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Abstract
Gender gaps in motivation for STEM fields emerge at an early age and generally 
persist as children become older. Viewing these gender differences in motivation as 
malleable rather than fixed or inherent may reduce stereotyping and promote girls’ 
motivation in STEM. The current paper reports findings from two preregistered 
experimental intervention studies. These interventions targeted girls’ beliefs about 
stability (Study 1) and external attributions for gender differences (Study 2). Study 
1 (N = 381) examined whether a growth mindset intervention could increase Grade 
6 and 8 students’ motivation for computer science. There was some evidence that 
girls in the intervention condition reported higher motivation on some outcomes, 
and exploratory findings further confirmed the importance of girls’ motivational 
beliefs. Study 2 (N = 220) examined whether teaching 11- and 12-year-old girls 
about external, structural explanations for gender differences could influence their 
interest in a novel STEM activity. Exploratory results showed that structural expla-
nations dampened gender stereotypes and also promoted belief in the malleability 
of STEM interest; effects on girls’ motivation were not found. Beliefs that interest 
and abilities in STEM are malleable may be helpful but not sufficient to foster girls’ 
own motivation in STEM.
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1  Introduction

Gender gaps in motivation for STEM emerge at an early age and generally persist as 
children get older. Girls report lower interest and self-efficacy than boys for STEM 
fields as early as elementary school, especially for computer science and engineering 
(Master et al., 2017, 2025; Nagy et al., 2010). Girls also report lower identification 
than boys with math and science by elementary and middle school (Cvencek et al., 
2011; Vincent-Ruz & Schunn, 2018).

Debates about gender gaps in motivation and performance in STEM have centered 
around the extent to which these gaps are innate, biological, and fixed, versus shaped 
by social and cultural influences in the environment (Reges, 2018; Schmidt, 2011). 
One well-known example of the innate view involves James Damore’s “Google 
Memo,” which claimed, “the distribution of preferences and abilities of men and 
women differ in part due to biological causes and… these differences may explain 
why we don’t see equal representation of women in tech” (Damore, 2017, p. 3). In 
contrast, much social science research has emphasized the role of societal stereotypes 
and social influences on the development of motivation and performance in STEM 
(Master, 2021; Master & Meltzoff, 2020; Master et al., 2021, 2025). These differing 
perspectives have important implications for interventions that seek to reduce gender 
gaps in STEM. If gender gaps are largely fixed and inherent, then interventions to 
improve girls’ motivation in STEM may be unnecessary or unsuccessful. In contrast, 
if gender gaps are shaped by experiences, then well-designed interventions may be 
an effective way to broaden participation in STEM and promote equity. Beyond the 
effectiveness of interventions, whether young women themselves view these gaps as 
malleable versus fixed may have important implications for their personal motivation 
in STEM.

In the next sections, we review research on the effects of gender stereotypes on 
STEM motivation. We then describe two approaches for interventions that seek to 
boost girls’ motivation and performance in STEM. Both approaches involve high-
lighting the malleability of STEM motivation, using growth mindsets and structural 
explanations to counter stereotypes by teaching students that personal characteristics 
and gendered patterns of interest can change. Study 1 targeted beliefs about whether 
the self can change (growth mindsets). Study 2 targeted beliefs about whether groups 
can change (structural explanations rather than essentialist explanations). The focus 
of this paper is not on the origins of gender differences in STEM (Wang & Degol, 
2013), but instead on the negative consequences for children’s educational outcomes 
of the belief that those differences are fixed and innate. Children in late elementary 
school and middle school are learning about academic fields and beginning to choose 
career paths, making these ideal stages to counter stereotypes and influence their 
academic motivation (Maltese & Tai, 2010).

1.1  Gender stereotypes in STEM

Stereotypes can impact students’ motivation through social identity threat. Social 
identity threat happens when individuals from stereotyped groups feel judged, deval-
ued, or stigmatized based on negative stereotypes about their group (Easterbrook & 
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Hadden, 2021; Master et al., 2026; Master & Meltzoff, 2020). These concerns about 
stereotypes can lead to decreased motivation and, in the case of stereotype threat, 
reduced performance (Murphy et al., 2024). Children and early adolescents are also 
vulnerable to the effects of social identity threat (Master et al., 2021; Régner et al., 
2014).

Children begin to learn about and endorse STEM-gender stereotypes during ele-
mentary school (Master, 2021; Master & Meltzoff, 2020; Régner et al., 2014). Most 
research has focused specifically on math stereotypes, with fewer studies involving 
science or technology (Miller et al., 2024). Depending on the sample and method of 
measuring stereotypes, children appear to endorse gender stereotypes about inter-
est in STEM by mid-elementary school (Archer et al., 2012; Cvencek et al., 2011; 
Farenga & Joyce, 1999; Master et al., 2021, 2025), and about ability in STEM by 
late elementary school or adolescence (Miller et al., 2024; Passolunghi et al., 2014). 
Stereotypes also differ by field. Evidence suggests that children may endorse interest 
and ability stereotypes about computer science and engineering earlier, by age six 
(Master et al., 2017, 2025).

Stereotypes can influence children’s interest and motivation in academic activities. 
Many correlational studies have reported associations between stereotypes and vari-
ous aspects of students’ motivation, including: (a) girls’ and women’s lower partici-
pation in STEM fields (Lane et al., 2012; Miller et al., 2015; Wynn & Correll, 2017), 
and (b) interest in STEM (Cheryan et al., 2013a, b; Master et al., 2016, 2025; Plante 
et al., 2013). Several experimental studies that targeted gender stereotypes about 
who is interested in STEM successfully increased students’ motivation, suggesting 
a causal link (Cheryan et al., 2011; Master et al., 2016, 2021; Murphy et al., 2007; 
Stout et al., 2011). For example, in one experimental study, 8- and 9-year-old children 
were told about two computer science activities. One activity was linked to a gender 
stereotype (“girls are much less interested in this activity than boys”), while the other 
activity was not. The gender gap in interest was only evident for the computer science 
activity that was linked to a gender stereotype (Master et al., 2021). This suggests 
that gender stereotypes can causally reduce girls’ motivation for STEM, leading to 
the formation of gender gaps. Finding ways to counter these stereotypes may be an 
effective way to reduce gender gaps.

1.2  How to counter stereotypes

Stereotypes are notoriously difficult to change (Bigler, 1999; Rothbart, 2001; Steele, 
2003). As noted by John Bargh (1999), much like dandelions, it may be easier to 
prevent stereotypes from taking root in the first place than to try to pull them up 
after they are well-established. Interventions aimed at reducing gender essentialism 
and stereotyping in children are often ineffective (e.g., Gross et al., 2024). However, 
interventions that target related beliefs or reduce the impact of stereotypes on motiva-
tion may be more effective (Master, 2021). Both approaches used in this paper draw 
on the notion that stereotypes are usually related to essentialist beliefs, the idea that 
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groups have inherent or “essential” properties that cannot change (Ho et al., 2015; 
Meyer & Gelman, 2016; Mulvey et al., 2010). Psychological essentialism involves 
the tendency to represent categories in terms of underlying, inherent “essences” that 
define category membership and are causally responsible for features of that category 
(Gelman, 2003). Essentialism has been linked to stereotyping among adults (Bastian 
& Haslam, 2006) and children (Bigler & Liben, 2007). We briefly describe here how 
each of our two intervention studies was designed to counter stereotypes and then go 
into further detail in the sections below.

In Study 1, the first approach involved growth mindsets, beliefs that personal 
characteristics can change (Fig. 1). Teaching students to adopt growth mindsets may 
reduce the impact of stereotypes by countering the idea that members of each gender 
have fixed ability in STEM (Dweck & Master, 2009). If characteristics can change, 
then stereotypes are not set in stone. Anyone could improve their ability in STEM and 
disprove the stereotype. If girls believe they can grow their abilities in STEM, they 
may be more motivated to pursue STEM activities, especially in supportive contexts 
(Burnette et al., 2023; Carroll et al., 2023; Wang et al., 2021).

In Study 2, the second approach, involving structural explanations, rested on chil-
dren’s attributions about whether gender differences are due to internal, stable or 
external, unstable causes (Fig. 1). For example, if young girls believe that boys are 
more interested than girls in computer science, with the underlying assumption that 
this gender difference is inherent and unchanging, then they may reason that they 
will not be interested in computer science and choose not to pursue it. However, if 
girls instead believe that gender differences in STEM are highly influenced by social 
factors and can be shifted (Cheryan et al., 2015, 2017; Valian, 2014), then they may 
be more open to pursuing computer science and potentially developing an interest in 
this field. We next discuss both approaches in greater detail.

“I Can’t
Change” Lower MotivationGender Stereotypes

Study 1:
Growth Mindset

Intervention

Study 2: Structural
Intervention “Groups Can Change”

“STEM is Not For Me”

“I Can Change” Higher Motivation

Fig. 1  Theory of Change for Study 1 and Study 2. Gender stereotypes may increase girls’ perceptions 
that STEM is “not for me.” In Study 1, girls in the growth mindset condition should be more likely to 
believe that they could change their ability in computer science, which should lead to higher motiva-
tion. In Study 2, girls in the structural differences condition should be more likely than girls in the 
internal differences condition to agree that groups can change over time because they have an environ-
mental explanation for gender gaps. Agreement that groups can change should lead girls to believe that 
their personal interest could change, promoting higher motivation
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1.3  Growth mindsets as interventions for countering stereotypes

Growth mindsets involve the idea that characteristics are malleable, so groups (and 
individuals within those groups) have characteristics that are changeable (Dweck & 
Master, 2009). Previous research on implicit theories or “mindsets” has found that 
people tend to hold one of two theories that correspond to static versus dynamic 
conceptions of human nature (Dweck, 2006; Levy, 1999). Those with fixed mindsets 
(also called “entity theories”) believe that people’s characteristics cannot change. For 
example, people who hold a fixed belief about intelligence would agree that people 
have a certain amount of intelligence and cannot change it. In contrast, other people 
have growth mindsets (also called “incremental theories”) and believe that character-
istics can change. For example, people who hold a growth mindset about intelligence 
would agree that people can always change how intelligent they are. Implicit theo-
ries/mindsets can apply to many different characteristics of people, including abili-
ties, interests, personality, and emotions (O’Keefe et al., 2023; Romero et al., 2014).

Growth mindsets about academic ability have important consequences for chil-
dren’s motivation and achievement in school. Students who believe they can improve 
their own ability through effort are more willing to work hard and take on challenges 
from which they can learn more (Dweck & Master, 2009). Previous research found 
that middle-school students who held a growth mindset about intelligence showed 
higher motivation, including positive beliefs about the value of effort (Blackwell 
et al., 2007). Middle-school students who were taught the growth mindset showed 
higher classroom motivation and better math grades compared to students in a con-
trol group (see also Yeager et al., 2019). Other findings suggest that growth mindsets 
correlate with math achievement for children as young as 1st and 2nd grade and 
predict advanced math course taking in middle school (Park et al., 2016; Romero et 
al., 2014). Experimentally, high-school students who learned about the struggles of 
scientists (including their growth and learning over time) changed their stereotypes 
about scientists and heightened their interest in science compared to learning about 
scientists’ achievements or no background information (Hong & Lin-Siegler, 2012; 
Lin-Siegler et al., 2016). Even preschool children persisted longer after hearing a 
story about a scientist who persisted through struggles (Haber et al., 2022).

Because stereotypes involve attributing a fixed set of traits to a group (e.g., “he is 
a boy so he must like math”), people who hold a fixed mindset should be more likely 
to endorse stereotypes. In contrast, people who hold a growth mindset should be 
more likely to acknowledge the dynamic and changing qualities of people (e.g., “he 
is a boy but his interest in math could change over time”). Indeed, previous research 
found that adults with a fixed mindset were more likely to endorse stereotypes about 
ethnic and occupational groups than adults with a growth mindset (Levy et al., 1998). 
Those with a fixed mindset were also more likely to believe that stereotypes reflected 
a group’s innate character, and less likely to believe that stereotypes arose from envi-
ronmental or societal influences. The second study in that paper also demonstrated a 
causal link between mindsets and stereotypes. Specifically, in a randomized experi-
mental study, adults who were taught a fixed mindset about personality were more 
likely to endorse stereotypes than those taught a growth mindset. People with a fixed 
mindset are also more likely to maintain stereotypes by paying attention to informa-
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tion that confirms stereotypes and dismissing information that challenges them (Plaks 
et al., 2001).

Children begin to develop fixed and growth mindsets by age 7 (Gunderson et al., 
2013; Heyman et al., 1992; Smiley & Dweck, 1994). Children’s mindsets are also 
related to stereotyping. Children who have fixed mindsets are more likely to: (a) 
attribute behavior to dispositions rather than the environment, (b) exaggerate differ-
ences between groups, (c) minimize differences within groups, and (d) use stereo-
types about a group to make a judgment about an unknown member of the group 
(Levy & Dweck, 1999; Master et al., 2012). Growth mindset interventions have also 
reduced children’s endorsement of gender stereotypes about STEM (Law et al., 2021; 
see also Lee et al., 2021).

Having a growth mindset about ability can be particularly important for individu-
als from groups who face negative stereotypes about their ability, such as girls and 
women in STEM (Dweck & Master, 2009). Stereotypes are more threatening when 
the negatively stereotyped ability is believed to be fixed (or seen as fixed by others). 
If a girl believes her STEM ability is fixed, poor performance will confirm the ste-
reotype that girls have less ability in STEM and that she has less ability. This may 
reduce her sense of self-efficacy and belonging in STEM. Indeed, college women 
who perceived high levels of gender stereotyping in their math course and felt that 
the environment was oriented to fixed mindsets reported lower sense of belonging 
in that class (Good et al., 2012). In contrast, a growth mindset can make stereotypes 
less threatening, because ability can be improved and stereotypes can be disproved 
over time (Carr et al., 2012). In one study, a scientist role model who portrayed her 
ability as having grown over time successfully increased interest and efficacy for 
5- to 8-year-old girls of color (Gladstone et al., 2024). Thus, teaching girls to have a 
growth mindset should lead to improved STEM motivation.

However, these studies represent a limited number of mindset studies that have 
focused on mindsets about specific STEM abilities, compared to the larger number 
of studies involving growth mindsets about general intelligence. Some other stud-
ies have found that math mindsets are related to math motivation and achievement. 
One study found that Grade 4 students’ fixed math mindsets predicted lower math 
achievement (Kaya & Karakoc, 2022). Another study found that middle-school stu-
dents’ math mindsets predicted math engagement for students with high metacogni-
tive skills (Wang et al., 2021). However, STEM gender gaps are larger in computer 
science and engineering compared to math or biology (Cheryan et al., 2017; Master 
et al., 2025). One study found that a growth mindset intervention among college 
students increased interest in computer science, but this has not yet been examined 
with children or adolescents (Burnette et al., 2020). Thus, the focus of Study 1 was 
whether growth mindsets about computer science might promote girls’ motivation 
for this field in which they are negatively stereotyped.

1.4  Structural explanations for group differences as interventions for countering 
stereotypes

A second approach to countering stereotypes involves structural explanations, with 
the goal of promoting attributions that gender differences are due to external and 
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unstable causes, rather than internal and stable causes (Graham & Taylor, 2016). 
Structural thinking entails explaining a phenomenon by making use of the larger 
contextual or environmental structure around that phenomenon and identifying con-
textual constraints that shape the pattern of outcomes within that structure (Vasilyeva 
& Lombrozo, 2020; Vasilyeva et al., 2018). For example, imagine a town in which 
children attend either an all-girls school or an all-boys school, and boys are always 
overrepresented in the town’s annual robotics competition (Amemiya & Bian, 2024). 
A common explanation for this gendered outcome could be that boys are inherently 
more interested or capable in robotics. However, imagine learning that only the boys’ 
school has a robotics teacher who can help them practice robotics skills. Learning this 
information should help children attribute the difference in outcomes to a structural 
difference (the availability of a teacher who could help students practice), rather than 
an inherent, intrinsic difference.

Thus, considering the larger structure in which choices are made can help to iden-
tify a cause of observed differences between social groups—critically, a cause of 
differences that is malleable (Amemiya et al., 2022; Vasilyeva & Lombrozo, 2020). 
By changing the structure (e.g., the teachers at the all-girls and all-boys school), we 
can change the outcomes (e.g., participation in a robotics competition) and reduce 
differences between groups. In the real world, people frequently make inferences 
about gendered traits based on the distributions of genders into structural roles, such 
as occupations (Cejka & Eagly, 1999). Even children are sensitive to cues about 
inequality and group differences that come from environmental structures (Bigler et 
al., 2001; Cvencek et al., 2025a; Horwitz et al., 2014; Olson et al., 2011; Zhang et 
al., 2024).

Thinking about the structural context can be contrasted with internal, essentialist 
explanations for group differences (Amemiya et al., 2023). For example, one study 
with adults successfully used the structural context to reduce the effects of stereotype 
threat (Dar-Nimrod & Heine, 2006). That study involved four conditions. In three 
conditions, women were told that gender differences in math performance were: (a) 
due to experiences (locating the source of differences in structures in the external 
world), (b) due to genetics (locating the source of differences inside each gender in an 
“essential” way), or (c) non-existent. In the fourth condition, women were primed to 
think of gender in a standard stereotype threat condition. Women’s scores on a math 
test were significantly higher in the “no differences” and “experiences/structural” 
compared to the “genetics/essential” and standard stereotype threat conditions. Simi-
larly, another study taught 5- to 8-year-old children about two structural explanations 
for gender differences—that boys were better than girls at a task because they had 
more opportunities to practice or that girls were more likely to participate in STEM 
when they were given more opportunities to do so (Amemiya & Bian, 2024). Chil-
dren who were provided with one of the two structural explanations were less likely 
to favor intrinsic explanations for gender differences. If essentialism is a central com-
ponent of stereotyping, then teaching children to use structural explanations may help 
to reduce the impact of stereotypes on their motivation (Klysing, 2020).

Stereotypes often rest on beliefs that group differences are due to internal char-
acteristics that cannot change. If children learn that group differences are due to 
external structures in the environment that can change, then they may discount those 
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stereotypes when evaluating their own motivation. In terms of girls and STEM, if 
girls learn that gender differences in STEM were caused by factors in the environ-
ment, such as different opportunities given to girls and boys, their stereotypes may be 
weakened. They may be more likely to perceive that such gender differences could 
change when the environmental factors change as well. If so, they may also reason 
that their own motivation in STEM could change, if their own environment changed.

1.5  The current paper

The current paper reports findings from two preregistered experimental interventions 
that sought to counter STEM stereotypes and promote girls’ motivation in STEM. In 
Study 1, middle school students were randomly assigned to watch a video in which 
they learned about growth mindsets in computer science or a control video involving 
memory. In Study 2, girls were randomly assigned to watch a video in which they 
learned that gender differences in STEM interest for a novel activity were due to 
structural differences in opportunities given to girls and boys or a control video offer-
ing inherent explanations.

2  Study 1: growth mindsets

2.1  Rationale

Computer science shows some of the largest disparities among STEM fields (Cheryan 
et al., 2017). This may be due to the particularly strong gender stereotypes about this 
field (Master et al., 2021, 2025; Miller et al., 2024). Middle school is a particularly 
key time to promote girls’ motivation in computer science (Code.org et al., 2022; 
Grover et al., 2016; Rachmatullah et al., 2020). The goal of this study was to examine 
how a growth mindset intervention affected middle school students’ motivation, ste-
reotypes, and performance in computer science. Girls’ early experiences in computer 
science often lead to less positive attitudes compared to boys (Ottenbreit-Leftwich et 
al., 2021), but growth mindsets may help them remain motivated through difficulties 
(Dweck & Master, 2009).

2.2  Participants

A total of 381 students from a diverse school district participated in February and 
March 2022 (219 in Grade 6, 156 in Grade 8, 6 unknown; age range from 11 to 
16 years old, Mage = 12.71, SD = 1.10; 124 girls, 180 boys, 77 non-binary or not 
reported; 48% Latino/Hispanic, 22% Black/African American, 10% multiracial, 2% 
Asian, 2% White, 16% other or unknown). As specified in the preregistration, the 
final analyses excluded participants who failed the attention check and any responses 
which appeared to be duplicates or non-students. According to the exclusion criteria, 
120 participants were excluded from the final analysis, including 116 participants 
who failed to pass the attention check item, and 14 participants who did not identify 
their gender as girl or boy. The attention check may have been highly challenging for 
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this sample of participants; in this district in 2022, 78% of students in Grade 6 and 
58% of students in Grade 8 did not meet grade level reading standards on statewide 
standardized tests. The final sample thus consisted of 251 participants (161 in Grade 
6, 90 in Grade 8; age range from 11 to 15 years old, Mage = 12.67, SD = 1.06; 106 
girls, 145 boys; 55% Latino/Hispanic; 26% Black/African American, 12% multira-
cial, 4% Asian, 3% White).

2.2.1  Preregistered power and sample size calculations

Our preregistered target sample size was N = 252 (18 students within 14 classrooms). 
Assuming α = .05, power analyses using Optimal Design Plus (Spybrook et al., 2005–
2013) for a 2-level linear mixed model with 18 students per classroom (70% consent 
rate), 14 classrooms (seven per grade level), and a classroom ICC = 0.20, showed 
that we would have 80% power to detect modest effect sizes (d = 0.42 or higher) for 
student-level predictors and cross-level interactions. For grade level conditional main 
effects (at Level 2), we would have 80% power to detect large effect sizes (d = 0.80 
or higher). Final sample size was determined by the number of students who agreed 
to participate in classes of participating teachers.

2.3  Methods

This study was approved by the University of Washington and University of Hous-
ton's Institutional Review Boards and the public school district. Across six middle 
schools in the southern U.S., teachers were recruited by the school district’s tech-
nology officer and agreed to participate in the study. All students participated in the 
district’s computer science curriculum. The district curriculum for Grade 6 for Intro 
to Computer Science involved topics such as sequencing, loops, conditionals, and 
functions. The district curriculum for Grade 8 for CS Discoveries involved topics 
such as animation, web design, and AI/machine learning.

Participants completed an online survey in their school during class time while 
wearing researcher-provided headphones. Participants were randomly assigned 
through Qualtrics to receive either the ability mindset intervention condition (n = 
130) or a memory-related control condition (n = 121) that was equivalent in terms 
of time, format, and content (see Table 1 and Tables S1 and S2 in the Supplementary 
Materials). The experimental manipulation involved watching two brief videos tell-
ing the story of a middle-school girl named Sophia (introduced by her older sister 
Mariana) who initially struggled to learn to code (mindset condition) or remember 
(control condition). The student received support and advice from peers that coding 
ability can improve (growth mindset intervention) or that memory strategies can be 
helpful (memory control). The student continued to struggle but remembered the 
mindset/memory message and was ultimately successful. The memory control con-
dition provided a very conservative test of our hypothesis because it included mes-
sages that a characteristic (memory) could change but this cognitive characteristic 
was not directly relevant to computer science ability. The narration was provided in 
both audio and visual format simultaneously to maximize comprehension.
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Table 1  Study 1 Growth Mindset Experimental Condition
Mindset Condition Memory-Related Condition
Today, if you want, you can be part of a research project! We are a team of scientists from the Univer-
sity of Houston, and we want to learn more about how kids like you think! We want to learn about your 
experiences at your school, and how different ways of thinking might help you and your classmates in 
school. We need your help to make our project better for students in the future
We are especially interested in what you think about coding
Coding is how you put information and commands into 
a computer, so that you can tell the computer what to do. 
You can make games, apps, programs to help people, or 
something completely new!

We are especially interested in what you 
think about memory
Memory means the different ways 
your brain saves the material you 
learn in school, so that you can 
remember it later. You can use lots of 
tricks to help you remember things!

In this project, you’ll watch a short video, and learn about 
how other students like you feel about coding. Next, we’ll 
ask you some questions about your experiences. There 
aren’t any right or wrong answers. We’ll use your ideas to 
help future students have a better idea of what coding is 
like so they can know what to expect. If you do the activ-
ity and questions, you’ll be helping us find out more about 
how kids think and learn

In this project, you’ll watch a short 
video, and learn about what other 
students like you think about memory. 
Next, we’ll ask you some questions 
about your experiences. There aren’t any 
right or wrong answers. We’ll use your 
ideas to help future students have a 
better idea of how to remember things 
in coding class so they can know what 
to do. If you do the activity and ques-
tions, you’ll be helping us find out more 
about how kids think and learn

Conversation between Sophia and her sister Mariana 
emphasizes:
Learning more about coding and trying can help you un-
derstand coding better and get better at it. When students 
start using that growth mindset, they can learn to be better 
at coding

Conversation between Sophia and her 
sister Mariana emphasizes:
Using different memory strategies can 
help you remember more and develop 
a better memory. When students start 
using that memory mindset, they can 
use tricks to remember

If you were Sophia’s classmate, what would you say to her?
Tell her about a time in your life when you thought you 
were not good at something in school but became better at 
it later. Try to choose an example where you really weren’t 
good at it at first but became better at it over time

Tell her about a time in your life when 
you thought you couldn’t remember 
something in school but figured out 
how to remember it. Try to choose 
an example where you really couldn’t 
remember at first but started to re-
member over time

Conversation between Sophia, Mariana, and peers 
emphasizes:
Using growth mindsets, they got better at coding over time

Conversation between Sophia, Mariana, 
and peers emphasizes:
Using memory strategies, they got bet-
ter at remembering over time

How is it helpful for students to know that abilities can get 
better over time?
Is there anything you want future students at your school to 
know about how to become better at coding?

How is it helpful for students to think 
with this mindset, that it’s important to 
use different memory strategies?
Is there anything you want future 
students at your school to know about 
memory for coding?

Note. Bold text indicates language that differed by condition
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2.3.1  Measures

The survey was administered at the end of the experimental manipulation video. The 
survey included: (a) an attention check requesting that participants mark a particu-
lar response, (b) questions about responding to the videos, (c) ability and interest 
mindsets; (d) belief in gender-interest and gender-ability stereotypes; (e) four motiva-
tional variables: interest, sense of belonging, ability self-concept, and identification 
for computer science classes and activities in school; (f) performance on a coding 
assessment; and (g) demographics (gender, race/ethnicity, and birth date). The sur-
vey also included other measures (e.g., open-ended questions), but the present study 
focused on hypotheses involving quantitative analyses. The attention check came 
immediately after the mindset measures and instructed students, “Please choose the 
circle marked ‘slightly disagree’ to show that you read this question.”

Mindsets included both ability mindsets and interest mindsets, measured by three 
items each, using a 6-point Likert scale from 1 (Strongly disagree) to 6 (Strongly 
agree), with the order of mindset scales counterbalanced. Ability mindsets mea-
sured how much participants believed their coding abilities can be changed (e.g., 
“Being good at coding is something that you can’t change very much”) and interest 
mindsets measured how participants believed their interest in coding can be changed 
(e.g., “People can’t change whether they like coding or not”). Mindsets were coded 
such that higher values represented more fixed mindsets. The ability mindset scales 
showed low internal reliability, α = .62. Interest mindsets showed low internal reli-
ability, α = .54, and were measured by three items, including a newly-developed item 
about belief about whether high potential interest is universal or limited to only some 
children (“Only some kids have the potential to become really interested in coding 
later on in life;” Rattan et al., 2012). However, that item reduced the overall reliabil-
ity of the scale. Therefore, we dropped that item and used the 2-item interest mindset 
scale for the final analyses, α = .61. Cronbach’s alpha is often lower among child 
participants and on scales with fewer items (Taber, 2018). Because these reliabilities 
were fair but not good for short-length scales (Xiao et al., 2024), we examined the 
inter-item correlations as well. The mean inter-item correlation for the ability mind-
set scale was r = .36 (range: .26–.44), and the inter-item correlation for the interest 
mindset scale was r = .44, falling within the recommended range of .15–.50 for dem-
onstrating internal consistency (Clark & Watson, 1995).

Four motivation variables, including interest, sense of belonging, ability self-con-
cept, and identification, were measured by 6-point Likert scales from 1 (Strongly 
disagree) to 6 (Strongly agree). Interest assessed participants’ interest in computer 
coding activities with three items (e.g., “I like to do coding activities”), showing 
good reliability, α = .94. Sense of belonging assessed participants’ perceptions of 
belonging in computer coding class with three items (e.g., “I feel like I belong in my 
coding class”), showing good reliability, α = .81. Ability self-concept assessed par-
ticipants’ beliefs about their computer coding abilities with three items (e.g., “I am 
good at coding activities”), showing good reliability, α = .88. Coding identification 
assessed how strongly participants identified themselves with computer science with 
six items (e.g., “I am a coding person”), with good reliability, α = .91.
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Gender stereotypes about computer science were assessed by measuring partici-
pants’ beliefs about boys’ and girls’ interests (e.g., “How much do you think that most 
[boys/girls] like coding?”) and ability (e.g., “How good do you think most [boys/
girls] are at coding?”) on Likert scales from 1 (Really do not like/not good) to 6 
(Really like/good), respectively. Each type of gender stereotype about computer sci-
ence was then computed as difference scores, with ratings of boys – ratings of girls 
(Master et al., 2021). Positive scores indicated stereotypical beliefs that boys were 
more interested in or better at computer science; conversely, negative scores indi-
cated beliefs that girls were more interested in or better at computer science.

Participants’ coding performance was assessed by measuring their coding knowl-
edge on a 10-item scale calibrated to the Grade 6 curriculum (e.g., “There is one 
extra block that is going to cause the bird to crash. Which block needs to be unhooked 
for the program to run successfully?”) or the Grade 8 curriculum (e.g., “Why is it 
important for a programmer to write out an algorithm before trying to program it?”). 
The computer coding assessment was developed by the school district technology 
director based on the Code.org curricula for CS Fundamentals (Grade 6) and CS 
Discoveries (Grade 8). The final score was computed as the sum of correct responses 
to the ten questions (range 0 to 10).

2.3.2  Preregistration

The hypotheses and analyses plan were preregistered on the Open Science Frame-
work at ​h​t​t​p​s​​:​/​/​o​s​f​​.​i​o​/​p​​r​8​f​c​​/​f​i​l​e​​s​/​y​4​x​f​​u​​​h​t​​t​p​s​:​​/​/​o​s​f​.​i​o​/​p​r​8​f​c​/​?​v​i​e​w​_​o​n​l​y​=​6​c​8​2​e​f​9​6​2​1​d​
4​4​2​2​e​b​2​7​a​0​4​8​4​f​5​f​a​f​1​5​5​​​​​. Materials are available at ​h​t​t​p​s​​:​/​/​o​s​f​​.​i​o​/​p​​e​u​3​x​​/​o​v​e​r​​v​i​e​w​​​​h​t​t​
p​s​​:​/​/​o​​s​f​.​i​o​/​p​e​u​3​x​/​o​v​e​r​v​i​e​w​?​v​i​e​w​_​o​n​l​y​=​0​6​a​7​5​5​4​5​1​1​d​9​4​b​7​e​8​4​4​9​4​b​a​6​c​d​6​7​7​9​9​3​​​​​.​​

This preregistration indicated a plan to use linear mixed models by classroom. 
Because we did not receive data about specific classrooms from the district, we 
tested models with students nested within teachers. However, these models showed 
multiple negative ICCs (for ability mindsets, interest stereotypes, and ability ste-
reotypes), which likely indicated that the between-group variance was essentially 
near zero. Because the ICC represents the proportion of total variance attributable to 
between-group differences, it cannot be negative in the population. Negative empiri-
cal estimates are therefore generally taken to reflect a between-group variance of 
effectively zero (or model misspecification) and are conventionally treated as zero 
(Snijders & Bosker, 2011; Wang et al., 2011). The dataset included only six schools 
and nine teachers, so it is likely that the random effects estimation was unstable and 
underpowered for a multilevel structure. With so few level-2 units, maximum-like-
lihood variance components tend to be downwardly biased and imprecise, and the 
sampling distribution of a near-zero variance component is highly skewed (Heck 
& Thomas, 2020). When within-group observations are effectively independent, the 
ICC approaches zero and the multilevel model reduces to a single-level specification 
(Wang et al., 2011). Below, we report the single-level models for ability mindsets, 
interest stereotypes, and ability stereotypes; we report results from multilevel models 
for all other outcome variables.

https://osf.io/pr8fc/?view_only=6c82ef9621d4422eb27a0484f5faf155
https://osf.io/pr8fc/?view_only=6c82ef9621d4422eb27a0484f5faf155
https://osf.io/peu3x/overview?view_only=06a7554511d94b7e84494ba6cd677993
https://osf.io/peu3x/overview?view_only=06a7554511d94b7e84494ba6cd677993
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2.4  Results

2.4.1  Correlations

For correlations between all variables split by condition (mindset condition or con-
trol), grade (Grade 6 or 8), and gender (girls or boys), see Tables 2, 3, 4. Fixed 
mindsets about ability and interest were significantly correlated for students in both 
conditions, both grade levels, and both girls and boys, ps < .01. Students in both 
conditions who reported more fixed ability mindsets also reported a lower sense of 
belonging in coding, ps < .05. Students in Grade 8 with more fixed ability mindsets 
also reported lower interest in coding, a lower sense of belonging, lower ability self-
concepts, and lower identification with coding, ps < .01. They also had lower per-
formance on the coding assessment, p < .05. Boys with more fixed ability mindsets 
also reported lower interest, lower sense of belonging, lower self-concepts, and lower 

Table 2  Study 1 Correlations by Condition
Variable 1 2 3 4 5 6 7 8 9 10
1. Ability Mindset .39** −.21* −.18* −.21* −.13 .04 .14 .02 −.39*

2. Interest Mindset .44** −.13 −.14 −.11 −.10 .15 −.004 −.07 −.34*

3. Interest −.14 −.05 .74** .74** .77** .02 .05 .12 .32*

4. Belonging −.18** −.10 .80** .78** .75** −.02 .07 .17 .31*

5. Self-concept −.15 .02 .74** .71** .71** .005 .02 .14 .31*

6. Identification −.13 −.05 .78** .73** .69** .004 .03 .06 .23
7. Ability stereotype diff. score −.02 .04 .02 .09 .03 .07 .29** −.11 .24
8. Interest stereotype diff. score −.05 −.01 .14 .17 .05 .17 .57** .07 .26
9. Performance (Grade 6) −.11 −.18 −.17 −.07 .06 −.07 −.05 −.08 –
10. Performance (Grade 8) −.05 .01 .37** .38* .37* .42** −.003 .23 –
Note. Correlations for variables in the ability mindset condition are displayed below the diagonal (N = 
130). Correlations for variables in the control condition are displayed above the diagonal (N = 121). Diff. 
score = difference score (ratings about boys minus ratings about girls)
*p < .05, **p < .01

Table 3  Study 1 Correlations by Grade Level
Variable 1 2 3 4 5 6 7 8 9
1. Ability Mindset .47** −.37** −.36** −.33** −.31** −.14 −.12 −.25*

2. Interest Mindset .38** −.14 −.12 −.01 −.04 .03 .07 −.17
3. Interest −.03 −.07 .81** .80** .77** .17 .26** .34**

4. Belonging −.05 −.14 .68** .77** .76** .23* .34** .35**

5. Self-concept −.09 −.09 .59** .65** .76** .23* .33* .34**

6. Identification −.02 −.10 .76** .69** .59** .20 .27* .34**

7. Ability stereotype diff. score .11 .14 −.10 −.13 −.16* −.08 .66** .12
8. Interest stereotype diff. score −.002 −.05 .02 −.004 −.15 .02 .23** .23*

9. Performance −.06 −.14 −.04 .04 .09 −.02 −.08 −.003
Note. Correlations for variables for students in Grade 6 are displayed below the diagonal (N = 161). 
Correlations for variables for students in Grade 8 are displayed above the diagonal (N = 90). Diff. score 
= difference score (ratings about boys minus ratings about girls)
*p < .05, **p < .01
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identification, ps < .05. Boys in Grade 6 with more fixed interest mindsets scored 
lower on the coding assessment, p < .05, while boys in Grade 8 with a higher ability 
fixed mindset scored lower on the coding assessment, p < .05.

2.4.2  Descriptive statistics

Descriptive statistics for all variables by condition and grade level can be found in 
Table 5.

2.4.3  Mindsets

We analyzed ability mindsets, gender-interest stereotypes, and gender-ability stereo-
types with ANOVA because their intraclass correlations were near zero (see Table 
S3), and we analyzed the remaining variables with multilevel models in which stu-
dents were nested within teachers (see Table S4). For the ANOVA, we conducted a 
2 (condition: ability mindset or control) × 2 (grade level: 6 or 8) × 2 (gender: girl or 
boy) model. For the multilevel models, we included the main effects of condition, 
grade level, and gender, the condition by gender and grade by gender interactions, 
and the three-way interaction. All condition by grade interactions were nonsignificant 
and removed to simplify the multilevel models.

First, for ability mindsets, the interaction between condition, gender, and grade 
level was not significant, F(1, 243) = 0.54, p = .47, ηp

2 = 0.002. There were no inter-
action effects between condition and grade, F(1, 243) = 2.40, p = .12, ηp

2 = 0.01, 
between condition and gender, F(1, 243) = 0.38, p = .54, ηp

2 = 0.002, or between 
grade and gender, F(1, 243) = 2.82, p = .095, ηp

2 = 0.01. There was a significant main 
effect of gender, F(1, 243) = 7.91, p = .005, ηp

2 = 0.03. Girls reported more fixed abil-
ity mindsets than boys. There was no significant main effect of condition, F(1, 243) 
= 1.44, p = .23, ηp

2 = 0.006, or grade level, F(1, 243) = 0.30, p = .59, ηp
2 = 0.001. 

Examining the simple effects of condition within gender, there was no significant 

Table 4  Study 1 Correlations by Gender
Variable 1 2 3 4 5 6 7 8 9 10
1. Ability Mindset .48** −.06 −.07 −.08 −.02 .09 .13 .07 .008
2. Interest Mindset .36** .12 .03 .12 .13 .10 .14 .07 −.03
3. Interest −.22** −.23** .84** .80** .81** .14 .05 −.06 .11
4. Belonging −.22** −.19* .69** .83** .77** .17 .06 −.12 −.05
5. Self-concept −.21** −.12 .64** .65** .71** .15 .07 −.04 .05
6. Identification −.18** −.18* .74** .71** .66** .08 −.05 .03 .02
7. Ability stereotype diff. score −.002 .10 −.10 −.07 −.11 −.02 .64** .05 .23
8. Interest stereotype diff. score −.14 −.08 .09 .13 −.03 .16 .34** .12 .23
9. Performance (Grade 6) −.14 −.26* −.10 .13 .14 −.10 −.13 −.06 –
10. Performance (Grade 8) −.29* −.24 .37** .43** .40** .42** .005 .17 –
Note. Correlations for boys are displayed below the diagonal (N = 145). Correlations for girls are 
displayed above the diagonal (N = 106). Diff. score = difference score (ratings about boys minus ratings 
about girls)
*p < .05, **p < .01
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Grade Variable Ability Mindset Condition Control Condition
N M SD N M SD

Grade 6 1. Ability Mindset
   Boys 48 2.47 1.03 41 2.43 1.11
   Girls 39 2.65 1.18 35 2.58 0.99
2. Interest Mindset
   Boys 48 2.69 1.11 41 2.33 1.18
   Girls 39 2.72 1.16 35 2.84 0.88
3. Interest
   Boys 48 5.08 0.79 41 5.11 0.67
   Girls 39 4.89 0.81 35 4.41 1.05
4. Sense of Belonging
   Boys 48 4.51 0.81 41 4.56 0.91
   Girls 39 4.40 0.81 35 3.84 1.03
5. Self-concept
   Boys 48 4.97 0.87 41 5.07 0.74
   Girls 39 4.64 0.76 35 4.25 1.10
6. Identification
   Boys 48 4.14 1.09 41 4.26 0.94
   Girls 39 3.93 1.05 35 3.54 1.08
7. Ability stereotypes diff. score
   Boys 48 0.10 0.99 41 0.07 1.06
   Girls 39 -0.03 0.49 35 0.09 0.45
8. Interest stereotypes diff. score
   Boys 48 0.13 1.06 41 0.00 1.43
   Girls 39 0.10 0.72 35 0.26 1.01
9. Performance
   Boys 48 5.85 1.87 41 6.12 1.71
   Girls 39 5.51 1.80 35 5.63 1.35

Table 5  Descriptive Statistics for Study 1
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effect of condition for girls, F(1, 243) = 1.35, p = .25, ηp
2 = 0.006, or for boys, F(1, 

243) = 0.22, p = .64, ηp
2 = 0.001.

Second, for interest mindsets, we fit a multilevel model with students nested within 
teachers (see Table S4). The condition by gender interaction was not significant, b 
= 0.23, SE = 0.31, p = .45, nor was the three-way interaction, b = 0.38, SE = 0.46, p 
= .40. There were no significant main effects of condition, b = − 0.21, SE = 0.18, p 
= .23, grade level, b = 0.02, SE = 0.18, p = .93, or gender, b = 0.11, SE = 0.22, p = 
.61. The simple effects of condition within gender were not significant for girls, b = 
− 0.21, SE = 0.23, t = − 0.91, p = .36, or for boys, b = 0.21, SE = 0.18, t = 1.21, p = .23.

2.4.4  Motivation

Motivation was examined in terms of condition, gender, and grade level differences 
for each measure.

For interest, we fit a multilevel model with students nested within teachers. The 
condition by gender interaction was significant, b = − 0.59, SE = 0.29, p = .037. 
Examining the simple effects of condition within gender, girls in the mindset condi-

Grade Variable Ability Mindset Condition Control Condition
N M SD N M SD

Grade 8 1. Ability Mindset
   Boys 30 2.18 1.05 26 2.38 1.10
   Girls 13 2.64 1.24 19 3.25 0.92
2. Interest Mindset
   Boys 30 2.58 1.16 26 2.54 1.01
   Girls 13 2.38 1.19 19 2.71 1.00
3. Interest
   Boys 30 4.46 1.37 26 4.65 1.07
   Girls 13 3.59 1.53 19 3.32 1.35
4. Sense of Belonging
   Boys 30 4.04 1.33 26 3.97 1.40
   Girls 13 2.95 1.34 19 3.11 1.13
5. Self-concept
   Boys 30 4.33 1.21 26 4.33 1.20
   Girls 13 3.03 1.58 19 3.23 1.30
6. Identification
   Boys 30 3.72 1.39 26 3.40 1.37
   Girls 13 3.12 1.43 19 2.68 1.26
7. Ability stereotypes diff. score
   Boys 30 0.40 1.10 26 0.31 1.05
   Girls 13 -0.31 0.85 19 0.00 1.05
8. Interest stereotypes diff. score
   Boys 30 0.60 1.13 26 0.69 1.29
   Girls 13 -0.15 1.28 19 0.21 1.18
9. Performance
   Boys 30 6.26 1.81 26 6.29 1.85
   Girls 13 6.23 1.44 19 4.80 1.36

Table 5  (continued) 
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tion reported higher interest in coding activities than girls in the control condition, 
b = 0.43, SE = 0.21, t = 1.99, p = .047, whereas there was no effect of condition for 
boys, b = − 0.11, SE = 0.17, t = − 0.68, p = .50. The grade by gender interaction was 
marginally significant, b = − 0.66, SE = 0.36, p = .068. Girls in Grade 6 reported 
higher interest than girls in Grade 8, b = 1.02, SE = 0.24, t = 4.19, p < .001, and boys 
in Grade 6 reported higher interest than boys in Grade 8, b = 0.40, SE = 0.20, t = 2.05, 
p = .04. Boys reported higher interest than girls in both Grade 6, b = 0.48, SE = 0.16, 
t = 3.04, p = .002, and Grade 8, b = 1.10, SE = 0.22, t = 4.92, p < .001. The three-way 
interaction was not significant, b = 0.09, SE = 0.43, p = .84.

For sense of belonging, the condition by gender interaction was significant, b = 
− 0.57, SE = 0.29, p = .047. Girls in the mindset condition reported a higher sense of 
belonging than girls in the control condition, although this simple effect was not sig-
nificant, b = 0.24, SE = 0.22, t = 1.13, p = .26, and there was no effect of condition for 
boys, b = − 0.01, SE = 0.17, t = − 0.07, p = .95. The grade by gender interaction was 
significant, b = − 0.80, SE = 0.37, p = .03. Girls in Grade 6 reported a higher sense of 
belonging than girls in Grade 8, b = 0.77, SE = 0.26, t = 3.00, p = .003, whereas the 
difference between boys in Grade 6 and Grade 8 was not significant, b = 0.28, SE = 
0.20, t = 1.38, p = .17. Boys reported a higher sense of belonging than girls in both 
Grade 6, b = 0.47, SE = 0.16, t = 2.96, p = .003, and Grade 8, b = 0.96, SE = 0.23, t 
= 4.24, p < .001. The three-way interaction was not significant, b = 0.62, SE = 0.44, 
p = .16.

For ability self-concepts, the condition by gender interaction was marginally sig-
nificant, b = − 0.47, SE = 0.28, p = .090, and the simple effects of condition within 
gender were not significant for girls, b = 0.19, SE = 0.21, t = 0.91, p = .37, or for boys, 
b = − 0.09, SE = 0.16, t = − 0.54, p = .59. The grade by gender interaction was mar-
ginally significant, b = − 0.69, SE = 0.36, p = .055. Girls in Grade 6 reported higher 
ability self-concepts than girls in Grade 8, b = 0.83, SE = 0.25, t = 3.31, p = .001, 
whereas the difference between boys in Grade 6 and Grade 8 was not significant, b 
= 0.32, SE = 0.20, t = 1.61, p = .11. Boys reported higher ability self-concepts than 
girls in both Grade 6, b = 0.61, SE = 0.16, t = 3.92, p < .001, and Grade 8, b = 1.12, 
SE = 0.22, t = 5.03, p < .001. The three-way interaction was not significant, b = 0.36, 
SE = 0.43, p = .40.

For identification, the condition by gender interaction was not significant, b = 
− 0.36, SE = 0.32, p = .26. However, the simple effect of condition within girls was 
significant, with girls in the mindset condition identifying more strongly with cod-
ing than girls in the control condition, b = 0.49, SE = 0.24, t = 2.04, p = .04, whereas 
there was no effect of condition for boys, b = − 0.02, SE = 0.19, t = − 0.11, p = .91. 
The grade by gender interaction was not significant, b = − 0.01, SE = 0.41, t = − 0.11, 
p = .99. Boys identified more strongly as a coding person than girls in both Grade 6, 
b = 0.49, SE = 0.18, t = 2.79, p = .005, and Grade 8, b = 0.63, SE = 0.25, t = 2.48, p 
= .013. The three-way interaction was not significant, b = − 0.25, SE = 0.48, p = .60.

2.4.5  Stereotypes

We used a 2 (condition: ability mindset or control) × 2 (grade level: Grade 6 or 8) × 2 
(gender, girls or boys) ANOVA to examine stereotype difference scores.
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For gender-interest stereotypes, the interaction between condition, grade level, 
and gender was not significant, F(1, 243) = 0.00, p = .99, ηp

2 = 0.00. We found a 
significant interaction effect between grade level and gender, F(1, 243) = 5.58, p 
= .02, ηp

2 = 0.02. Boys in Grade 8 were more likely than boys in Grade 6 to report 
stereotypes favoring boys, F(1, 243) = 9.04, p = .003, ηp

2 = 0.04. Boys in Grade 8 
were more likely than girls in Grade 8 to report stereotypes favoring boys, F(1, 243) 
= 5.89, p = .016, ηp

2 = 0.02. The interactions between condition and grade level, F(1, 
243) = 0.47, p = .49, ηp

2 = 0.002, and between condition and gender, F(1, 243) = 0.79, 
p = .38, ηp

2 = 0.003, were not significant. We found no significant main effect based 
on condition, F(1, 243) = 0.61, p = .44, ηp

2 = 0.003. Examining the simple effects of 
condition within gender, there was no significant effect of condition for girls, F(1, 
243) = 1.14, p = .29, ηp

2 = 0.005, or for boys, F(1, 243) = 0.01, p = .93, ηp
2 = 0.00.

For gender-ability stereotypes, the interaction between condition, grade level, and 
gender was not significant, F(1, 243) = 0.27, p = .60, ηp

2 = 0.001. There was a signifi-
cant main effect of gender, F(1, 243) = 5.22, p = .023, ηp

2 = 0.021. Boys were more 
likely than girls to report stereotypes favoring boys. The interaction between grade 
level and gender was marginally significant, F(1, 243) = 3.28, p = .07, ηp

2 = 0.01. The 
main effect of condition was not significant, F(1, 243) = 0.36, p = .55, ηp

2 = 0.001. 
The interactions between condition and grade level, F(1, 243) = 0.07, p = .79, ηp

2 = 
0.00, and between condition and gender, F(1, 243) = 1.20, p = .28, ηp

2 = 0.005, were 
not significant. Examining the simple effects of condition within gender, there was no 
significant effect of condition for girls, F(1, 243) = 1.17, p = .28, ηp

2 = 0.005, or for 
boys, F(1, 243) = 0.16, p = .69, ηp

2 = 0.001.

2.4.6  Performance

For coding performance, we fit multilevel models with students nested within teach-
ers separately for the Grade 6 and Grade 8 assessments, including condition, gender, 
and the interaction between condition and gender. For the Grade 6 assessment, the 
condition by gender interaction was not significant, b = − 0.11, SE = 0.51, p = .83, and 
there were no significant effects of condition, b = 0.27, SE = 0.34, p = .44, or gender, 
b = − 0.26, SE = 0.35, p = .46. Examining the simple effects of condition within gen-
der, girls in the ability growth mindset condition did not differ from girls in the con-
trol group, b = − 0.16, SE = 0.37, t = − 0.42, p = .67, and boys in the mindset condition 
did not differ from boys in the control group, b = − 0.27, SE = 0.34, t = − 0.77, p = .44.

For the Grade 8 assessment, the condition by gender interaction was marginally 
significant, b = − 1.32, SE = 0.70, p = .059. Examining the simple effects of condition 
within gender, girls in the ability growth mindset condition scored higher than girls in 
the control group, b = 1.37, SE = 0.55, t = 2.50, p = .013, whereas there was no effect 
of condition for boys, b = 0.06, SE = 0.41, t = 0.14, p = .89. In the control group, boys 
scored higher than girls, b = 1.24, SE = 0.47, t = 2.62, p = .009.

2.5  Discussion

Study 1 examined the effects of a growth mindset manipulation on middle school stu-
dents’ motivation, stereotypes, and performance in computer science. In multilevel 
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models, the condition by gender interaction was significant for interest and sense of 
belonging and marginally significant for ability self-concepts. Notably, the simple 
effects of condition for girls were significant for interest and identification, with girls 
in the mindset intervention condition reporting higher motivation than girls in the 
control condition, and Grade 8 girls in the mindset intervention condition scored 
higher on a coding test than girls in the control condition. In addition, correlational 
results supported the general importance of promoting growth mindsets and posi-
tive motivational beliefs during this period. Among students in the control condition, 
fixed ability mindsets were linked to lower interest, sense of belonging, ability self-
concepts, and performance in computer science.

Using the mindset measure as a manipulation check of whether the experimental 
manipulation caused differences in participants’ mindsets, the intervention did not 
successfully increase students’ growth mindsets about computer science. Why was 
our intervention ineffective in promoting growth mindsets? We offer five possibilities 
each with implications for future research. One possibility is that the narrative video 
format weakened the intervention compared to other growth mindset interventions 
that involved reading information that emphasized scientific evidence for the idea of 
growth mindsets (e.g., Yeager et al., 2019). The video format was intended to make 
the manipulation more engaging and relatable for students, but students may have 
found the information less credible or trustworthy, or the animation too childish. A 
second possibility is that the control condition created an extremely conservative test 
of the growth mindset effect, because it also involved a cognitive ability that could 
be improved (memory). Although previous growth mindset manipulations showed 
improvement compared to memory-related control conditions, our video format may 
have led to similar perceptions of the videos in the two conditions. In support of this 
option, the means for mindsets in both conditions indicated slight to medium support 
of growth mindsets (values between 2 and 3 on the scale, where 1 indicated strong 
growth mindsets and 6 indicated strong fixed mindsets).

A third possibility involves the domain-specific vs. domain-general nature of 
mindsets. The current study used a domain-specific version of growth mindsets (that 
ability in computer science can improve). This was intended to promote domain-spe-
cific motivation. However, students’ general mindsets about the malleability of intel-
ligence may continue to play an important role in their motivation across domains, 
making domain-specific effects more difficult to capture. A fourth possibility involves 
the timing of the manipulation. Students were well into the semester and had many 
weeks experience with coding by the time of the study. These prior experiences with 
computer science may have already solidified their perceptions of the malleability 
of computer science skills. Their classroom climates may also have contributed to 
prior experiences that impacted the effectiveness of the intervention. Given students’ 
general endorsement of growth mindsets in the control condition, teachers and peers 
may already have given signals indicating that coding ability was malleable (Yeager 
et al., 2019). One brief animated video may have failed to make a measurable impact 
against the weight of these past real-world experiences. Finally, it is also important 
to note that the mindset measures showed low reliability (< .70), which impacted 
the effectiveness of this measure. Thus, future studies should aim to develop more 
reliable measures of students’ mindsets about computer science with this age group.
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Results also showed consistent interaction patterns between gender and grade 
level. Gender gaps widened between Grade 6 and Grade 8, with Grade 8 girls show-
ing lower motivation for computer science compared to Grade 6 girls for interest, 
sense of belonging, and ability self-concepts. This pattern indicates that middle 
school is a key time to focus on promoting girls’ motivation for computer science, 
particularly providing supportive environments in foundational computer science 
classes. Although there may be multiple underlying sources of this drop in motiva-
tion for girls, future research should examine the classroom climate within middle 
school classrooms.

In terms of the proposed theory of change (Fig. 1), different types of motivation 
may be more or less likely to shift following beliefs about change, with stable trait-
like motivation measures being less likely to shift compared to more contextually-
specific measures. The motivation items generally assessed motivation as a stable trait 
(e.g., “I like to do coding activities,” and “I am a coding person”). It is possible that 
such measures are less sensitive to change based on mindset beliefs. Future research 
should consider examining whether other types of motivational measures may be 
more malleable and sensitive to this type of intervention. For example, task-specific 
self-efficacy may be more likely to shift following a growth mindset intervention 
that is also more closely linked to that particular task (e.g., using physical devices 
in computing with the micro:bit device; Gál & Kerekes, 2025). In other words, stu-
dents’ beliefs that they could improve their ability to use physical computing devices 
may have more direct effects on their self-efficacy for using those devices. Similarly, 
future studies could consider measuring behavioral, cognitive, emotional, and agen-
tic engagement during a particular learning activity as more situationally sensitive 
measures (Reeve et al., 2025).

The results from the stereotype measures showed that boys were more likely than 
girls to endorse gender stereotypes favoring boys in computer science. These ste-
reotypes may have contributed to a “chilly” classroom climate for girls through the 
comments and behavior of boys, leading to a stronger sense of social identity threat 
or stereotype threat (Walton et al., 2015). The social context may play a large role 
in the effectiveness of motivational interventions (Hecht et al., 2023). For example, 
peer norms that support challenge seeking can increase the effectiveness of growth 
mindset interventions (Yeager et al., 2019). In terms of girls and coding, there may be 
social costs for girls if peers find their interest in coding surprising or “unfeminine,” 
making interest harder to shift (similar to costs that have been shown for undergradu-
ate women; Cheryan et al., 2020). Thus, future research could also examine whether 
growth mindset interventions show more long-term positive effects in combination 
with interventions designed to reduce stereotyping among boys (e.g., Cyr et al., 
2024). They could also track the effectiveness of mindset interventions in the context 
of peer and teacher mindsets (Hecht et al., 2022; Yeager et al., 2019, 2022).

The effectiveness of the intervention may also have been affected by participants’ 
other social identities, particularly the intersectionality between gender and race/eth-
nicity. Students with multiple marginalized identities (e.g., Black and Latina girls) 
can experience interlocking systems of oppression and bias that can differ from the 
experiences of White girls (Rodriguez & Blaney, 2021). The video protagonist was 
designed to seem Latina, which matched the most common demographic group in 
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the school district (55% of our final sample), and her friends in the video looked like 
they came from diverse racial/ethnic backgrounds. She was designed to serve as an 
effective role model who could normalize struggle and improvement (Barr et al., 
2024; Herrmann et al., 2016; Shin et al., 2016). Research indicates that role models 
help to counter gender stereotypes and support girls’ motivation in coding (Cheryan 
et al., 2013a, b; Stout et al., 2011). However, research also suggests that similarity to 
role models is important, including racial/ethnic similarity (Van Camp et al., 2019). 
The intervention may have been more effective for Latina girls than for Black girls, 
although we did not have the statistical power to test for race/ethnicity as an addi-
tional moderator.

Despite the lack of an overall effect on the mindset manipulation check, there 
was some evidence that the intervention benefited girls. The simple effects for girls 
showed increases in coding interest and identification. There was also a significant 
effect of condition on the performance of girls in Grade 8 on a computer science 
assessment. Due to the small cell size (n = 32) and the failure of the manipulation 
check, these findings should be replicated and should not be interpreted as caused by 
the growth mindset manipulation. For example, it is possible that the intervention did 
not affect girls’ own mindsets, but their perceptions that others had growth mindsets 
(Hecht et al., 2022; Yeager et al., 2022).

3  Study 2: structural explanations

3.1  Rationale

Stereotypes reinforce beliefs that gender differences are due to internal and inher-
ent gender differences, minimizing recognition of environmental influences. What 
kinds of messages might help disrupt this process? If girls learn how environmental 
structures have contributed to gender gaps in interest, and that those structures can 
change, this knowledge may reduce the impact of stereotypes on their own interest in 
computer science. We examined consequences of teaching girls about external, rather 
than internal, causes of gender gaps (see Table 6). Our objective was to examine 
whether giving 11- to 12-year-old girls structural explanations (as one specific type 
of external explanation) for gender differences affected their stereotypical beliefs and 
interest in a novel STEM activity. A novel STEM activity was chosen to avoid par-
ticipants’ preexisting beliefs about familiar STEM domains (Yang et al., 2022).

3.2  Participants

Participants were 220 11- and 12-year-old girls (71% White, 19% multiracial, 6% 
Asian, 4% Other; Mage =12.02, SD = 0.59) who participated between November 
2020 and June 2021. The research included only children who self-identified as girls. 
They were recruited from families who had signed up for a research subject list or 
online participant pools. We preregistered that participants would be excluded and 
replaced if they were extremely distracted by their home surroundings (rated as “very 
distracted” by the researcher), showed obvious fatigue, had difficulty answering the 
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questions (2 additional participants excluded), completed the study on a smartphone 
rather than a larger device (3 additional participants excluded), had technical dif-
ficulties and were unable to see/hear parts of the study (2 additional participants 
excluded), or reported suspicion about or previous familiarity with the study. An 
additional 12 participants were excluded because they self-identified their gender as 
non-binary rather than as girls, for a final sample of N = 220.

3.2.1  Preregistered power and sample size calculations

We used G*power 3.1 to calculate the sample size to detect a simple effect of condi-
tion on interest, using the effect size ds = .40 from a pilot study. Our power calculation 
suggested obtaining a sample size of N = 216 girls to detect this effect. To account for 
potential overestimates of effect size, we planned to stop data collection at 220 par-
ticipants. We then used G*Power 3.1 to calculate the sample size to detect a simple 
effect of condition on number of activities chosen, using the effect size ds = .80 from 
a pilot study. Our power calculation suggested obtaining a sample size of N = 56 girls 
to detect this effect.

3.3  Methods

3.3.1  Experimental manipulation

Participants completed the activity online with a researcher using Zoom. The 
researcher shared a video with the participants in which they learned about a novel 
spatial game called the “finding game.” In the game, participants were supposed to 
choose a block out of several options that would match a target block when rotated. 
Participants were randomly assigned to the structural or control condition (see 
Table 6). While both conditions described boys as more interested than girls in the 
finding game, the structural condition highlighted external reasons for this difference. 
The video said, “Let’s talk about why boys are more likely to play the finding game 
than girls are.” In the structural condition, the video emphasized that gender differ-
ences were because of how things were set up in the world. Those led to different 
experiences, which made girls and boys different. Both videos also talked about how 
when children enter a toy store, the section with boys’ toys was more likely to have 
games like the finding game. In the structural condition, the video highlighted how 
this structural difference affected children because boys got more chances to play the 
finding game. However, if the external situation changed, group differences might 
disappear. Therefore, participants in the structural condition were informed about 
how structural and environmental factors caused this gender difference.

In contrast, the control condition emphasized internal causes. The video explained 
that gender differences exist because different kids like different things. The con-
trol video also noted that the toy store section with boys’ toys was more likely to 
have games like the finding game. The control video continued to point out internal 
causes—that boys like to play more with the finding game—and that even if the out-
side world changed, boys and girls would still be different.
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Following the measures, all participants were extensively debriefed, with a par-
ticularly detailed debriefing for children in the control condition (Miketta & Friese, 
2019). Participants in the control condition learned about the other condition, viewed 
the structural video, and discussed it with the researcher.

3.3.2  Measures

Attributions about the causes of gender differences were measured with three sub-
scales adapted from Donovan et al. (2019): biological (α = .84), experiential (α = 
.62, indicating fair reliability), and personal causes (α = .80). Each subscale was 
measured in three items that related to interests (i.e., “If girls and boys have differ-
ent interests, how much is it because of differences inside their bodies, differences in 
their experiences, or differences in their personal interests?”), activity choices (“If 
girls and boys make different activity choices, how much is it because of differences 
inside their bodies, differences in their experiences, or differences in their personal 
activity preferences?”), and jobs (“If girls and boys want to do different jobs when 
they grow up, how much is it because of differences inside their bodies, differences 
in their experiences, or differences in their personal job preferences?”). Each of the 
three causes (i.e., differences inside their bodies, differences in their experiences, or 
differences in their personal interests) had a sliding bar from 0 to 100, so attributions 
to each potential cause were measured independently. Each subscale was averaged 
across the three items (i.e., interest, activity choices, and jobs).

Gender-interest stereotypes about the finding game were measured by the dif-
ference score between “How much would most boys like the finding game if they 
played it?” and “How much would most girls like the finding game if they played 
it?” adapted from Master et al. (2021). Both items were measured on a 6-point Likert 
scale from 1 (Really not like) to 6 (Really like).

One item served as a manipulation check about the role of experiences by asking, 
“Here’s a boy who likes the finding game and a girl who does not like the finding 
game. One kid said that this boy and this girl have different interests because they 
had different games and experiences growing up. The boy probably got more chances 
to play the finding game than the girl did. Another kid said that this boy and this 
girl have different interests because of differences deep inside boys and girls. These 
differences inside make different kids like different things. Which kid do you think is 
correct? Are you a little sure, kind of sure, or really sure?” Participants rated the state-
ment on a 6-point Likert scale from 1 (First Kid/Really experiences) to 6 (Second kid/
Really inside). This item format involving agreement with other children’s opinions 
is often used in developmental psychology studies to ensure children feel that it is 
socially acceptable to endorse either response (e.g., Heyman & Dweck, 1998).

Interest in the finding game was measured with two items (α = .84, “How much 
do you think that you would like to do the finding game?” and “How much are you 
interested in playing the finding game?), each rated on a 6-point Likert scale from 1 
(Really not interested) to 6 (Really interested).

Future interest development measured the idea of whether participants thought 
they could develop more of an interest in the finding game in the future. Participants 
rated their response using two items (α = .61, “How sure are you that your interest 
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in the finding game could change in the future?” and “How sure are you that you 
could develop more of an interest in the finding game?”), on a 6-point Likert scale 
from 1 (Really sure could not) to 6 (Really sure could). Because of low reliability, 
these two items were analyzed separately when examining condition differences. The 
inter-item correlation for these two items was r = .44, indicating acceptable internal 
consistency based on the recommended range of .15-.50 (Clark & Watson, 1995).

The number of activities like the finding game that participants chose to do was 
included in the study as a measure of behavioral choice. It was scored on a 0 to 3 
scale. Participants responded to the question, “I have some activities like the finding 
game that you can do at home. I can send them to your family. I can send you zero, 
one, two, or three of them. How many activities would you like to do?”

3.3.3  Preregistration

The hypotheses and analyses plan were preregistered on the Open Science Frame-
work at ​h​t​t​p​s​​:​/​/​o​s​f​​.​i​o​/​z​​w​d​p​y​​​​h​t​t​p​s​:​/​/​o​s​f​.​i​o​/​z​w​d​p​y​/​?​v​i​e​w​_​o​n​l​y​=​4​2​0​5​6​3​b​5​7​1​c​f​4​0​6​5​
b​a​a​b​e​6​6​c​a​7​1​f​b​0​8​9​​​​​. The preregistration specified hypotheses only for interest and 
choice as the outcome variables, so analyses for all other variables are considered 
exploratory.

3.4  Results

3.4.1  Preliminary analyses

See Table 7 for correlations between all variables by condition. Current interest was 
negatively correlated with girls’ stereotypes for both the structural explanations con-
dition, r(107) = -.21, p = .028, and control condition, r(105) = -.27, p = .005. Girls 
who were less likely to endorse stereotypes favoring boys were more interested in the 
finding game. Girls’ beliefs about their future interests (for the structural condition, 
r(108) = .25, p = .009; for the control condition, r(108) =.21, p = .029) and choice 
of the number of activities they wanted to do (for structural condition, r(108) = .25, 
p = .009; for the control condition, r(108) = .40, p < .001) were significantly linked 

Table 7  Study 2 Correlations by Condition
Variable 1 2 3 4 5 6 7 8 9
1. Attrib. to biology – .04 −.04 .05 .32*** −.03 .06 .04 .03
2. Attrib. to experience .13 – .20* −.03 −.13 .03 −.14 .08 .21*
3. Attrib. to person .31*** .26** – .07 .06 −.06 −.03 .06 .11
4. Gender-interest ster. .00 −.12 −.06 – −.05 −.27** .03 −.20* −.10
5. Manipulation check .17 −.11 .10 .01 - .13 .11 .06 .07
6. Interest −.08 −.05 −.06 −.21* −.11 – .12 .26** .40***
7. Interest could change −.12 .07 .13 −.17 −.07 .07 – .57*** −.14
8. Interest could develop −.05 .15 .18 −.03 −.22* .36*** .26** – .15
9. Choice −.07 −.13 -.08 −.01 .11 .25** −.00 .16 –
Note. The correlations among study variables are presented below the diagonal for the structural 
condition (N = 110) and above the diagonal for the control condition (N = 110). Attrib. = attribution. Ster. 
= stereotypes. *p < .05. **p < .01. ***p < .001

https://osf.io/zwdpy/?view_only=420563b571cf4065baabe66ca71fb089
https://osf.io/zwdpy/?view_only=420563b571cf4065baabe66ca71fb089
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to their current interest. Thus, girls who were interested in the finding game also 
believed that their future interests could develop and were more likely to choose to 
do the finding game.

3.4.2  Confirmatory analyses from preregistration

See Table 8 for descriptive statistics. For interest, an independent sample t-test was 
performed to compare interest in the finding game between the structural condi-
tion and control condition. Results showed that there was no significant difference 
between the structural condition, M = 4.71, SD = 1.32, and the control condition, M 
= 4.61, SD = 1.27; t(218) = 0.59, p = .56, d = 0.08.

For choice, according to an independent sample t-test, no significant difference 
was found in behavioral choice between the two conditions, t(218) = 0.22, p = .83, 
d = 0.03.

3.4.3  Exploratory analyses (not pre-registered)

Although we did not preregister effects of condition on other measures, we exam-
ined them in exploratory analyses. There was no significant condition difference in 
attributions about gender differences to biological causes, t(218) = − 1.63, p = .11, d 
= 0.22. However, girls in the structural condition were more likely to endorse attribu-
tions about gender differences to experiences, t(218) = 2.48, p < .05, d = 0.34, and 
less likely to endorse attributions of gender differences to personal causes, t(218) = 
− 2.94, p < .01, d = 0.40.

Results showed that there was a significant condition difference in gender-interest 
stereotypes about the finding game, t(214) = − 4.85, p < .001, d = 0.66. Girls in the 
structural condition were less likely to endorse stereotypes about the finding game 
that favored boys (see Fig.  2). Although all participants were informed that boys 
liked the finding game more than girls, gender stereotypes were weakened due to 
the structural explanation framework, with participants in the control condition per-
ceiving this gender difference as significantly larger compared to participants in the 
structural condition.

Table 8  Study 2 Descriptive Statistics by Condition
Structural 
Explanations

Control Group Total

Measures M SD M SD M SD
Attributions to biological causes 26.53 19.72 30.60 17.31 28.56 18.63
Attributions to experiential causes 67.85 14.81 63.08 13.63 65.47 14.40
Attributions to personal causes 69.93 19.38 76.73 14.63 73.33 17.47
Gender-interest stereotypes .42 1.16 1.29 1.48 .85 1.40
Manipulation check 2.01 1.40 2.14 1.36 2.08 1.38
Interest 4.71 1.32 4.61 1.27 4.66 1.29
Interest could change 5.10 1.20 4.98 1.29 5.04 1.24
Interest could develop 5.23 0.97 4.92 1.26 5.07 1.13
Choice 2.11 .78 2.09 .76 2.10 .76
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For the manipulation check about the role of experiences, no difference was found 
between the experimental and control conditions, t(215) = -.66, p = .51, d = 0.09.

The two items measuring future interest development were included separately 
in analyses. The items measuring whether their interest in the finding game could 
change showed no significant difference between the structural explanations group 
and control group, t(217) = 0.70, p = 0.48, d = 0.10. In contrast, participants in the 
structural condition were more likely to agree that they could develop their interest, 
t(218) = 2.04, p < .05, d = 0.28, see Fig. 3.

3.5  Discussion

These findings suggest that teaching girls about structural factors is a promising way 
to change their perceptions of gender differences, although more work is needed to 
help connect these perceptions to their own STEM motivation. Despite promising 
findings in a pilot test, we did not find significant effects of structural explanation 
condition on girls’ own interest or behavioral choices to do a novel STEM activ-
ity. This suggests that the structural framing may be an important but not sufficient 
factor to shape girls’ own interest. It may also be relevant that girls were not given 
the opportunity to actually do the activity in this study; they merely learned about 
it. Future studies should examine whether there may be stronger and longer effects 
when girls are given actual opportunities to try STEM activities in order to catch 
and hold their interest (Master et al., 2017). Future studies could also emphasize 

Fig. 3  Structural Explanations Changed 
Girls’ Perceptions of Whether their 
Interest Could Develop. The y-axis 
represents how sure girls were that 
they could develop more of an interest 
in the finding game, from 1 (really sure 
could not) to 6 (really sure could). *p < 
.05; d = 0.28; error bars are ± s.e

 

-1

0
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2

Structural Control

Stereotype
difference

score

Experimental Condition

Favoring boys

Favoring girls

***

Fig. 2  Structural Explanations Weak-
ened Gender-Interest Stereotypes. The 
stereotype difference score was cal-
culated by subtracting ratings of how 
much most girls would like the finding 
game from how much most boys 
would like the finding game. Positive 
values indicate stereotypes favoring 
boys’ interest. ***p < .001; d = 0.66; 
error bars are ± s.e
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both within-group comparisons and between-group comparisons by adding descrip-
tions of how girls become more interested in the finding game when they have more 
opportunities to play it (Amemiya & Bian, 2024). Our manipulation check about the 
sources of gender differences also suggested that the intervention did not change chil-
dren’s perceptions about gender differences in the finding game, although the means 
for both conditions showed a belief that gender differences were due to experiences 
rather than biological differences.

Although the experimental intervention did not change girls’ current interest or 
choices, it did have significant effects on their general attributions about gender dif-
ferences, stereotypes, and belief that they could develop their interest in the future. 
We describe three of these effects here. First, while girls in the control condition 
were more likely to attribute differences to personal interests over experiences, girls 
in the structural condition made similar attributions to personal interests and experi-
ences. Thus, girls in the structural condition were more likely to recognize the role 
that experiences play in shaping gender differences. Second, although girls in both 
conditions were informed that there was a gender difference in interest in the activ-
ity, girls in the structural condition perceived that gender difference as significantly 
smaller than girls in the control condition. This finding aligns with previous research 
on essentialist perspectives, when differences between categories or groups are per-
ceived as larger than they really are (Master et al., 2012). Finally, there was a con-
dition difference for one of the items about future interest. Girls in the structural 
condition were significantly more certain that they could develop their own interest 
in the game in the future. Due to the unreliability of our scale, the small size of this 
exploratory effect, and a lack of effect on the other item, this finding needs to be 
replicated. However, this is the kind of belief that might matter over time in efforts to 
encourage girls to keep an open mind about STEM activities and take advantage of 
opportunities to develop their interest.

It is also worth noting that there were significant links between attributions, ste-
reotypes, and motivation in both conditions. Perceptions of gender differences and 
the explanations for those differences have meaningful links to girls’ own motivation, 
although these links may be not causal and/or due to a third variable such as social-
ized gender roles (Gross et al., 2024).

4  General discussion

Girls are currently underrepresented in many STEM fields, especially computer sci-
ence and engineering. Gender differences in interest and confidence in these fields 
emerge early, highlighting the need for interventions to counter negative gender ste-
reotypes and encourage girls’ motivation in STEM fields (Master et al., 2025). The 
two interventions reported here attempted to counter STEM stereotypes and boost 
girls’ STEM motivation by promoting beliefs about the possibility of change. The 
first intervention (Study 1) examined whether a growth mindset about ability in com-
puter science could promote motivation for computer science for students in Grades 
6 and 8. The second intervention (Study 2) was designed to examine whether provid-
ing structural explanations for gender differences for a novel activity could promote 



1 3

Page 29 of 38    113 It doesn’t always have to be this way: promoting girls’ interest in STEM…

11- and 12-year-old girls’ motivation for that activity despite the existence of gender 
stereotypes.

Although neither intervention showed the preregistered predicted effects on moti-
vation, they nevertheless represent promising approaches for future research to pur-
sue. In Study 1, girls in the growth mindset intervention condition reported higher 
coding interest and identification compared to girls in the control condition. Study 1 
also demonstrated that girls’ motivation in computer science showed a strong decline 
between Grades 6 and 8. Future research should examine more fully the causes for 
this decline in order to prevent this negative trajectory. Correlational findings within 
Study 1 also showed that mindsets were related to motivation and performance in 
computer science for students in Grade 8, suggesting that this may be an ideal grade 
level for future well-powered studies targeting mindsets.

In Study 2, preregistered analyses of the effect of structural explanations on girls’ 
motivation were not significant. However, Study 2 showed (in exploratory analy-
ses) that structural explanations can change girls’ stereotypes and perceptions of the 
malleability of interest. These findings make this a promising candidate for future 
interventions that have the potential to shape the development of girls’ interest in real 
STEM activities.

Although the interventions were not as effective as we had hoped, we believe it is 
important to publish these findings to avoid “file drawer problems” (in which studies 
with null results are not published) and so that other researchers may use these openly 
shared materials to develop more effective future interventions. Null results are chal-
lenging to interpret. They may be null due to insufficient contextual understanding 
by the researchers, materials that are not effective enough, a sample size too small to 
detect effects, hidden moderators, and/or an incorrect theory of change. Correlational 
patterns in both studies confirmed the importance of the beliefs we targeted, includ-
ing mindsets and sources of gender differences. However, it is possible that these 
beliefs do not have causal effects on motivation. Reverse causality is also possible. 
Perhaps students who are more motivated see how their effort pays off, which leads to 
greater growth mindsets. Perhaps girls who feel interested in a STEM activity assume 
that gender differences must be extrinsic and unstable, because they personally do 
not feel low interest in STEM. Future studies could aim to improve the intervention 
materials, including partnering with participating teachers to provide feedback on the 
materials. Future studies could also attempt to test the reverse causal pattern, or test 
for hidden moderators of effectiveness.

This pattern of findings also provides some support for our theory of change 
(Fig. 1). There was more evidence that growth mindsets were beneficial for girls’ 
motivation (see the simple effects of condition for girls on coding interest and iden-
tification, although the interaction between condition and gender was not significant 
for identification) compared to evidence that structural explanations were beneficial. 
Beliefs that “I can change” or “Others believe I can change” may be more strongly 
linked to girls’ own motivation than their beliefs that “my group can change.” Thus, 
interventions that directly target girls’ beliefs about themselves may be more effec-
tive than interventions that target more distal beliefs about their group members. 
More distal interventions (about the group) may need to include personal experiences 
to make them more impactful for girls’ own motivation and choices.
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4.1  Limitations and future directions

Although methodological strengths included preregistration and experimental meth-
ods, the current studies had several limitations that should be addressed in future 
research. The growth mindset study (Study 1) showed null results of condition over-
all, largely nonsignificant interactions between condition and gender (except for 
interest and belonging), and found that many students failed the attention check. 
Although our sample size for girls in Grade 8 was large enough to detect an effect on 
performance even after exclusions, the cell sizes were comparatively small and the 
failure of the growth mindset manipulation check indicates that these results should 
not be interpreted as effects of growth mindsets. The particularly small sample size 
for girls in Grade 8 also undermined our statistical power to test for gender by con-
dition interactions. Future studies should more selectively target this age group to 
ensure more well-powered intervention studies.

A second limitation is that the dependent measures in Study 1 were not designed 
to test participants’ motivation in the face of struggle or challenge, which is when 
growth mindsets show the strongest effects according to mindset theory (Burnette 
et al., 2023). Future studies should carefully design longitudinal intervention stud-
ies that can track the development of girls’ motivation by providing the intervention 
near the beginning of the academic year, and then following their motivation as they 
proceed throughout a computer science course and respond to academic setbacks. 
Similarly, for the structural intervention, future studies should design longitudinal 
intervention studies that can track the development of girls’ interest in a STEM topic 
over longer periods of time. Girls in Study 2 did not have the opportunity to engage 
with the activity before rating their interest. Future studies could also include more 
authentic and real-world activities, measuring interest after girls have had the chance 
to actually engage in the activity to examine how these processes might unfold over 
time. In addition, although both studies were preregistered, many analyses reported 
here differed from preregistered analyses plans and were accordingly labeled as 
exploratory. Many of the condition differences from Study 2 were based on these 
exploratory analyses that should be replicated in future studies.

There were also measurement issues for both studies. Reliability was a problem 
for measures of mindsets in Study 1 and for the attributions to experiential causes 
and development of future interest in Study 2. The low internal consistency of these 
measures indicates potential for a large amount of measurement error and may have 
reduced effect sizes. Future studies should aim to create and use more reliable scales 
and measures that can provide a better understanding of how these important beliefs 
affect girls’ motivation in STEM (e.g., Muradoglu et al., 2024). Future studies should 
also include a pre-test as well as a post-test for these types of interventions to better 
capture condition effects. This would allow researchers to control for variability in 
preexisting beliefs about growth mindsets and explanations of gender differences.

We also note that both studies were conducted during the early stages of the 
COVID pandemic, with Study 2 conducted online using Zoom. This created a tech-
nical challenge that could potentially have affected results. However, many develop-
mental research studies show similar effects whether conducted in person or online 
(Cvencek et al., 2025a, 2025b; Nelson et al., 2021; Zaadnoordijk & Cusack, 2022). 
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We collected data on how many participants experienced distractions, disruptions, 
and the Zoom audio/video quality. There was evidence of low or no levels of distrac-
tions and disruptions. The audio/video quality was mostly rated by research assistants 
as “not bad.”

4.2  Conclusion

These studies have implications for interventions to help educators counteract nega-
tive effects of gender stereotypes and reduce gender gaps in STEM. Many research-
ers have been working to improve outcomes for girls in STEM (Casad et al., 2018; 
Perez-Felkner et al., 2025; Prieto-Rodriguez et al., 2020; Rosenzweig & Wigfield, 
2016). While some such interventions have been more successful than others, we 
can learn valuable information even from the interventions that did not generate the 
expected results. When we remove the barriers that most strongly hold girls back 
from fulfilling their true potential, we will all benefit. The potential that things can 
change—that they do not always have to be “this way”—can bring a sense of hope 
for future possibilities.
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