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ARTICLE INFO ABSTRACT

Keywords: The gender disparity in STEM fields emerges early in development. This research examined children’s expla-
Inequality nations for this gap and investigated two approaches to enhance children’s structural understanding that this
Structural explanations imbalance is caused by societal, systematic barriers. Five- to 8-year-old children (N = 145) observed girls’ un-
S;Es;r derrepresentation in a STEM competition; the No Structural Information condition presented no additional in-

formation, the Structural: Between-Group Comparison (Between) condition compared boys’ greater representation
to girls’ when boys had more opportunities to practice than girls, and the Structural: Within-Group Comparison
(Within) condition compared girls’ greater STEM representation when they had opportunities versus not. Chil-
dren in the No Structural condition largely generated intrinsic explanations; in contrast, children in both struc-
tural conditions favored structural explanations for girls’ lack of participation (Experiment 1) and achievement
(Experiment 2). Importantly, each structural condition also had unique effects: Between raised children’s fairness

concerns, while Within increased children’s selection of girls as teammates in a competitive STEM activity.

1. Introduction

Women’s underrepresentation in major fields of Science, Technol-
ogy, Engineering, and Mathematics (STEM) is a pervasive phenomenon
(Leslie, Cimpian, Meyer, & Freeland, 2015; Schmader, 2023) and takes
root in early childhood (Bian, Leslie, & Cimpian, 2017; Master, 2021;
Miller, Nolla, Eagly, & Uttal, 2018; Rhodes, Leslie, Yee, & Saunders,
2019). This inequality is strongly influenced by structural factors, which
are societal barriers that systematically constrain women’s chances to
pursue STEM (e.g., unequal distribution of educational resources,
gender discrimination, and stereotyping; Bian, 2022; Master, 2021;
Tenenbaum & Leaper, 2003). However, little to no research has exam-
ined early explanatory frameworks for STEM gender disparities. Chil-
dren’s recognition of structural barriers as causes, as opposed to intrinsic
causes (e.g., appealing to girls’ natural interests and abilities), not only
promotes a more accurate causal framework, but also may encourage
them to view current inequalities as unfair and engage in behaviors to
mitigate the gender imbalance in STEM. The present research investi-
gated children’s explanations for girls’ underrepresentation in STEM
and developed novel approaches to enhance their attention to under-
lying structural constraints.

Recent research finds that, when provided with structural informa-
tion, children’s explanations for social group differences can shift from
intrinsic to structural (Peretz-Lange, Perry, & Muentener, 2021; Vasi-
lyeva, Gopnik, & Lombrozo, 2018). In these studies, children observed
novel, unfamiliar disparities between two groups (e.g., girls are more
likely than boys to play a novel game, “Green-Ball”) and were presented
with structural information indicating that the two groups had differ-
ential opportunities. In one study, children learned that the girls’
classroom had physical constraints that made it easier to play one game
over another, while the setting of the boys’ classroom encouraged the
opposite choice (Vasilyeva et al., 2018). This type of information, which
we refer to as a between-group comparison, is able to promote young
children’s structural reasoning about novel disparities starting early in
childhood.

However, there are reasons to believe that promoting children’s
structural reasoning about real-world, widespread inequalities, such as
women’s underrepresentation in STEM, may be more challenging.
Already by age 6, children believe that girls are less interested in certain
STEM fields (Master, Meltzoff, & Cheryan, 2021) and less competent at
math than boys (Cvencek, Meltzoff, & Greenwald, 2011). Also by age 6,
girls are less likely than boys to believe that members of their own
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gender are intellectually gifted (Bian et al., 2017). Given children’s
strong prior intrinsic beliefs about gender and STEM, children may be
less receptive to structural information (Amemiya, Mortenson, Ahn,
Walker, & Heyman, 2021; Amemiya, Mortenson, Heyman, & Walker,
2023). In line with this possibility, Yang, Naas, and Dunham (2021)
found that between-group comparisons increased 7- to 8-year-old chil-
dren’s structural over intrinsic explanations about a novel gendered
behavior (e.g., girls played with “Green-Ball”), but children maintained
intrinsic explanations for a familiar gendered behavior (e.g., girls played
with dolls). Similarly, Amemiya et al. (2021) found that despite the
presence of constraints, 5- to 10-year-old children are more likely to
infer a preference when a target made a gender-stereotypical choice (e.
g., a girl chose a doll over a truck) than when the target made a gender-
neutral choice (e.g., a girl chose a green over a yellow toy). Whether
structural information about gender inequalities in STEM can help
children adopt a structural explanatory framework, and overturn
intrinsic explanations, remains unknown. Addressing this question will
begin to answer questions about children’s real-world structural
reasoning, as much of prior research has focused on novel inequalities
(e.g., Peretz-Lange et al., 2021; Peretz-Lange & Muentener, 2019;
Vasilyeva et al., 2018).

We examine children’s explanations for the STEM gender gap and
investigate two theoretically-grounded approaches to promote chil-
dren’s structural reasoning. First, we apply insights from the causal
reasoning literature to improve the between-group comparison
approach, specifically research indicating that children are sensitive to
the quality of an explanation (Danovitch, Mills, Sands, & Williams,
2021), including the extent to which the explanation offers new causal
information (Mills, Sands, Rowles, & Campbell, 2019). Prior failures of
the between-group comparison approach with real-world gender dif-
ferences (e.g., why girls play with dolls more than boys) may be because
the structural information did not offer a compelling alternative expla-
nation to overturn children’s prior beliefs about inherent gender dif-
ferences. For example, one study’s structural explanation condition
presented a process in which girls threw a pebble into two different-
sized buckets that favored playing with dolls (because girls’ doll
bucket was larger than the truck bucket), while boys’ buckets favored
trucks (Yang et al., 2021). This type of process is rarely observed in real
life and may not serve as a realistic constraint that leads to gendered
choices.

Here, we tested whether presenting a more intuitive structural
explanation better supports structural over intrinsic reasoning. We
informed children that boys (but not girls) were always able to practice
their STEM skills with a teacher, and boys (but not girls) were always
represented in a subsequent STEM competition. This explanation may be
more compelling for two reasons. First, children develop an early un-
derstanding of how practice and effort influence performance (Mur-
adoglu & Cimpian, 2020), making the explanation a more plausible
mechanism underlying the gender disparity. Second, children are highly
attentive to the strength of causal relationships (e.g., if they are deter-
ministic or probabilistic; Schulz & Sommerville, 2006), and may be
sensitive to the fact that girls were always structurally disadvantaged
and subsequently were always underrepresented in the STEM
competition.

Second, and importantly, we also developed a novel structural
approach that drew upon research from the counterfactual reasoning
literature (Gopnik & Wellman, 2012), in which children were shown a
within-group comparison that compares girls’ STEM outcomes with versus
without constraints. Specifically, children were informed of the coun-
terfactual that when girls are given more opportunities to practice, their
participation and performance in STEM increases compared to when
they have no opportunities. Given that the same group (i.e., girls) is
being compared across situations, structural barriers become a clear
difference-maker and children may be especially likely to reference
constraints in their explanations (see Goddu & Gopnik, 2020; Seiver,
Gopnik, & Goodman, 2013). Notably, a within-group comparison
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removes the gender confound that children may identify in between-
group comparisons: boys and girls may also differ on intrinsic factors
(e.g., STEM interest) in addition to their constraints (Amemiya et al.,
2023; see also Christie & Gentner, 2010 on the importance of minimzing
differences for effective comparisons).

2. Differential effects of between-group comparisons and
within-group comparisons

We have proposed two approaches—between-group comparisons that
highlight STEM opportunities that boys but not girls have (here, a STEM
teacher), and within-group comparisons that show how providing more
opportunities for girls makes a difference for girls’ STEM outcomes.
While we hypothesize that both approaches may increase structural
reasoning, we now consider how these approaches may have differential
effects on other important outcomes: (1) children’s concerns about
fairness—a major precursor to inequality-rectifying behavior (e.g.,
allocating resources to disadvantaged groups; Rutland & Killen, 2017)—
and (2) their inclusion of girls as teammates in high-stakes STEM
activities.

First, we propose that between-group comparisons are more likely to
raise fairness concerns about girls lacking a STEM teacher than within-
group comparisons. Children are highly sensitive to inequality between
individuals and groups, such that they often prefer to distribute re-
sources in a way that all parties have the same amount (Elenbaas, Rizzo,
& Killen, 2020; Shaw & Olson, 2012). Between-group comparisons
explicitly point out the resource inequality between boys and girls, and
may also imply that a STEM teacher is an expected resource for each
group to have. In contrast, within-group comparisons only focus on girls.
Children may be uncertain as to whether or not boys had this resource,
and not directly compare girls’ and boys’ possession of resources,
thereby not raising concerns about fairness.

On the other hand, we hypothesized that within-group comparisons
would be more effective than between-group comparisons for promoting
inclusion of girls in a STEM competition. In high-stakes activities, chil-
dren may be less concerned about fairness but instead focused on girls’
ability to perform. Prior research finds that children show a negative
bias toward girls in such contexts: they are less willing to include girls as
teammates for activities requiring sheer brilliance (Bian, Leslie, &
Cimpian, 2018) and in STEM activities when they believe that boys are
more capable than girls (McGuire et al., 2022). We propose that within-
group comparisons provide clear evidence that girls have the ability to
succeed when given proper training. Although between-group compar-
isons suggest that girls’ lack of prior STEM success is due to having less
practice than boys, this type of information does not provide direct ev-
idence that girls are capable of succeeding in STEM nor that they
perform at boys’ level once provided with training opportunities.

3. The present research

The current research examined how children explain girls’ under-
representation in STEM, and whether providing structural information
impacts their reasoning about and reactions to this pattern. We tested
two theoretically-grounded structural approaches: (1) between-group
comparison, an approach in which we highlight a more intuitive mech-
anism to explain gender inequalities in STEM (i.e., girls but not boys
lacked opportunities to practice), and (2) within-group comparison, a new
approach rooted in counterfactual reasoning that reveals the mallea-
bility of girls’ STEM representation when they are versus are not given
training opportunities. We compared these structural conditions to one
another and to a no structural information condition in order to assess
children’s spontaneous causal reasoning when the causes are
ambiguous.

Experiment 1 focused on children’s reasoning about girls’ lack of
STEM participation, while Experiment 2 focused on girls’ lack of STEM
achievement. Girls’ lack of STEM participation versus achievement may
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invoke distinct intrinsic stereotypes (i.e., girls’ lack of interest versus
ability in STEM, respectively), which allows us to test the robustness of
structural approaches to overturn various intrinsic explanations.
Experiment 2 also assessed children’s perceived fairness of the STEM
context and inclusion of girls as teammates in STEM. For both experi-
ments, we hypothesized that the between-group comparison and within-
group comparison conditions would overturn stereotypical reasoning (i.
e., privileging structural over intrinsic explanations for girls’ under-
representation) relative to the no structural information condition.
However, the two approaches may have distinct effects on children’s
reactions to the STEM gap. We predicted that between-group comparison
would have the strongest effects on children’s perceived (un)fairness of
the STEM context, given that it emphasizes an unequal distribution of
opportunities between boys and girls. On the other hand, we predicted
that within-group comparison, which is the only condition to demonstrate
girls” abilities, would be most likely to increase children’s inclusion of
girls in STEM activities.

To our knowledge, this is the first study to examine how children
explain gender inequality in STEM and how to improve their recognition
of the structural reasons for this disparity. We focused on children ages
5- to 8-years-old for three key reasons. First, the transition from age 5 to
6 appears to be a critical time for the emergence of gendered stereotypes
about ability and STEM (Bian et al., 2017; Cvencek et al., 2011). In
addition, prior research on structural reasoning has focused on early to
middle childhood (i.e., approximately 5 to 8 years old; Peretz-Lange
et al., 2021; Vasilyeva et al., 2018; Yang et al., 2021), and thus our
findings can speak to this growing body of research. More broadly, our
focus on this earlier time period can inform intervention efforts to
mitigate gender inequalities in STEM at their roots.

The studies were not pre-registered. All study materials, data, and
code are available at the following link: https://osf.io/gx7a5/

4. Experiment 1: Reasoning about girls’ STEM participation

Experiment 1 investigated children’s explanations for girls’ lack of
STEM participation. Importantly, we examined how two approaches to
providing structural information, between-group comparison and within-
group comparison, affected children’s explanations for this pattern.

4.1. Method

4.1.1. Participants

Participants were 73 five- to eight-year-old children (37 girls, 36
boys; 35 White, 14 Multiracial, 10 Asian, 7 Latine/x, 4 Black, 1 Native
American, 2 not reported) recruited from a university database and
social media advertisements. With respect to socioeconomic status (SES)
information, the sample was mostly higher SES as indicated by parents’
highest level of education (5% High school diploma, 10% Associate’s
degree, 18% Bachelor’s degree, 34% Master’s degree, 30% Professional
degree, 3% not reported) and median gross annual income ($95,000).
An additional two children were excluded because of attentional diffi-
culties (n = 1) or failing to complete the study (n = 1). We chose this
sample size based on prior developmental studies that indicate a large
effect of structural information on how children reason about novel
gender inequalities (Vasilyeva et al., 2018; Yang et al., 2021). A sensi-
tivity analysis conducted in G*Power (F-test for one-way ANOVA, N =
72, 3 groups, power = 0.80, a = 0.05; Faul, Erdfelder, Buchner, & Lang,
2009) indicated that the present sample size would be sufficient to
detect an effect of at least n? = 0.12.

4.1.2. Procedure

Children were interviewed by an experimenter over the video
conferencing platform, Zoom. The study materials consisted of pre-
recorded videos embedded within the online survey platform, Qual-
trics. Children first heard about an annual robot-building competition,
received the experimental manipulation, completed the dependent
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measures, and finally were debriefed and given a small gift. During the
debrief, children were informed that the kids they observed were only
pretend kids, that all teachers welcome students to learn robotics, and
that it is possible for all kids to learn robotics with practice.

4.1.3. Experimental manipulation

In all experimental conditions, children were introduced to a far, far
away town with an all-girls school and an all-boys school. Children were
told about an annual robot-building competition in the local park, in
which kids are tested on how to build a robot and that there is a prize for
building the best one. Children were then presented with information
from one of the three conditions depicted in Fig. 1. Note that the actual
study conditions used real photographs of children; these materials are
available at the OSF study link.

4.1.4. No structural information

In the no structural information (No Structural) condition, participants
were presented with photographs of children who chose to participate in
the robot competition for the past four years. Across all years, partici-
pants were shown that only boys participated, which aligned with the
gender disparities that children observe in everyday life. This condition
allowed us to examine how children spontaneously reason about STEM
gender disparities when the causes are unclear. Moreover, this condition
provided a more stringent comparison to the structural conditions, as
prior studies have used control conditions that overtly indicate intrinsic
causes (Peretz-Lange et al., 2021; Vasilyeva et al., 2018; Yang et al.,
2021).

4.1.5. Structural: Between-group comparison (Between)

Children in this condition were also shown that only boys partici-
pated in the robot competition for the past four years. In addition,
children were presented information regarding girls’ versus boys’ op-
portunities. Specifically, children observed that boys had a systematic
educational advantage over girls across four years: the boys’ school had
a robotics teacher and they were able to practice, while the girls’ school
did not have a teacher and they could not practice. This structural in-
formation was presented before each instance of boys’ over-
representation at the robotics competition to reinforce the systematic
opportunity difference between boys and girls.

4.1.6. Structural: Within-group comparison (Within)

Children in the within condition received information comparing
girls across contexts with versus without constraints. Specifically, this
condition showed the counterfactual that during the first two years
when girls had a robotics teacher and could practice, girls were over-
represented in the competition. However, during the final two years
when girls did not have a teacher and could not practice, boys were
overrepresented. To clearly differentiate the Within condition from Be-
tween, there was no information about the boys’ school.

4.2. Measures

4.2.1. Open-ended explanation

Children were asked to explain why no girls participated in the most
recent competition (i.e., Year 4). All visual information from the struc-
tural conditions (i.e., images of the schools and teachers) was removed
to examine whether children would spontaneously apply the previous
information without explicit instruction to do so. Two independent
coders categorized children’s responses into one of three explanation
types. Explanations that referred to girls’ school or educational oppor-
tunities as the root cause were coded as structural (e.g., “Because I think
the science class was cancelled and the girls couldn’t participate in the
robot competition because they didn’t know how to build them”;
Cohen’s K = 0.86). Explanations were coded as intrinsic when children
referenced girls’ interests or abilities (e.g., “Because they don’t like
building robots”), or referred to gender categories (e.g., “Because robots
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Girls never had a robotics teacher,
while boys always had a teacher.
Boys are overrepresented all years.

Boys are overrepresented all years.

When girls had a robotics teacher,
girls were overrepresented; when
girls lost their teacher, boys were

overrepresented.

Fig. 1. Overview of Experiment 1 study conditions. Note that the actual study conditions used real photographs of children.

are for boys”) (Cohen’s K = 0.88). Other miscellaneous answers were
coded as other (e.g., “There was a bad storm” or “I don’t know”; Cohen’s
K = 0.67).

4.2.2. Explanation ratings task

Children rated explanations offered by three alien characters, pre-
sented in random order. Each character was asked, “Why were there no
girls who went to the robot building competition?”” One character pro-
vided a structural explanation, I think it is something about the girls’
school. Maybe it is because the girls’ robot building class was canceled
that year.” Another character provided an intrinsic (preference) expla-
nation, “I think it is something about girls. Maybe it is because girls do
not really like robot building.” Finally, a third character provided a
random explanation to rule out that children would agree with any
explanation, “I think it is something about the stars at night. Maybe it is
because there are stars in the sky.” Following each explanation, children
were asked: “Do you think what [character] said is right or not right? Do
you think [character] is a little (not) right or really (not) right?” Chil-
dren’s answers were coded such that 1 = really not right, 2 = a little not
right, 3 = a little right, and 4 = really right.

4.3. Results

4.3.1. Open-ended explanation

Fig. 2 presents children’s open-ended explanations (structural,
intrinsic, other) by condition. Explanations did not vary by children’s
gender or age. A chi-square test revealed that children’s explanations

100%

75%
Explanation Type
50% Structural
Intrinsic
Other

25%

Percent of Children Gave Explanation

0%

No Structural Between Within
Information

Condition

Fig. 2. Children’s open-ended explanations for girls’ lack of STEM
participation.

varied significantly by condition, y%(4) = 36.22, p < .001, Cramer’s V =
0.50. Children overwhelmingly generated intrinsic explanations in the
No Structural condition (72% of children). Thus, without structural in-
formation, children appear to default to intrinsic causes.

A logistic regression indicated that, compared to the No Structural
condition, children generated significantly more structural explanations
in the Between condition, B = 3.60, SE = 0.82, p < .001, OR = 36.67, and
in the Within condition, B = 3.09, SE = 0.78, p < .001, OR = 22.00.
Moreover, relative to the No Structural condition, children generated
fewer intrinsic explanations in the Between condition, B = —3.34, SE =
0.86, p < .001, OR = 0.04, and in the Within condition, B = —3.34, SE =
0.86, p < .001, OR = 0.04. There were no condition differences in
generating “other” explanations. Finally, there were no condition dif-
ferences when comparing the Within condition to Between for structural
explanations, B = —0.51, SE = 0.72, p = .48, OR = 0.60, or for intrinsic
explanations, B = 0.00, SE = 0.00, p = 1.00, OR = 1.00.

4.3.2. Explanation ratings

Fig. 3 presents children’s ratings of the structural, intrinsic, and
random explanation by condition. Neither children’s gender or age
predicted their explanation ratings. One-way analysis of variance indi-
cated that there were condition differences in children’s ratings of the
structural explanation, F(2, 70) = 25.47, p < .001, nz = 0.42, the
intrinsic explanation, F(2, 70) = 11.06, p < .001, n2 = 0.24, but not the
random explanation, F(2,70) =1.34,p =.27, n2 = 0.04, in which ratings
were low across conditions.

c
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Fig. 3. Children’s ratings of explanations for girls’ lack of STEM participation.
The bars represent means, the error bars represent 95% CIs, and the points
indicate participants’ raw data.
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A linear regression model indicated that compared to the No Struc-
tural condition, children rated the structural explanation more positively
in the Between condition, B =1.19, SE = 0.20, p < .001, # = 0.61, and in
the Within condition, B =1.32, SE = 0.20, p < .001, g = 0.67. Moreover,
compared to the No Structural condition, children rated the intrinsic
explanation less positively in the Between condition, B = —0.96, SE =
0.29, p =.001, f = —0.40, and in the Within condition, B = —1.30, SE =
0.29, p < .001, p = —0.54. Children in the Within versus Between con-
ditions did not differ significantly in their ratings of structural expla-
nations, B = 0.13, SE = 0.21, p = .55, # = 0.06, or in their ratings of
intrinsic explanations, B = —0.33, SE = 0.29, p = .25, # = —0.14.

Importantly, while children in the No Structural condition rated both
structural and intrinsic explanations similarly (although structural rat-
ings were numerically lower than intrinsic ratings), structural-intrinsic
difference: t(24) = —0.93, p = .36, Cohen’s d = —0.19, children in the
structural conditions privileged structural over intrinsic explanations,
Between: structural-intrinsic difference: t(23) = 6.13, p < .001, Cohen’s
d = 1.25; Within: structural-intrinsic difference: t(23) = 13.08, p < .001,
Cohen’s d = 2.67.

4.4. Experiment 1 Discussion

Experiment 1 indicates that, when the causes are ambiguous in the
No Structural Information condition, children generate and favor intrinsic
explanations for girls’ STEM underrepresentation. Importantly, both
structural conditions led children to recognize structural constraints.
Thus, in line with our prediction, a between-group comparison can
overturn intrinsic reasoning about gender inequalities in STEM when it
presents a compelling alternative causal mechanism (e.g., unequal op-
portunities to practice). Moreover, we find support for the novel within-
group comparison approach that relies on counterfactual evidence to
show that structural barriers make a difference for girls’ STEM
participation.

In Experiment 2, we sought to replicate these findings when children
reason about girls’ lack of STEM achievement, which may encourage
children to draw on gender stereotypes about ability. We focused on the
achievement domain because it also allowed us to test for potential key
differences between the structural conditions: while between-group
comparisons may point out the unfairness of who gets more STEM
learning opportunities, within-group comparisons uniquely reveal girls’
ability in STEM and may increase children’s selection of girls as team-
mates in a competitive STEM activity.

5. Experiment 2: Reasoning about girls’ STEM achievement and
behavioral responses

In Experiment 2, children observed who won the robotics competi-
tion and were then asked to select a team for an upcoming competition.
Children were also asked to reason about girls’ lack of achievement in
the past competition (i.e., rate causal explanations and judge the fairness
of the competition when girls lacked a teacher). We hypothesized that,
like Experiment 1, both Within and Between conditions would increase
endorsement of structural over intrinsic explanations for girls’ perfor-
mance. However, we expected that the Between condition would lead
children to rate the competition as unfair because this condition
emphasized girls’ disadvantage relative to boys’ advantage in educa-
tional resources. In contrast, we hypothesized that the Within condition
would increase children’s tendency to choose girls as teammates, given
that this condition explicitly demonstrated girls’ abilities.

5.1. Method

5.1.1. Participants

This study included 72 five- to eight-year-old children (36 girls, 36
boys; 39 White, 13 Latine/x, 6 Asian, 6 Multiracial, 2 Black, 2 Arabic, 4
not reported) recruited from the associated university database, social
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media advertisements, and the local museum. The sample was mostly
higher SES as indicated by parents’ highest level of education (14% High
school diploma, 4% Associate’s degree, 15% Bachelor’s degree, 38%
Master’s degree, 17% Professional degree, 13% not reported) and me-
dian gross annual income ($150,000). This sample size was determined
following the same criteria as Experiment 1. An additional nine children
were excluded from analyses because of failing the comprehension
check in the teammate selection task (n = 6; see below) or study
incompletion (n = 3).

5.1.2. Procedure

Children were interviewed by an experimenter either over the video
conferencing platform, Zoom, or in-person at the local museum using
the same materials.

Across all conditions, children observed the “Program-A-Robot”
competition winners for the past four years. In the No Structural condi-
tion, children observed that a team of four boys won every year and no
additional information was provided. In the Between condition, children
also observed that an all-boy team won the competition for the past four
years. In addition, they observed that boys got to talk with a teacher and
practice each year, while girls did not get to talk with the teacher and
could not practice. In the Within condition, children observed that
during the first two years, girls talked with a teacher and an all-girls team
won those years. However, the next two years girls did not get to talk
with the teacher and an all-boys team won.

Children then completed the teammate selection task in which they
selected four kids who they thought had the best chance to win the
upcoming robotics competition. After the selection task, children were
shown the manipulation video again (i.e., either No Structural, Between,
or Within), and completed in random order (a) causal explanation rat-
ings for girls’ lack of achievement in the final year, and (b) judgments of
how fair the competition was in the final year. Children were debriefed
at the end of the study as in Experiment 1 and given a small gift.

5.2. Measures

5.2.1. Teammate selection task

Children were presented a new group of ten children (5 girls, 5 boys
interspersed; children were from diverse racial backgrounds). Critically,
prior to making teammate selections, participants were told that all of
these children had talked with the teacher and had practiced. This
allowed us to test children’s implicit beliefs about girls’ abilities: If
children attributed girls’ past failures as being caused solely by a lack of
educational opportunities, they should hold no bias against girls now
that they had proper training. To ensure that children encoded this in-
formation, the experimenter asked, “Can you remind me, did all of these
kids in the picture above talk with the teacher to practice, yes or no?” If
children failed this check after hearing the information twice, they were
excluded from the analyses (n = 6 were excluded). Following the
question, the experimenter again repeated, “All of these kids got a
chance to talk with the teacher to practice.” Directly after this statement,
participants were asked to choose four teammates from this array of
children for the upcoming competition, “You will now pick a team of
four kids that you think have the best chance at winning Program-A-
Robot! Who is the [first/second/third/fourth] kid you want to choose
for the team?”

5.2.2. Explanation ratings

Children rated explanations for the final year, in which an all-boys
team won. The intrinsic (ability) explanation was, “I think it is some-
thing about boys. Maybe it is because boys are just better at program-
ming robots.” We asked about boys’ higher ability rather than girls’
lower ability given that this framing was less likely to upset participants
and to also reduce potential floor effects. The structural explanation was,
“I think it is something about girls not having a teacher. Maybe it is
because girls did not get a chance to talk with a teacher and practice
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programming robots that year.” Children were asked, “Do you think it is
right or not right? Do you think it is a little (not) right, (not) right, or
really (not) right?” Children’s responses were coded as 1 = really not
right, 2 = not right, 3 = a little not right, 4 = a little right, 5 = right, 6 =
really right.

5.2.3. Fairness judgment

Children were asked how fair they believed the competition was the
final year in which boys were overrepresented, “Do you think the
Program-A-Robot competition that year was fair or not fair? Do you
think it was a little (not) fair, (not) fair, or really (not) fair?” Children’s
fairness evaluations were coded as 1 = really not fair, 2 = not fair, 3 = a
little not fair, 4 = a little fair, 5 = fair, 6 = really fair.

5.3. Results

5.3.1. Explanation ratings

There were no gender or age differences in children’s endorsement of
structural or intrinsic explanations. As depicted in Fig. 4, there were no
condition differences in children’s ratings of intrinsic (ability) expla-
nations, F(2, 69) = 1.04, p = .36, nz = 0.03, such that intrinsic ratings
were low across conditions. On the other hand, ratings of structural
explanations varied significantly by condition, F(2, 69) = 20.88, p <
.001, n% = 0.38. A linear regression model indicated that, compared to
the No Structural condition, children rated the structural explanations
higher in the Between condition, B = 2.67, SE = 0.44, p < .001, # = 0.66,
and in the Within condition, B = 2.25, SE = 0.44, p < .001, g = 0.56.
Children in the Within versus Between condition did not differ signifi-
cantly in their ratings of structural explanations, B = —0.42, SE = 0.44,
p =.35, = —0.10. Thus, we replicated Experiment 1’s results that both
structural conditions increase children’s endorsement of structural
explanations.

We also replicated the findings from Experiment 1 with respect to
children’s tendency to privilege structural causes over intrinsic causes.
Specifically, the structural-intrinsic difference was not significant for the
No Structural condition (although structural ratings were again numer-
ically lower than intrinsic ratings), t(23) = —1.14, p = .27, Cohen’s d =
—0.23, while the structural-intrinsic difference scores were significant
for both structural conditions (Between: t[23] = 4.73, p < .001, Cohen’s
d = 0.97; Within: t[23] = 4.34, p < .001, Cohen’s d = 0.89).

5.3.2. Fairness judgment
There were no age differences in fairness judgments, but girls rated
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Fig. 4. Children’s ratings of explanations for the final year that boys were
overrepresented. The bars represent means, the error bars represent 95% Cls,
and the points indicate participants’ raw data.
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the competition as less fair than boys, B = —0.89, SE = 0.44, p = .046,
= —0.24. In line with our hypotheses, children’s fairness judgments
varied significantly by condition, F(2, 69) = 12.04, p < .001, n? = 0.26
(see Fig. 5). Compared to the No Structural condition, children in the
Between condition rated the STEM competition as less fair, B = —1.79,
SE = 0.48, p < .001, = —0.45, while the Within condition was not
statistically different from the No Structural condition, B = 0.42, SE =
0.48, p = .39, # = 0.10. This is notable given that children in the Within
condition also rated the final year in which girls did not have a teacher
and could not practice. Thus, the Between condition appears to have
uniquely affected children’s moral concerns because it emphasized girls’
educational disadvantages relative to boys’ advantages.

5.3.3. Teammate selections

Because of children’s strong ingroup favoritism (e.g., Dunham,
Baron, & Carey, 2011), it is possible that children would choose team-
mates of their own gender in the initial selections, but their beliefs about
girls’ abilities would appear in later selections. Indeed, prior research
using this type of teammate selection task has found that condition ef-
fects do not emerge until the later, third trial (Bian et al., 2018). We thus
examined initial trials (1 and 2) separately from later trials (3 and 4),
given that the experimental manipulation may affect later trials more
strongly. Furthermore, analyzing across two trials at a time gave us
greater power to detect possible condition effects, given the potential
noise in any single trial.

Fig. 6 presents children’s selections of girls as teammates by condi-
tion and split by participant gender. We first ran chi-square tests
examining the frequency of selecting girls as teammates by condition for
each set of rounds. For the initial two selections, children’s own gender
was strongly associated with selections, ¥%(1) = 34.05, p < .001,
Cramer’s V = 0.49, such that girls tended to choose girls (74% of the
time) and boys tended to choose boys (76% of the time). Initial selec-
tions did not vary by condition, y*(2) = 1.06, p = .59, Cramer’s V = 0.09.
For the last two rounds, children’s selections of girl teammates still
varied by their own gender, y*(1) = 14.80, p < .001, Cramer’s V = 0.32,
girls tended to choose girls (71% of the time) while boys still favored
boys (63% of the time). Critically, teammate selections in the final two
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Fig. 5. Children’s fairness judgment of the competition during the final year
that boys were overrepresented. The bars represent means, the error bars
represent 95% CIs, and the points indicate participants’ raw data.



J. Amemiya and L. Bian

Cognition 245 (2024) 105740

Initial 2 Later 2
2 . .
@
s
1 =
[=}
el
Q
>
@
O
9
5]
<
()
(0]
290 Rounds
(0] B initial 2
%5 2 Later 2
@
Q
IS
=}
P4
w
o
<
, s
R - =
[=}
el
Q
>
- |
0 ﬂ: o ﬁ . .
No Structural Between Within No Structural Between Within
Information Information
Condition

Fig. 6. Number of girls selected as teammates for the initial two rounds (brown bars) and later two rounds (teal bars) split by participant gender (girls in top row,
boys in bottom row). The red dotted line represents children’s tendency to choose an equal number of boys and girls. The bars represent means, the error bars
represent 95% Cls, and the points indicate participants’ raw data. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

rounds also varied by condition, y*(2) = 6.21, p = .04, Cramer’s V = 0.21.

A mixed-effects logistic regression model predicting the final two
selections indicated that compared to the No Structural condition, chil-
dren were more likely to choose girls in the Within condition, B = 0.91,
SE = 0.46, p = .048, OR = 2.47. This effect was not moderated by
children’s own gender; indeed, Fig. 6 shows that the increase in the
Within condition can be observed in both girls’ and boys’ selections for
the final two rounds (teal bars). Notably, the Between condition did not
differ from the No Structural condition, B = —0.09, SE = 0.43, p = .84,
OR = 0.92. Moreover, compared to the Between condition, the Within
condition led to higher selections of girls in the final two rounds, Within:
B =0.99, SE =0.46, p = .03, OR = 2.70. In sum, after children expressed
in-group preferences in the initial rounds, within-group comparison
predicted higher selections of girls as teammates while between-group
comparisons did not.

6. General discussion

The present experiments examined children’s explanations for girls’
underrepresentation in STEM. We find that children spontaneously
generate intrinsic explanations when the causes of this pattern are
ambiguous in the No Structural Information condition. Importantly, we

1 Although children’s selections of girls are the focus of the current study, we
report children’s overall selections at the intersection of gender and race in the
Supplemental Materials.

investigated two approaches to promote structural reasoning: between-
group comparisons that emphasize girls’ educational disadvantages
compared to boys, which sought to provide a compelling alternative
explanation to innate gender differences, and within-group comparisons,
which revealed that girls’ STEM representation increases once girls have
opportunities to learn. Our results indicate the robustness of these
structural approaches: both strategies increased children’s structural
over intrinsic reasoning about girls’ lack of STEM participation
(Experiment 1) and about girls’ lack of STEM achievement (Experiment
2). However, these approaches also had differential effects on children’s
reactions to the gender disparity in STEM: Between-group comparisons
led children to evaluate the STEM context as unfair, while within-group
comparisons increased children’s inclusion of girls as STEM teammates.

While prior research has examined children’s early-emerging ste-
reotypes about gender and STEM (Cvencek et al., 2011; Master et al.,
2021), our study offers novel insight into how children explain the
gender disparities they observe. The present results indicate that, when
structural information is absent, children generate intrinsic explanations
that align with previously documented stereotypes (e.g., girls are less
interested in STEM than boys; Master et al., 2021), suggesting that
children may readily apply gender stereotypes to make sense of
observed inequalities. Moreover, the fact that very few children spon-
taneously generated structural explanations supports prior research
indicating that intrinsic explanations tend to be an intuitive way to
explain observed regularities in the world (Cimpian & Salomon, 2014;
Rhodes & Mandalaywala, 2017). Given that intrinsic explanations in-
crease children’s support for the status quo (Hussak & Cimpian, 2015),
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children may be at risk of perpetuating STEM inequalities when left to
explain these disparities on their own.

Importantly, our research developed two approaches for providing
structural information to reduce children’s reliance on inherent
reasoning and recognize structural constraints faced by girls. First, we
found evidence that it is possible to improve the between-group com-
parison approach that previously failed to overturn intrinsic reasoning
about real-world gender differences (Yang et al., 2021). Specifically, we
found that children accepted a between-group comparison as evidence
for structural rather than intrinsic causes when they learned that girls
never had a chance to practice the relevant STEM skills and boys always
did. We posit that the plausibility of this structural explanation (i.e.,
children have prior understanding of how practice impacts performance;
Muradoglu & Cimpian, 2020) and the strength of the relationship (i.e.,
girls’ relative disadvantage was always followed by their underrepre-
sentation; Schulz & Sommerville, 2006) may have made it a compelling
alternative to presumed inherent gender differences as the explanation
(Muradoglu & Cimpian, 2020; Schulz & Sommerville, 2006). An open
question is the extent to which each of these factors impact structural
reasoning or may compensate for the other; for example, if children can
learn to accept an unfamiliar structural constraint as causal when they
observe that it is routinely followed by a gender disparity.

We also developed a second, novel approach in which children were
presented with within-group comparisons of girls’ participation in STEM
with versus without structural constraints. Given that children observe
the same group’s (i.e., girls’) representation change across contexts, this
approach provides direct evidence against intrinsic explanations and
highlights structural barriers as a clear difference-maker (Amemiya
et al., 2023). It is notable that we were able to increase structural
reasoning in the within condition without needing to explain anything
about boys. Our findings indicate that within-group comparisons about
girls are sufficient to increase structural reasoning, however it is not
entirely clear if children interpreted this evidence to mean that (a) boys
never had a teacher and were always intrinsically more interested and
capable than girls, or (b) boys always had a teacher which facilitated
their STEM participation and success. Given that children disagreed
with the intrinsic explanations in this condition (agreement with
intrinsic explanations—such as “boys are just better at programming
robots”—were numerically lowest in the Within condition), we posit that
the latter interpretation is more likely. Nonetheless, future work could
improve our understanding of the Within condition by assessing chil-
dren’s inferences about the boys’ situation, and also directly assessing
whether children changed their beliefs about girls’ abilities. Future
research could also test whether making it explicit that boys also had a
teacher when girls were successful with a teacher (i.e., girls did not win
just because they had a training advantage over boys) strengthens the
effects.

Although this study indicates that both between- and within-group
comparisons increase children’s structural over intrinsic causal expla-
nations, we anticipate that there may be cases in which within-group
comparisons are more effective. Between-group comparisons do not
provide counterfactual evidence for what would have happened for girls
if they were unconstrained. Without observing girls’ STEM representa-
tion when given greater opportunities, children could still hold onto
intrinsic beliefs and reason that boys would have pursued STEM at
higher rates than girls regardless of the societal structure (see Amemiya
et al., 2023). The current study likely mitigated this reasoning by pre-
senting a near-deterministic constraint in which girls completely lacked
the opportunities to practice, compared to boys who could always
practice. However, many societal constraints are more probabilistic and
less salient—for example, girls experience psychological constraints
such as a lack of belonging (Master, Cheryan, & Meltzoff, 2016) that may
be harder for children to recognize as having a strong causal impact on
inequality (see Pesowski, Denison, & Friedman, 2016). In cases where
children have strong intrinsic beliefs and the constraint is less obvious,
within-group comparisons may be more effective than between-group

Cognition 245 (2024) 105740

comparisons in showing that these structural factors clearly make a
difference for girls’ STEM representation.

We also find evidence that the two structural approaches may
enhance children’s tendency to redress STEM inequalities, though via
unique pathways. We note that this is an important theoretical contri-
bution, as prior studies test a singular structural approach, leaving open
questions about the more fine-grained mechanisms of how the approach
operates. In our study, we find that between-group comparisons lead
children to evaluate the STEM context as more unfair relative to the No
Structural Information condition. Interestingly, children in the within-
group comparison condition did not rate the final competition as less
fair than the No Structural Information condition, despite the fact that
they were told that girls lost their teacher that year. This suggests that
emphasizing girls’ relative disadvantage to boys may be critical for
recognizing unfairness. It is also possible that seeing equal rates of
success among girls (in years 1 and 2) and boys (in years 3 and 4) in the
within-group comparison buffered concerns about unfairness. Given
that fairness concerns motivate children to allocate resources to disad-
vantaged groups (Rizzo, Elenbaas, & Vanderbilt, 2020), presenting
between-group comparisons may be an important means to promote
such inequality-rectifying behavior.

On the other hand, only within-group comparisons increased chil-
dren’s selection of girls as teammates in a STEM competition. Repli-
cating prior work using a teammate selection paradigm (Bian et al.,
2018), this condition effect emerged in the last rounds of teammate
selections after children expressed own-gender preferences in their first
two selections. This result indicates an important lever to increase girls’
representation in STEM, specifically, presenting children with within-
group comparisons may strengthen both girls’ and boys’ desire to
include girls by demonstrating girls’ ability to perform. Indeed, in
competitive contexts, children may be especially concerned about girls’
capacity to contribute to a team’s performance. Children’s focus on this
concern may help to explain why the between-group comparison failed
to increase children’s inclusion of girls: although children learned that
girls were given fewer training opportunities, they were still uncertain
about their abilities. Instead, observing girls’ success in the STEM
domain presents direct evidence speaking to their abilities to succeed.

An important next step for future research would be to examine
whether combining the two structural approaches may be especially
powerful for mitigating early STEM inequalities. For example, a full
intervention could present evidence that boys historically had greater
STEM opportunities than girls, and that once girls were provided with
these same level of opportunities, girls’ STEM participation and
achievement became similar to boys’. We contend that our framework is
also relevant for addressing other pervasive societal inequalities beyond
gender, such as disparities by race or social class (see Amemiya et al.,
2023). Prior research has found that children’s causal explanations for
inequality relate to racial biases (Mandalaywala, Ranger-Murdock,
Amodio, & Rhodes, 2019; Rizzo, Britton, & Rhodes, 2022), and that it
is difficult to increase children’s structural understanding when
explaining real-world inequalities (Mistry, Brown, Chow, & Collins,
2012). We propose that presenting both between-group and within-
group comparisons may be an especially powerful way to overturn
strongly-entrenched stereotypes about these disparities. Another
important future direction will be to examine whether our effects, which
were observed among a predominantly high-SES sample who likely have
greater access to STEM learning opportunities, replicate with a more
socioeconomically diverse sample.

Taken together, our results offer new theoretical insights into the
different approaches that can promote early structural reasoning and
rectification of inequality, and suggest that a multi-faceted approach
that includes multiple types of structural information may be the most
effective.
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