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Women are underrepresented in STEM (science, technology, engineering, and
mathematics) careers, and this poses new challenges at the dawn of the era of digital
transformation. The goal of the present study is to demonstrate how female role
models influence girls’ preferences for STEM studies. This paper evaluates a role-model
intervention in which female volunteers working in STEM go into schools to talk to
girls about their careers. The study was conducted with 304 girls, from 12 years old
(sixth primary grade) to 16 years old (fourth secondary grade), both before and after
the role-model sessions. An adaptation of the expectancy–value theory of achievement
motivation is used to test the extent to which this role-model intervention improves
girls’ beliefs that they can be successful in STEM fields and increases their likelihood of
choosing a STEM career. The results of multigroup structural equation modeling analysis
show that on average, the role-model intervention has a positive and significant effect
on mathematics enjoyment, importance attached to math, expectations of success in
math, and girls’ aspirations in STEM, and a negative effect on gender stereotypes.
Additionally, the female role-model sessions significantly increase the positive impact
of expectations of success on STEM choices. Finally, the moderation role of the
counterstereotypical content of the role-model sessions is tested. The results show that
the higher the counterstereotypical character of the sessions, the higher the relationship
between expectations of success in math and the choice of STEM. These results are
discussed regarding their implications for long-term STEM engagement.
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INTRODUCTION
The proportion of women university students has increased from 46% in 1985 to 56% in 2017, and
this has helped to improve their presence in the labor market, which on average means growth
from 50.8% in 1985 to 52.5% in 2017 in countries belonging to the Organization for Economic
Cooperation and Development (Organization for Economic Co-operation and Development
(OECD), 2018a,b,c). However, gender equality in the workplace is far from being achieved. This
labor gender gap is especially acute in professions that tend to be male dominated, with a high
technological and mathematical component (i.e., fields known by the acronym STEM, for science,
technology, engineering, and mathematics) (Kahn and Ginther, 2017). Indeed, women in OECD
countries account for only 19% of entrants into tertiary level in these programs (Organization for
Economic Co-operation and Development (OECD), 2018c).
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avoidance and men’s STEM affinity (Glick and Fiske, 1999;
Diekman and Eagly, 2008). A good way of overcoming stereotype
barriers is through the intervention of female role models, who
can increase the sense of belonging to STEM and reinforce the
idea that hard work is the way to succeed in STEM (Weisgram
and Bigler, 2007; Shin et al., 2016; Bertrand and Duflo, 2017).
In this study, we examine the effectiveness of a current and
innovative role-model-based intervention on the perceptions that
young girls (from 12 to 16 years old) have of gender stereotypes
about mathematical competence, expectation of success in math,
their degree of math enjoyment, and the importance attached to
math, and how all of these contribute to shaping the likelihood
that girls will choose STEM careers. We expect that the exposure
to successful female role models in STEM fields could serve as
a key driver to convey that they can succeed in these careers
while still having a personal life (Marx et al., 2005; Williams and
Ceci, 2012; Sáinz et al., 2019). This is especially relevant during
the first stages of education because there is a consensus that the
progressive abandonment of girls in some STEM fields (the start
of the “leaking pipeline”) begins after the age of 12 (Sáinz and
Eccles, 2012) given the predisposition of girls to underestimate
their ability to be successful in STEM fields (Correll, 2001; Sáinz
and Eccles, 2012).
The present study is especially innovative because it analyzes a
field intervention involving actual female role models for young
girls in schools at a national level. This is important because the
relatively few existing studies on the impact of role models on
the intention to pursue STEM careers (Plant et al., 2009; Stout
et al., 2011; Van Camp et al., 2019) use mainly: computer-based
agents, STEM role-model biographies, exposure to upper-level
undergraduates, female professors, or female peer experts for
female students who are already majoring in STEM disciplines,
which can limit the scope and validity of their results. However,
our study is carried out with actual STEM role-model women
who are physically present in the classroom and who are talking
in first-person terms about their own lives and professional
experiences to young girls at a decisive stage of their lives
(preadolescence), which is precisely when they start to consider
dropping out from these disciplines because their individual selfefficacy is in flux. We consider that in comparison with other
experimental designs, the present context could improve the
closeness and experience that female role models provide to the
young girls and, as a consequence, could boost the potential
impact that this type of intervention has on their final intention
to pursue STEM careers.

Spain provides a paradigmatic picture of this situation.
Despite of being reported as one of the countries with greater
improvement in the most-recent edition of the Global Gender
Gap Report (entering the top 10 from the previous edition’s
29th position out of 153 counties in 2019), establishing itself
as a champion against gender discrimination (World Economic
Forum [WEF], 2020), large gender gaps in wages remain, income,
and the presence of women in managerial positions. The labor
participation of women is also lagging behind that of men
(68.8% versus 78.9%). Advances already achieved are now in
jeopardy with the digital transformation of the labor market,
which might increase the economic gender gap produced by the
underrepresentation of women in emerging professions. In Spain
(Ministerio de Educación y Formación Profesional (MEFP),
2019), women are severely underrepresented in physical science
(25.3%), electrical engineering (20.5%), electronics engineering
(15.2%), computer science (12.0%), civil engineering (28.3%),
industrial engineering (24.7%) and aeronautical engineering
(23.5%), and they are overrepresented in fields oriented to biology
and health, such as medicine (66.4%), biomedical engineering
(59.1%), biology (61.8%), and chemistry (54.2%). The proportion
of women with degrees in mathematics is even lower than it used
to be (36.6% in 2019–2020 vs. 39.0% in 2015–2016) (Ministerio
de Educación y Formación Profesional (MEFP), 2020). Removing
the barriers that prevent women from accessing the science,
research, and technology sectors will be key to changing the
current academic orientation, which is essential for combating
new forms of gender inequality (Shapiro et al., 2011).
This pattern of low representation of women in the STEM
disciplines can also be seen in many Western and European
countries. Indeed, the lack of girls choosing scientific studies
may mean there is no critical mass of candidates prepared
to access leadership positions (Kanter, 1977) and result in the
exclusion of the feminine perspective in creating and developing
solutions (World Economic Forum [WEF], 2020). Moreover,
women should not miss out on fulfilling, rewarding, and highly
paid careers in STEM, where employment growth rate is three
times faster than for non-STEM jobs (Langdon et al., 2011).
Educational background is also increasingly important in the
appointment of directors to boards (Hitt and Tyler, 1991),
where technological profiles are in high demand (Ruigrok
et al., 2007) because they drive research and innovation
(Barker and Mueller, 2002).
Much research has been devoted to identifying the beliefs of
students about STEM competences and gendered motivational
factors that influence their educational and career decisions
(Hackett and Betz, 1981; Quimby and O’Brien, 2004; Sáinz and
Eccles, 2012; Watt et al., 2012; Wang and Degol, 2014; Wang
et al., 2017). This research draws on the expectancy–value theory
of achievement motivation by Eccles and Wigfield (1995) and
Wigfield and Eccles (2000). According to this theory (Eccles et al.,
1983; Eccles, 2005), when expectations of success and the value
of STEM degrees and careers are high, girls are much more
likely to choose STEM pathways. Existing stereotypes about the
nature of STEM work and people working in STEM become
powerful drivers of gendered aspirations and affinities (Thébaud
and Charles, 2018; Sáinz et al., 2019), supporting women’s STEM
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THEORY AND HYPOTHESES
STEM Career Choice: Expectancy–Value
Theory
The expectancy–value theory developed by Eccles and her
colleagues proposes that achievement-related choices can be
predicted by the expectations a person has of succeeding, as
well as subjective task values (Eccles et al., 1983; Eccles, 2005).
This model has been used in different fields (e.g., math, reading,
computing, health, communications, sports, marketing, and
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The present research focuses on how two elements of the
task values (personal enjoyment and the importance attached to
math) along with expectations of success predict the future STEM
aspirations of a group of girls before and after having participated
in a female role-model intervention. For this purpose, we focus
the present work on a portion of the model; specifically, the
constructs contained in the boxes related to expectancies and
subjective task values boxes, along with the construct of child
perception of gender role stereotypes (shaded boxes in Figure 1).
Expectations of success depend on both the confidence that
individuals have in their various intellectual abilities, on their
estimations of the difficulty of the options they are considering
and on their estimates of the external or societal barriers to
their success (Eccles, 1987; Eccles, 2005). Regarding the subjective
task values, according to the theory (Eccles et al., 1983; Wigfield
and Eccles, 1992; Eccles, 2005), they are assigned to a task (e.g.,
math) based on interest or personal enjoyment (intrinsic value),
utility value, and attainment value. More specifically, interest or
intrinsic value is the enjoyment one gains from doing the task
(i.e., in our case the enjoyment value of doing a math exercise);
attainment value is defined as the importance of doing well at a
given task, which is given by the link between the mathematical
topic and one’s sense of self and identity; and utility value or
usefulness refers to how a task fits into an individual’s future
plans, for instance, taking a math class to fulfill a requirement for
a science degree. The latter two are usually combined and known
as the importance value (e.g., Wigfield and Eccles, 2002; Eccles,
2005), so we have grouped them in that way. As we can see in
our theoretical model, although being highly correlated, all these
motivational factors tends to predict the choice of a STEM career
in a positive way.
The theory also considers the role played by gender
stereotypes (another social–cognitive process) in shaping gender
differences in the choice of a STEM career (Bussey and Bandura,
1999). Girls tend to move away from some STEM disciplines, as
success in a STEM career is commonly associated with a high
degree of intellectual brilliance, and brilliantness is stereotypically
correlated with masculinity (Eccles et al., 1998; Guimond and
Roussel, 2001; Sáinz et al., 2019). Frenzel et al. (2007) found that
girls, when addressing a scientific problem, were more insecure
and considered themselves more incompetent, and that their
degree of enjoyment was lower. This is why women tend to avoid
disciplines with a strong mathematical load (Wigfield and Eccles,
2002; Eccles, 2005, 2008; Sáinz and Eccles, 2012). In this way,
gender-role stereotypes in math should act as a direct deterrent
when it comes to choosing a STEM career.
As illustrated in Figure 2, the present paper theorizes that
a girl’s choice of a STEM career can be explained by the
relationships among the following key identity, social, and
motivational factors associated with math (a basic required
competence across STEM fields that is the basis of science higher
education in most academic institutions and that students often
have to choose as they advance academically): expectations of
success, math enjoyment, importance, and gender stereotypes
about math ability.
All that said, for a better understanding of how genderrole stereotypes and motivational factors prevent or encourage

economics) and specifically when trying to explain the gender
gaps in STEM (e.g., Sáinz and Eccles, 2012; Eccles, 2015). The
expectations of success and subjective task values are presumed
to directly influence achievement-related choices, performance,
and persistence (Eccles, 2015). Students will, therefore, be more
likely to pursue those studies and academic options in which
they think they can excel or that have a high value for them
(Eccles and Wigfield, 1995; Sáinz and Eccles, 2012). That is, when
expectations of success and the value of STEM disciplines are
high, girls are much more likely to choose, persist in, and graduate
from STEM fields (Eccles and Wigfield, 1995; Sáinz and Eccles,
2012; Eccles, 2015).
Expectancies and values are the two main components of
the model, which, although different constructs, are highly
correlated. Expectancies of success tend to predict children’s
task values. Whereas subjective task values are closely linked
to educational or career choices (Wigfield and Eccles, 2002;
Durik et al., 2006; Eccles, 2009; Wang et al., 2015), expectancies
of success (i.e., self-concept of ability or self-perception of
competence) are strongly related to performance.
According to the theory (Wigfield and Eccles, 2002; Eccles,
2005; Wigfield et al., 2006), expectations of success and task
values are shaped by a combination of factors, from individual
child characteristics (e.g., abilities, previous experiences, goals,
self-concepts, beliefs, and expectations) to environmental
influences (e.g., cultural milieu, peer beliefs, and behaviors).
Subjective task values include the following motivational factors:
attainment value or importance, intrinsic value (enjoyment),
utility or usefulness of the task, and costs [Eccles et al. (1983)
and Wigfield and Eccles (1992) discuss these components
in more detail].
The influences of family, school, peers, mass media, and
the immediate social environment shape the expectations that
girls and boys have of success (and their self-concept of their
own abilities) together with the value they attach to various
subjects and academic domains (Eccles, 1994). Encouragement
received from significant people (family, schools, peers, and
others) to pursue mathematics or technology-related studies
plays a major role in whether or not adolescents decide to
pursue a career in STEM domains (Sáinz and Eccles, 2012;
Eccles, 2015).
Shin et al. (2016) identified two stereotypes that affect the level
of recruitment and retention of women in STEM fields. On one
hand, there is the idea that STEM studies are difficult, and a
person should be a brilliant or gifted student to succeed in them.
On the other hand, there are cultural and social stereotypes about
the characteristics of scientists and scientific jobs (i.e., people
lacking social abilities, with an unattractive physical appearance,
or freaks) that undermine the interest that girls may have in
STEM, as they do not match these stereotypes. Further empirical
research supports this analytical view (Cheryan et al., 2015; Sáinz
et al., 2016, 2019). Shin et al. (2016) agree that a good way of
overcoming these two barriers is through the intervention of
female role models, as they can increase the sense of belonging to
STEM and reinforce the idea that hard work is the way to succeed
in STEM. We present the overall model to provide a sense of its
scope (Figure 1).
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FIGURE 1 | Selected constructs (shaded boxes) of the Eccles expectancy-value model of achievement-related choices.

girls from entering STEM careers, we propose the following
hypothesis:
H1: Expectancy–value-related motivational factors predict
positively female-student preferences for a STEM career,
whereas gender-role stereotypes have a negative effect
both in these motivational factors and on the intention to
pursue a STEM career.

et al., 2018; Van Camp et al., 2019). Scholars have identified two
factors that affect the efficacy of the inspiration that role models
provide for individuals (Lockwood and Kunda, 1997), namely
(i) the perceived relevance of the role model to the individual
(i.e., domain relevance) and (ii) the believed attainability of
the role model’s success. Dasgupta (2011) used the theoretical
lens of the stereotype inoculation model to explain how contact
with successful female STEM role models can serve as “social
vaccines” that protect the self-concept of women in STEM
against stereotypes.
There is evidence that among STEM women, perceptions of
incompatibility between their gender and STEM identities (i.e.,
the extent to which people perceive their identity as a woman or
man to fit with their identity as a STEM member) are related to a
lesser sense of belonging, greater insecurity, and less motivation
in STEM, as well as greater expectations of dropping out of
STEM (London et al., 2011). Same-gender role models seem
to be a more effective option for attracting young women into
STEM (Bussey and Bandura, 1999; Cheryan et al., 2011; Stout
et al., 2011). Female-oriented STEM promotion thus requires role
models (sometimes mentors) who not only work in a STEM field
but who are also female. However, because the participation rates
of women in these fields are low, finding a sufficient number
of professional women in STEM fields such as engineering and
physical science is challenging. This could explain the sparse
research about the influence of same-sex role models on the
intention to choose a STEM career and the use of computer-based
agents, biographies, or teachers as close substitutes for actual
female STEM role models. So, Stout et al. (2011) discovered that
women exposed to female calculus professors showed enhanced
self-efficacy, greater self-concept, as well as a higher identification

Role-Model Influence
Role models can be inspirational and can reduce the selfstereotyping of stigmatized groups, and this may be the case
for women in male-dominated STEM fields (Lockwood, 2006;
Betz and Sekaquaptewa, 2012; O’Brien et al., 2017). Interventions
based on role models revolve around enhancing a sense of
belonging and identity in STEM fields, thereby fostering the
personal connections of girls to the STEM community (Casad

Expectation of
Success

Gender roles
stereotypes

Enjoyment value

STEM choices

Importance value:
- Utility value
- Attainment value

FIGURE 2 | Theoretical STEM-choice model.
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importance), as well as that of the intention to pursue a STEM
career, while decreasing the mean value of gender stereotypes
about STEM abilities.
H2b: Female-student participation in the role-model
sessions increases the positive effect of the motivational factors
(expectations of success, enjoyment, and importance) on the
intention to pursue a STEM career, while strengthening the
negative impact of gender stereotypes on these motivational
factors, as well as on preferences for a STEM career (i.e.,
role-model sessions have a moderator effect).

with and commitment to STEM, even among students who still
maintained gender stereotypes. In a similar vein, Plant et al.
(2009) exposed middle-school girls to computer-based female
role models and found that the role model was effective at
promoting academic interest and motivation among girls. It is
therefore not surprising that exposure to role-model biographies
that challenge common STEM stereotypes (e.g., that STEM
is for gifted individuals) has also been demonstrated to have
positive effects on both STEM and non-STEM student interests
in STEM, as well as their perceived identity compatibility between
themselves and STEM (Shin et al., 2016; Sáinz et al., 2019). Rolemodel exposure also has a positive impact on academic sense of
belonging among STEM and non-STEM students, and a positive
impact on academic self-efficacy among STEM students, but not
non-STEM students (Shin et al., 2016).
Numerous and varied initiatives based on role models have
been launched all over the world to make STEM fields more
attractive to girls and increase their interest in these professions
(Van Camp et al., 2019; Sáinz, 2020). As in the case of any other
intervention, the effectiveness of the female role-model-oriented
intervention depends on several indicators, such as the scope
of the intervention, the theoretical background inspiring it, the
design, measures, and tools to evaluate its impact, educational
agents involved in the intervention, its sustainability, and so on
(Sáinz, 2020). For instance, Breda et al. (2018) demonstrated
that girls participating in the intervention had a lower level of
stereotypes than did girls in the control group. Their STEM
interest also increased by between 20 and 30% above that of the
control group. Equally, the probability that top-performing girls
in math would be enrolled in a STEM program increased by
50% from a baseline of 28%. Among these top-achieving girls,
the program reduced the baseline gender gap in the enrolment
in selective STEM programs by a third, from 22 to 14%. In
comparison to this previous research, our study contributes to
literature analyzing the influence of a two-step female role-model
intervention not only on female students’ gender stereotypes
about women’s STEM abilities, but also on female students’
motivational outcomes (i.e., expectation of success, enjoyment,
and importance value), as well as, interest in pursuing STEM
fields. Additionally, we look at changes in not only mean values
but also in the relationships among the model variables.
Indeed, not only do role models and mentors help broaden
the perspectives of who can work in the STEM field, they also
expand students’ perceptions of their own potential (Johnson
et al., 2020). Research shows the positive impact of interaction
with STEM professionals on students’ STEM interest (Kesar,
2018). Therefore, it is reasonable to expect that girls are more
motivated (in terms of expectation of success, enjoyment, and
importance) to engage in subjects related with STEM fields, such
as math, after interacting with female role models in STEM than
before doing so.
Based on the above rationale, to evaluate the effectiveness
of the female role models’ intervention, we posit the following
hypotheses:
H2a: Female-student participation in the role-model sessions
increases the mean value of the motivational factors considered
in our theoretical model (expectations of success, enjoyment, and

Frontiers in Psychology | www.frontiersin.org

Counterstereotypical Role-Model
Influence on Girls’ STEM Choices
According to gender theories [gender schema theory (Martin
and Halverson, 1981) and social role theory (Eagly and Wood,
2011)], people perceive certain roles to be more or less
appropriate for their gender. This means that observing men
and women in gender-congruent roles fosters gender-congruent
aspirations and behavior. By contrast, following the rationale that
observing or interacting with men and women in non-traditional
domains provides a so-called gender-counterstereotypical role
model, the frequent exposure to gender-incongruent role models
should reduce gender stereotyping and promote non-traditional
behavior (Olsson and Martiny, 2018).
Based on this idea, numerous initiatives and research-based
interventions involving observing or interacting with gendercounterstereotypical role models have been implemented in
several countries, particularly focusing on outcomes for girls and
women. The review of these interventions carried out by Olsson
and Martiny (2018) shows that exposure to or interaction with
counterstereotypical role models can reduce gender stereotyping
during childhood and preadolescence among girls on a shortterm basis. However, the changes in stereotypes are not always
sustained and do not necessarily affect children’s aspirations and
behavior. In this regard, Olsson and Martiny (2018) recommend
that future research should assess whether a change in stereotypes
is internalized and acted upon. The present work follows this
recommendation by investigating not only the changes in young
girls’ gender stereotypes after the intervention but also its
influence on their STEM career aspirations.
Although STEM stereotypes are incongruent with the female
gender role, they can be conveyed to a certain degree by women
as well (Cheryan et al., 2011). In STEM, these stereotypes include
a tendency toward social isolation and a singular focus on
technology (Barbercheck, 2001). In contrast, the female gender
role prescribes many opposing characteristics, such as helping
and working with others (e.g., teamwork) and being socially
skilled (e.g., communication skills). Young girls who encounter
stereotypical STEM role models may feel dissimilar from them
and, as a result, the talks of those stereotypical role models who
are supposed to inspire emulation may have a lower effect or
even deter those they were meant to benefit (Cheryan et al.,
2011). For this reason, when we look for a specific measure of the
counterstereotypical content of the female role-model sessions,
we focus on the congruent content that the girls may be provided
with by the female role models during the sessions. A content is
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the east (Barcelona, Valencia, and Alicante), and one in the
north (Navarra).

defined as congruent if the role-model discourse includes, among
the requirements to follow a STEM profession, the demand for
non-stereotypical skills (especially, social and communications
skills, which are congruent with their gender behavior).
Against this background, we tested for differences in our
model relations within the post-intervention sample between
those sessions perceived as highly counterstereotypical by the
girls and those that were not. To test this, we postulate our third
hypothesis:
H3: Highly counterstereotypical role-model sessions
strengthen the possible changes observed in the relationship(s)
of the constructs in the theoretical model (i.e., the
counterstereotypical content of the sessions plays a role as
a strength moderator).

Study Design
The empirical strategy was as follows. First, the relationship
between the social (stereotypes) and motivational factors in our
theoretical STEM-choice model were tested by using structural
equation modeling (SEM) with the whole data set (H1). Next, the
effectiveness of female role-model interventions was examined,
comparing the differences in the mean of the constructs (H2a)
and changes in the relationships after the role-model sessions
(H2b). Finally, we tested for differences in these relationships
between the sessions perceived as highly counterstereotypical by
the girls and those that were not (H3). To do this, we ran a
multigroup SEM within the post-intervention sample. Within
this post-intervention sample, we tested for invariance in the
changed relationships after the intervention between (i) the
sessions considered highly counterstereotypical by the girls in
terms of the content that they were provided with and (ii) those
that were not, to check for the possible strength-moderator effect
of this characteristic of the sessions.
For ethical reasons, the IGF considers it inappropriate to
assign schoolchildren randomly to a particular female role model.
Therefore, the present research used a one-group pre-test and
post-test design methodology (Campbell and Stanley, 1963). Pretest/post-test designs are used widely in behavioral research,
primarily to compare groups and/or measure changes resulting
from experimental treatments and interventions (Dimitrov and
Rumrill, 2003). To avoid the risks related to the internal validity
of this type of design (Knapp, 2016), and to minimize the
negative effects that could stem from the absence of a control
group, we applied the following rules. To reduce the effects of
history (i.e., some other event occurring at the same time of
the intervention that could be the cause of the change in the
outcome) and maturation (i.e., if there is a long time before and
after the intervention, the participants have grown older and
more mature), we used the shortest time gap possible between
pre-test (1 week before the sessions) and the post-test (1 month
after); we did not use a cognitive test, so the testing effect (i.e.,
the fact that the questions might be familiar and therefore easier
after the interventions) is unlikely to appear; and we eliminated
the instrumentation effect (i.e., using different people to score or
rate the pre-experimental and post-experimental measurements)
by having the questions scored by the same people (i.e., the girls)
before and after the role-model interventions. Finally, regarding
statistical regression toward the mean, although strictly speaking
the sample was not selected randomly, we consider that because it
comprised girls from different regions and socio-economic status
in Spain from both public and private schools, it should include a
variety of attitudes and opinions regarding the questions asked.
Once the possible effectiveness of the role-model intervention
was analyzed through this design, an additional multigroup SEM
analysis was carried out to test whether the counterstereotypical
content of the sessions could act as a strength moderator of the
changes found in the models’ relation(s) after the role-model
sessions. A multigroup model nested in the post-test model was
run using the girls’ perception of the role models’ reporting

MATERIALS AND METHODS
Procedure
This study is part of the program of the Inspiring Girls
Foundation (IGF), whose main objective is to raise girls’
aspirations in STEM by connecting them with female role
models. The IGF has implemented a cutting-edge program,
recruiting top women leaders from STEM companies as role
models to go into schools to talk about their careers and
experiences in the profession. All volunteers follow an innovative
digital onboarding training process before engaging in the
program. This training highlights the importance of volunteers
talking about the opportunities and requirements to enter
their jobs, the contribution that their jobs make to the real
world, and the opportunities for making work and private
life compatible, as well as the negative effects of gender
stereotypes in career choices. The sessions are organized through
a platform for role models, where participating schools can
access female STEM experts directly (Inspiring Girls Foundation
[IGF], 2018). Another key strength of this project is that
each group of students meets three female role models. These
interactions increase the probability that girls are exposed to
women with diverse personality traits, physical appearance,
socio-demographical characteristics (e.g., civil status and number
of children), ages, and professional paths, which provides the
intervention with a higher diversity and inclusiveness compared
with other experimental designs.

Sample
We designed two questionnaires that were administered in 2018–
2019 to 304 girls from 12 years old (sixth primary grade) to
16 years old (fourth secondary grade) who responded before
and after the role-model sessions. The first questionnaire was
administered 1 week before the role-model session and the
second 1 month after. A total of 16 schools participated:
11 were public and five were private. At nine schools, the
family income of the students was the average for Spain; at
the other seven, it was above average. Seven schools were
in the south of Spain (Malaga, Seville, Almeria, Cadiz, and
Huelva), four in the center (Madrid and Toledo), four in
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Math Enjoyment

about the need for counterstereotypical skills (e.g., social and
communication abilities) among the requirements for following
a STEM career as a grouping variable.

Students had to rate their math enjoyment using the following
five items, translated into Spanish: “I like math”; “I find math
enjoyable”; “I learn a lot of interesting things in math”; “I
like to solve math problems”; “I enjoy doing math exercises”
(Wigfield and Eccles, 2002).

Measures
Data were collected using a reduced version of the expectancy–
value questionnaire (EVQ). The EVQ is an empirically validated
survey (Eccles and Wigfield, 1995) developed to measure career
aspirations and educational choices. Following Eccles and Harold
(1991) and Eccles and Wigfield (1995), all items were measured
on a seven-point Likert scale (where 1 indicated “strongly
disagree” and 7 “strongly agree”). The original items from
the EVQ were translated into Spanish and two members of
the research team made a back translation. Once this back
translation was ready, to identify potential issues with the
survey design that might lead to practical problems with
implementation, a pilot study was carried out between April
and June 2018. We recruited girls who were aged among 12–
16, from six Spanish Schools in Cadiz, Malaga, and Madrid,
which had previously attended the role models’ sessions to
be sure the participants belonged to the same target group
of the main study. The final sample for the first stage
of the pilot was 126 students, but it decreased to 38 in
the second wave.
The participants completed the questionnaires in the same
way that it would be completed in the actual project (i.e., through
an online platform). Once they had completed the two designed
questionnaires, we found no significant problems on the survey
design, except for the low rate of participation in the second
wave. To address this problem in the main study, we asked for
collaboration to the call center in charged with communication
with the schools to track more closely the participation of the
schools in both waves and to insist to the teachers of those
that hadn’t answered yet, of the importance of transmitting to
their students the need of answering the second questionnaire.
As a result, in the main study the drop out ratio between
waves was negligible.

Importance Attached to Math
Students had to rate their level of agreement with seven
items measuring the attainment and utility attached to math:
“Mathematical skills increase job opportunities” (Wigfield and
Eccles, 1992); “Mathematical skills will allow me to choose the
work/career that I want”; “Mathematical skills are useful in the
everyday world”; “Math is more useful than other subjects”; “I
have always wanted to do well in math”; “I prefer doing well in
math rather than in other subjects”; “Doing well at math makes
me feel good” (Wigfield and Eccles, 2002).

STEM Career Choice
Students had to rate their likelihood of choosing a university
degree across the following four STEM disciplines: math, physical
science, computer science, and engineering (Stoeger et al., 2016).
We created a construct that includes all the disciplines that
usually configure the STEM field because we are interested in the
overall result of all the degrees, not in a single specific one.

STEM Counterstereotypical Content of the Sessions:
Highly Counterstereotypical Sessions Versus Lower
Counterstereotypical Sessions
Because we could not manipulate the stereotypical content of the
role models by using variable tuning, we included three items
in the post-test questionnaire to measure the degree to which
the girls perceived the role models as more counterstereotypical:
“This profession requires communication skills,” “This profession
requires teamwork,” and “This profession requires social skills.”
We chose these three questions because they show skills (such as
communication and teamwork) that are more congruent with the
female gender role (social abilities).
Next, we grouped the after-session data into two subsets
to test the counterstereotypical content of the sessions as a
possible strength moderator of the relationships that change
after the interventions. A confirmatory factor analysis (CFA) was
conducted (Table 1) on the three questions. The factorial score
was transformed into a dummy variable, using its median as a cut
point. This produced a balanced split of the sample, with 50% of
the cases having a value equal to 1 (Rigdon et al., 1998).

Gender Stereotypes About Math Abilities
The gender stereotypes revolved around the higher math abilities
and motivation of boys compared to girls (Li, 2007). Three items
were used: “Math is more important for boys,” “Boys do better
in math than girls,” and “In the future, math will be more useful
for boys.”

Expectations of Math Success
Construct Validity

The following seven items measuring several aspects related
to girls’ expectations of success in math from expectancy–
value theory were translated into Spanish (Eccles and Wigfield,
1995). Students had to rate their degree of agreement with
the following statements: “I am talented at math”; “I expect to
do well in a STEM degree”; “Math is easy for me”; “Learning
new things in math is easy for me”; “I am more talented at
math than other students in my class”; “I am more talented
at math than at other subjects”; “I expect to do well at math
this year.”

Frontiers in Psychology | www.frontiersin.org

Construct reliability assessment routinely focuses on composite
reliability as an estimate of a construct’s internal consistency
(Hair et al., 2011). Composite reliability values of 0.70–0.90 are
regarded as satisfactory (Nunnally and Bernstein, 1994), whereas
values below 0.60 indicate a lack of reliability. All the constructs
in the present study have values over 0.8, well above the suggested
threshold value. Likewise, each indicator’s absolute standardized
loading should be higher than 0.70. Generally, indicators with
loadings of 0.40–0.70 should be considered for removal from the
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for the same variables but for low and high counterstrerotypical
sessions within the post-intervention sample.

TABLE 1 | Confirmatory factor analysis (CFA) of counter-stereotypical content
of the sessions.
Question

Loadings

Counter-stereotypical content
Talk1

This profession requires
teamwork

0.932

Talk2

This profession requires
social skills

0.788

Talk3

This profession requires
communication skills

0.740

AVE

Cronbach
alpha

0.679

0.858

Measurement Models and Invariance
To assess the invariances between the two points in time (before
and after the role-model sessions), a measurement model was
estimated, including the five constructs in Figure 3, because they
are focal constructs in the following STEM-choice models. The
five constructs included in the measurement model were gender
stereotypes, expectations of success, enjoyment, importance, and
STEM choice. All constructs were specified as latent variables,
and the covariances between all five constructs were estimated.
The unconstrained multigroup CFAs (model 1) showed
adequate model fits across a range of frequently emphasized fit
statistics for the latent constructs (χ2 /df = 1.936; RMSEA = 0.055;
TLI = 0.947; CFI = 0.953).
After confirming the goodness of fit of the CFAs, the
invariances between the two moments were explored. The
sequence of analyses began with a combined multiple-group
model with no cross-time equality constraints for the five latent
constructs before and after the role-model sessions (model 1).
Second, the constraint that item loadings are invariant between
the two moments was added (model 2). Third, the constraint
that loadings as well as item error variances are equivalent across
samples was added (model 3). Finally, the constraint that loadings
as well as intercepts are equivalent across samples was added
(model 4). The nested models were compared according to the
change in the χ2 statistic relative to that in the degrees of freedom;
a significant worsening of model fit indicates that the imposed
model constraints are not tenable.
The model fits for sequential constrained models 1–4 for each
of the latent constructs are given in Table 4. The fit statistics
of models 1 and 2 (the unconstrained and loading-invariant
models, respectively) are acceptable, and the change in χ2 is
not statistically significant. This result implies that the condition
of partial scalar invariance is therefore met (e.g., Byrne, 2010),
indicating that the time difference does not differentially affect
the underlying measurement characteristics of the constructs; i.e.,
the constructs have the same meaning before and after attending
the role-model sessions, and quantitative comparisons of factor
scores can be undertaken meaningfully at both points in time.
The factor loadings, which are all statistically significant, are
presented in Table 2.
Model 3 (loading and error-variance invariant) and model
4 (loading and intercept invariant) cannot be accepted because
of a statistically significant worsening in the change in χ2 with
respect to model 2. This implies that the heterogeneity and
mean values of the constructs changed after the role-model
sessions, indicating (as will be shown later) the effectiveness of
these interventions in changing the motivational factors, gender
stereotypes, and STEM choice of girls.

scale only if doing so increases the composite reliability above the
suggested threshold value (Hair et al., 2011). In the present study,
all the items have loadings above or very near the cut-off value
of 0.7. Only one item has a lower value (i.e., computing at 0.58),
but deleting it does not increase the composite reliability of the
construct STEM choice (0.825) (Hair et al., 2011).
The validity assessment of reflective measurement models
focuses on convergent and discriminant validity. Researchers
must examine the average variance extracted (AVE) for
convergent validity. An AVE value of 0.50 or higher indicates a
sufficient degree of convergent validity, meaning that the latent
variable explains more than half of its indicators’ variance (Hair
et al., 2011). As Table 2 shows, all the constructs have AVE
values of at least 0.5 or very close to this cut-off (the lowest one
corresponds to the construct “STEM choice”).
The Fornell–Larcker criterion (Fornell and Larcker, 1981) was
followed for the assessment of discriminant validity, where a
latent construct shares more variance with its assigned indicators
than with another latent variable in the structural model. The
AVE of each latent construct should therefore be greater than
the latent construct’s highest squared correlation with any other
latent construct. Similarly, another more liberal criterion is met
for every single item. Congruently, an indicator’s loading with its
associated latent construct should be higher than its loadings with
all the remaining constructs (i.e., the cross loadings).

RESULTS
All the analyses were conducted with the SEM in Stata 15.1.
Several indicators of model fit were used, including χ2 /df,
the root mean square error of approximation (RMSEA), the
Tucker–Lewis index (TLI), and the comparative fit index (CFI).
General guidelines for the cut-off values of the different indicators
suggest that an adequate fit is supported by RMSEA < 0.06,
CFI > 0.90, TLI > 0.90, and χ2 /df < 2 (e.g., Byrne, 1998; Hu
and Bentler, 1999; Raykov and Marcoulides, 2000). All the models
presented herein satisfy these conditions and were estimated
with full information maximum likelihood to incorporate cases
with missing data (Enders, 2010). Robust standard errors
were clustered by schools. We provide correlation matrices
for replicability purposes in Tables 3A,B. Table 3A shows the
correlation matrix for the all the variables before and after the
role model sessions, whereas, Table 3B displays the correlations
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Testing the Theoretical STEM-Choice
Model (H1)
Having ensured the partial scalar invariance and the consistency
of the constructs before and after the role-model sessions, path

8

September 2020 | Volume 11 | Article 2204

González-Pérez et al.

Girls in STEM

TABLE 2 | CFA factor loadings, AVE, Cronbach’s alpha reliabilities, and cross loadings.
Cronbach alpha
Question

Loadings

Enj1

I like math

0.865

0.509

−0.178

0.633

0.511

Enj2

I like to solve math problems

0.867

0.534

−0.178

0.611

0.517

Enj3

I learn a lot of interesting things
in math

0.809

0.506

−0.183

0.527

0.489

Enj4

I find math enjoyable

0.908

0.502

−0.176

0.597

0.502

Enj5

I enjoy doing math exercises

0.881

0.521

−0.180

0.638

0.512

Enjoyment

AVE

Cross correlations

0.751

Importance

0.518

Enjoyment Importance Stereotype Expectations STEM choice
0.939

0.895

Ut1

Mathematical skills will allow
me to choose the work/career
that I want

0.765

0.499

−0.288

0.516

0.465

Ut2

Mathematical skills are useful in
everyday world

0.733

0.471

−0.245

0.437

0.375

Ut3

Math is more useful than other
subjects

0.725

0.386

−0.244

0.348

0.313

Ut4

Mathematical skills increase job
opportunities

0.791

0.430

−0.257

0.481

0.355

Att1

Doing well in math makes me
feel good

0.681

0.453

−0.274

0.398

0.364

Att2

I have always wanted to do well
in math

0.674

0.411

−0.278

0.327

0.354

Att3

I prefer doing well in math than
in other subjects

0.660

0.405

−0.226

0.369

0.286

St1

Boys do better in math than
girls

0.860

−0.211

−0.298

−0.249

−0.320

St2

In the future, math will be more
useful for boys

0.848

−0.131

−0.298

−0.262

−0.290

St3

Math is more important for boys

0.765

−0.153

−0.228

−0.222

−0.267

Stereotype

0.682

Expectations

0.751

0.865

0.956

Exp1

I am talented at math

0.905

0.646

0.536

−0.288

0.662

Exp2

I expect to do well in a STEM
degree

0.867

0.643

0.524

−0.245

0.617

Exp3

Math is easy for me

0.888

0.675

0.510

−0.244

0.654

Exp4

Learning new things in math is
easy for me

0.889

0.657

0.535

−0.257

0.650

Exp5

I am more talented at math
than other students in my class

0.837

0.585

0.492

−0.274

0.608

Exp6

I am more talented at math
than in other subjects

0.839

0.630

0.455

−0.278

0.579

Exp7

I expect to do well at math this
year

0.839

0.549

0.532

−0.226

0.590

Maths

I am considering math as a
career for the future

0.774

0.512

0.424

−0.258

0.586

Physics

I am considering physics as a
career for the future

0.789

0.424

0.400

−0.309

0.504

Engineering

I am considering engineering as
a career for the future

0.605

0.334

0.354

−0.230

0.419

Computing

I am considering computing as
a career for the future

0.581

0.253

0.252

−0.171

0.303

STEM_choice

0.481

0.824

models were used to test the theoretical STEM-choice model.
The model includes all of the paths and covariances shown in
Figure 4, as well as paths estimating the predictive relations
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between gender stereotypes and the motivational constructs
(i.e., expectations of success, enjoyment, importance, and STEM
choice) shown in Figure 3.
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TABLE 3A | Correlation matrix.
Variables 1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

10

Enj1

1

Enj2

0.740

Enj3

0.722 0.691

Enj4

0.781 0.778 0.768

Enj5

0.746 0.771 0.689 0.812

Ut1

0.359 0.349 0.387 0.362 0.376

Ut2

0.381 0.385 0.458 0.376 0.387 0.553

Ut3

0.262 0.261 0.254 0.288 0.306 0.513 0.516

Ut4

0.343 0.329 0.365 0.325 0.321 0.626 0.603 0.587

At1

0.314 0.284 0.347 0.324 0.322 0.551 0.526 0.443 0.499

At2

0.314 0.304 0.353 0.337 0.359 0.461 0.596 0.500 0.479 0.546

At3

0.312 0.297 0.312 0.356 0.324 0.526 0.463 0.560 0.480 0.452 0.439

St1

-0.158 -0.149 -0.223 -0.178 -0.152 -0.197 -0.206 -0.155 -0.188 -0.207 -0.249 -0.103

St2

-0.116 -0.110 -0.133 -0.110 -0.112 -0.193 -0.172 -0.161 -0.206 -0.176 -0.156 -0.080 0.722

St3

-0.084 -0.078 -0.072 -0.105 -0.088 -0.133 -0.186 -0.102 -0.133 -0.152 -0.169 -0.073 0.680 0.645

Exp1

0.642 0.598 0.590 0.641 0.640 0.509 0.404 0.293 0.396 0.373 0.297 0.408 -0.191 -0.221 -0.125

Exp2

0.603 0.611 0.580 0.602 0.616 0.481 0.324 0.268 0.389 0.365 0.268 0.340 -0.207 -0.172 -0.105 0.779

Exp3

0.650 0.610 0.603 0.620 0.597 0.420 0.328 0.213 0.374 0.338 0.250 0.387 -0.184 -0.199 -0.118 0.802 0.763

Exp4

0.650 0.627 0.595 0.598 0.654 0.491 0.427 0.326 0.419 0.383 0.314 0.424 -0.210 -0.209 -0.163 0.793 0.772 0.809

Exp5

0.561 0.535 0.453 0.476 0.528 0.367 0.327 0.228 0.342 0.300 0.198 0.308 -0.159 -0.171 -0.087 0.760 0.722 0.751 0.754

Exp6

0.605 0.578 0.474 0.593 0.598 0.366 0.280 0.261 0.297 0.331 0.187 0.397 -0.133 -0.141 -0.117 0.758 0.736 0.742 0.712 0.733

Exp7

0.544 0.521 0.533 0.553 0.538 0.452 0.442 0.340 0.433 0.422 0.349 0.377 -0.245 -0.237 -0.216 0.769 0.704 0.700 0.708 0.649 0.637

Maths

0.493 0.500 0.497 0.509 0.512 0.410 0.341 0.224 0.284 0.357 0.271 0.309 -0.238 -0.232 -0.212 0.538 0.568 0.520 0.532 0.478 0.510 0.477

23

25

26

0.777 0.679 0.800 0.768 0.423 0.393 0.336 0.369 0.387 0.342 0.363 -0.157 -0.112 -0.121 0.538 0.558 0.595 0.536 0.529 0.545 0.458 0.449 0.337 0.300 0.179
1

0.627 0.746 0.760 0.459 0.431 0.353 0.397 0.417 0.393 0.432 -0.187 -0.134 -0.190 0.468 0.522 0.538 0.498 0.512 0.509 0.409 0.439 0.357 0.328 0.213
1

0.751 0.674 0.386 0.439 0.341 0.396 0.418 0.411 0.260 -0.199 -0.113 -0.111 0.429 0.435 0.442 0.457 0.378 0.337 0.362 0.356 0.328 0.241 0.242
1

0.798 0.414 0.390 0.361 0.355 0.418 0.366 0.370 -0.149 -0.062 -0.185 0.492 0.529 0.538 0.511 0.464 0.508 0.380 0.405 0.318 0.263 0.184
1

0.437 0.419 0.352 0.408 0.430 0.400 0.371 -0.158 -0.114 -0.188 0.501 0.516 0.539 0.543 0.497 0.523 0.400 0.393 0.332 0.282 0.185
1

0.552 0.577 0.687 0.490 0.507 0.514 -0.216 -0.242 -0.161 0.430 0.476 0.394 0.425 0.400 0.352 0.358 0.363 0.309 0.374 0.223
1

0.556 0.643 0.538 0.569 0.390 -0.270 -0.191 -0.167 0.330 0.326 0.305 0.357 0.329 0.249 0.345 0.272 0.234 0.240 0.131
1

0.680 0.538 0.549 0.539 -0.171 -0.226 -0.127 0.308 0.340 0.260 0.316 0.290 0.325 0.285 0.233 0.271 0.212 0.146
1

0.559 0.591 0.494 -0.224 -0.298 -0.179 0.429 0.447 0.378 0.391 0.369 0.338 0.376 0.268 0.255 0.233 0.131
1

0.608 0.419 -0.206 -0.173 -0.192 0.266 0.311 0.295 0.273 0.265 0.265 0.311 0.248 0.232 0.219 0.158
1

0.412 -0.231 -0.158 -0.127 0.264 0.282 0.258 0.318 0.221 0.191 0.281 0.292 0.232 0.226 0.232
1

4.37

1.78

4.09

1.87

4.86

1.69

4.50

1.71

4.37

1.86

4.95

1.91

5.36

1.61

4.94

1.76

5.09

1.70

5.08

1.70
1.67

4.76

1.89

0.713 0.612 -0.177 -0.165 -0.133 -0.196 -0.123 -0.070 -0.161 -0.199 -0.279 -0.226 -0.127 1.31

0.90

-0.156 -0.200 -0.116 0.256 0.292 0.286 0.293 0.293 0.311 0.143 0.213 0.172 0.213 0.084
1

Mean
SD
(t = 1) (t = 1)

5.44

1

0.627 -0.232 -0.217 -0.169 -0.221 -0.160 -0.133 -0.206 -0.197 -0.185 -0.202 -0.102 1.37
1

-0.197 -0.226 -0.183 -0.247 -0.147 -0.167 -0.189 -0.180 -0.191 -0.113 -0.104 1.42
1

0.809 0.808 0.811 0.805 0.782 0.800 0.548 0.468 0.440 0.273
1

1

1.93

3.72

1.81

4.04

1.88

3.54

1.93

3.61

2.01

4.38

1.81

3.37

1.92

3.52

2.03

0.499

3.82

2.12

1

3.09

2.05

0.766 0.733 0.731 0.563 0.472 0.431 0.329
1

0.775 0.708 0.529 0.467 0.471 0.260
1

0.675 0.530 0.417 0.433 0.190
1

0.463 0.393 0.351 0.268
1

0.585 0.566 0.493
1

0.244 0.250 0.316 0.334 0.306 0.314 0.308 0.123 0.161 0.209 0.281 0.158 -0.216 -0.184 -0.173 0.409 0.296 0.282 0.286 0.273 0.206 0.385 0.374 0.490

0.589 0.578
1

Comput 0.223 0.173 0.322 0.222 0.233 0.231 0.199 0.169 0.196 0.222 0.245 0.073 -0.178 -0.101 -0.161 0.285 0.231 0.288 0.277 0.191 0.101 0.282 0.433 0.525 0.295
Mean
(t = 0)

3.58

3.30

3.96

3.66

3.72

4.20

4.72

4.29

4.40

4.30

4.75

3.73

1.76

1.80

1.95

3.78

3.32

3.32

3.53

3.01

3.09

4.07

2.28

2.50

2.50

2.45

SD
(t = 0)

1.73

1.64

1.68

1.67

1.75

1.84

1.71

1.69

1.62

1.73

1.74

1.71

1.36

1.46

1.50

1.84

1.84

1.74

1.76

1.87

1.84

1.73

1.61

1.81

1.85

1.78

t = 0 (bottom-left triangle) and t = 1 (top-right triangle).
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1.87

3.92

0.827 0.777 0.798 0.710 0.575 0.491 0.450 0.298
1

1.04
0.99

4.14

0.767 0.770 0.756 0.789 0.718 0.526 0.426 0.426 0.237

Physics 0.383 0.400 0.433 0.409 0.395 0.356 0.290 0.219 0.236 0.322 0.268 0.198 -0.293 -0.279 -0.271 0.486 0.435 0.440 0.444 0.407 0.386 0.452 0.616
Engin
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TABLE 3B | Correlation matrix.
Variables 1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

11

Enj1

1

Enj2

0.770

Enj3

0.628 0.501

Enj4

0.706 0.688 0.640

Enj5

0.703 0.789 0.551 0.680

Ut1

0.323 0.434 0.292 0.395 0.421

Ut2

0.351 0.339 0.289 0.276 0.386 0.522

Ut3

0.258 0.177 0.270 0.246 0.230 0.611 0.503

Ut4

0.307 0.287 0.360 0.330 0.393 0.696 0.695 0.662

At1

0.284 0.269 0.337 0.294 0.308 0.502 0.540 0.607 0.603

At2

0.232 0.260 0.285 0.246 0.302 0.551 0.506 0.586 0.673 0.616

At3

0.305 0.374 0.137 0.361 0.357 0.577 0.248 0.533 0.419 0.438 0.334

St1

-0.258 -0.259 -0.274 -0.213 -0.262 -0.262 -0.336 -0.197 -0.297 -0.263 -0.126 -0.168

St2

-0.264 -0.223 -0.250 -0.209 -0.231 -0.162 -0.242 -0.200 -0.268 -0.146 -0.062 -0.160 0.708

St3

-0.253 -0.270 -0.229 -0.358 -0.308 -0.211 -0.314 -0.121 -0.280 -0.320 -0.210 -0.127 0.576 0.539

Exp1

0.381 0.334 0.316 0.405 0.396 0.373 0.323 0.250 0.346 0.148 0.217 0.196 -0.225 -0.235 -0.280

Exp2

0.374 0.357 0.261 0.400 0.376 0.447 0.304 0.285 0.366 0.234 0.191 0.300 -0.249 -0.291 -0.375 0.791

Exp3

0.460 0.398 0.252 0.398 0.443 0.283 0.226 0.228 0.230 0.138 0.156 0.276 -0.123 -0.153 -0.225 0.802 0.720
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FIGURE 3 | Confirmatory factor analysis (CFA) with latent variables.

TABLE 4 | Fit statistics for sequential constrained models.
Model

Chi squared

df

Chi squared/df

Comparison

Chi squared

df

p-value

(1) Same form model

1,118.8

578

1.936

(2) Equal loadings model

1,143.7

599

(3) Equal loadings and error variances model

1,250.4

(4) Equal loadings and cons model

1,285.1

RMSEA

CFI

TLI

1.909

1 vs. 2

24.84

21

0.254

0.055

0.953

0.947

0.055

0.953

625

2.001

2 vs. 3

106.72

26

0.949

0.000

0.057

0.946

625

2.056

2 vs. 4

141.42

26

0.944

0.000

0.059

0.943

0.940

Selected model in bold.
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FIGURE 4 | STEM-choice model before the role-model sessions.
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FIGURE 5 | SEM-choice model after the role-model sessions.

The STEM-choice path model fits the data well (see Table 5).
This discussion concentrates on the relationships depicted in
Figure 4 (i.e., proposed in the theoretical model) because they
are the focus of H1. Overall, the findings confirm, at least
partially, the hypothesized relationships for the STEM-choice
model (Figure 5). Stereotypes have a negative significant (direct)
effect at 5% on STEM choices, although it will be seen later that
the total effect is stronger and highly significant. Expectations
of success have the highest and most-significant positive effect
on STEM choice (although only marginal before the role-model
interventions). However, there is no evidence supporting the
positive influence of enjoyment and importance on STEM choice,
these being because these constructs seem to have no significant
effect on girls’ interests in choosing a STEM career.

Testing Mean-Level Differences in
Research Variables (H2a)
First, differences in student motivations and gender stereotypes
about math abilities after the role-model sessions were examined
by using univariate t-test scores (Table 7). As anticipated in the
CFA model, there are several significant differences across time.
The variables of enjoyment, importance, expectations of success,
and STEM choice increase significantly after attending the
role-model sessions. Conversely, stereotypes regarding women’s
lower math abilities decrease significantly after attending the
role-model sessions. These findings are consistent with the
predictions made in H2a.

Total and Indirect Effects of Role Stereotypes

Testing the Moderator Effect of the
Role-Model Sessions (H2b)

In the STEM-choice model, stereotypes about math ability have
both a direct and indirect influence on STEM choice, and so
direct and indirect effects were tested through the motivational
constructs of enjoyment, importance, and expectations of success
with indirect effects in Stata. Table 6 shows the total effect,
together with one direct and three indirect effects that make up
the total effect.
The results suggest the indirect effects of stereotypes about
math abilities on STEM choice via the three motivational
factors of the model. As seen in Table 6, the total effect of
stereotypes about math abilities on the STEM-choice model is
negative and highly significant. This is due to adding the indirect
effect of stereotypes via enjoyment, importance, and especially
expectations of success to the direct effect of the construct. The
indirect effects thus suggest that although stereotypes about math
abilities have a significant direct effect on STEM choice at 5%,
their total effect (especially via expectations) is highly significant
both before and after the role-model interventions.

After changes in the mean value of the constructs were confirmed,
whether the relations in the STEM-choice model (i.e., the path
model described under H1) vary after the role-model sessions
was also tested. Moderation of the role-model sessions through
multigroup SEMs was also tested (Little, 2013). For these
purposes, the change in χ2 (1χ2 ) was examined across two
nested models: one that freely estimated the predictive paths
and covariances for each group separately, and another that
constrained all or some of the predictive paths and covariances
to be equal across two moments in time.
Differences in the path coefficients were tested using
likelihood ratio tests (Table 5, LR test column). At both points
in time, the estimated path coefficients kept their sign and
similar significance. The outcomes suggested that there is an
increase in the path coefficient from expectations to STEM
choice that goes from marginally significant to highly significant
after the role-model interventions. This result shows that the
positive influence of expectations on STEM choice is reinforced
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after attending the role-model sessions, thus confirming H2b.
A strengthening in the negative influence of stereotypes about
math abilities on importance after the role-model sessions is also
observed, which is also consistent with the moderator effect of
the sessions predicted in H2b. This highlights the relevance of
these interventions. That is, reducing the weight of stereotypes
about math abilities has a strong effect on the importance that
girls attribute to doing well in math, a basic competence in high
demand in STEM careers.

TABLE 7 | Means and univariate t-test scores before and after the
role-model sessions.
Latent variable

Difference

Enjoyment
Importance
Stereotypes
Expectations
STEM choice

0.769
0.766
−0.419
0.503
0.791

Std. err

t stat

0.121
0.111
0.075
0.134
0.103

6.336
6.935
−5.594
3.768
7.691

p-value
0.000
0.000
0.000
0.000
0.000

Estimated from model 3.

Testing the Counterstereotypical
Content of the Sessions as a Moderator
of Strength (H3)

requirements for following a STEM career. Multigroup
SEMs were run within the sample after the rolemodel sessions to evaluate the possible role of the
counterstereotypical content of the sessions as a moderator
of strength (Bentler, 1995) on the effect of expectations
on STEM choices.

To delve into the possible causes of the moderating
effect of the role-model sessions, we examined the
possible influence of a role model mentioning during
a session that counterstereotypical skills are among the
TABLE 5 | Estimated path coefficients (final model).
t=0
Path coefficient

t=1

b

B

St. Dv.

b

B

St. Dv.

Stereotype → enjoyment

−0.179

−0.232

(0.051)

Stereotype → importance

−0.274

−0.337

(0.093)

Stereotype → expectations

−0.248

−0.341

Stereotype → STEM choice

−0.205

Enjoyment → STEM choice

0.277

Importance → STEM choice

LR test

***

−0.464

−0.406

(0.136)

***

1.25

***

−0.336

−0.633

(0.121)

***

4.27

(0.063)

***

0.233

−0.537

(0.207)

***

1.52

−0.218

(0.084)

**

−0.128

−0.253

(0.149)

**

0.05

0.227

(0.185)

0.109

0.106

(0.134)

0.086

0.074

(0.072)

0.023

0.024

(0.121)

Expectations → STEM choice

0.327

0.253

(0.114)

*

0.557

0.478

(0.095)

Cov (enjoyment, importance)

0.544

1.102

(0.151)

***

Cov (enjoyment, expectations)

0.767

1.743

(0.231)

***

Cov (expectations, importance)

0.530

1.116

(0.162)

***

Chi2 (601)

1,120

Chi(2)/df

1.863

RMSEA

0.053

CFI

0.955

TLI

0.951

R2 overall

0.870

**

1.05
0.21
***

4.54

**

Invariant loadings and covariance between interest and enjoyment, mean(stereotypes) = 0. Robust standard errors clustered by school. b = standardized path coefficient.
B = unstandardized path coefficient. *, **, *** represent 10%, 5%, 1% significance levels respectively.
TABLE 6 | Total, direct, and indirect effects for stereotypes.
t=0
Path coefficient

b

t=1
St. Dv.

b

St. Dv.

Stereotype → STEM choice
Total effect

−0.381

(0.084)

***

−0.568

(0.207)

***

Total indirect effect

−0.164

(0.045)

***

−0.315

(0.081)

***

Via Enjoyment

−0.049

−0.057

Via Importance

−0.016

−0.006

Via Expectations

−0.055

Direct effect

−0.218

(0.149)

**

−0.121
(0.084)

**

−0.253

Invariant loadings and covariance between interest and enjoyment, mean(stereotypes) = 0. b = standardized path coefficient. Robust standard errors clustered by school.
*, **, *** represent 10%, 5%, 1% significance levels respectively.
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TABLE 8 | Means and univariate t-test scores between girls who perceived the role-model sessions as counter-stereotypical and those who did not.
Latent variable

Low counter-stereotypical

High counter-stereotypical

Difference

Std. err

t stat

p-value

Enjoyment

0.283

0.576

0.293

0.175

1.679

0.094

Importance

0.288

0.549

0.261

0.160

1.633

0.104

Stereotypes

−0.039

−0.273

−0.234

0.081

−2.876

0.004

Expectations

−0.044

0.539

0.582

0.192

3.030

0.003

STEM choice

0.158

0.718

0.560

0.158

3.538

0.001

Estimated from model 3.

A dummy variable was used to group the sessions into
two clusters, one comprising the sessions that the participants
considered to be highly counterstereotypical regarding the
demand for social and communication skills among STEM career
requirements, and another comprising the remaining sessions
that the participants perceived to be more stereotypical.
According to the results in Table 8, expectations and STEM
choice increase significantly among girls who believe that
the role-model sessions are highly counterstereotypical about
STEM career requirements. Meanwhile, the stereotype construct
regarding math abilities decrease significantly. Finally, there
is no significant effect on importance and only a marginal
effect on enjoyment.
After confirming the changes in the mean values of the
constructs, the analysis concentrated on testing whether the
relationships in the STEM-choice model after the role-model
sessions vary between those girls who considered the rolemodel sessions to be highly counterstereotypical and those who
considered the sessions to be more stereotypical. In particular,
we tested whether there are significant changes in the path
coefficient that measures the influence of expectations of success
on STEM choice between the two groups of girls. As the results
in Table 9 show, there is a significant increase in the path
coefficient from expectations to STEM choice. Thus, we conclude
that participant feedback on whether the sessions about STEM
career requirements are counterstereotypical acts as a moderator,
thus confirming H3.
Finally, the marginal effect of expectations of success on
STEM choice in both groups is shown in Figure 6. The effect of
expectations on STEM choice after the intervention is between
the minimum value for this path coefficient estimated from those

girls who perceive the interventions as being more stereotypical
and the maximum value obtained for those girls who consider the
sessions to be highly counterstereotypical.

CONCLUSION AND DISCUSSION
This research contributes to the literature on how to increase
girls’ interest in STEM through a female role-model-based
intervention. This study advances our understanding of the
influence of female role models in improving girls’ preferences
for STEM by exploring the change in the mean values of
the constructs (i.e., mean-level group differences) and in their
relationships (i.e., moderation) by using an adaptation of the
expectancy–value model of career choice in STEM fields. The
findings of this research show that the optimal way to encourage
young girls to pursue emerging high-growth roles, particularly
those requiring STEM math skills, is to expose them to the
professional and personal experiences of actual female role
models with a successful professional trajectory in STEM fields.
On average, the role-model sessions significantly increased the
two considered task-value factors of the expectancy–value theory
(i.e., enjoyment and importance), as well as girls’ expectations
of success in math, together with girls’ preference for a STEM
career. These sessions also contributed to decreasing the effect
of gender-role stereotypes. Additionally, the female role-model
sessions had a moderator effect in increasing the influence of
expectations of success on STEM choices. In particular, when
young girls perceive that counterstereotypical skills (such as
teamworking, communication, and social skills) are among the
requirements demanded across the different STEM professions,
the positive effect that the expectation of success has on the
intention to pursue a STEM career is reinforced. Thus, the
counterstereotypical content of the sessions acted as a moderator
because it strengthened the influence that expectations of success
had on STEM choices.
This result could be because the impact of ability beliefs on
STEM choice depends on the extent to which the stereotypes
(resp. counterstereotypes) are incongruent (resp. congruent)
with individuals’ self-concepts and goals (Starr, 2019). Indeed,
according to the theory of role congruity (Diekman et al., 2010),
social skills are more congruent with the communal goals (e.g.,
working with or helping other people) that women are more
likely to endorse. Thus, in this case the concordance occurs
when girls perceive that among the requirements for following
a STEM career, which are usually thought mainly to include
masculine agentic goals such as developing instrumental and

TABLE 9 | Estimated path coefficients with high/low counter-stereotypical groups
for the post role-model sessions period.
Low counterstereotypical

High counterstereotypical

B

B

LR test

Stereotype → enjoyment

−0.491

−0.063

1.68

Stereotype → importance

−0.652

−0.526

0.19

Stereotype → expectations

−0.351

−0.783

1.67

Stereotype → STEM choice

−0.468

−0.101

1.14

Enjoyment → STEM choice

−0.055

0.186

2.04

Importance → STEM choice

0.057

−0.069

0.57

Expectations → STEM choice

0.334

0.631

4.29

Path coefficient

**

*, **, *** represent 10%, 5%, 1% significance levels respectively.
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FIGURE 6 | Marginal effects of expectations on STEM choice.

a STEM field (Sáinz and Eccles, 2012). This effect is highly
significant and stronger than the direct effect, especially via
expectations of success. This latter result is explained by the
negative drag that gender stereotypes have on girls’ expectations
regarding their abilities and skills in a usually male-dominated
world, such as that of many STEM fields (Rosenthal et al.,
2011; Good et al., 2012; Shin et al., 2016). All of these authors
agree that these stereotypes should be overcome because they
could undermine the recruitment and retention of female STEM
students who do not match these stereotypes.
The findings of the present study make several important
contributions to the existing literature on role models and girls in
STEM, which can help future research and policies on this topic.
Much of the previous research was focused on undergraduate
or high-school students (e.g., Anderson and Gilbride, 2003;
Rosenthal et al., 2011; Shin et al., 2016; Van Camp et al., 2019), but
the present research addresses girls from and above 12 years old
because this is the age when their self-perception of competence
and self-confidence begins to fall (Willms and Jacobsen, 1990;
Sáinz and Eccles, 2012). This implies that future research should
be focused on the start of the leaky pipeline, before students
specialize and choose their different academic tracks in secondary
education and beyond, which is especially relevant if the intention
is to fix this problem from the very beginning. Another important
contribution is the identification, through a one-group pretest–
post-test design, of female role-model interventions as a way of
reducing stereotypes and of boosting the motivational factors
that play an important role in girls’ engagement with STEM
fields. This type of design to evaluate the effectiveness of these
role-model interventions is especially versatile, and although,
in general, it still has some limitations, certain rules have been
applied to mitigate the negative effects that could stem from the

technical tasks, there are counterstereotypical skills in this field
(such as communication and social abilities). This congruence
acts as a strength moderator of the positive impact of expectancy
beliefs on STEM choice.
Of course, many other dimensions of the role-model sessions
could also play a moderator role, but the sessions were designed
especially to offer the girls firsthand information about the actual
skills and abilities formally or informally needed to pursue a
STEM career from the direct experience of a female expert
in those fields. A wide range of studies have shown that the
preferences for certain jobs and skill sets among men and women
are shaped by both the expectation and experience of diversity
and inclusion across occupations (Seron et al., 2016; Cardador,
2017; Kang et al., 2019). This could be due, in part, to the increase
in the feelings of belonging and inclusion in these domains
that they experience after having been exposed to female role
models who are successful in STEM fields (Walton and Cohen,
2007; Shin et al., 2016; Casad et al., 2018; Kang et al., 2019;
Van Camp et al., 2019).
These interventions also strengthen the link between
stereotypes about math abilities and the importance that
girls attach to a task highly related to STEM, such as doing
math (Wigfield and Eccles, 2002). This suggests the relevance
of these interventions because exposing girls to female role
models who contradict stereotypical portrayals of people in
STEM fields produces a greater increase in the subjective value
(in terms of importance) that the girls participating in the
intervention session attach to STEM subjects (Cheryan et al.,
2015; Sáinz et al., 2019).
The analysis of the total and indirect effects of role stereotypes
shows that congruent with expectations, stereotypes about math
abilities have a negative total effect on girls’ intentions to choose
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particular, they will need to overcome their low participation
in STEM fields compared to men, as an important barrier
that, if not broken, will make it harder for women to
make transitions. Policymakers and organizations must step up
interventions targeted especially at women, such as addressing
stereotypes about occupations and supporting women in STEM
professions, which is precisely at the core of the studied rolemodel sessions.
Although not the main objective of the program, an important
positive spillover of these interventions has to do with addressing
the issue of vertical sex segregation. This is relevant because,
according to the literature, increasing women’s visibility and
power in male-dominated occupations will reduce the persistent
gender stereotyping, discrimination, and perceptions of lack
of belongingness and interest that pose barriers to women’s
representation in managerial roles (Gaucher et al., 2011; Skaggs
et al., 2012). This potential benefit could come from the fact
that many female role models who participate in the sessions
are successful professionals who have broken the glass ceiling
(i.e., they have been promoted into the upper echelons of their
organization). Indeed, some of the strategies that have been
posed for fostering greater equality and gender integration in
the workplace are focused on the supply side (i.e., women)
and include efforts to increase women’s interest in male-typed
occupations, such as leadership positions and/or male-dominated
STEM fields, through programs targeted at precollege girls to
develop their confidence and challenge the cultural contexts
that restrict the spectrum of self-beliefs they find acceptable
and desirable in gendered ways (Eccles, 1994; Cech et al., 2011;
Cech, 2013).
The present research, along with widening the professional
horizons of young girls and fostering their interest in maledominated professions such as STEM careers, shows that these
type of intervention could have a positive impact in raising girls’
aspirations by reducing stereotypes about women’s suitability
for leadership positions in STEM (Kanter, 1977; Richman
et al., 2011; Beasley and Fischer, 2012). Male-dominated STEM
careers are frequently associated with decision-making positions
(Sáinz et al., 2019).
Nevertheless, other scholars (Seron et al., 2018) claim that
promoting greater gender integration alone to effectively raise the
low proportion of women in STEM fields is unlikely to achieve
cultural change. Indeed, Seron et al. (2018) argue that these types
of actions on the supply side would effectively raise the number
of women entering STEM careers, but they would not guarantee
their persistence in STEM fields, especially in the presence of
several structural–cultural factors of women’s marginality, such
as the hegemony of the meritocracy and the role of a professional
culture that drives token experiences. In this last case, supply-side
interventions should be complemented with demand-side actions
such as diversity programs by policymakers and companies to
ensure that women are equally represented in all phases of the
talent pipeline, as recommended by the World Economic Forum
[WEF] (2020).
Finally, all these measures should be accompanied by a
learning and social environment that promotes the reduction of
sexist attitudes and helps to configure a world without stereotypes

absence of a control group. The fact that girls find STEM careers
more interesting after the role-model sessions is also worth
mentioning. This is aligned with the literature on role-model
interventions (Shin et al., 2016; Van Camp et al., 2019).
Finally, it is also important to highlight that the present
role-model exposure was not carried out in an experimental or
artificial environment (with avatars or online biographies) but
rather is the consequence of an actual and innovative female rolemodel intervention implemented by a foundation with continuity
over time and international expansion. Indeed, this program is
currently being spread to many countries around the world (the
United Kingdom, Spain, Serbia, Switzerland, Singapore, Italy,
Mexico, Costa Rica, Chile, Peru, Brazil, Honduras, and Panama).
These role-model sessions are carried out with actual successful
women volunteers that are experts in their fields and are willing
to collaborate with the program, and we consider that this creates
an atmosphere of closeness and warmth that is ideal for the
girls to interact directly with the role models and dare to share
their doubts and concerns regarding the male-dominated domain
of STEM careers.
The present research has immediate practical applications
because the conclusions of this study will allow the IGF to
improve the effectiveness of its role-model program. Taking
into account the results obtained, the sessions would be
enhanced significantly if they were focused especially on the
counterstereotypical skills and abilities that are needed to pursue
a STEM career, along with information about job opportunities in
the new age of automation, the social and practical contributions
of STEM fields, and the possibility of achieving work–life balance.

Practical Implications of the Present
Research
The findings from the present study also have practical
implications. This study shows the effectiveness of the role-model
sessions in terms of reducing gender stereotypes, increasing
enjoyment and importance-related values as well as expectation
of success, and strengthening the direct effect of expectancies of
success on girls’ STEM choices. This research thus demonstrates
the benefits of role-model sessions in increasing STEM intention
of enrollment among young girls, and thereby suggests a
promising method of increasing the number of STEM graduates
to meet the growing need for STEM professionals.
An increase in women’s presence within STEM professions
is particularly important so as to enable women to seize the
new opportunities offered by digital transformation. If women
continue to be underrepresented in STEM fields oriented to
the design and production of digital technologies, they may fall
further behind in the labor market. The World Economic Forum
[WEF] (2020) suggests that there is an urgent need to increase
the supply and visibility of women with technical skills to close
the gender gap in the professions of the future.
In this regard, Madgavkar et al. (2019) estimate that,
globally, between 40 million and 160 million women (7–
24% of those currently employed) may need to transition
between occupations by 2030, often into higher-skilled roles.
To make these transitions, women will need new skills. In
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The IGF does not want to discriminate against a group of
girls for study reasons. The measurement of STEM choice as
a global compendium of different STEM disciplines could be
another limitation, this being because the content and objectives
of engineering as a discipline (although related) are not the
same as those of physical science, computer science, and math.
The interest of female students in pursuing physical science
could thus be different from their interest in math, computer
science, or engineering.

(Solbes-Canales et al., 2020). Only in this way can the next
generation of potential female scientists believe that they can
achieve a successful STEM career.

Limitations and Directions for Future
Research
The present results are based on a survey with self-selected
schools, and it would be desirable to use a larger sample
of schools to reinforce the statistical validity of the results
obtained. However, because this is a real and non-laboratorybased study, the design of the sample procedure is beyond
the reach of the researcher, who is limited to collecting
data in the real environment in which the program is
being implemented. Second, and as a consequence of the
previous limitation, it could be argued that the results
reported in this study are bounded in the sample and
might not reflect the patterns of the overall population of
young female adolescents in Spain regarding the motivational
factors that drive their underrepresentation in STEM fields
and the effectiveness of the role-model interventions in these
fields. However, the schools that went through the role-model
sessions included several regional and socioeconomic varieties,
including both public and private schools, giving a relatively
diverse sample. Third, the effect of the counterstereotypical
content offered by the role models during the sessions in the
female adolescents’ career choices suggested by the theoretical
model would need to be explored further over a longer
period of time, with longitudinal data. This could be carried
out through a third-wave survey, at least 3 months after
participants attended the role-model sessions, to evaluate their
possible residual effect. To do this, it would be necessary
to have a larger sample because of the revisable high dropout rate.
The IGF has developed a new means of exposure to role
models through videos, which is easier to implement than
face-to-face sessions. It would be interesting for future work
to understand which of the two types of intervention is more
effective, as the video library has important advantages
in terms of cost-effectiveness and time flexibility. The
findings from the present study suggest other promising
directions for future research. Future work could consider
expanding upon the current research with a longitudinal
study with repeated exposure to role-model sessions. This
would facilitate understanding of the long-lasting effects
of role-model exposure. Additionally, because the IGF
has started a process of international expansion, mainly in
Latin American countries, it could be interesting to evaluate
the influence of these role-model sessions across different
cultural settings.
Further research should also incorporate a control group of
female students who, being in possession of the same features
as the final participants, have not been involved in the rolemodel sessions. This would be key for generalizability, although
this has to be done carefully because of ethical concerns about
the injustice of omitting a group of girls who could have
benefited in the future by attending these role-model sessions.
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