolescent gender stereotypes in early adolescence,
14-25% for adolescent gender stereotypes in late adolescence, 11-19% for motivational
beliefs items, and 0-28% for family income and parent education level. Missing data were
imputed if adolescents had stereotype data from at least one single time point. Within each
dataset, we compared adolescents who were missing some data to adolescents who had
complete data. In MADICS, participants who were missing some data reported significantly
lower family incomes (d = 0.22) and parent education (d = 0.13), were more likely to be boys
than girls (¢ = 0.09) and were more likely to be Black than White (¢ = 0.04) (ps < 0.003)
compared to adolescents with complete data. There were no significant differences in ado-
lescents” math motivational beliefs or math gender stereotypes (ds = —0.07-0.02; ps < 0.089).
In HSLS, participants with some data missing reported a significantly lower parent edu-
cation (d = 0.29), family income (d = 0.28), and math motivational beliefs (ds = 0.07-0.15);
had more traditional math gender stereotypes (ds = 0.06-0.11); were more likely to be
boys (¢ =0.04); and were more likely to be Asian (¢ = 0.05), Black (¢ = 0.05), Latinx
(¢ =0.05), and less likely to be White (¢ = —0.12) (all ps < 0.001) compared to adolescents
with complete data. Thus, although there were significant differences between adolescents
with missing data and those with complete data, all effects were small or less than small.
Missing data in both datasets were handled by multiple imputations [53]. Thirty datasets
were imputed in SPSS using auxiliary variables that included data from other time points,
demographic data, and transcript data (e.g., math grade and SES).

2.3.1. Hypothesis 1: Changes in the Prevalence of Math Gender Stereotypes over Time

To understand the prevalence of adolescents” math gender stereotypes, it is important
to describe how much these beliefs change over time and the extent to which those changes
vary across groups. For Hypothesis 1, we expected adolescents would hold more tradi-
tional math gender stereotypes in late adolescence (i.e., eleventh grade) compared to early
adolescence (i.e., eighth grade in MADICS and ninth grade in HSLS). We expected that this
would replicate across the two datasets. We examined these changes through three steps:
(a) repeated measures MANCOVAs in each dataset, (b) a series of one-sample t-tests in each
dataset, and (c) testing the extent to which these effects replicate across the two datasets.

First, we examined the overall changes in adolescents” math gender stereotypes and
the extent to which these changes varied across gender and race/ethnicity with repeated
measures MANCOVA. We estimated one repeated measure MANCOVA in each dataset
to investigate (a) the main effects of time, gender, and race/ethnicity, as well as (b) the
interactions between time, gender, and race/ethnicity. We ran this MANCOVA both with
and without using family income and parent education as the covariates; for the analyses
with covariates, please see the Supplementary Materials. p-values and the effect sizes (eta
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squared) were used to determine meaningful significance. These analyses describe the
extent to which there were changes in adolescents” math gender stereotypes and whether
these changes varied across groups (e.g., boys and girls); however, they provide less
information on what the changes look like for each group or if adolescents favor a particular
gender or if their stereotypes significantly differ from gender egalitarian views. For instance,
girls” stereotypes might shift from slightly favoring their own gender to slightly favoring
boys over time, but these stereotypes may not differ from gender egalitarian beliefs at either
time point. For that, we employed one-sample ¢-tests.

We examined the prevalence of these math gender stereotypes in early and late
adolescence within each gender and racial/ethnic group using a series of one-sample
t-tests, which examined the extent that each group’s mean differed from zero. Because zero
was coded to signify gender egalitarian beliefs (i.e., believing boys and girls are equally
good at math), these f-tests examine the extent to which participants in each group hold
egalitarian beliefs or favor one gender (and which gender they favor). For example, if early
adolescents are more egalitarian as expected, boys” and girls” means should not significantly
differ from zero, though they may still change over time. If late adolescents favor boys as
expected, then boys’ and girls’ means should be different from zero with positive means,
which indicates they favor boys, on average. In each dataset, we tested these one-sample
t-tests for girls and for boys overall, which included all racial/ethnic groups, as well as for
girls and for boys in each racial/ethnic group. For example, in MADICS, we estimated
six one-sample t-tests: girls overall, boys overall, Black girls, White girls, Black boys, and
White boys.

Finally, we examined the extent to which the analyses in the first two parts, namely
the MANCOVA and one-sample t-tests, were replicated across the two datasets. After cal-
culating the means, standard deviations, and effect sizes within each dataset separately, we
used random-effects models to estimate the combined effect, or an average effect size across
the datasets adjusted for sample sizes using Comprehensive Meta-Analysis, version 3.3
(CMA, [54]). In addition to the combined effect size, we obtained two statistics (Cochran’s
Q and I?) that describe the heterogeneity of the effect sizes across the datasets. A signifi-
cant Cochran’s Q statistic indicates that there is significant heterogeneity across datasets,
whereas the I? indicates the percentage of variance that differs between datasets [55,56].

2.3.2. Hypothesis 2: Group Differences in the Prevalence of Adolescents’ Math
Gender Stereotypes

A second important aspect in understanding the prevalence of adolescents” math
gender stereotypes is describing the differences across groups. We expected boys would
have more traditional stereotypes than girls. We also expected that Asian and White
adolescents would have more traditional stereotypes than Black and Latinx adolescents.
We tested these two hypotheses with the gender and race/ethnicity main effects and the
gender by race/ethnicity interaction from the MANCOVA described under Hypothesis 1.
A MANCOVA was estimated for each dataset separately. We examined the extent to which
these findings replicated across datasets using the random-effects models described under
Hypothesis 1.

2.3.3. Hypothesis 3: Adolescents’ Math Gender Stereotypes in Relation to Their Math
Motivational Beliefs

We hypothesized that adolescents” math gender stereotypes would significantly relate
to their motivational beliefs (positively for boys, negatively for girls). Regressions con-
trolling for parent education and income were run by grade and gender for adolescents’
stereotypes and math motivational beliefs. Parent education and income were controlled for,
given they are related to adolescents” motivational beliefs [57]. A regression was estimated
separately at each grade level and for each gender in each dataset, and by race/ethnicity.
We did not test if the regression coefficients replicated across the two datasets, as it is
not appropriate to compute the relevant statistics (Cochran’s Q and I%) across regression
coefficients [58]. Instead, to compare whether the effects were similar across datasets, gen-
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der, and race/ethnicity, we plotted the unstandardized B coefficients with 95% confidence
intervals (using unstandardized coefficients is recommended when the predictor variable
is easy to understand, which is the case with a single item predictor; [59]). This approach
has been recommended to compare the effects [60].

3. Results
3.1. Hypothesis 1: Prevalence of Math Gender Stereotypes
3.1.1. Changes from Early to Late Adolescence

We anticipated that early adolescents would hold more gender egalitarian beliefs
(i.e., endorse the belief that both genders are equal), and late adolescents would report
more traditional stereotypes (i.e., the belief that boys are better than girls at math). To
test this, we investigated age-related changes through repeated measures MANCOVAs
(see Supplementary Materials for the results where we controlled for family income and
parent education; the results were largely similar with one exception: in MADICS, the
time by gender stereotypes main effect was no longer significant). As expected, boys” and
girls’” stereotypes significantly became more traditional from the eighth to eleventh grades
in MADICS [F(1) = 9.68, p = 0.002, p* = 0.014] and from the ninth to eleventh grades in
HSLS [F(1) = 510.77, p = < 0.001, 57p? = 0.022]. Overall, the longitudinal data supported our
hypothesis that gender stereotypes would become more traditional by late adolescence,
which was replicated in both datasets.

Next, we tested if these changes varied by gender and race/ethnicity. One of the
six interactions was statistically significant. Specifically, the grade by gender interaction
was statistically significant in HSLS [F(1) = 54.40, p < 0.001, 7p? = 0.002], indicating that
girls had larger increases towards the traditional stereotype over adolescence than boys in
HSLS. This interaction was not significant in MADICS [F(1) = 0.34, p = 0.562]. The grade by
race/ethnicity interaction was not significant in either MADICS [F(3) = 0.095, p = 0.758] or
HSLS [F(3) = 1.258, p = 0.287], and neither was the three-way interaction between grade,
gender, and race/ethnicity in MADICS [F(1) = 0.861, p = 0.489] nor HSLS [F(1) = 2.612,
p = 0.074]. Thus, there were mixed findings concerning whether the changes in adolescents’
stereotypes were larger for girls than boys and that there was no evidence that the changes
varied by race/ethnicity.

3.1.2. Prevalence in Early Adolescence

We expected that early adolescents, on average, would endorse gender egalitarian
beliefs. Unexpectedly, the t-tests suggested early adolescents largely favored their own
gender as their ratings significantly differed from zero in favor of their own gender. This
finding emerged for girls in both datasets and boys in HSLS; the one exception was that boys
in MADICS, on average, held gender egalitarian beliefs as their mean did not significantly
differ from zero (Table 2).

Additionally, favoring their own gender seemed more pronounced for girls than boys.
Girls evidenced small effect sizes, ranging from —0.25 among eighth graders in MADICS
to —0.15 among ninth graders in HSLS, with a combined effect size of —0.19 (Figure 1).
The size of this effect significantly varied across the two datasets [Q(1) = 4.537, p = 0.033,
12 = 77.958], with the effect of girls’ favoring their own gender being more pronounced in
MADICS than HSLS. The effect sizes for boys were negligible, ranging from 0.00 in the
eighth grade in MADICS to 0.05 in the ninth grade in HSLS, with a combined effect size
of 0.05; the size of the effect was similar across the two datasets [Q(1) = 2.716, p = 0.099,
I? = 63.180]. Despite the differences in the t-tests, many early adolescents endorsed gender
egalitarian beliefs. Seventy-nine percent (79%) of early adolescents in MADICS (eighth
grade) and 58% of early adolescents in HSLS (ninth grade) endorsed the belief that females
and males are equally good at math (see Figure 2a,b).
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Table 2. Math gender stereotypes by race and gender: One-sample t-tests investigating whether the

means for boys and girls significantly differ from egalitarianism (0).

Boys Girls
Dataset
N M (SD) t d N M (SD) t d
Overall
Early adolescence
MADICS 601 0.00 (0.71) 0.055 0.00 585 —0.16 (0.63)  —6.664 *** —-0.25
HSLS 11,750 0.05 (0.98) 5.175 *** 0.05 11,750 —0.13(0.87) —17.070 *** —0.15
Combined 0.05 —0.19
Late adolescence
MADICS 601 0.06 (0.81) 2.216%* 0.09 585 —0.07 (0.77) —2.742 * —0.09
HSLS 11,750 0.15 (0.98) 17.833 *** 0.16 11,750 0.08 (0.87) 10.617 *** 0.10
Combined 0.11 0.01
Black adolescents
Early adolescence
MADICS 378 —0.01 (0.74) —0.409 —0.02 330 —0.21(0.69)  —5.969 *** —0.30
HSLS 1520 0.02 (1.07) 0.754 0.02 1520 —0.31(1.02) —10.412 *** —0.30
Combined - - - 0.01 - - - —0.30
Late adolescence
MADICS 378 0.03 (0.88) 0.911 .05 330 —0.10 (0.76) —2.631 * —0.15
HSLS 1520 0.06 (1.03) 2.190 * 0.06 1520 —0.07 (1.05) —2.562 % —0.08
Combined - - - 0.06 - - - —0.08
White adolescents
Early adolescence
MADICS 166 0.04 (0.68) 0.776 0.06 184 —0.06 (0.45) —2.129 * —0.16
HSLS 5840 0.05 (1.02) 4.455 *** 0.06 5840 —0.08 (0.85) —7.952 *** —0.10
Combined - - - 0.06 - -- - —0.10
Late adolescence
MADICS 166 0.14 (0.79) 2.564 * 0.19 184 0.00 (0.69) 0.099 0.01
HSLS 5840 0.18 (1.00) 15.104 *** 0.19 5840 0.13 (0.84) 11.960 *** 0.16
Combined - - - 0.19 - - - 0.10
Asian adolescents
Early adolescence
HSLS 470 0.17 (0.94) 6.248 *** 0.20 470 —0.12(0.83) —4.656 *** —0.15
Late adolescence
HSLS 470 0.28 (0.91) 10.217 *** 0.33 470 0.09 (0.90) 3.321 ** 0.11
Latinx adolescents
Early adolescence
HSLS 2570 0.03 (0.98) 2.291* 0.04 2570 —0.19 (0.87)  —9.715 *** —0.23
Late adolescence
HSLS 2570 0.04 (1.41) 2.113* 0.05 2570 0.02 (0.95) 1.112 0.03

0 = both genders equally good at math. 1 = Boys better, —1 = Girls better. All 5jp? effects were small (0.01-0.13).
Gender and race/ethnicity were significant among subject’s factors. Pairwise comparisons indicated boys had
significantly more traditional math gender stereotypes than girls across race/ethnicity. Additionally, when
compared to Black and Latinx adolescents, White and Asian adolescents had significantly more traditional math
gender stereotypes. Furthermore, grade level was significant within subject’s factor among adolescents (eleventh
grade higher than eighth or ninth grades). HSLS SOURCE: U.S. Department of Education, Institute of Education
Sciences, National Center for Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year

and First Year Follow-Up. n’s rounded to the nearest tens place. * p < 0.05. ** p < 0.01. *** p < 0.001.
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Figure 1. Adolescents” math gender stereotypes: effect sizes (Cohen’s d) by grade and gender. Effect
sizes to the left indicate bias towards girls/females, and effect sizes to the right indicate bias towards
boys/males. HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences, National
Center for Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and
First Year Follow-Up.

3.1.3. Prevalence in Late Adolescence

In late adolescence, we expected both genders to endorse the more traditional beliefs
that boys are better at math compared to girls. We found evidence for this trend among
boys and partial evidence among girls. In both MADICS and HSLS, boys in the eleventh
grade were significantly more likely to endorse the traditional gender stereotype (Table 2),
with 28% saying boys are better than girls (Figure Sla). The size of these effects for boys
was a negligible to small bias towards boys in both datasets, ranging from 0.09 in MADICS
and 0.16 in HSLS, with a combined effect size of 0.11 (Figure 1); this effect was significantly
larger in HSLS than MADICS [Q(1) = 6.903, p = 0.009, I? = 85.513]. The pattern for girls in
the eleventh grade varied by dataset. In MADICS, girls still favored their own gender. In
HSLS, girls were significantly more likely to say that boys are better than girls at math, with
24% of girls saying boys are better than girls (Figure S1b). Among girls in late adolescence,
the effect sizes were negligible, ranging from a slight bias towards girls (d = —0.09) in
MADICS to a slight bias towards boys (4 = 0.10) in HSLS, with a combined effect size of
0.01 (Figure 1); these effects significantly varied across the two datasets [Q(1) = 20.874,
p <0.001, I? = 95.209]. In sum, late adolescent boys in both datasets and girls in HSLS
were significantly more likely to favor the traditional beliefs that boys are better at math
than girls; however, the effect sizes were less than small and did not replicate across the
two datasets.
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Figure 2. (a) Boys’ math gender stereotypes frequencies. (b) Girls’ math gender stereotypes fre-
quencies. Frequency of answers to the question “Who’s better at math?” by gender and grade.
HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for
Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and First Year
Follow-Up.

3.2. Hypothesis 2: Group Differences in Prevalence
3.2.1. Stereotype Prevalence by Gender

As expected, the MANCOVA gender main effect showed that boys had more tradi-
tional math gender stereotypes compared to girls in the two datasets [MADICS: F(1) = 36.65,
p < 0.001, y7p? = 0.02; HSLS F(1) = 170.94, p < 0.001, 7p? = 0.01]. The means are shown
in Table 2, and the effect sizes are shown in Figure 1, while the frequencies of gender
stereotype endorsement by gender at each grade level are presented in Figure Sla,b. In
sum, as expected, boys had more traditional math gender stereotypes than girls.
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3.2.2. Stereotype Prevalence by Race/Ethnicity

We also tested for race/ethnic differences and the prevalence of gender stereotypes
with each racial/ethnic group (Table 2). The MADICS dataset included Black and White
adolescents, and HSLS included Asian, Black, Latinx, and White adolescents.

As expected, the racial/ethnic main effect in the MANCOVAs indicated significant
differences. In MADICS, White adolescents had significantly more traditional math gender
stereotypes than Black adolescents [F(1) = 11.56, p = 0.001, p?> = 0.011], which aligns
with our hypothesis. This finding was replicated in the HSLS dataset, where White and
Asian adolescents, who had similarly traditional stereotypes, were more traditional in their
beliefs than Black and Latinx adolescents, who had similar non-traditional stereotypes
[F(1) = 46.52, p < 0.001, 7p? = 0.007].

Using the MANCOVA, we also examined whether these racial/ethnic differences
emerged for boys and girls through the race/ethnicity by gender interaction term. The
interaction term was not statistically significant in MADICS [F(1) = 0.08, p = 0.774], but
was in HSLS [F(3) = 10.53, p < 0.001, #p? = 0.002]. Pairwise comparisons suggest that
the racial/ethnic differences varied across boys and girls. Parallel to the racial/ethnic
main effect described earlier, Asian boys had the most traditional stereotypes (ninth grade:
ps < 0.001; eleventh grade: ps = 0.003 to < 0.001), followed by White boys (ninth grade:
ps = 0.134-0.579; eleventh grade: ps < 0.001), followed by Black and Latino boys (who did
not significantly differ from each other; ninth and eleventh grades: ps = 0.791-1.000). In
contrast, White girls had more traditional stereotypes than Black and Latina girls (ninth
and eleventh grades: ps < 0.001), and Asian and Latina girls had more traditional math
gender stereotypes than Black girls (ninth grade: ps < 0.001; eleventh grade: ps = 0.019 to
<0.001). Asian girls did not significantly differ from Latina and White girls at either grade
level (ps = 0.182 to 0.796). The racial/ethnic differences among boys largely parallel the
differences found overall, whereas the racial/ethnic differences among girls varied from
the overall findings, with White girls having the most traditional beliefs and no differences
among Asian and Latina girls.

Next, we examined the prevalence of adolescent gender stereotypes within each
racial/ethnic group (see Table 2). As expected, White and Asian boys had the most
traditional gender stereotypes in early and late adolescence (Asian boys: d = 0.20 to 0.33;
White boys: d = 0.06 to 0.19). In contrast, early adolescent Black and Latina girls had the
most non-traditional stereotypes, favoring girls (Black girls combined effect: d = —0.30;
Latina girls: d = —0.23). By late adolescence, Black girls still held non-traditional stereotypes,
favoring girls, but with negligible effect sizes (combined effect: d = —0.08), and Latina girls
were gender egalitarian (d = 0.03). Thus, as expected, Asian and White boys were the most
traditional, particularly in late adolescence, whereas Black and Latina girls were the least
traditional, particularly in early adolescence. Both groups became more traditional across
adolescence but did not switch from favoring one gender to the other.

In contrast, Asian and White girls and Black and Latino boys both switched from
non-traditional or egalitarian beliefs to traditional beliefs during adolescence. Asian and
White girls typically held non-traditional stereotypes in early adolescence (Asian girls:
d = —0.15; White girls combined: d = —0.10), but held traditional stereotypes favoring
boys in late adolescence, with negligible to small effect sizes (4 = 0.11 to 0.16). Black boys
were gender egalitarian in early adolescence (combined: d = 0.01), but held traditional
stereotypes in late adolescence, with negligible effect sizes (d = 0.04 to 0.06). Thus, Asian
and White girls and Black and Latino boys both switched to having traditional math gender
stereotypes by late adolescence.

White and Black adolescents were included in both datasets, affording us the oppor-
tunity to test if the effect sizes replicated across the two datasets (Figure 3a,b). We found
that the effect sizes replicated for seven of the eight comparisons, including Black adoles-
cents and White boys in early and late adolescence, and White girls in early adolescence
(ps = 0.354-0.998). The one exception was White girls in late adolescence [Q(1) = 3.993,
p = 0.046, I? = 74.955]. In this case, White girls in HSLS held traditional stereotypes, with
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a small effect size (d = 0.16), whereas White girls in MADICS endorsed gender egalitar-
ianism (d = 0.01). Thus, the results largely replicated across the datasets for Black and
White adolescents.
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Figure 3. (a) Black adolescents’ math gender stereotypes: effect sizes by grade and gender. (b) White
adolescents’ math gender stereotypes: effect sizes by grade and gender. (c) Asian adolescents” math

gender stereotypes: effect sizes by grade and gender. (d) Latinx adolescents’ math gender stereotypes:
effect sizes by grade and gender.

In conclusion, White adolescents had more traditional stereotypes than Black adoles-
cents that were replicated across datasets. When additionally considering Asian and Latinx
adolescents, Asian and White adolescents had more traditional stereotypes than Black and
Latinx adolescents. When looking within race and gender groups, math stereotype effect
sizes were replicated across the datasets in all cases except among White girls.

3.3. Hypothesis 3: Adolescents’” Math Gender Stereotypes and Motivational Beliefs

Regressions were used to examine the associations between adolescents’ stereotypes
and motivational beliefs while controlling for parent income and education (see Table 3, see
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Supplementary Table S2 for the full regression model). We first describe the patterns across
all racial/ethnic groups and then separately for each racial/ethnic group. Across the full
sample, adolescents’ traditional gender math ability stereotypes were positively related to
boys’ expectancy beliefs (8 = 0.23 to 0.27) and negatively related to girls” expectancy beliefs
(B = —0.17 to —0.28) in early and late adolescence in both datasets with one exception—the
relation was marginally significant for early adolescent girls in MADICS (8 = —0.16). Re-
garding value beliefs, adolescents’ stereotypes were positively related to boys’ value beliefs
(B =0.10 & 0.20) and negatively related to girls” value beliefs in HSLS (8 = —0.10 & —0.15)
but were largely not related in MADICS (8 = —0.23 to 0.13). Overall, our hypothesis that
math gender stereotypes would significantly relate to expectancy and value beliefs was
largely supported.

Table 3. Regression analysis coefficients: gender stereotypes and motivational beliefs, by grade
and gender.

Predictor Expectancy Beliefs Predicted by Stereotypes Value Beliefs Predicted by Stereotypes
Boys Girls Boys Girls
B (SE) B (SE) B (SE) B (SE)
All adolescents
Early adolescence
MADICS 0.23 (0.08) ** —0.16 (0.10) + 0.12 (0.08) —0.06 (0.11)
HSLS 0.26 (0.02) *** —0.17 (0.03) *** 0.10 (0.01) *** —0.10 (0.02) ***
Late adolescence
MADICS 0.25 (0.11) * —0.28 (0.14) * 0.13 (0.11) —0.23 (0.09) *
HSLS 0.27 (0.03) *** —0.22 (0.03) *** 0.20 (0.02) *** —0.15 (0.02) ***

Early adolescence

Black adolescents

MADICS 0.18 (0.14) —0.20 (0.16) 0.06 (0.14) 0.07 (0.20)
HSLS 0.04 (0.06) —0.11 (0.07) 0.05 (0.05) —0.06 (0.06)
Late adolescence
MADICS 0.07 (0.12) ~0.21 (0.17) 0.00 (0.13) ~0.37 (0.17) *
HSLS 0.23 (0.07) *** —0.29 (0.07) *** 0.16 (0.06) ** —0.01 (0.06)
White adolescents
Early adolescence
MADICS 0.36 (0.16) * —0.16 (0.20) —0.12(0.13) —0.18 (0.21)
HSLS 0.22 (0.03) *** —0.18 (0.04) *** 0.14 (0.03) ** —0.10 (0.03) **
Late adolescence
MADICS 0.35(0.14) * —0.12 (0.20) 0.21 (0.21) —0.16 (0.31)
HSLS 0.33 (0.03) *** —0.23 (0.04) *** 0.21 (0.03) *** —0.16 (0.03) ***
Asian adolescents
Early adolescence
HSLS 0.24 (0.11) * —0.11 (0.09) 0.03 (0.09) 0.05 (0.08)
Late adolescence
HSLS 0.48 (0.12) *** —0.49 (0.08) *** 0.29 (0.09) *** —0.24 (0.06) ***
Latinx adolescents
Early adolescence
HSLS 0.23 (0.06) *** —0.14 (0.06) * —0.03 (0.05) —0.10 (0.05) *
Late adolescence
HSLS 0.14 (0.07) * —0.04 (0.07) 0.18 (0.05) *** —0.09 (0.05)

Adolescents’ stereotypes and expectancy-value beliefs were all measured at the same time point. Numbers
reported are pooled unstandardized beta coefficients (and standard errors) from separate regressions, controlling
for parent education and income. HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences,
National Center for Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and First
Year Follow-Up. +p <0.10. * p < 0.05. ** p < 0.01. *** p < 0.001.

Next, we examined these same relations within each racial/ethnic group (see Table 3).
The positive relations found between boys’ stereotypes and their expectancy beliefs overall
replicated /emerged among Asian, Latinx, and White boys (8 = 0.14 to 0.48) but were
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largely not significant for Black boys (8 = 0.04 to 0.23). Similarly, the negative relations
found between girls’ stereotypes and their expectancy beliefs largely replicated across
Asian, Black, Latinx, and White girls (8 = —0.49 to —0.04). Thus, across races/ethnicities
and time points, stereotypes were largely positively related to expectancy beliefs for boys
but negatively related for girls. Regarding value beliefs among boys, the relations were
largely not significant for boys in early adolescence (8 = —0.12 to 0.14) but largely were
positively and significantly related in late adolescence for Asian, Black, Latinx, and White
boys (8 = 0.00 to 0.29). Among girls, value beliefs were significantly and negatively related
to stereotypes for White and Latinx girls in early adolescence ( = —0.18 to —0.16) and
for Asian, Black, and White girls in late adolescence (8 = —0.12 to —0.49). However,
the relations during late adolescence for girls were largely not statistically significant
for the value beliefs in MADICS. Thus, expectancy beliefs were consistently related to
adolescents’ math gender stereotypes across race/ethnicities and the datasets in early and
late adolescence; however, value beliefs were only consistently related in late adolescence
in the HSLS dataset.

We plotted the regression coefficients with 95% confidence intervals to examine
whether the coefficients varied across the racial/ethnic groups and datasets (see
Supplementary Figures Sla—d and S2a-d). The confidence intervals of the regression co-
efficients overlapped in all but two cases, both within the HSLS dataset. Among early
adolescent boys, the positive relation between math gender stereotypes and value beliefs
was larger for White boys than Latino boys. Additionally, among late adolescent girls,
the negative relation between math gender stereotypes and expectancy beliefs was larger
among Asian girls than White and Latinx girls. Asian and White boys had large, overlap-
ping positive relations for expectancy beliefs, whereas girls” across races/ethnicities had
negative relations of similar strength for expectancy beliefs in early adolescence. In sum,
relations between gender stereotypes and motivational beliefs largely overlapped across
Asian, Black, Latinx, and White adolescents.

4. Discussion

Gender gaps continue to persist in STEM, despite psychologists’ attempts to study and
minimize these gaps [1,2]. One potential reason for gender gaps is the traditional stereotype
that boys are better at math than girls [1,4]. However, existing research has not systemically
charted the changes in adolescents’ stereotypes nor if these normative developmental
processes vary across the four largest racial/ethnic groups in the U.S. Furthermore, much
of the existing research focuses on a single dataset, and few studies examine replication or
historical differences. Using two longitudinal datasets, we examined four primary research
questions. First, how do individuals’ gender stereotypes about math ability change across
adolescence? Second, do these changes vary based on gender and race/ethnicity? Third,
are adolescents’ math ability gender stereotypes related to their math expectancy and value
beliefs? Finally, do these findings replicate across the two datasets that spanned over
20 years? Findings from this study make several contributions in terms of extending the
existing literature and implications for theory and applied work.

4.1. The Prevalence and Changes in Gender Stereotypes

We found that individuals’ traditional stereotypes increased from early to late adoles-
cence for all gender and racial/ethnic groups in both datasets. We know from prior research
that children favor their own gender [24], whereas parents endorse traditional math gender
stereotypes [7]. The current findings suggest that adolescence is a period characterized by
changes in math ability stereotype beliefs and that individuals” more traditional beliefs
may emerge by late adolescence and persist well into adulthood. Gender stereotypes about
math, paired with cultural values that emphasize “following your passions”, may result in
adolescents relying on stereotypes to choose majors and careers, resulting in STEM gender
gaps [61]. However, it is important to note that although math gender stereotypes moved
toward being more traditional for all racial/ethnic groups, Black and Latina girls did not
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hold traditional stereotypes in late adolescence. Instead, they held gender egalitarian or
non-traditional views. These findings help discern the prior mixed cross-sectional work
on age differences. Thus, understanding when increases occur for each group defined by
the intersection of race/ethnicity and gender is an important contribution, as it allows
for a deeper understanding of math gender stereotype development and indicates when
interventions might be most helpful and for whom.

Increases towards the traditional stereotype were theorized to occur in adolescence
for multiple reasons. First, adolescents have the cognitive capacity to connect their social
groups’ stereotypes to themselves [20,62,63]. Second, because adolescence is a period of
intense identity development, adolescents have the motivation to relate these social group
stereotypes to their own identity and motivational beliefs [18,21]. Adolescents look to
important people in their lives and society more broadly to help them understand their
social groups’ identities and, in turn, decide who they are [50]. Finally, many adolescents
take advanced STEM coursework in late high school, and teacher practices in advanced
math courses, such as allowing adolescents to shout out answers, may privilege boys
while silencing girls [22]. Thus, although a significant portion of advanced math courses
is comprised of girls (predominantly Asian and White girls), research suggests that girls
are treated differently than boys in advanced math courses, which helps to explain why
gender stereotypes about math and gender gaps in STEM persist, despite having a larger
representation [22]. In sum, we found that traditional stereotypes increased from early to
late adolescence in both datasets. These more traditional stereotypes have been found to
persist through adulthood [7,10], helping us to understand the developmental time point
when traditional math gender stereotypes begin to emerge.

Racial/Ethnic and Gender Comparisons

As hypothesized, Black and Latinx adolescents had less traditional stereotypes com-
pared to Asian and White adolescents, and girls had less traditional stereotypes than boys.
When examining the intersection of gender and race/ethnicity, the findings suggest that
Black girls had the least traditional math gender stereotypes, whereas Asian and White
boys had the most traditional math gender stereotypes, which aligned with our hypothesis.
Other studies among Asian, Black, Latinx, and White U.S. high school students [10] and
among Black U.S. families with adolescents and children [16,35] report similar findings.
Social status theory [16] suggests that Black and Latinx adolescents and girls may be less
likely to endorse traditional gender stereotypes, as disenfranchised groups have less to gain
by upholding the status quo and may be more aware of social justice issues. Overall, our
study indicates that Black and Latinx adolescents, particularly Black girls, were significantly
less likely to endorse traditional math gender stereotypes when compared to White and
Asian adolescents, particularly White and Asian boys.

The finding that Black adolescents demonstrated less traditional stereotypes compared
to White adolescents replicated across the two datasets, which spanned nearly 20 years
and used different methodologies (e.g., a nationally representative study versus a local
study based in Maryland/D.C.). The one exception was that the prevalence of White
girls” stereotypes in the eleventh grade did not replicate across the datasets. White girls
held gender egalitarian beliefs in MADICS (collected in 1996), but traditional stereotypes
favoring boys as better at math in HSLS (collected in 2012). Though one might expect
girls” math ability stereotypes might become less traditional over historical time, this
difference may have also resulted from methodological differences. For example, HSLS is
a large national sample, whereas MADICS is a smaller, local sample from an urban area
near Washington, D.C. Prior research finds that people in urban areas tend to have more
progressive views than the rest of the country, which may have resulted in less traditional
math gender stereotypes among White girls in the MADICS dataset [64]. However, it is
unclear why this difference across datasets was only observed among White girls.

Our study is one of the first to examine math gender stereotypes among Asian and
Latinx adolescents. Our findings suggest that a culture’s gender role beliefs may not trans-
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late into gender stereotypes about specific academic subjects, such as math. Both Asian
and Latinx cultures espouse more traditional gender role beliefs [36]; however, these two
groups differ dramatically concerning their representation in STEM, with Asians having
stronger representation and being stereotyped to do well in math with the model minority
hypothesis [40]. Aligned with the patterns in STEM, Asian boys in HSLS endorsed the
strongest traditional stereotypes, whereas Latinx adolescents were more gender egalitarian.
This finding also supports social status theory [16]; Asian adolescents may be more likely to
have something to gain by supporting stereotypes related to STEM, given their high repre-
sentation in the STEM fields and advanced STEM classrooms, whereas Latinx adolescents
may be less likely to buy into math-related stereotypes given their underrepresentation
in STEM.

4.2. Adolescents” Math Gender Stereotypes and Their Expectancy and Value Beliefs

As hypothesized, boys’ stereotypes positively related to their expectancy beliefs,
whereas girls’ traditional stereotypes negatively related to their expectancy beliefs. When
examined by race/ethnicity, these relations were less prevalent among Black adolescents
compared to other racial/ethnic groups; however, generally, the confidence intervals of the
effect sizes overlapped between racial/ethnic groups within the same gender, suggesting
similar effects. The relations with adolescents’ math value beliefs followed a similar pattern
but were less consistent. One explanation for why significant relations were less common
for value beliefs than for expectancy beliefs is that the gender stereotypes focused on
stereotypes about math ability, not value. Given that expectancy and value beliefs about
math are related but separate constructs [14], it follows that math expectancy beliefs would
be more strongly related to a stereotype specifically about math ability. Future research
might also explore value-related stereotypes in conjunction with ability stereotypes to
examine whether value beliefs are more strongly related to the former.

Moreover, the relations between math ability gender stereotypes and expectancy-value
beliefs emerged in both datasets spanning nearly 20 years and evidenced effects that were
similar in size. Believing that boys are better at math than girls was positively related to the
boys” motivational beliefs and negatively related to the girls’ motivational beliefs in each
dataset. Thus, stereotypes about gender and math ability may contribute to the persistent
gender gap in math expectancy beliefs [2]. These findings provide support for situated
expectancy-value theory [14] as well as the potential value of using archived datasets,
particularly when combined with newer nationally representative datasets.

4.3. Practical Implications

This research has several practical implications. Given that we found adolescence
may be a period when gender stereotypes become more traditional, parents and high
school teachers should try to counteract such trends, particularly among boys and Asian
and White adolescents. Such interventions might counteract traditional stereotypes and
highlight that boys and girls perform similarly in math. Furthermore, they might discuss
the gender gaps in math self-confidence and expectancy beliefs, explaining that due to
math gender stereotypes, boys might be inclined to believe they are doing better in math
than they are, whereas girls might believe they are doing worse than they actually are. Such
a strategy may work to reduce gender stereotypes and provide adolescents an accurate
understanding of their math abilities. Youth in adolescence may be especially interested
in fairness and social justice issues [65], which may make it an ideal time for teachers and
parents to broach the topic of equity and inclusion in STEM.

It is also important to note that many adolescents, particularly Black and Latinx adoles-
cents, endorsed the belief that boys and girls are equally good in math. In early adolescence,
Black and Latina girls believed, on average, that girls were better than boys in math. Prior
research has demonstrated that a strength of many Black families is their encouragement of
competence and self-reliance among their daughters [17]. Our findings suggest that Black
individuals carry this strength with them into STEM, where Black families and adolescents
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were more likely to endorse counter-traditional gender stereotypes about math ability and
be especially supportive of their daughters in STEM. Researchers and practitioners should
learn from the positive parenting practices among Black families to better support girls and
other groups who are marginalized and help promote culturally responsive practices in
classrooms as well as home-based learning among other racial/ethnic groups.

This study found that the pattern of late adolescents favoring boys in math has not
significantly changed in 20 years, and prior studies have similarly found that parent
stereotypes favoring boys and gender gaps in math motivational beliefs have not changed
in decades [7]. Furthermore, recent research indicates that gender gaps in math self-concept
have persisted for the past 23 years [2]. We need to do more as researchers, teachers,
parents, and as a society. However, changing adolescents’ math gender stereotypes at the
level of the individual is only a small piece of creating more gender equality in STEM.
For example, even though Black girls have the least traditional stereotypes, they are still
underrepresented in STEM. There are many structural issues at the high school and college
level, such as teacher practices that privilege boys and men and bias towards girls and
women in STEM classrooms [22]. These structural issues must also be addressed to create
greater gender equality in STEM.

4.4. Future Directions and Limitations

This study was unique in that it implemented two large datasets to investigate gender
stereotypes. This approach has made replication possible; however, it also has limitations.
The datasets differed demographically, and due to limited racial and ethnic diversity in the
MADICS dataset, replication by race/ethnicity could only be examined among White and
Black participants. Additionally, the people who identify as these pan-ethnic and racial
categories are diverse, and the present study did not distinguish between important within-
group ethnic variations. Furthermore, one dataset was nationally representative, whereas
the other was a local dataset, making historical comparisons more difficult. Each dataset
only had one item to measure gender stereotypes, which does not allow us to examine
reliability or invariance over time. Furthermore, the MADICS gender stereotype question
asked about both math and science, whereas the HSLS stereotype question focused on math.
Despite this, we largely found that findings across the two datasets replicated, indicating
that adolescents may hold similar gender stereotypes about math and science when it comes
to ability. Relatedly, future studies might ask about STEM subjects beyond math. Relative to
fields like computer science and engineering, math has greater gender parity [66]; however,
individuals may hold stronger male bias regarding fields like computer science when
compared to math [67]. However, we believe that assessing math gender stereotypes is
still important, given that math is a gateway to these fields. We found that stereotypes
became more traditional from early to late adolescence. Future studies might explore the
mechanisms related to this increase, such as taking advanced math courses. Math gender
stereotype increases may occur during late high school, and these beliefs may continue
into adulthood. However, more longitudinal work would need to be conducted to better
understand stereotype development.

This study investigated differences by race/ethnicity and gender, finding that under-
represented groups in STEM (girls, Black, and Latinx individuals) had significantly less
traditional stereotypes. Future studies might also explore the differences related to SES
and parent education; in the present study, we found some differences when we controlled
for family income and parent education. Given that low-income and first-generation ado-
lescents are also underrepresented in STEM, they may also be less likely to endorse math
gender stereotypes. However, this might also differ at the intersections of race and gender
(e.g., low-income White boys may still feel they have something to gain by upholding
traditional stereotypes). Finally, both datasets used in this study are older (collected in the
1990s through to the 2010s); more recent data might further explore similar research ques-
tions to see if these effects hold up today. Given that gender gaps in STEM still remain [1],
we believe our findings are relevant, despite the data being slightly older. Despite these
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limitations, the findings of this study contributed to the literature in several significant
ways. The findings that replicated provide more confidence, as these patterns emerged
consistently at the conceptual level and provided insight into areas of historical changes
and stability. These findings also point to several new directions for further study, including
racial/ethnic differences.

5. Conclusions

The present study makes several contributions to important areas. First, this study
examines math ability gender stereotypes among adolescents across multiple datasets
spanning the 1990s to the 2010s, allowing for replication and testing of potential historical
differences. Second, this study allowed us to examine the developmental changes in
individuals’ math gender stereotypes and their motivational correlates from early to late
adolescence, including differences based on race/ethnicity. Adolescents” math gender
stereotypes became more traditional from early to late adolescence. This small increase
towards believing boys are better in math than girls in late adolescence may be one reason
why, and despite the many societal changes in regard to gender and similar math grades
and test scores, math motivational beliefs have still not reached gender parity. However,
many participants endorsed egalitarian beliefs or favored girls as better, especially among
early adolescent girls and Black/Latinx adolescents. In particular, Black girls had non-
traditional or gender egalitarian beliefs, highlighting a strength among Black girls and their
families that future research might learn from.
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