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Editorial on the Research Topic

Gendered Paths into STEM. Disparities Between Females and Males in STEM Over
the Life-Span

Choosing a career path into STEM (Science, Technology, Engineering, and Mathematics) is a
longitudinal process rather than an ad-hoc decision: experiences in childhood and school form
individuals’ interests, motivation, and ability beliefs—their expectations according to Eccles et al.
(1983). These serve as basis for a decision against or toward STEM. However, while youth are
considering careers, barriers can emerge, for example students may form stereotyped impressions
of STEM as a “male” domain or develop perceptions that brilliance is a prerequisite for STEM
attainments. Such assumptions downgrade expectations and often shape women’s as well as
minority students’ self-evaluation of not being suited to a career in STEM.

Altogether, deciding for and following a specific career path is a developmental process
(Gottfredson, 2005) of circumscription and compromise and female students often rule out STEM
professions during this process. According to expectancy-value theories (EVT; e.g., Eccles et al.,
1983), an individual evaluates during this process the balance between the personal expectations for
success (resp. activity specific ability beliefs) and the subjective task value for achievement-related
values, engagement, and persistence. This evaluation is influenced by the broader context of
socializers and the milieu that frame the individual’s perceptions and interpretations of experiences.
Many papers in this Research Topic refer to this theoretical approach.

While EVT focus the interactions of the different factors during balancing expectancies and
values, the Social Cognitive Career Theory (SCCT; Lent et al., 1994, 2018) proposes a step-wise
model how personal and environmental variables interact to finally shape choices for performance
domains and attainment. The model proposes that (1) person inputs (like predispositions and
gender) as well as (2) background contextual affordances and societal characteristics (like cultural
norms) shape (3) learning experiences that lead to individual attainments (10) which then may
receive feedback from the environment. These learning experiences contextualize an individual’s
expectations regarding one’s self-efficacy (4) and consequently also one’s expectations about
outcomes of one’s actions and attainments (5). Task values such as utility values or interest
(7) develop out of self-efficacy and outcome expectations and provide a basis for choice goals
(8) and choice actions (9). However, contextual influences proximal to choice behavior (6) also
influence interests and choices. Finally, (10) performance domains and attainments result from
choice actions.
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When connecting the model of the SCCT with Gottfredson’s
(2005) assumptions of developmental processes, it becomes clear
that choice actions do not simply result from predispositions,
aptitudes, learning experiences, self-assessments, and interests
but that contextual factors moderate such processes. While
EVT describe the complex interactions of this moderation
process (see Eccles et al., 1983), SCCT rather focuses the steps
from the individual’s personal inputs toward choice actions
moderated by expectancies and contextual factors. These are
especially important for female students’ career paths into
STEM because cultural stereotypes of STEM as a “male”
domain as well as interactions with teachers and significant
others may influence women to steer away from STEM to
more “female” domains or to not consider a STEM career at
all (see Ertl et al., 2017).

Against this background, the present Research Topic
investigates career decisions, to illustrate the complexity and
difficulties of steering more females onto a STEM career path,
as well as to summarize evidence about female students’ career
paths into STEM. The Research Topic comprises 30 articles by
94 authors from ten countries in Europe, America, Oceania,
Asia, and Africa. We will structure the editorial according to the
factors of SCCT that include expectancies as well as the steps
toward a decision for STEM.

(1) Person Inputs

Person inputs may affect self-assessments, motivation,
behavior, and thus attainments and can be seen as a starting
point for a career path into STEM. If, for example, a person
finds his or her aptitude in STEM lacking and conceives her or
his talents being outside of STEM, she/he is hardly likely to go
into a STEM field. Person inputs are investigated with respect
to motivational, emotional, cognitive, or socio-demographic
aspects. In the studies presented in this Research Topic
motivational aspects relate to goal orientations (Wolter
et al.), emotional aspects to empathy as predictor for math
achievement (Ghazy et al.), and cognitive aspects relate
to visuospatial skills that are often seen as key aptitude
for STEM with a clear gender difference in favor of men.
Abad et al. as well as Sanchis-Segura et al. look deeper
into the issue of visuospatial skills raising the point that
tests for the respective skills are often subject to gender
framing, a background context, that affects their results. Such
background contexts can be also found in Hsieh et al.s work
that focuses on ethnicity and immigrant status as predictors
for motivational beliefs.

(2) Background Contextual Affordances

Background contextual affordances relate to culture and
cultural norms in which a person is embedded. They
provide an indirect impact on all contributions of this
Research Topic. The impact of this factor becomes most
obvious in the contributions by Sachnis-Segura et al,
who discuss how tests for visuospatial performance
are constructed (favoring predominantly men), and
by Hsich et al. and Watson et al. who both discuss
differences between ethnicities that may include different
cultural values.

(3) Learning Experiences

Learning experiences play a major role in the model of
Lent et al. (1994) by shaping a students self-efficacy and
outcome expectations. They shape a students feeling of
belonging to a learning domain or not (Banchefsky et al;
Deiglmayr et al.; Hohne and Zander). In a long-term process,
learning experiences are related to attainments, outcomes,
and subsequent feedback and thus mostly need a longitudinal
design for their investigation. In the Research Topic, several
longitudinal studies are concerned with these variables,
especially Dietrich and Lazarides and Hsieh et al. who
investigate the development of motivational belief patterns,
and Vinni-Laakso et al. as well as Watson et al. who focus on
the long-term development of students’ self-concept.

(4) Self-Efficacy and Self-Concept Expectations

Self-efficacy expectations, for example, are subject-specific
academic self-concept or ability beliefs. Self-efficacy
expectations are a crucial aspect of career paths into
STEM and often vary by gender. Large scale studies such as
PISA (OECD, 2015) confirm that—even in case of identical
academic outcomes and assessments—the self-concept
for STEM is lower for female than for male students.
Consequently, several contributions delve deeper into self-
concept and ability beliefs. For example, Watson et al. looks
closer into the gender-related decline of the self-concept in
mathematics. Factors contributing to such processes and
to the development of a student’s self-concept for STEM
in general are investigated by Heyder et al. who explore
the impact of teacher expectations as well as by Hohne
and Zander who analyze the impact of belongingness.
The impact of the self-concept on further developments is
investigated by Han who analyzes the relationship between
self-concept and achievements, by Luttenberger et al. as well
as by Sobieraj and Kriamer who focus on the relationship
between self-concept and motivation in STEM, and by Saf}
and Kampa who investigate the impact of self-concept profiles
on course selection. Finally, Dietrich and Lazarides as well
as Vinni-Laakso et al. analyze to which degree motivational
belief patterns are associated with math-related career plans.

(5) Expectations About Outcomes
While self-efficacy expectations focus on the estimation
of one’s own ability, outcome expectations result from an
assessment to which degree one’s own skills are sufficient to
achieve satisfactory outcomes in a field. In this sense, Kessels
(2015) discusses women’s belief that success in STEM careers
is based on innate talent or even brilliance (which women
typically believe not to have in STEM) as opposed to hard
work and diligence. Consequently, female students often shy
away from STEM career choices even if they achieve good
grades. Such field-specific ability beliefs, for example that a
successful STEM career requires brilliance, have impacts on
women’s emotions and motivation in STEM fields. Therefore,
Deiglmayr et al. as well as Hohne and Zander investigate in
a sample of female students and the degree to which such
beliefs are associated with uncertainty and feelings of not
belonging to the domain of STEM even though these students
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major in a STEM field. Luttenberger et al. investigate the
degree to which such beliefs predict motivation in STEM
and Lazarides and Lauermann explore how beliefs may affect
students’ career plans. Hsieh et al. as well as Dicke et al.
analyze how such beliefs develop over a long range in different
STEM subjects and finally Bailey et al. investigate STEM and
non-STEM undergraduates as well as academics discussing to
which degree undergraduates’ beliefs about talent in academia
mirror those of academics.

(6) Contextual Influences Proximal to Choice Behavior

Thereby, Bailey et al. investigate contextual influences exerted
by others and take up the hypothesis, that university
graduates transfer their (stereotypical) ability beliefs to
undergraduates. Such phenomena are in the scope of several
contributions of this Research Topic focusing on the influence
of teachers (Heyder et al.), parents (Hoferichter and Raufelder;
Luttenberger et al.; Schorr), or the peer-group (Sainz et al.).
Apart from these personal influences, STEM subjects are
often generally attributed stereotypically as being male, an
aspect that is taken up by Makarova et al. as well as by
Watson et al, and consequently female students in STEM
often choose contexts that are to a lower degree regarded
as being typically male subjects, for example biology instead
of physics contexts if they are able to choose (see Wheeler
and Blanchard). Such stereotypical perspectives may be
reinforced by representations in TV, which is investigated
by Wille et al. Generally, such stereotypical as well as
traditional gender role beliefs taken up from personal contexts
predict lower educational attainment and less inclination
for studying STEM subjects—an issue that is investigated
by Dicke et al.

(7) Interests and Task Values

Interests develop and deepen partly due to an individual’s
self-efficacy and outcome expectations—however, they are
also shaped by contextual influences, for example, when
interests are regarded as being inappropriate for a specific
gender or when pursuing them seems to require too
much effort (see for example Gottfredson, 2005) or task
values (see Eccles et al, 1983). In this line, Song et al.
investigate the impact of interest and effort on persistence.
However, as Schorr discusses, interest is often subject to
pre-conditions including personal competency and outcome
expectations. Similarly, Sobieraj and Krimer analyze to
which degree self-perceptions are conjoined with interest-
related characteristics such as intrinsic motivation. In this
sense, Ertl and Hartmann as well as Watt et al. bridge
the gap between interest and motivational profiles and
respective choice goals and actions. Lazarides and Lauermann
investigated this relation with respect to task values and
career aspirations.

(8) Choice Goals

Choice goals can be defined as students’ career aspirations
that either can go along with a student’s interests or reveal
deviations. Here, Ertl and Hartmann analyze to which degree
students’ interests fit to their career aspirations and they find

a worse fit between interest and aspirations for STEM than
for other subjects. Watt et al. identify different motivational
profiles and discuss that especially disengaged students show
lower STEM aspirations. Motivation and motivational belief-
patterns and their impact on career plans are also discussed by
Dietrich and Lazarides as well as by Lazarides and Lauermann,
while Vinni-Laakso et al. analyze the impact of self-concept
profiles on science course selection. Makarova et al.,, finally,
expand the view on choice-goal section by discussing the
impact of gender-science stereotypes on students’ choice goals.

(9) Choice Actions

Specific choice actions are less predominant in the Research
Topic, possibly because the transformation from a choice goal
to a choice action is difficult to observe and to operationalize.
Despite of such difficulties, Saf$ and Kampa aim at explaining
science course selection by the impact of self-concept profiles.
Sobieraj and Krimer apply a retrospective approach for
explaining differences between STEM and non-STEM master
students with respect to competence, motivational, and
volitional variables.

(10) Performance Domains and Attainment

Ideally, those who have embarked on a STEM career and
show persistence should experience satisfying outcomes such
as high attainments (grades, professional success), feelings
of belonging, joy, or life satisfaction. The two contributions
which look closer into these concepts show that students’
persistence in STEM is related to a feeling of belonging
(Banchefsky et al.) and to interest (Song et al.). Regarding
outcomes, Ghazy et al. analyze the role of empathy for
math achievement and math scores and find different
effects for male and for female students. Han also focuses
on math performance scores and find a stereotype effect
impeding female pupils. Similarly, Wille et al. investigate
STEM stereotypes in a learning context and their differential
effects on scores, stereotype endorsement, and belongingness.
Sanchis-Segura et al. find similar effects for visuospatial tasks.
The effect of framing tasks differently is investigated by
Wheeler and Blanchard focusing on how biological contexts
may facilitate female students’ familiarizing with the context
of force rather than traditional physics contexts. Hoferichter
and Raufelder investigate the impact of parents’ support
and pressure on STEM performance and disclose differential
effects for female and male students.

DEVELOPMENT OF STEM PATHWAYS

A specific aim of this Research Topic is to shed light on critical
incidents or milestones on a STEM pathway over the life-span.
Therefore, the topic covers evidence from kindergarten (Abad
et al.) to adult STEM professionals (Dicke et al.). In between, all
stages of formal education are well-covered including primary
school (Han; Heyder at al.; Vinni-Laakso et al.; Watson et al.),
lower secondary school (Hoferichter and Raufelder; Saff and
Kampa; Song et al,; Wille et al.), and upper secondary school
(Dietrich and Lazarides; Hsieh et al.; Lazarides and Lauermann;
Makarova et al.; Schorr; Watt et al.; Wheeler and Blanchard)

Frontiers in Psychology | www.frontiersin.org

December 2019 | Volume 10 | Article 2758


https://doi.org/10.3389/fpsyg.2019.01242
https://doi.org/10.3389/fpsyg.2019.01243
https://doi.org/10.3389/fpsyg.2019.00380
https://doi.org/10.3389/fpsyg.2019.01053
https://doi.org/10.3389/fsoc.2019.00026
https://doi.org/10.3389/fsoc.2019.00026
https://doi.org/10.3389/feduc.2019.00034
https://doi.org/10.3389/feduc.2019.00014
https://doi.org/10.3389/fpsyg.2019.01242
https://doi.org/10.3389/fpsyg.2019.00968
https://doi.org/10.3389/fpsyg.2019.00996
https://doi.org/10.3389/feduc.2019.00060
https://doi.org/10.3389/fpsyg.2019.02307
https://doi.org/10.3389/fpsyg.2019.00594
https://doi.org/10.3389/fpsyg.2018.02435
https://doi.org/10.3389/fpsyg.2019.01053
https://doi.org/10.3389/fpsyg.2019.02146
https://doi.org/10.3389/fpsyg.2019.00968
https://doi.org/10.3389/fpsyg.2019.01432
https://doi.org/10.3389/fpsyg.2019.00897
https://doi.org/10.3389/fpsyg.2019.00990
https://doi.org/10.3389/fpsyg.2019.01243
https://doi.org/10.3389/fpsyg.2019.00897
https://doi.org/10.3389/fpsyg.2019.00990
https://doi.org/10.3389/fpsyg.2019.01472
https://doi.org/10.3389/fpsyg.2019.01243
https://doi.org/10.3389/fpsyg.2019.01449
https://doi.org/10.3389/feduc.2019.00060
https://doi.org/10.3389/fpsyg.2019.00836
https://doi.org/10.3389/fpsyg.2019.01432
https://doi.org/10.3389/fpsyg.2019.02386
https://doi.org/10.3389/fpsyg.2019.02146
https://doi.org/10.3389/fpsyg.2019.01941
https://doi.org/10.3389/fpsyg.2019.00603
https://doi.org/10.3389/fpsyg.2018.02435
https://doi.org/10.3389/fpsyg.2018.01261
https://doi.org/10.3389/fpsyg.2019.00594
https://doi.org/10.3389/feduc.2019.00014
https://doi.org/10.3389/fpsyg.2018.02563
https://doi.org/10.3389/fpsyg.2019.01053
https://doi.org/10.3389/fpsyg.2019.00603
https://doi.org/10.3389/feduc.2019.00034
https://doi.org/10.3389/fpsyg.2019.01449
https://doi.org/10.3389/fpsyg.2019.02307
https://doi.org/10.3389/feduc.2019.00014
https://doi.org/10.3389/fpsyg.2019.00836
https://doi.org/10.3389/fpsyg.2019.02146
https://doi.org/10.3389/fpsyg.2018.02435
https://doi.org/10.3389/fpsyg.2019.01472
https://doi.org/10.3389/fpsyg.2019.00380
https://doi.org/10.3389/fpsyg.2019.01243
https://doi.org/10.3389/feduc.2019.00060
https://doi.org/10.3389/fpsyg.2019.00968
https://doi.org/10.3389/fpsyg.2019.00990
https://doi.org/10.3389/fpsyg.2019.00594
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Ertl et al.

Editorial: Gendered Paths Into STEM

with a clear focus on university education (Bailey et al;
Banchefsky et al; Deiglmayr et al.; Ertl and Hartmann; Ghazy
et al; Hohne and Zander; Luttenberger et al; Sdinz et al;
Sanchis-Segura et al; Sobieraj and Kriamer; Wolter et al.).
Some of these contributions focus on longitudinal developments,
for example Abad et al. on the development of visuospatial
skills, Dietrich and Lazarides as well as Hsieh et al. on the
development of motivational belief patterns, Hoferichter and
Raufelder on grades and parental influences, Vinni-Laakso et al.
and Watson et al. on students’ self-concept, and Dicke et al. on
the development of STEM professionals.

HETEROGENEITY OF STEM SUBJECTS

Although the term STEM raises the impression of being a
homogeneous academic domain, there are different definitions
which vary in their broadness and some of them even include
life sciences and social sciences into STEM (for a discussion,
see Ertl et al., 2017). This Research Topic focuses on the core
of STEM that covers natural sciences, technology, engineering,
and mathematics. However, also within this narrow definition of
STEM, authors point at differences between the subjects. They
can be distinguished with respect to the proportion of women in
a field (Ertl and Hartmann; Luttenberger et al.), with respect to
specific subjects as for example in comparisons of mathematics
and biology (Hoferichter and Raufelder); research can also refer
to science in general (Watt et al.) or to a range of different subjects
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in the field of STEM (Deiglmayr et al., Hsieh et al.; Makarova
et al.). Contributions that focus on one subject mostly investigate
mathematics as key subject in STEM (Dietrich and Lazarides;
Ghazy et al.; Han; Heyder et al.; Song et al.; Watson et al.; Wille
etal.), followed by computer science (Hohne and Zander; Schorr)
and physics (Wheeler and Blanchard). To uncover the special
characteristics of STEM, some authors compare STEM subjects
with NON-STEM (Bailey et al.; Dicke et al.; Ertl and Hartmann;
Lazarides and Lauermann; Sanchis-Segura et al; Sobieraj and
Kriamer; Wolter et al.). The remaining contributions focus on
rather general aspects regarding STEM (Abad et al.; Banchefsky
et al; Luttenberger, Steinlechner et al.; Sdinz et al; Safy and
Kampa, as well as Vinni-Laakso et al.).

FACILITATION GENDERED PATHWAYS
INTO STEM

Luttenberger, Steinlechner et al. finally comment on the
development on an individual’s STEM pathway from interests to
a career goal and choice actions and its respective facilitation by
shedding light on the importance of early career-related learning
experiences as well as on removing external barriers on the path
into STEM.
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It is a common belief that males have superior visuospatial abilities and that differences
in this and other cognitive domains (e.g., math) contribute to the reduced interest and
low representation of girls and women in STEM education and professions. However,
previous studies show that gender-related implicit associations and explicit beliefs,
as well as situational variables, might affect cognitive performance in those gender-
stereotyped domains and produce between-gender spurious differences. Therefore,
the present study aimed to provide information on when, how and who might be
affected by the situational reactivation of stereotypic gender-science beliefs/associations
while performing a 3D mental rotation chronometric task (S3DMRT). More specifically,
we assessed the explicit beliefs and implicit associations (by the Implicit Association
Test) held by female and male students of humanities and STEM majors and compared
their performance in a SDMRT after receiving stereotype- congruent, incongruent and
nullifying experimental instructions. Our results show that implicit stereotypic gender-
science associations correlate with SDMRT performance in both females and males,
but that inter-gender differences emerge only under stereotype-reactivating conditions.
We also found that changes in self-confidence mediate these instructions’ effects and
that academic specialization moderates them, hence promoting 3DMRT performance
differences between male and female humanities, but not STEM, students. Taken
together, these observations suggest that the common statement “males have superior
mental rotation abilities” simplifies a much more complex reality and might promote
stereotypes which, in turn, might induce artefactual performance differences between
females and males in such tasks.

Keywords: gender stereotypes, stereotype threat, mental rotation, implicit association test, STEM

INTRODUCTION

Although in elementary, middle, and high school, girls and boys take math and science courses
in roughly equal numbers, only around 20 percent of STEM graduates are women, a number
that declines even further in the workplace (Hill et al., 2010; European Commission, 2016).
Because STEM related careers are expected to grow faster than the average rate for all occupations
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(National Science Board, 2010) and are among the best
paid jobs (National Association of Colleges and Employers,
2009; European Commission, 2016), the underrepresentation of
women in STEM studies severely increases the risk of exclusion
and precarization in their future incorporation into the labor
market. Yet, this is not only a problem for women. The absence
of women from STEM education and careers is a waste of talent
for those fields (European Commission, 2014; Norland et al.,
2016) and also an economic cost for society as a whole. Indeed,
it has been estimated that closing the gender gap in the STEM
field would increase the EU GDP per capita by 0.7-0.9% in
2030 and by 2.2-3.0% in 2050 (Maceira, 2017). Accordingly,
the gender segregation that characterizes the STEM field at
the educational and professional level is seen with increasing
social and institutional concern (Hill et al., 2010; European
Commission, 2016).

The underrepresentation of women in STEM studies and
professions has been traditionally considered a consequence of
an innate higher proficiency of males in math and visuospatial
abilities (Benbow et al., 2000; Baron-Cohen, 2004). Popularized
through expressions such as “math is hard for girls” (Barbie, 1994,
see Ben-Zeev et al., 2005) or “women cannot read maps” (Pease
and Pease, 2004), the notion that males excel over females in
these cognitive domains has become a widely shared social belief.
However, scientific evidence does not support these claims and
presents a much more complex reality (Ceci et al., 2009; Wang
and Degol, 2013).

Thus, although older studies regularly identified a males
advantage in math performance (Glennon and Callahan, 1968;
Maccoby and Jacklin, 1974; Benbow and Stanley, 1980, 1983),
more recent large-sample studies and metaanalyses have revealed
that gender differences in mathematics achievement tend to
be inconsistent and small (d = 0.05, Lindberg et al., 2010;
d = 0.06; Voyer and Voyer, 2014). Moreover, the size and even
the direction of average gender differences in math performance
widely varies among countries (ds ranging —0.42 to 0.40, Else-
Quest et al, 2010; OECD, 2016) and they are correlated to
national gender equity indexes (Reilly, 2012). Similarly, the
proportion of females and males scoring at the 95th or 99th
percentiles also differ among countries (Guiso et al., 2008; Machin
and Pekkarinen, 2008) and they are highly correlated to national
gender equality indexes, (Guiso et al., 2008; Hyde and Mertz,
2009). Finally, theoretical models demonstrate that the number
of women in STEM studies and professions is substantially lower
than that predicted from their math performance (Hyde and
Mertz, 2009). Taken together, these and other data (reviewed
in Spelke, 2005; Halpern et al., 2007; Ceci et al.,, 2009; Wang
and Degol, 2013) strongly argue against the notion that males
have innate or “hard-wired” superior math abilities that could
account for the underrepresentation of women in STEM studies
and occupations.

On the other hand, spatial ability is the cognitive domain
in which differences between males and females are most
commonly replicated and reported (Voyer et al., 1995; Hyde,
2014). Among the tasks in which such differences are observed,
mental rotation tasks (MRT) produce the largest effects (Linn
and Petersen, 1985; Halpern, 2013), which meta-analyses and

large-sample studies have estimated as being medium to large
(Linn and Petersen, 1985; Voyer et al., 1995; Peters et al., 2007;
Hyde, 2014). Conversely to what has been observed for math,
gender differences in MRT are observed in all countries
(Silverman et al., 2007) and their size do not seem to have
declined over time (Masters and Sanders, 1993).

Given their high replicability, males-females’ differences in
MRT performance have been traditionally regarded as
differences” in visuospatial competence that arise from brain
specializations imposed by the organizing actions of testosterone
during prenatal development (Grimshaw et al., 1995; Baron-
Cohen, 2004; Kempel et al., 2005; Peters et al., 2007; Vuoksimaa
et al., 2010) and/or from the sexual division of labor in human
early evolutionary history (Silverman and Eals, 1992; Silverman
et al., 2007). However, despite its popularity both inside and
outside the scientific realm, the empirical evidence that supports
these views is far from conclusive (Fausto-Sterling, 2003; Jones
et al, 2003; Jordan-Young, 2010). Indeed, there is a poor
correlation between visuospatial abilities and the indirect indices
of prenatal testosterone exposure (Puts et al, 2008) and the
“sex differences” regularly observed in this cognitive domain
are moderated by subjects’ age (Geiser et al., 2008; Titze et al.,
2010), experience and training (Uttal et al., 2012) as well as by
task-related factors [e.g., time constrains (Voyer, 2011; Maeda
and Yoon, 2013; kinds of stimuli (Alexander and Evardone,
2008; Ruthsatz et al., 2017)]. Furthermore, the biological and
socio-cultural factors traditionally assigned to sex and gender
are irremediably entangled and, in practice, it is not possible
to separate their relative contribution to males and females
behaviors as they form a complex set of intertwined influences,
referred to as sex/gender (Fausto-Sterling, 2003; Kaiser et al.,
2009; Springer et al., 2012). Accordingly, the study of behavioral
and cognitive similarities, and the differences between females
and males, require more complex and integrative formulations
than those provided by traditional categorical divides (e.g., male
vs. female; biological vs. social, etc.), and should incorporate
the interactions among predisposing, experiential and situational
variables (Jordan-Young and Rumiati, 2012; Springer et al., 2012;
Rippon et al.,, 2014).

In line with this, accumulated evidence indicates that factors
traditionally assigned to “gender” might boost the differences in
MRT performance ordinarily attributed to “sex.” Indeed, it is
well known that stereotypic beliefs about cognitive female-male
differences can exert long-term effects on the acquisition of both
interests and skills (Eccles, 1987; Bussey and Bandura, 1999), but
may also have more immediate effects by affecting performance
when situationally activated. Thus ever since childhood, self- or
others’ endorsement of commonly held stereotypic beliefs and
implicit associations about genders (e.g., “science-male”; Nosek
et al., 2002) reduce female performance in cognitive domains
culturally viewed as “masculine” (e.g., math; Ambady et al,
2001; Beilock et al., 2010; Cvencek et al., 2011), and dwindle
their interest in pursuing STEM-related studies and professions
(Schmader et al., 2004; Kiefer and Sekaquaptewa, 2007a; Watt
etal., 2012; Wang and Degol, 2013; Ertl et al., 2017).

Cognitive performance may also be affected by mere
awareness of, rather than belief in, stereotypes of the different

«
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abilities of targeted groups of persons. Thus when situational
variables implicitly or explicitly activate stereotypes, they might
induce a so-called ‘stereotype threat’ in the negatively stereotyped
group members, and promote a reduction in their confidence and
cognitive performance in those tasks perceived as being relevant
to the activated stereotype (Steele and Aronson, 1995; Maass
and Cadinu, 2003; Pennington et al., 2016). Accordingly, several
studies have shown that the situational cues (e.g., received task
instructions) that explicitly state or implicitly activate gender-
related stereotypes reduce females’ performance in experimental
tasks and tests measuring visuospatial abilities (McGlone and
Aronson, 2006; Mo¢ and Pazzaglia, 2006; Campbell and Collaer,
2009; Hausmann et al., 2009; Heil et al., 2012; Neuburger et al,,
2015). However by encouraging downward social comparisons
with a denigrated outgroup, the same situational conditions
to promote stereotype reactivation might boost self-confidence
and performance in non-negatively stereotyped groups (Blanton
et al., 1999; Walton and Cohen, 2003). Accordingly, the explicit
or implicit activation of stereotypes on the allegedly different
visuospatial abilities of males and females also results in increased
male performance in MRT (Mo¢ and Pazzaglia, 2006; Campbell
and Collaer, 2009; Hausmann et al., 2009), and in other cognitive
domains ordinarily perceived as “masculine” (e.g., math; Kiefer
and Sekaquaptewa, 2007b).

Although these and other studies clearly establish that
endorsement, implicit interiorization or situational activation
of gender-related stereotypes might promote opposite effects in
males and females’ performance in math and visuospatial tasks,
less is known about the individual variables that can moderate
these effects (Maass and Cadinu, 2003). This is partly due to the
generalized experimental treatment of females and males as being
two distinct, but internally, homogenous groups and is also owing
to focalization on average-based comparisons. Therefore, in the
present study, we decided to compare subgroups of females and
males with presumably different degrees of visuospatial abilities
(STEM-Males > STEM-Females > HUM-Males > HUM-
Females) and stereotypic gender-science beliefs/associations
(STEM-Males = HUM-Females > HUM-Males > STEM-
Females; see Nosek and Smyth, 2011) in a mixed design that
allowed us to establish statistical relationships within, between
and across groups.

More specifically, we assessed the relationship between the
implicit and explicit gender-science biases held by a single cohort
of female and male students of STEM and humanities’ majors
and their MRT performance after receiving stereotype-congruent
(“males will do better”), stereotype-incongruent (“females will
do better”) or stereotype-nullifying (“no gender differences
are expected”’) experimental instructions. After taking into
account the results of previous studies, we hypothesized that
3DMRT performance should relate to the interactive effects
between the academic trajectory (STEM vs. humanities) and
situational variables (received instructions) rather than their
raw categorization as females or males. In this way, by
reactivating preexisting gender-related explicit beliefs/implicit
associations, the received instructions should differentially
modify 3DMRT performance in each group and promote specific
constellations of between-group differences in each experimental

condition. These differences were expected to be larger after
receiving stereotype-congruent instructions, when task difficulty
increased and among participants endorsing stereotypic views
of females and males (a more specific hypotheses’ formulation
is provided in the different subheadings of the Results section).
Moreover, correlational and linear-regression analyses were used
to specifically explore whether the influence of gender-science
biases on the participants’ 3DMRT performance was: (1) similar
in females and males; (2) similar in STEM and humanities
students; (3) similar across the different experimental conditions.
Finally, mediation analyses were used to test the a priori
hypothesis that these gender-related biases influence 3DMRT
performance by decreasing/ increasing the participants’ self-
confidence.

MATERIALS AND METHODS

This study was carried out in accordance with the
recommendations of the ethical standards of the American
Psychological Association. The protocol was approved by the
Ethics Standards Committees of the Universitat Jaume I. In
accordance with the Declaration of Helsinki all subjects gave
written informed consent prior to participating.

Participants

Participants were university students at the Universitat Jaume
I (Spain) who self-volunteered in response to an invitational
email. To be included in the study, participants had to meet
the following inclusion criteria: (1) to be in their first university
year; (2) to maintain a consistent academic specialization in
STEM or humanities since the last two high school years. The
initial sample comprised 110 subjects, but five subjects were
excluded from the statistical analysis due to incomplete reports
of relevant demographic data or to violations of the inclusion
criteria. Thus, 105 participants were included in this study (see
Table 1 for the sample details), which were subdivided into
four groups according to their self-reported gender and college
major. Two of these groups, STEM males (STEM-M; N = 30)
and Humanities females (HUM-F; N = 25), had stereotypic
gender-major combinations and the other two, STEM females
(STEM-F; N = 28) and Humanities males (HUM-M; N = 22), had
non-stereotypic gender-major combinations. All the participants
signed informed consent and their collaboration was awarded
with €20.

Measures

All the experimental tasks were programmed and presented in
individual personal computers using the Millisecond Inquisit
software package 4.0 (Millisecond®). The experimental tasks
completed by all the participants included in presentation
order: a demographic data form (on which participants
reported their gender, age and university major), a mental
rotation task, the Gender-Science implicit association
test (IAT) and a single-item question to assess explicit
beliefs on the suitability of females and males for scientific
studies/professions.
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TABLE 1 | The sample’s demographic and academic characteristics.

Males Females
Computer sciences 10 8
Engineering 20 20
Total STEM 30 28
Journalism 8 8
Education 5 15
Other humanities studies 9 2
Total HUMANITIES 22 25
Total participants 52 53
Age 19.10 £1.20 18.96 + 1.30

This table presents the number of participants of each gender and major. Male and
female participants’ ages (mean + SD) are in the bottom row.

3D Mental Rotation Task (3DMRT)

To construct our 3DMRT task, we used the stimuli set developed
and validated by Ganis and Kievit (2015). As in the classical
paper-and-pencil mental rotation task designed by Shepard
and Metzler (1971), each stimulus displays two abstract figures
(a baseline object and a target object) composed of 7-11
cubes, arranged on four arms and connected end-to-end in
a sequence. Ganis and Kievit (2015) provided eight different
stimuli variations, grouped into two main categories: four “same”
stimuli (those at which the baseline and target objects can be
made to coincide with each other through a 0°, 50°, 100°, or
150° rotation on the vertical axis) and four “different” stimuli
[whenever this is not possible, one figure arm (or more) is
flipped]. Thus, by using the different rotation angles of a single
figure, this set of stimuli allows the parametric manipulation of
task difficulty. Furthermore, since the number of cubes and other
characteristics of figures are identical in “different stimuli” and
“same stimuli,” the task cannot be carried out merely by taking
into account the number of cubes in the objects or any other
spurious cue.

Our 3DMRT comprised three phases, which correspond to
three experimental conditions, each preceded by a different set
of instructions (see Procedure). In all these experimental phases,
we used six versions (2 categories x 3 rotation angles, 50°, 100°,
and 150°) of eight different stimuli across 48 time-restricted trials
(duration: 7.5 s; ITI: 0.5 s). These time parameters were the same
as those used by Ganis and Kievit (2015) when validating the
current stimuli set. Their inclusion was a necessary control to
ensure a similar task performance pace for all the participants,
which allows administering the necessary instructions before
each experimental phase. In each trial, the computer screens
displayed a baseline (left) and a target figure (right). The target
figure could be a “same” or a “different” rotated (50, 100, or
150°) version of the baseline figure, but both figures had the
same number of cubes and arms arrangement in all cases. The
participants were asked to respond by pressing the “b” key
(masked with a green tag) on their computer keyboard if they
decided that the objects in a pair were the same, or by pressing
the “n” key (masked with a red tag) if they decided that the
two objects differed. Accuracy (number of correct responses)
and latency to respond were automatically measured and, at

the end of each phase, subjects were asked to provide (by
means of a sliding bar of 10 discrete steps) an estimation of
the percentage of correct responses achieved. This additional
requirement provided an overall measure confidence in task
execution, similar to that used by Estes and Felker (2012).

Implicit Association Test

The Implicit Association Test (Greenwald et al, 1998) is
commonly used to assess implicit stereotypic associations, such
as those which differentially link males to sciences and females
to humanities (Nosek et al,, 2002; Smyth and Nosek, 2015).
For this study, the Gender-Science IAT script provided at http:
/Iwww.millisecond.com/download/library/ (the Milisecond Test
Library) was adapted to and translated into Spanish for this study
(see Supplementary Table 1). This provided script implements the
standard IAT procedure, which consists of 7 phases.

Phase 1 (Target category sorting training; 20 trials)
Participants are asked to discriminate and classify the target
stimuli (male/female names) that appear at the center on the
screen into one of the two categories (female/male) displayed in
top corners by pressing the left (“E”) or the right ("I”) key on the
computer’s keyboard.

Phase 2 (Attribute sorting training; 20 trials)

Participants are asked to similarly classify attribute stimuli
(majors) into one of the two categories (humanities/ STEM)
displayed in the top corners of the computer’s screen using the
same keys than in the previous phase.

Phase 3 (Test block. Stereotype consistent target-attribute
pairing; 20 trials)

Participants are asked to perform a combined categorization task
by responding with the “E” key to both target and attribute
stimuli belonging to the categories (female/humanities) placed on
the left top corner and with the “I” key to both target and attribute
stimuli belonging to the categories (male/ STEM) displayed on
the right top corner of the computer screen.

Phase 4 (Test block; Stereotype consistent target-attribute
pairing)

This phase is identical to the previous one but consists of 40 trials.

Phase 5 (Target category sorting training; 20 trials)

This phase is identical to phase 1 but the target sides are switched,
so participants must classify male names by pressing the “I” key
and the female names by pressing the “E” key. Twenty trials.

Phase 6 (Test block. Stereotype inconsistent target-attribute
pairing; 20 trials)

This phase is identical to phase 3, but the category-attribute pairs
are reversed. Thus, female names and STEM majors share the
same response key (“E”) whereas the male names and humanities
majors are classified by pressing the “I” key.

Phase 7 (Test block. Stereotype inconsistent target-attribute

pairing)

This phase is identical to the previous one but consists of 40 trials.
The provided script automatically counterbalances the order

presentation of phases 3-4 and 5-6, so half of the participants
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perform first the test blocks containing stereotype consistent
trials and the other half the stereotype inconsistent test blocks.
This script also automatically calculates the so-called d-scores
(Greenwald et al., 2003). d-scores are standardized deviation
scores that range between +2 and —2, whose interpretation is
similar to that of Cohen’s d statistics. Following the general
convention, the IAT protocol used herein were arranged to
provide positive d values for stereotype-consistent associations
(e.g., “science = male/humanities = female”) and negative d values
for stereotype-inconsistent associations.

Explicit Beliefs

Participants were asked to explicitly declare and quantify their
beliefs as to whether males and females differ in their suitability
for “scientific tasks.” We literally posed this question as “Who is
better suited for science?” and the participants provided answers
by a sliding bar of 10 discrete steps. Thus, setting the bar at 1
and 10 indicated that males/females were maximally suited for
science, respectively (while setting it at 5 indicated no differences
in this respect). Individual scores were computed as 5, minus the
provided answer. In this way, and similarly to the IAT d-scores,
positive (1-4) values quantified the presumed differences to favor
males and negative (—1 to —4) values quantified the presumed
differences to favor females.

Procedure

The experiment was carried out during six different experimental
sessions, and each session involved 15-20 participants. As
group composition might create a threatening environment for
negatively stereotyped groups (Inzlicht and Ben-Zeev, 2000), we
matched the participants in each session for gender and academic
specialization into four similarly sized groups (see Supplementary
Table 2). At the beginning of each session, three female
experimenters greeted the participants in the laboratory, and they
randomly assigned them to an individual desk equipped with
a personal computer. After giving their informed consent, the
experimenters asked the participants to fill in the Demographic
data form and to wait for further instructions.

After all the participants had completed this first step, a
senior researcher introduced the 3DMRT task, and informed
them that it comprised three successive phases that should
be initiated after her explicit instructions. Before starting
each phase, and with the help of a video projection system,
the researcher explained the task generalities (goal, response
keys, etc.) and provided the specific instructions for each
experimental condition. Phases were labeled and presented to the
participants as “optimized for women,” “optimized for men” and
“neutral.” The experimenter also emphasized that the selection
of the stimuli of each phase was in accordance with previous
studies in which they proved to be differently processed and
resulted in enhanced performance for females or males, or
had led to similar results between genders, respectively. These
explanations came along with faked figures of brain scans and
bar graphs, which displayed such differential results, which also
appeared in the written instructions that the participants had
to individually read on their computer screens before starting
each phase. In order to increase distinguishability between

conditions, the stimuli of the “optimized for women,” “optimized
for men” and “neutral” conditions appeared on a pink, a
blue and a white background, respectively (see Supplementary
Figure 1). The order of these three experimental conditions was
randomized across the six experimental sessions as a strategy
to prevent any practice/learning effect (see Supplementary
Table 3).

After finishing the 3DMRT task, the same leading researcher
introduced the IAT as a word-sorting task by carefully avoiding
any reference to gender or gender-related differences and
provided the pertinent instructions for its completion. This
cautious introduction to the IAT intended to minimize the
chance of any carry-over effects from previous experimental
phases. The provided instructions, which emphasized responding
quickly, but accurately, also came in writing, shown on the
individual screen of each participant’s computer before starting
the IAT.

Finally, participants were instructed to answer a single explicit
question to assess their beliefs as to whether males or females are
more capacitated for science (see Explicit Beliefs in the Measures
section). Once they answered this question, participants were
thanked and economically rewarded for their participation.

Data and Statistical Analyses

All the data included in the present study are provided as
Supplementary Material (Supplementary Data Sheet S1). Data
were analyzed using SPSS 23 (IBM Corp.) and PRISM 7.0
(GraphPad Inc.) for Mac OS X. Figures were constructed using
PRISM 7.0 GraphPad Inc.).

One-sample Student’s t-tests were used to evaluate whether
or not the explicit beliefs and implicit associations held by
each group of participants were significantly different from zero.
Between-group differences in these variables as well as in the
observed and expected 3DMRT performance were evaluated
by design-appropriate ANOVAs, followed by Tuckey HSD
post hoc comparisons. The relationship between explicit and
implicit gender-related biases and observed/expected 3DMRT
performance was initially evaluated by means of Pearson’s r
correlation index. However, in a second step, linear-regression-
based procedures were used to explore in further detail the
relationship between the IAT scores and observed/ expected
3DMRT performance scores. These more fine-grained analyses
included: (1) the evaluation of a possible moderating effect of
academic specialization on the influence of implicit gender-
science associations over the observed and expected 3DMRT
performance scores; (2) The evaluation of a possible mediatory
role of confidence on the effects of these implicit associations on
the observed 3DMRT performance.

RESULTS

Explicit Beliefs and Implicit Associations
H1: The participants, especially those of groups with gender-
major stereotypic combinations, will hold explicit beliefs and
implicit associations that preferentially link science to males and
humanities to females.
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FIGURE 1 | Explicit beliefs and implicit associations. (A) Depicts explicit
beliefs as to a different suitability of males and females for science
studies/professions. (B) lllustrates the d-scores for IAT Gender-Science.
*Significantly different from zero, p < 0.05; letters denote statistically
significant differences between groups: A different from STEM-Males,
B different from HUM-Males, C different from STEM-Females and D different
from HUM-Females (capital letters, p < 0.01; lowercase letters, p < 0.05).

To ascertain whether or not the participants held explicit
beliefs as to a differential suitability of females and males for
science, one-sample Student’s t-tests were used. As shown in
Figure 1A, the size of this belief significantly differed from
zero in HUM-Males (f3; = 2.309, p < 0.05) and HUM-Females
(t24 = 2.520, p < 0.05), and approached statistical significance
in the STEM-Males group (t29 = 1.756, p = 0.09). In a second
step, we analyzed the between-group differences by means of one-
way ANOVA. The group factor reached statistical significance
(F3,101 = 2.86; p < 0.05; nf’ = 0.091) which, as revealed by
the Tukey HSD post hoc comparisons, was driven solely by a
difference between the HUM-Females and the STEM-Females
groups (p < 0.05, Cohen’s d = 0.739).

On the other hand, one-sample Student’s ¢-test revealed
that STEM-Males (t; = 12.29, p < 0.001), HUM-Males
(t21 = 2.46, p < 0.05) and HUM-Females (t4 = 8.24, p < 0.001),

but not STEM-Females (t,; = —0.872, p = 0.391), exhibited
a  significant  implicit = “male-science/female-humanities”
stereotypic association (Figure 2B). A one-way ANOVA
(F3,101 = 18.12, p < 0.001; nf, = 0.350) yielded a group effect
on the size of this bias. The Tukey HSD post hoc comparisons
revealed that this bias was larger in groups with gender-major
stereotypic combinations than in those with non-stereotypic
combinations (STEM-Males > HUM-Males: p < 0.05, Cohen’s
d = 1.01; STEM-Males > STEM-Females: p < 0.01, Cohen’s
d = 1.74; HUM-Females > HUM-Males: p < 0.05; Cohen’s
d = 0.89; HUM-Females > STEM-Females: p < 0.01; Cohen’s
d = 1.57). This bias was also larger in HUM-males than in
STEM-Females (p < 0.05; Cohen’s d = 0.65).

These results confirmed Hypothesis 1. However, explicit
beliefs and implicit associations are two distinct cognitive
and poorly correlated (r = 0.147, p = 0.134) constructs
and, only in the second one, the groups with gender-major
stereotypic combinations (STEM-Males and HUM-Females)
clearly obtained higher bias scores than those with non-
stereotypic combinations (STEM-Females and HUM-Males).

3DMRT Observed Performance
H2: The experimental groups will differ in their
observed 3DMRT performance (STEM-Males > STEM-
Females > HUM-Males > HUM-Females).

H3: The received instructions will differentially modify
3DMRT performance in each group and will hence lead to
specific constellations of between-group differences in each
experimental phase.

H4: The ability of the experimental instructions to promote
gender-related differences in 3DMRT performance will
increase with task difficulty.

3DMRT performance was assessed by two main variables:
latency to respond and the number of correct responses. As
latencies to respond did not differ between groups for any
experimental condition (Supplementary Table 4), we do not
discuss them further.

Regarding the number of correct responses (Figure 2A), a
two-way repeated measures ANOVA revealed a significant effect
for the group factor (F3,101 = 17.16, p < 0.001; nf, = 0.338), but
not for the condition factor (F; 202 = 3.08, p = 0.18), although the
interaction between both factors was significant (Fg 202 = 2.98,
p < 0.001; nf, = 0.160). This significant group x condition
interaction allowed us to explore how the performance of each
group varied across the three experimental conditions (within
group comparisons) as well as the between group differences for
each one.

Effects of the Received Instructions in Each
Experimental Phase (Within Group Comparisons)

The Tukey HSD-based comparisons showed that the
performance of the two STEM groups remained largely
stable across the three experimental conditions. However, the
less conservative Student’s ¢-tests for related samples revealed
a slight enhancement of STEM-Females’ performance for the
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FIGURE 2 | 3DMRT observed and expected performance. (A) Depicts the
observed performance (mean + SEM of the number of correct responses) in a
mental rotation task run under three experimental conditions (“neutral,”
“optimized for men” and “optimized for women”). (B) lllustrates the
relationship between task difficulty (rotation angle) and 3SDMRT observed
performance (mean + SEM of correct responses) for each participant’s group
for the “optimized for men” condition. (C) Shows expected performance
(mean + SEM of the participants’ expected percentage of correct responses)
as a measure of task execution confidence in each experimental phase (see
the Measures section for details). Note that in (A,B), the Y-axis were adjusted
to denote optimal and chance levels performance [*Significantly different from
HUM groups; " Significantly different from STEM groups; *Significantly different
from HUM-Males; &Significantly different from HUM-Females; N, n Significantly
different from the “neutral” condition (p < 0.01 and p < 0.05, respectively);

W Significantly different from the “optimized for women condition” (p < 0.01);
m Significantly different from the “optimized for men” condition (p < 0.05); a
Significantly different from the 50° rotation angle (o < 0.05)].

“optimized for women” condition compared to the other two
(“neutral”: tp7 = 2.075, p = 0.048; Cohen’s d = 0.332; “optimized
for males™: tp7 = 2.655, p = 0.013; Cohen’s d = 0.352). The same
t-test based analysis did not reveal any significant variation in
the STEM-Males group.

The experimental phase had more pronounced effects on the
HUM groups. The intra-group Tukey HSD-based comparisons
revealed that HUM-Females' performance dropped for the
“optimized for men” condition to become lower than under the
“neutral” (p < 0.05, Cohen’s d = —0.364) and the “optimized
for women” (p < 0.05 Cohen’s d = —0.528) conditions.
Conversely, HUM-Males displayed increased performance under
the “optimized for men” condition, which became significantly
higher (p < 0.05, Cohen’s d = 0.318) than for the “neutral”
condition.

Between-Group Differences in Each Experimental
Phase

Under all the experimental conditions STEM-Females and
STEM-Males outperformed HUM-Females and HUM-Males
(Tukey HSD p < 0.01; Cohen’s d, ranging from 0.98 to 1.83),
but no differences between the two STEM groups were observed.
HUM-Males outperformed HUM-Females for the “optimized for
men” condition (p < 0.05, Cohen’s d = 0.557), but not for any
other experimental condition.

Taken together, these results confirmed Hypotheses 2 and 3 by
showing that the 3DMRT performance of STEM-Males, STEM-
Females, HUM-Males and HUM-Females differed, and that some
of their differences (remarkably those between genders) only
arose when receiving gender-loaded task instructions.

Task Difficulty and Gender-Related Differences in
3DMRT Observed Performance

Figure 2B depicts the relationship between task difficulty
(rotation angle) and the observed 3DMRT performance for
each participants group for the “optimized for men” condition
(the only one at which we observed gender-related differences).
A two-way repeated measures ANOVA yielded significant
group (F3101 = 17.16, p < 0.001; nf, = 0.338), rotation angle
(F2202= 1490, p < 0.001; ny = 0.128) and interaction
(Fo,202 = 2.29, p < 0.05; 1 = 0.064) effects.

All the groups showed rotation-related decreases in
performance but, as revealed by the Tukey HSD post hoc
comparisons, this effect was statistically significant only in
HUM-Females (50° vs. 100° p < 0.01, Cohen’s d = 0.557; 50°
vs. 150° p < 0.001, Cohen’s d = 0.977). The between-group
comparisons revealed that the two STEM groups outperformed
both HUMs groups, regardless of the rotation angle (p < 0.01
in all cases). Moreover, when difficulty was maximal (150°)
HUM-Females gave fewer correct responses than HUM-
Males (p < 0.05, Cohen’s d = 0.656), which hence confirms
Hypothesis 4.

Participants’ Expected SDMRT

Performance
H5: The received instructions will differentially modify the
self-reported expected performance (confidence) in each
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group, which will then result in specific patterns of between-
group differences in each experimental phase.

Figure 2C depicts the participants’ expected percentage of
correct responses for each experimental condition. A two-way
repeated measures ANOVA vyielded significant effects for the
group factor (F3 101 = 6.94, p < 0.001; nf) = 0.171) and for
the group x experimental condition interaction (Fg 202 = 5.36,
p < 0.0L; nf) = 0.137). This significant group x condition
interaction allowed us to explore how this self-reported index
of the participants confidence varied within each group across
the three experimental conditions as well as the between-group
differences in this variable under each experimental condition.

Effects of the Received Instructions in Participants’
Expected Performance in Each Experimental Phase
(Within-Group Comparisons)

STEM males showed stable levels of expected performance
across all the experimental phases. Conversely, all the other
groups exhibited significant variations of expected performance
depending on the received instructions. Thus HUM-Females’
expected performance dropped under the “optimized for men
condition” and hence became significantly lower than for the
“neutral” condition; Tukey HSD p < 0.05, Cohen’s d = 0.471).
The opposite effect appeared for HUM-Males, with enhanced
expected performance under the “optimized for men” condition
(Tukey HSD p < 0.01, Cohen’s d = 0.566 and Tukey HSD
p < 0.001, Cohen’s d = 0.657 compared to the “neutral”
and the “optimized for women” conditions, respectively).
Finally, the Students t-tests for related samples, but not the
Tukey HSD-based comparisons, revealed a selective increase in
STEM-Females’ expected performance under the “optimized for
women” condition (¢,7 = 2.741, p = 0.01; Cohen’s d = 0.261 and
ty7 = 1.780, p = 0.08 compared to the “optimized for men” and
“neutral” condition, respectively).

Between-Group Differences in Each Experimental
Phase

The Tukey HSD post hoc comparisons revealed that HUM-
Females had the lowest expected performance (confidence)
scores in all the experimental phases. Thus, for the “neutral”
condition, only the HUM-Females and the STEM-Males groups
significantly differed (p < 0.01, Cohen’s d = 0.881). For the
“optimized for women condition,” HUM-Females reported lower
expected performance scores than STEM-Males (p < 0.01,
Cohen’s d = 0.932), and also than STEM-Females (p < 0.01,
Cohen’s d = 1.028). Finally, under the “optimized for men”
condition, the HUM-Females group differed from all the other
groups: STEM-Males (p < 0.001, Cohen’s d = 1.314), STEM-
Females (p < 0.02, Cohen’s d = 0.789) and HUM-Males
(p <0.001, Cohen’s d = 1.138).

Taken together, the results of Sections “Effects of the
Received Instructions in Participants’ Expected Performance
in Each Experimental Phase (Within-Group Comparisons)”
and “Between-Group Differences in Each Experimental Phase”
confirmed hypothesis 5.

Relationships Between Variables
H6: Observed and expected 3DMRT performance will be
directly related between them, and will also show gender-
dependent correlations with explicit beliefs and implicit
associations preferentially linking males and science.

Observed and expected 3DMRT performance directly

correlated with one another: (“neutral” condition r = 0.536,
p < 0.000; “optimized for the men” condition r = 0.596,
p < 0.000; “optimized for the women” condition r = 0.468,

p < 0.000). Moreover, these performance-related variables
correlated in a gender-dependent manner with the explicit and,
more notably, the implicit “gender-science” biases (Table 2).

The Table 2 results confirm Hypothesis 6 and also show that
the implicit “male-science/female humanities” associations are
more closely related to 3DMRT performance than explicit beliefs.
These results also indicate that the same “male-science/female-
humanities” association might have opposite functional
consequences on female and male 3DMRT performance.

In order to confirm this last observation, we calculated an
IAT-derived “influence” index. More specifically, females IAT
scores were multiplied by —1, and those of males by 1. This
transformation does not change the strength of the implicit
Gender-Science associations revealed by the IAT, but slightly
modifies the interpretation of the performed correlations, which
now provide an index of the expectable “influence” of these
implicit gender-related associations on 3DMRT performance
rather than a plain measure of their co-variation. As expected,
this IAT-derived “influence” index correlated directly with the
observed 3DMRT performance (“neutral” condition: r = 0.246,
p < 0.02; “optimized for males” condition: = 0.425, p < 0.000;
“optimized for females” condition: r = 0.319, p < 0.001). Similar
correlations were found for expected 3DMRT performance
(“neutral” condition: r = 0.204, p < 0.04; “optimized for
males” condition: r = 0.400, p < 0.000; “optimized for females”
condition: r = 0.277, p < 0.005).

By means of this IAT-derived “influence” index, we sought to
investigate three additional research questions:

(Ql) Does the implicit “male-science/female humanities”
association equally affect 3DMRT observed and expected
performance in STEM and humanities students?

To answer this question, we used the regression-based
moderation testing procedure proposed by Baron and Kenny
(1986). Because the highest correlations between IAT-derived
“influence” scores and performance measures were observed
for the “optimized for men,” we focused on this condition.
Regarding observed performance (Figure 3A), the slope of the
regression line for the HUM group significantly differed from
zero (Fj 45 = 4.47, p = 0.04), unlike that calculated for the
STEM group (Fi,56 = 1.01, p = 0.31). These slopes showed a
clear trend toward being significantly different between them
(Z = 1.48, p = 0.06). Similarly, as shown in Figure 3B, the slope
of the regression line for the expected performance of the HUM
(F1,45 = 16.25, p < 0.001), but not that of the STEM groups
(F1,56 = 1.24, p = 0.26), significantly differed from zero, and
yielded a significant inter-groups difference in this case (Z = 2.19,
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TABLE 2 | Correlations by gender.

Explicit Implicit
Females Males Females Males
Correct responses “neutral” condition r=-0.277 r=0.053 r=-0.299 r =0.330
p = 0.044 p=0.710 p = 0.030 p =0.017
Correct responses “optimized for men” condition r = —0.366 r=-0.030 r=-0.433 r = 0.304
p = 0.007 p=0.834 p = 0.001 p = 0.029
50° r=-0.311 r=-0.042 r=-0.352 r=0.260
p =0.023 p=0.765 p =0.010 p =0.060
100° r =—-0.280 r=-0.146 r = —0.356 r=0.124
p = 0.042 p =0.302 p = 0.009 p =0.383
150° r =-0.327 r=-0.215 r=—0.452 r=0.239
p =0.017 p=0.125 p = 0.001 p =0.087
Correct responses “optimized for women” condition r=-0.276 r=-0.153 r=-0.470 r =0.345
p = 0.045 p =0.280 p < 0.000 p =0.012
Expected correct responses “neutral” condition r=-0.139 r=0.005 r=-0.018 r =0.303
p =0.322 p =0.996 p =0.898 p = 0.029
Expected correct responses “optimized for men” condition r=-0.253 r=-0.022 r=-0.260 r=0.199
p =0.067 p=0.878 p =0.060 p=0.157
Expected correct responses “optimized for women” condition r=-0.318 r=-0.014 r=-0.310 r =0.337
p = 0.020 p =0.920 p =0.024 p =0.014

Pearson’s r index was used to quantify the correlation between Gender-Science explicit beliefs and implicit associations (IAT d scores) and the different indexes of SDMRT

performance. Statistically significant correlations (p < 0.05) are highlighted in bold.

p = 0.01). These results confirmed that academic specialization
is a significant moderator of the IAT Gender-Science “influence”
on the observed and expected 3DMRT performance, and revealed
that this bias exclusively affected HUM students.

Confirming these results, we found significant correlations
between the IAT “influence” scores and the observed and
expected performance in HUM, but not in STEM, students
(Table 3). The same correlational analysis revealed that the
“influence” of the implicit “male-science/female-humanities”
association on observed and expected 3DMRT performance
varied for the different experimental conditions (see below).

(Q2) When do implicit biases affect expected and observed
3DMRT performance?

Several results of the present study were suggestive of a
specific effect of the implicit “male-science/female humanities”
association on the observed and expected 3DMRT performance
of HUM, but not of STEM, students for the “optimized for men”
condition. In order to confirm these effects and to explore their
specificity, we ran a series of regression analyses.

As shown in Table 4A, the IAT “influence” scores (but
not gender, age, university major, or explicit beliefs) achieved
statistical significance as predictors of the observed 3DMRT
performance of HUM students for the “optimized for men”
condition. Similarly, the IAT “influence” was the only significant
predictor of the expected performance of HUM students under
this experimental condition (Table 4B). Conversely, neither
the TAT “influence,” nor gender, age, university major or
explicit beliefs achieved statistical significance as predictors of
3DMRT observed or expected performance of HUM students

for the “neutral” or the “optimized for women” conditions,
nor as predictors of STEM students’ performance. Therefore, a
specific effect of the implicit “male-science/female humanities”
association on HUM students 3DMRT performance was
confirmed.

(Q3) Does expected performance (confidence) mediate
the effects of implicit “male-science/female-humanities”
association on 3DMRT observed performance?

Previous studies (Steele, 1997; Walton and Cohen, 2003;
Estes and Felker, 2012) have suggested that, by reducing
confidence, gender stereotypes promote decrease female
performance in “male cognitive domains,” such as math or
mental rotation. Therefore, we sought to explore whether our
measure of confidence (expected performance) would mediate
the “influence” of implicit gender-science associations on the
3DMRT observed performance. Taking into account all the
previous results of our own study, we should solely observe this
effect in HUM students (the only ones who displayed gender-
related differences) and under the “optimized for men” condition
(the only one at which we observed these differences). We tested
this a priori hypothesis following the regression method for
simple mediation described by Baron and Kenny (1986).

As shown in Figure 4, when the IAT “influence” and expected
performance scores were simultaneously included in a single
regression equation, only the second remained a strong predictor
(B = 0.674, p < 0.000) of observed performance, while the
predictive value of IAT “influence” scores’ came very close
to zero (B = —0.047, p = 0.727. That is, when the effect
of confidence was taken into account, the influence of the
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implicit “male-science/female-humanities” association in HUM
students’ 3DMRT performance was entirely eliminated. The
specificity of this mediatory effect was ratified by testing several
alternative models with the same regression-based procedure.
These additional tests included assessing: (1) the same model
in STEM students under the “optimized for men” condition;
(2) the same model in HUM students under the “neutral”
and “optimized for women” conditions; (3) the reverse model
(observed performance mediates expected performance of HUM
students under the “optimized for men” condition). As expected,
the results of all these tests were negative (for details, see the
figures and text included in the Supplementary Materials Image 1
file).

DISCUSSION

Our main results can be summarized as follows: (1) university
students hold explicit beliefs and implicit associations that
preferentially link science to males and humanities to females;
(2) participants’ science-related beliefs and associations vary
according to an academic specialization (STEM vs. humanities)
per gender interaction; (3) under experimental conditions
specifically aimed to nullify or counteract these participants’
stereotypic beliefs and associations, academic specialization was
the only relevant predictor of 3DMRT performance; (4) when
the received experimental instructions reactivated participants’
stereotypes on gender-visuospatial abilities, explicit beliefs and,
more significantly, gender-science implicit associations, were
able to affect 3DMRT performance; (5) changes in confidence
mediated these effects and academic specialization moderated
them.

Explicit and Implicit Gender-Science

Biases

The stereotypical notion of males being more suited for science
was explicitly endorsed by the HUM-Males and, to a larger extent,
by the HUM-Females groups (Figure 1A). As expected from
previous studies (Greenwald and Banaji, 1995; Nosek et al., 2002),
this explicit belief did not significantly correlate with the implicit
Gender-Science associations revealed by the IAT and correlated
solely with 3DMRT performance in females, but not in males
(Table 2). This observation, together with the results of our linear
regression-based analyses (see Table 4, but also Supplementary
Tables 5-7) and those of some previous studies (Hyde et al,
1990; Schmader et al., 2004; Nosek et al., 2009), suggest that
explicit gender-science beliefs are less accurate predictors and/or
less powerful influencers of cognitive performance than implicit
attitudes.

The participants also exhibited an implicit “science-
male/humanities-female” association that correlated significantly
with the 3DMRT performance in both females and males
(Table 2). This bias was larger among the gender-major
stereotypic combination groups (STEM-Males = HUM-Females;
Figure 1B) than in those with non-stereotypic combinations
(HUM-Males > STEM-Females). This observation is in
agreement with cognitive-consistency principles (Nosek et al.,
2002), with the results of a massive online survey conducted
with college-educated people (Smyth and Nosek, 2015), and
also with studies which show that STEM-majoring females
hold weaker implicit gender-math stereotypes than both
males from the same field and female and male humanities
students (Nosek and Smyth, 2011; Smeding, 2012). Taken
together, these studies suggest that the implicit “science-
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TABLE 3 | Correlations between the IAT “influence” scores and 3DMRT performance in HUM and STEM students.

HUM STEM
Correct responses “neutral” condition r=-0.044 r=0.171
p=0.771 p =0.200
Correct responses “optimized for men” condition r =0.300 r=0.121
p =0.04 p =0.367
50° r=0.157 r=0.123
p =0.802 p =0.357
100° r=0.107 r=0.123
p=0.473 p = 0.341
150° r=0.287 r=0.127
p =0.05 p =0.341
Correct responses “optimized for women” condition r=0.072 r=0.123
p =0.630 p =0.357
Expected correct responses “neutral” condition r=0.038 r=0.005
p =0.802 p=0.971
Expected correct responses “optimized for men” condition r=0.515 r=0.092
p < 0.000 p=0.494
Expected correct responses “optimized for women” condition r=0.233 r=0.056
p=0.114 p=0.676

Pearson’s r correlation indices and associated p-values are provided. Statistically significant correlations (p < 0.05) are in bold.

male/humanities-female” association is highly related to
academic/ professional career orientation. Moreover, since
our study was conducted in freshman students, our results
show that this implicit association is acquired before starting
university and suggest that it might influence the students’
choice of college major, hence contributing to the asymmetrical
representation of girls and boys in STEM and humanities
studies.

Interaction Between Implicit
Associations and “Neutralizing,”
“Stereotypic” and “Counter-Stereotypic”
Instructions and Its Effects on SDMRT

Performance

When interacting with situational cues (received instructions),
the implicit “male-science/female-humanities” association was
able to influence 3DMRT performance. As expected, the effects
of this implicit bias were substantially smaller when arranging
situational cues to nullify latent stereotypes (“neutral” condition)
than under the experimental conditions which aimed to activate
them (see the correlation values in Tables 2, 3). Indeed,
under this “stereotypes’ neutralizing condition,” STEM-students
outperformed HUM-students, and no gender-related differences
between these high and low performance groups were found
(Figure 2A). Accordingly, regression analyses revealed that
neither gender nor gender-related explicit beliefs or implicit
associations were relevant predictors of 3DMRT performance
under this experimental condition, which was significantly
related only to academic specialization (see Supplementary
Table 5). Thus our results confirm those of previous studies
(Quinn and Spencer, 2001; Campbell and Collaer, 2009;
Marchand and Taasoobshirazi, 2013), which also observed

that stereotype nullification by experimenter-controlled cues
suppressed gender-related differences in visuospatial abilities
and other cognitive domains for which males’ superiority
has been traditionally reported. As discussed below, these
observations have important theoretical implications in the
study and interpretation of “sex-differences” but also practical
implications when trying to design educational interventions
aimed to increase the representation of girls and women in STEM
majors and professions.

The introduction of counter-stereotypic gender-related
instructions (“optimized for women condition”) did not
substantially change the groups 3DMRT performance. In
this atypical situation, STEM-students displayed higher task
accuracy than HUM-students but, once again, no gender-
related differences were found (Figure 2A). Accordingly,
linear regression-based analyses revealed that academic
specialization, but not participants gender, gender-related
beliefs or implicit associations, became a significant predictor
of 3DMRT performance under this experimental condition (see
Supplementary Table 7). However, the “optimized for women”
and “neutral” conditions were not identical as only the former
promoted a slight enhancement of observed and expected
performance in STEM-, but not HUM-, females (Figures 2A,C).
The different reaction of STEM- and HUM-Females to counter-
stereotypic instructions could lie in their distinct a priori beliefs
and implicit associations (Figure 1). Thus, lacking any explicit
or implicit Gender-Science bias, STEM-Females benefited
from females’ encouraging instructions, whereas the high and
self-demoting biases held by HUM-Females made it impossible
for them to benefit from the same positive endorsement. These
observations replicate those made in previous studies (Moe
and Pazzaglia, 2006; Wraga et al., 2006; Moe, 2009; Heil et al.,
2012), which also found that instructions which stressed females’
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TABLE 4 | Step-forward linear regression of the (A) observed and (B) expected performance of HUM students for the “optimized for men” condition.

Beta t p-value
(A) Observed performance
Included in the Constant - 26.45 <0.000
model IAT “influence” 0.300 2.11 0.04
Excluded from Age 0.194 1.33 0.18
the regression Gender -0.107 —0.51 0.60
model University major —0.182 —1.24 0.21
Gender-science explicit belief —0.232 1.65 0.10
Model summary R Adjusted R? p-value
0.300 0.07 0.04
(B) Expected performance
Included in the model Constant - 25.26 <0.000
IAT “influence” 0.515 4.02 <0.000
Excluded from Age 0.197 1.51 0.13
the regression Gender -0.27 —1.50 0.14
model University major —0.124 —1.24 0.35
Gender-science explicit belief —-0.178 —1.39 0.16
Model summary R Adjusted R? p-value
0.515 0.249 <0.000

Separate stepwise forward linear regression analyses were conducted in the HUM and STEM groups to compare the predictive power of the IAT “influence” scores and
of other possible predictors on the SDMRT observed and expected performance at each experimental condition. For these analyses, nominal variables were coded as
follows: gender (males = 1, females = 2) and university major (computer sciences = 1, engineering = 2, journalism = 3, education = 4, other humanities’ studies = 5).
Similar regression analyses were conducted for STEM students, but no variable entered in the model).

superiority in mental rotation tasks increased their performance,
and that this increase was more marked for those females
who did not sustain a priori beliefs about males’ visuospatial
superiority (Moe and Pazzaglia, 2006). However, in line with
some (Moe, 2009; Heil et al., 2012), but not with other (Moé
and Pazzaglia, 2006; Wraga et al., 2006) preceding studies,
counter-stereotypic instructions did not bring about any change
in STEM- or HUM-Males task performance. The reasons why
these studies found distinct results remain unclear, but they
might be indicative of a relatively weaker capacity of counter-
stereotypic instructions to induce 3DMRT performance changes,
especially if they result in a threat, and/or if subjects subscribe to
the stereotypes contradicted by received instructions.

In contrast, stereotype-congruent instructions resulted in
significant gender-related changes in 3DMRT performance.
More specifically under the “optimized for men” condition,
the 3DMRT accuracy of HUM-Females markedly diminished,
but substantially increased in HUM-Males, and hence became
significantly different between them and from their own
performance under the other two experimental conditions
(Figure 2A). Thus our results agree with those of previous
studies, which have shown that experimental instructions which
explicitly state females’ inferiority in visuospatial abilities reduce
females’ performance in mental rotation tasks (Martens et al.,
2006; Mo¢ and Pazzaglia, 2006; Wraga et al., 2006; Campbell
and Collaer, 2009; Hausmann et al., 2009; Mog, 2009; Heil et al,,
2012), but increases males’ performance (Moe and Pazzaglia,
2006; Campbell and Collaer, 2009; Hausmann et al., 2009).

In line with this, it has been proposed that confidence might
underlie between gender differences in 3DMRT performance
(Estes and Felker, 2012) as well as instructions-driven

HUM-GROUPS
JAT “science” B=0.300* Observed performance
influence . »  “optimized for men”
condition
Confidence
(expected performance)
B=0-515*** “optimized for men” B=0-674***
condition
|AT “science” B=-0.047 ns Observed performance
influence R A GRGECEEEETEC » “optimized for men”
condition

FIGURE 4 | Expected performance (confidence) mediates the effects of
implicit gender-science associations. Mediation analysis was performed
according to the 3-steps regression method described by Baron and Kenny
(1986). First, we confirmed that the IAT “influence” scores predicted SDMRT
observed performance (8 = 0.300, p < 0.05). Then we confirmed that these
scores also predicted confidence (expected performance; g = 0.515,

p < 0.000) and that confidence predicted observed performance (8 = 0.650,
p < 0.000). Finally, we simultaneously included the IAT “influence” and
confidence scores as predictor variables of SDMRT observed performance in
a single regression equation. In this crucial step, only the confidence (expected
performance) scores remained as strong predictors (8 = 0.674, p < 0.000) of
observed performance, while the predictive value of IAT “influence” scores
became almost zero (3 = -0.047, p = 0.727), hence revealing a near complete
mediatory effect of confidence (*p < 0.05, ***p < 0.000; ns, non-significant).

performance changes in gender-stereotyped cognitive domains
(Steele, 1997; Walton and Cohen, 2003). More specifically, it
has been suggested that stereotype reactivation might induce
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a self-confidence threat that disrupts task performance in the
negatively stereotyped group (Schmader et al., 2008), but may
induce a self-confidence boost that increases performance in the
non-negatively stereotyped group (Blanton et al., 1999; Walton
and Cohen, 2003). In agreement with this proposal, we observed
that (probably by re-activating previously held stereotypic
associations; Figure 1B and Table 3) the stereotype-congruent
instructions of the “optimized for men” condition promoted
disparate changes not only in the 3DMRT performance of the
HUM-Females and HUM-Males groups (Figure 2A), but also
in their confidence (Figure 2C), and that confidence mediates
the influence of implicit associations on 3DMRT observed
performance (Figure 4).

However, stereotype-congruent instructions do not uniformly
affect females or males’ performance as academic specialization
moderates their effects (Figure 3). Accordingly, gender as a
binary category did not come over as a significant predictor of
3DMRT performance for the “optimized for men” condition,
which was instead mainly predicted from participants’ academic
specialization (Supplementary Table 6). Moreover, although the
IAT “influence” scores were also significant predictors of 3DMRT
performance under this experimental condition (Supplementary
Table 6), their effects were restricted to HUM students (Table 4).
Thus, despite having very different implicit Gender-Science
associations (Figure 1B), the 3DMRT performance of STEM-
Females and STEM-Males under the “optimized for men”
condition was high, similarly to that observed for the “neutral”
and “optimized for women” conditions and was indistinguishable
between them (Figure 2A). These results, together with those
of Table 3 and Supplementary Figure 2, suggest that academic
training or related academic experiences that result in a
high level of task performance and/or confidence are able to
suppress the influence of the gender-related implicit associations
triggered by stereotypic experimental instructions. Our results
and conclusions agree with those of a previous study (Hausmann,
2014), which showed that female arts, but not female STEM
or male, students, reduced their 3DMRT performance after the
reactivation of gender stereotypes. Similarly, gender stereotypes
reactivation promotes a reduction of math performance of female
psychology, but not of female engineering, students (Crisp et al.,
2009).

Limitations and Implications

Under the different experimental conditions of the present study,
academic specialization, but not the participants’ gender, was
the most relevant variable to predict 3DMRT performance.
Our results also reveal that the within-gender differences that
derived from academic specialization (STEM vs. HUM) are larger
than those observed between genders. Indeed, we only observed
between-gender differences in 3DMRT performance in HUM,
but not STEM, students, and these differences solely emerged
in response to stereotype-reactivating experimental instructions.
These findings contrast with the common belief that males have
better spatial abilities than females (Devlin, 2001; Blanton et al.,
2002) and with the ordinarily reported higher performance of
males in mental rotation tasks in studies that specifically aim to
identify “sex differences” (Linn and Petersen, 1985; Silverman and

Eals, 1992; Grimshaw et al., 1995; Kempel et al., 2005; Peters et al.,
2007; Silverman et al., 2007; Vuoksimaa et al., 2010; Halpern,
2013; Hyde, 2014; National Science Foundation, 2015).

At this respect, it should be noted that while we used a
chronometric two-choice task, most research into sex differences
in mental rotation use the pen-and-paper Mental Rotations Test
(MRT) developed by Vandenberg and Kuse (1978). The MRT
tends to produce larger sex differences (average d = 1) than
chronometric tasks (average d = 0.3) and many studies using
this second kind of procedures did not observe between genders
differences (Voyer, 2011). Therefore, it might be argued that we
did not observe the regularly reported gender differences because
we did not use the “right” task for this. However, mental rotation
chronometric tasks are as valid as psychometric tests (Voyer et al.,
2006) and the MRT should not be considered as a benchmark
when assessing and comparing the mental rotation abilities of
males and females. In fact, the MRT does not seem to provide
a pure measure of mental rotation abilities, and its singular
ability to detect between gender differences might be related to
the specific aspects of this test rather than to the responders’
visuospatial abilities (Kerkman et al., 2000; Voyer and Hou, 2006;
Hooven et al,, 2008; Bors and Vigneau, 2011). Thus, while the
results obtained with either chronometric or psychometric MRTs
may differ and have a limited generalizability between each other,
the use of a chronometric task does not limit the validity of the
results observed in the present study.

Yet, it might be argued that, because gender differences
observed in mental rotation chronometric tests are small (average
d = 0.3), our study may lack the necessary statistical power
to detect them. Therefore, the results of the present study
should be interpreted with caution and replicated in a larger
sample of participants. However, it should be noted that,
although some small effects might have failed to reach statistical
significance, these power limitations did not preclude by
identifying the effects of academic specialization and stereotype-
reactivating experimental instructions. This hence reveals that
3DMRT performance (at least as measured in our chronometric
task) is much more dependent on these factors than on the
participants’ gender. Moreover, it should be also noted that
the present study was not primarily intended to assess overall
gender differences in visuospatial abilities but to identify a
possible relationship between gender-science stereotypes and the
participants performance in a specific 3DMRT task and that
our study has power enough to detect even small to moderate
correlations (~p = 0.26 if involving all participants and ~p = 0.32
for any two subgroups of participants).

In this regard, it should also be emphasized that our study
did not fail to identify between-gender differences in MRT
performance but showed that these differences seem to emerge
under particular testing conditions and involve some, but
not all, male and female participants. Yet, precisely because
gender differences in 3DMRT performance depend on task
and respondents’ characteristics (Sharps et al., 1994; Levine
et al., 2005; Jansen-Osmann and Heil, 2007; Alexander and
Evardone, 2008; Lippa et al., 2010), it might be concluded that
the “sex differences” in mental rotation abilities do not arise
from “sex” per se, but from its interaction with biographical
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(e.g., academic specialization) and situational variables (e.g.,
received instructions). In this way, our results also argue against
the attempt to explain the scarce representation of women in
STEM studies and professions as a result of “hardly-wired” sex
differences in visuospatial and math abilities. On the contrary,
our results suggest that gender socialization and stereotypes
might have a larger impact in situational performance in
these cognitive domains and, thereby, in shaping the perceived
competence and motivation to pursuit STEM careers. These
conclusions fall in line with those of other studies that have
indicated an important role of females and males’ differential
preferences, experiences and activities in the development of
their visuospatial abilities (Flaherty, 2005; Feng et al., 2007;
Sander et al., 2010; Nazareth et al., 2013; Moé¢, 2016). Moreover,
the results and conclusions of our study also align with
recent proposals which have suggested that in brain and
behavior-related studies, sex and gender or, more properly, their
composite resultant (sex/gender), should be considered a source
of differential interactive effects with other variables rather than
a binary-independent factor (Springer et al., 2012; Rippon et al,,
2014; Joel and Fausto-sterling, 2016).

CONCLUSION

We observed that experimental instructions might reactivate
implicit biases and promote increased/decreased 3DMRT
performance, but training and/or other experiences related
to academic specialization moderate these effects. In this
way, the present study provides evidence about when (after
receiving stereotype-congruent, but not stereotype-incongruent
or stereotype-nullifying instructions), how (by increasing or
reducing confidence) and who (HUM, but not STEM students)
might be influenced by implicit gender-science associations
while performing a chronometric mental rotation task. Our
results also highlight that within-gender differences might be as
large as, or even bigger than, those observed between genders
and, therefore, that males and females are not two uniform
populations (neither in their mental rotation abilities, nor in their
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Television programs are a central part of children’s everyday lives. These programs
often transmit stereotypes about gender roles such as “math is for boys and not for
girls.” So far, however, it is unclear whether stereotypes that are embedded in television
programs affect girls’ and boys’ performance, motivational dispositions, or attitudes. On
the basis of research on expectancy-value theory and stereotype threat, we conducted
a randomized study with a total of 335 fifth-grade students to address this question.
As the experimental material, we used a television program that had originally been
produced for a national TV channel. The program was designed to show children
that math could be interesting and fun. In the experimental condition, the program
included a gender stereotyped segment in which two girls who were frustrated with
math copied their math homework from a male classmate. In the control condition,
participants watched an equally long, neutral summary of the first part of the video.
We investigated effects on boys’ and girls’ stereotype endorsement, math performance,
and different motivational constructs to gain insights into differential effects. On the
basis of prior research, we expected negative effects of watching the stereotypes
on girls’ performance, motivational dispositions, and attitudes. Effects on the same
outcomes for boys as well as children’s stereotype endorsement were explored as open
questions. We pre-registered our research predictions and analyses before conducting
the experiment. Our results provide partial support for short-term effects of gender
stereotypes embedded in television programs: Watching the stereotypes embedded in
the video increased boys’ and girls’ stereotype endorsement. Boys reported a higher
sense of belonging but lower utility value after watching the video with the stereotypes.
Boys’ other outcome variables were not affected, and there were also no effects on girl’s
performance, motivational dispositions, or attitudes. Results offer initial insights into how
even short segments involving gender stereotypes in television shows can influence girls’
and boys’ stereotype endorsement and how such stereotypes may constitute one factor
that contributes to gender differences in the STEM fields.
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INTRODUCTION

Women are underrepresented in domains that require intensive
mathematical skills (National Science Foundation, 2015; National
Science Board, 2016). This bias is crucial to the larger economy
and contributes to gender inequity in income: More women
in science, technology, engineering, and mathematics (STEM)
would diversify the workforce, and mathematically intensive
STEM fields usually provide high-status career options (National
Science Foundation, 2015). Drawing on expectancy-value theory
(Eccles et al., 1983), gender differences in STEM careers can be
linked to early emerging gender differences in math motivational
dispositions. These are rooted in different socialization processes
for girls and boys such as the gender stereotypes children
encounter in their environments (see Wigfield et al., 2015).
Research on stereotype threat has provided insights into the
potential mechanisms behind how gender stereotypes might
affect girls and boys, indicating that girls can show lower
math performance and motivation in the short-term if they are
reminded of the stereotype that females perform worse than
males in math, whereas boys’ performance can benefit from such
stereotypes (for a review, see Spencer et al., 2016).

Television programs are one potential source of gender
stereotypes for children. Despite the wide diversity of media
available nowadays, television continues to be one of the most
popular and widely used media among children (Rideout, 2015;
Feierabend et al., 2017). Television shows and programs with
STEM content have increased in availability (National Reserach
Council., 2009) and popularity (Patten, 2013) within the last
decade. They transmit certain beliefs and stereotypes about
gender roles in the STEM field, such as showing females as
underperforming in math and science (Collins, 2011). It is not yet
clear, though, whether stereotypes in television programs affect
girls’ and boys’ performance and motivational dispositions in
math. So far, research on expectancy-value theory has focused
primarily on the role of stereotypes that are implicitly conveyed
by parents, teachers, or peers (see Wigfield et al., 2015), whereas
research on stereotype threat has traditionally investigated effects
of stereotypes presented as isolated stimuli in laboratory settings
with a primary focus on adult samples (see Spencer et al., 2016).

In the present study, we aimed to contribute to closing
this gap in the literature by examining effects of traditional
gender stereotypes in a math television program for children. To
increase the ecological validity of the study, we used a television
program that was broadcast on a German national TV channel.
Specifically, the end of this program showed two girls who were
not doing well in math and copied their homework from a
male classmate. To examine the effects of these stereotypes, we
conducted a randomized study with a pretest-posttest design
in which fifth graders watched this television program about
math either with or without the segment in which these
gender stereotypes were portrayed. In order to comprehensively
investigate possible effects, we studied effects on both girls
and boys’ stereotype endorsement as well as their performance,
motivational dispositions (i.e., expectancy and value beliefs), and
attitudes toward math (i.e., sense of belonging, feelings about the
domain).

Gender Differences in Motivational
Dispositions and Achievement in Math
From an Expectancy-Value Theory

Perspective

Expectancy-Value Theory

Eccles et al. (1983) expectancy-value theory is one of the most
widely used frameworks for investigating gender differences in
motivational dispositions in math and has been highly effective
in explaining women’s underrepresentation in the STEM fields
(Watt and Eccles, 2008; Schoon and Eccles, 2014).

In general, motivation can be defined as “the process whereby
goal-directed activity is instigated and sustained” (Schunk et al.,
2008, p.4). However, current work on motivation from the
perspective of expectancy-value theory focusses mainly on
expectancy and value beliefs as motivational dispositions (Eccles
et al, 1983; Eccles, 2005). Specifically, Eccles et al. (1983)
suggested that the expectation of success in a specific domain
as well as several aspects of subjective task values would predict
academic decision making and thereby also specific educational
outcomes, such as later achievement or educational choices.
Young people should thus choose math-intensive STEM careers
if they expect to be good at math and science activities and have
high values in these domains.

Eccles and Wigfield (2002) defined expectancies for success
as a person’s beliefs about his or her success in a task in the
immediate or long-term future. Expectancy beliefs are therefore
closely related to other competence beliefs, such as academic self-
concept, which has often been used to measure expectancies for
success (see Marsh, 2007; Nagengast et al., 2011). Eccles et al.
(1983) differentiated four different components of subjective
task values: intrinsic value, attainment value, utility value, and
cost. Intrinsic value is defined as enjoyment while performing
a task (Eccles, 2005). It is thus similar to other motivational
constructs such as intrinsic motivation as defined by Deci and
Ryan (1985)—which refers to reasons for engaging in a task, such
as inherent satisfaction—or interest as defined by Renninger and
Hidi (2011). Attainment value refers to the personal importance
of doing well on a task or in a domain (Eccles, 2005). Utility value
captures more extrinsic reasons for engaging in a task, namely the
perceived usefulness of a task or domain (Eccles, 2005). Finally,
cost captures negative aspects of engaging in a task or domain,
such as required effort or time (Eccles, 2005).

Gender Differences in Motivational Dispositions and
Achievement in Math

Ample research drawing upon expectancy-value theory has
consistently indicated that girls exhibit lower expectancy and
value beliefs (and higher cost) for math than boys from an
early age on (for reviews, see Wang and Degol, 2013; Wigfield
et al., 2015). By contrast, meta-analyses investigating gender
differences in math achievement have shown rather small
advantages for boys compared with girls (e.g., Else-Quest et al.,
2010; Reilly et al., 2015). Moreover, these analyses have indicated
that such gender differences seem to occur only on math
achievement tests (Reilly et al., 2015), whereas girls even show an
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advantage in teacher-assigned school marks (Voyer and Voyer,
2014).

The Role of Stereotypes in the
Development of Children’s Motivational

Dispositions and Achievement

According to expectancy-value theory, socializers’ beliefs and
behaviors as well as cultural milieu influence individuals
task perceptions and interpretations of previous academic
achievement (Eccles et al., 1983). In explaining gender differences
in expectancy and value beliefs and achievement, expectancy-
value theory thus indicates that girls and boys are socialized
through different processes, which are shaped by the surrounding
environment and its gender norms and roles, the individuals’
beliefs, and the choices females and males make on the basis
of their socialization (Eccles, 2009). In particular, gendered
socialization refers to specific gender roles or the gender-
stereotypical attitudes and expectancies of parents, teachers, and
other socializing influences such as the media, all of which
transmit gender stereotypes (Wigfield et al., 2015).

Stereotypes can be broadly defined as associations of group
members with specific attributes (Greenwald et al., 2002).
Regarding gender, there are specific stereotypes about the traits,
abilities, and motivation of males and females, specifically in the
domain of math (see Leaper, 2015). Math and science are male-
typed domains, and gender stereotypes in these domains include
assumptions about lower abilities and less talent in math for
females compared with males (e.g., Spencer et al., 1999).

According to expectancy-value theory, as a result of the gender
stereotypes children face in their socialization, girls disidentify
with math and devalue the subject in the long run, whereas
boys may particularly identify with and value math (Eccles et al.,
1983; Wigfield et al., 2015). Consequently, boys develop higher
competence beliefs and values in male-typed domains such as
math and math-intensive STEM domains, whereas girls develop
higher competence beliefs and values in female-typed domains
such as languages and arts (e.g., Wigfield et al, 2015). It is
assumed that such gender differences in math competence beliefs
and values may lead to gender differences in math achievement
in the long run (Wigfield and Eccles, 2000). Previous studies
have supported these assumptions by showing that women’s
gender stereotypes reduced their domain identification (e.g. their
positive attitudes and their sense of belonging; Cheryan et al,
2009; see also Thoman et al., 2013 for a review) as well as their
future expectancies of success (Smith et al., 2015) and their future
task values (Plante et al., 2013; Smith et al., 2015). Expectancy and
task values, in turn, have been shown to be important predictors
of later achievement (e.g., Marsh et al., 2005; Denissen et al.,
2007).

Stereotype Threat as a Potential
Mechanism for How Stereotypes Can

Influence Children

The repeated experience of stereotypes is one potential
mechanism that may explain how stereotypes of others can
influence girls’ and boys’ performance, expectancy and value

beliefs, and attitudes toward math. According to expectancy-
value theory, such experiences might lead to the internalization
of gender-role stereotypes, with the previously described
consequences that girls disidentify with and devalue math, and
boys particularly identify with and value math in the long run
(Eccles et al., 1983; Wigfield et al., 2015).

Research on stereotype threat has provided support for
this idea by showing that the activation of traditional gender
stereotypes can reduce girls’ attitudes and belonging in math
as well as their performance and motivational dispositions in
the short term (for a review, see Spencer et al., 2016). Steele
and Aronson (1995) defined stereotype threat as a situational
experience in which group members feel concerned about
confirming a negative stereotype that pertained to their own
group. They suggested that such concerns might compromise a
person’s behavior and performance.

Stereotype Threat and Girls’ Performance,
Motivational Dispositions, and Attitudes

Originally, research on stereotype threat focused on explaining
the underperformance of African Americans in performance
(Steele and Aronson, 1995), but ample research has also been
conducted to examine gender differences in math-intensive
domains (e.g., Spencer et al., 1999; Schmader, 2002; Tomasetto
et al., 2011). Such research has demonstrated that females
show lower math performance if they are reminded of negative
stereotypes about women in math, but they perform as well as
males if such stereotypes are not made salient before they take
a math test (Nguyen and Ryan, 2008; Doyle and Voyer, 2016).
Although most of this research has been conducted on college
students or older adults, multiple studies have reported similar
effects among children or adolescents (e.g., Ambady et al., 2001;
Flore and Wicherts, 2015). These studies have demonstrated that
children in elementary school are already aware of their own
gender and show gender-stereotypical views in the domain of
math, as they attribute lower math ability and talent to girls
and women than to boys and men (e.g., Signorella et al., 1993;
Ambady et al, 2001; Passolunghi et al., 2014). In addition,
there is research on the short-term effects of stereotypes on
math performance among girls of different ages (Ambady et al.,
2001; Muzzatti and Agnoli, 2007; Neuville and Croizet, 2007;
Tomasetto et al., 2011; Hermann and Vollmeyer, 2016). A meta-
analysis by Flore and Wicherts (2015), for instance, found that
girls who are reminded of typical gender stereotypes in math
exhibit slightly lower math performance compared to girls who
are not reminded of such stereotypes. Such effects have been
consistently found for girls younger than 13 years old.

Effects of stereotype threat have also been shown for females’
motivational dispositions and attitudes toward a domain, such as
their domain identification and their sense of belonging in math
and science (e.g., Cheryan et al., 2009; see also Thoman et al.,
2013, for a review), their competence beliefs (Cadinu et al., 2003),
and their interest (Smith et al., 2007; see also Thoman et al., 2013,
for a review). Again, much of this work has been conducted on
adult samples. However, there are a few studies reporting similar
effects for girls. A study by Muzzatti and Agnoli (2007) indicated
stereotype threat effects on 8th grade girls’ competence beliefs in
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math, although no effects were found for 3rd and 5th graders.
Furthermore, Master et al. (2015) found stereotype threat effects
on 15-years-old female high school students’ interest and sense of
belonging in STEM courses.

Stereotype Threat and Boys’ Performance,
Motivational Dispositions, and Attitudes

Effects of stereotypes on boys performance, motivational
dispositions, and attitudes toward a domain are less clear, as
there are only a few studies on such effects and contradictory
findings have been reported. Muzzatti and Agnoli (2007), for
example, found no effects of presenting stereotypes on boys’
math performance in Grades 3, 5, and 8 as well as their math
competence beliefs in Grades 3 and 5 (see also Hermann and
Vollmeyer, 2016 for similar results on boys in elementary school).
However, among 8th graders, they found higher competence
beliefs among boys who were confronted with the stereotype
of males’ advantage in math compared to the control group
(Muzzatti and Agnoli, 2007). Similarly, Master et al. (2015) found
no effects of stereotypes on male adolescents” sense of belonging
and interest in enrolling in computer courses.

In addition, there is some work on the effects of stereotypes
on males using adult samples that also suggest that males are not
much affected by stereotypes (Walton and Cohen, 2003; Cheryan
et al., 2009; Fogliati and Bussey, 2013; Doyle and Voyer, 2016).
Although a meta-analysis by Walton and Cohen (2003) indicated
positive effects of traditional gender stereotypes for men’s math
performance, a more recent meta-analysis by Doyle and Voyer
(2016) found no effects. Furthermore, no effects of traditional
gender stereotypes have been reported with respect to men’s
interest and belonging in computer science (Cheryan et al., 2009)
or their motivation to improve in math (Fogliati and Bussey,
2013).

In sum, several studies indicate effects of stereotypes on
females’ performance, motivational dispositions, and attitudes
toward math, whereas most studies have reported no effects for
males. Nevertheless, the abovementioned studies on stereotype
threat effects should be interpreted with caution because the
robustness of such effects has recently been called into question
due to indications of publication bias in a meta-analysis of this
research (Flore and Wicherts, 2015).

Effects of Stereotypes Presented in the
Media

Research on expectancy-value theory has focused primarily
on the influence of parents, teachers, or peers on children’s
endorsement of stereotypes and their expectancy and value
beliefs (see Wigfield et al., 2015), but research in the area of
media psychology and communication studies has suggested
that television programs and movies can contribute to children’s
gender-role learning in terms of their perceptions of gender-
typical occupations (Steinke et al., 2007) or their gender-role
values and interpersonal attraction (Aubrey and Harrison, 2004).
In addition, research on stereotype threat has indicated a
wide range of situations, such as newspaper articles (Cheryan
et al., 2013), images in schoolbooks (Good et al.,, 2010), and
photographs (Muzzatti and Agnoli, 2007), in which stereotypes

about females’ underperformance in math can affect both females
and males.

In a recent meta-analysis, Appel and Weber (2017)
investigated how stereotypes in mass media (e.g., newspapers,
cartoons, advertisements) can affect stereotyped and non-
stereotyped groups. In this analysis, negative effects of d = —0.38
for members of the stereotyped group and positive effects of d =
0.17 for members of the non-targeted group were reported.

Additionally, there are a few studies specifically investigating
effects of stereotypes in videos and television advertising (Davies
et al,, 2002; Murphy et al., 2007; Bond, 2016). Bond (2016)
presented short clips of different television shows (about 2 min
long) to elementary school girls in a gender stereotype condition,
a counter-stereotype condition, and a neutral control condition.
No effects of the stereotypes were found on math and science
competence beliefs or interest in STEM-related careers. However,
girls in the stereotype condition reported more interest in
stereotypical careers than those in the other two conditions.

In an adult sample, Murphy et al. (2007) found negative effects
of reminding women of their underrepresentation in math-
intensive STEM fields via video on their sense of belonging as
well as intention to participate in a STEM-related conference. In
this study, women in the stereotyped condition watched a video
in which the male-female ratio reflected the proportion of women
in these fields, whereas women in the control condition watched
a video with a gender-balanced proportion.

Davies et al. (2002) showed that women experience stereotype
threat when they are reminded of existing stereotypes about
women in television advertising. In this study, participants
watched commercials in which women were very excited about
buying cosmetic products or trying a new baking recipe.
After watching these commercials, women performed worse
on a math test compared with men who watched the same
commercials and compared with women who watched gender-
neutral commercials. The results furthermore showed that
women preferred verbal tasks and avoided math-related tasks
after watching such commercials compared with the control
group and men in the experimental group. Women also
showed less interest in educational and vocational areas that
are typically male-stereotyped but higher interest in typically
female-stereotyped domains.

The reported studies indicate that stereotypes in videos can
have negative effects on females. However, these findings provide
only initial insights into the effects of television. Furthermore,
these studies investigated stereotypes that were presented in
isolated situations. Thus, they were not able to provide insights
into how stereotypes might affect children when experienced in
their daily lives in more complex situations, for instance, as one
part of a whole television program.

The Present Study

In the present study, we investigated effects of gender stereotypes
in a STEM television program on girls' and boys’ stereotype
endorsement, their math performance, their motivational
dispositions (i.e., expectancy and value beliefs), and their
attitudes (i.e., sense of belonging and feeling) toward math.
Despite the importance of television programs in children’s
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everyday lives and the relevance of such programs for children’s
informal science learning, there is a lack of research on how
girls’ and boys’ reception of STEM television programs might
be affected in different ways by presentations of traditional
gender stereotypes in such programs. Research on expectancy-
value theory and stereotype threat has provided initial insights
into how stereotypes might affect children. However, research
on expectancy-value theory has mainly focused on the role of
stereotypes that are conveyed by parents, teachers, or peers
(see Wigfield et al., 2015), and research on stereotype threat
has traditionally investigated effects of stereotypes presented as
isolated stimuli in laboratory settings on adults (see Spencer
et al,, 2016). Furthermore, there are indications of publication
bias in the stereotype threat literature (Flore and Wicherts,
2015). Accordingly, it is unclear whether and how stereotypes
embedded in children’s daily activities such as in a television
program might affect girls and boys.

Therefore, we conducted a randomized study in which fifth-
grade students watched a children’s television program about
math that either contained or did not contain a clip in which
traditional gender stereotypes were made salient. We chose
this age group because of specific developmental processes in
children’s expectancy and value beliefs during that age. During
their elementary school years, children become increasingly
better at understanding, interpreting, and integrating the
feedback of others (for a review, see Wigfield et al., 2015).
Therefore, they become more realistic in evaluating their own
strengths and weaknesses during that period and link their
expectancy and value beliefs more closely to environmental
experiences than younger elementary school children (for a
review, see Wigfield et al., 2015). Additionally, children become
increasingly aware of social gender roles and how behavior might
reflect such roles (for a review, see Leaper, 2015). In order to
link the study as closely as possible to what children are likely
to watch in their everyday lives, we used a television program
that was broadcast on a national TV channel in Germany as
the experimental material. The chosen program was designed
to show children that math could be interesting and fun and
included a section with stereotypes in which two girls were
frustrated that they had to do math and then decided to copy their
homework from a male classmate.

According to expectancy-value theory, experiencing gender
stereotypes leads girls to disidentify with math and devalue
the subject, whereas boys may particularly identify with and
value math. As a result of such processes, boys develop higher
competence beliefs and values in male-typed domains such
as math and math-intensive STEM domains than girls (e.g.,
Wigfield et al, 2015). In order to obtain a comprehensive
picture of how stereotypes can affect such socialization processes,
we examined effects of the experimental manipulation on
different outcomes. First, we explored how the stereotypes
affect children’s stereotype endorsement. Second, we examined
effects on sense of belonging in math and feeling toward the
domain as indicators of children’s identification with the subject.
Third, we investigated effects on self-concept (as an indicator of
expectancy beliefs), the four task values as well as performance
in math. We pre-registered our predictions on the effects for

these outcomes before conducting the experiment in order to
increase research transparency (https://osf.io/8f7y6/?view_only=
d85b73e70f5040b5a54fcf03091811f1). As such, we followed the
recommendations of Wagenmakers et al. (2012) and van’t Veer
and Giner-Sorolla (2016) by pre-registering hypotheses and
exploratory research questions as well as information on the
experimental design, the sample, the variables, and the analysis
strategy.

On the basis of existing literature on effects of stereotypes
on math performance (Flore and Wicherts, 2015), self-concept
(Cadinu et al,, 2003; Muzzatti and Agnoli, 2007), and sense
of belonging (Master et al., 2015), we expected that girls who
watched the gender-stereotyped television program would show
lower math performance, lower math self-concept, and a lower
sense of belonging in math compared with girls in the control
condition.

We explored effects on girls’ task values in math and their
feelings about math as open-ended research questions. There is
only sparse evidence on how task values might be influenced
by gender stereotypes (Plante et al., 2013; Smith et al., 2015),
and previous work has not differentiated between the four
components (intrinsic value, attainment value, utility value, and
cost). Furthermore, to the best of our knowledge, there is no work
that has investigated effects of stereotypes on children’s feelings
about a domain. We therefore did not hypothesize specific effects
on task values and feelings about math.

In order to gain insights into possible differential effects of
such stereotypes on girls and boys, we explored effects on boys’
performance, expectancy and value beliefs, sense of belonging
and feeling toward the domain in math-related constructs as well,
using the same outcomes measures. Due to the mixed findings
from previous research on the effects of stereotypes on such
constructs for males, we did not hypothesize specific effects for
boys but rather investigated possible effects on these outcomes
for boys as exploratory research questions.

We did not formulate any specific hypotheses with respect
to the endorsement of gender stereotypes among both girls and
boys, because previous research has provided mixed results on
the effects of gender stereotypes on children’s endorsement of
gender stereotypes (Ambady et al., 2001; Schmader et al., 2004;
Steffens et al., 2010).

METHODS

Participants

Participants were 335 fifth-grade students. Children were
recruited from 18 classes of four academic track schools
(Gymnasium) in Baden-Wiirttemberg, Germany. The sample
size was based on a power analysis for a randomized block
trial with the treatment implemented at the student level
using Optimal Design (Raudenbush et al., 2011). We calculated
the required number of classrooms by aiming to achieve an
acceptable level of power (B = 0.80) to detect medium-sized
intervention effects (8§ = 0.40) when comparing the experimental
with the control condition. We assumed that 10 girls and
10 boys would participate in each class, and they would be
randomly assigned to the control and experimental conditions.
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We furthermore assumed an effect size variability of 0.10 (for
more details, see the preregistration protocol).

Children participated in the study on a voluntary basis, and
for every participant, we obtained written consent from a parent.
The mean age of the sample was 10.08 years (SD = 0.38), and
the number of girls and boys who participated in the study was
almost equal (48.7% girls).

Design and Procedure

As preregistered, we collected the data using a pretest—posttest
design, and we applied a randomized block design to examine
effects of gender stereotypes in a television program. Girls and
boys were randomly assigned to the experimental and control
conditions within each class (experimental condition: N = 87
girlsand N = 85 boys; control condition: N = 76 girlsand N = 87
boys). Participants were tested in one classroom simultaneously,
but every student watched the video separately on an iPad with
headphones. We collected the pretest data 1 week before the
experimental manipulation and the posttest data directly after
the experimental manipulation. The presentation order of the
achievement test and the questionnaire was balanced on the
class level in both phases of data collection because research
on stereotype threat has shown that even small and short
manipulations can influence students’ performance, motivational
dispositions, and attitudes (e.g., Master et al, 2015; ie., the
achievement test might affect students’ motivational dispositions
and attitudes if assessed first, or the questionnaire might wash out
any effects on performance). We randomly assigned the classes
to these two conditions (N = 9 classes in each condition). Data
were collected in June and July 2016 by trained research assistants
during school hours (a maximum of one lesson for the pretest, a
maximum of two lessons for the experiment and the posttest).

Experimental Manipulation

As experimental material, we used one episode from a German
children’s television program, which was broadcast on a German
national television channel in June 2015. The episode focused
on math and was designed to show children that math could
be interesting and fun even though it might be experienced
as boring in school (KiKa.de, 2015). The episode had a total
duration of 23 min. As preregistered, only 15 min of the episode
were used in the present study due to time constraints. This
included an introduction by a male television presenter (about
1 min) and two different math tasks solved by fifth-grade children
(about 13 min). In addition, the video included a clip that implied
traditional gender stereotypes in math (about 1 min). This part
showed two girls who were very frustrated that they had to
do math homework. Instead of doing their homework, one girl
copied it from a male classmate, and in exchange, she promised
him that her friend would accompany him to the movies. Her
friend was horrified about going out with this boy because he
seemed rather geeky. He was wearing very large glasses, a shirt
that was completely buttoned up, suit trousers, and suspenders.
Such stereotypes of the geeky math boy are often presented in
movies or television programs (see e.g., Heyman, 2008; Collins,
2011).

The introduction and the math tasks solved by the
children were used in both conditions. The experimental
manipulation depended on only the last minute of the video.
In the experimental condition, participants watched the gender-
stereotyped clip. In the control condition, participants watched a
neutral summary of the first 14 min of the video. The summary
was comparable in length so that the total length of the video
would be held constant between the conditions. Consequently,
participants experienced the stereotype as a short section within
the whole television program so that the ecological validity of the
experiment would be high.

Because the television program was broadcast on a national
TV channel in Germany, we assessed whether participants had
already seen the video beforehand, which was the case for
41 students. As a robustness check, we computed all analyses
without these students, but the results did not differ meaningfully
(see the Supplemental Material).

Instruments

We used an achievement test and a questionnaire to assess
effects of the experimental manipulation. The instruments were
identical at pre- and posttest, with the exception of questions
about the video, which were only assessed at posttest.

Math Performance

We assessed students’ math performance with a speed test
that consisted of three sections containing basic tasks involving
addition, subtraction, and multiplication (basic competence test;
Lambert et al,, in preparation). Each part consisted of 36 tasks,
and for each individual part, we asked the students to solve
as many tasks as possible within 2min. The sum score of
all three parts, generated by computing the sum of correctly
solved items, was used in the analyses. The test showed high
internal consistency (Kuder-Richardson 20 = 0.93/0.94 for the
pretest/posttest).

Questionnaire

We assessed childrens stereotype endorsement, their
motivational dispositions (i.e., self-concept and value beliefs)
as well as their attitudes toward math (i.e., sense of belonging
and feelings) with a questionnaire to capture whether children
(dis)identify with and (de)value this domain after watching
the video including the stereotypes. Unless otherwise noted,
all items on the questionnaire were measured with a 4-point
Likert scale ranging from 1 (completely disagree) to 4 (completely
agree). The 4-point Likert scale was used to avoid confounding
response factors in scales containing a middle category (Kaplan,
1972; Dubois and Burns, 1975). Additionally, four response
options seems to be optimal for children, as they are not able
to differentiate between more categories (Borgers et al., 2004).
Due to the small number of response options, we carefully
checked the degree of non-normality in our data. Although
there was some variation across scales, the skewness and kurtosis
values all fell within an acceptable range (average skewness was
—0.36, with no scale having a skewness >1.4, and the average
kurtosis was 0.59, with only 2 scales having a kurtosis >1). The
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questionnaire is available at https://osf.io/8f7y6/?view_only=
d85b73e70f5040b5a54fcf03091811f1.

Stereotype endorsement

We assessed stereotype endorsement with three items based on
items from Schmader et al. (2004). We adapted the items for
children by using “boys” and “girls” in the wording instead of
“men” and “women” (e.g., “Boys have higher math abilities than
girls”; o = 0.76/0.76 for the pretest/posttest).

We extended the scale by including two items in which
the words “boys” and “girls” were interchanged (e.g., “Girls
have better math abilities than boys”) and preregistered this
extension. We recoded these items before computing the scale
score. Because the reliability of the extended scale was rather low
(a = 0.52/0.55 for the pretest/posttest), we used only the original
scale in our analyses.

Task values

We assessed students’ value beliefs in math with scales from
Gaspard et al. (2015). The items covered all four conceptual
dimensions of task values as specified in the expectancy-value
model (Wigfield and Eccles, 2000). Intrinsic value (e.g., “I like
doing math”; a = 0.92/0.94 for the pretest/posttest), attainment
value (e.g., “It is important to me to be good at math”; four
items; o = 0.87/0.93 for the pretest/posttest), and cost (emotional
costs, e.g., “Studying math makes me quite nervous”; o = 0.78/.86
for the pretest/posttest) were assessed with four items each.
For utility value, we differentiated between two facets: utility
for daily life (e.g., “Knowing about the subject of math brings
me many advantages in my daily life”; o = 0.82/0.84 for the
pretest/posttest) and social utility (e.g., “Sound knowledge in
math counts for something with my classmates”; o =.68/.80 for
the pretest/posttest), which were both assessed with three items.

Self-concept

We assessed self-concept with a math self-concept scale
comprised of four items (e.g., “I am good at math”; o =.86/.86 for
the pretest/posttest), which has been well-validated in previous
studies (see Gaspard et al., 2016).

Sense of belonging

We assessed students’ sense of belonging in math with 10 items
(e.g., “I feel like a real part of my class in math”), based on the
Psychological Sense of School Membership (PSSM; Goodenow,
1993). The items were translated into German and adapted to
math class instead of school membership. Due to low item-
scale correlations (rjy = 0.03/0.16 for the pretest/posttest), we
excluded 1 item when we computed the scale. The final scale
therefore consisted of 9 items and showed an acceptable internal
consistency (o = 0.76/0.84 for the pretest/posttest). Because we
did not preregister the exclusion of the item, we conducted the
analysis for this outcome also using the original scale, which
included all 10 items. The internal consistency for this scale
was acceptable (o = 0.73/0.83 for the pretest/posttest), and the
results did not differ meaningfully from those computed with
the reduced scale (see the Supplemental Material for this as well
as for model fit indices from confirmatory factor analyses of the
scales).

Explicit attitudes toward math

We assessed explicit attitudes toward math with a feeling
thermometer as used by Kessels et al. (2006). Students were
asked to rate their preferences using scales ranging from
0 (cold/unfavorable) to 100 (warm/favorable) for math and
German. As done by Kessels et al. (2006), we calculated the
difference between the two scores as an indicator of students’
attitudes toward the domains. Therefore, the final score consisted
of possible values ranging from —100 to 4100, whereby positive
values indicated positive attitudes toward math relative to
German, and negative values indicated negative attitudes toward
math relative to German.

Additional scales

As  preregistered, we additionally assessed stereotype
endorsement with measures based on studies by Ambady
et al. (2001) and Steffens et al. (2010) in which the participants
were asked how much they would like to engage in activities
related to math and German. Due to high rates of missing
data and the low reliability of these scales, we refrained from
conducting additional analyses on these instruments.

We furthermore preregistered analyses with respect to the
same set of constructs (i.e., task values, self-concept, sense of
belonging) in the domain of German. Dimensional comparisons
of complementary domains are important in the development
of students’ motivational dispositions (Moller and Marsh, 2013),
and there are initial findings on how motivational dispositions
in a verbal domain might be affected by traditional gender
stereotypes in commercials (Davies et al., 2002). Due to
space limitations, the results on girls' and boys’ motivational
dispositions and attitudes in German are reported in the
Supplemental Material. In summary, we found no effects of
the experimental condition on girlS and boys motivational
dispositions and attitudes in German except that girls in the
experimental condition reported lower cost in German than
those in the control condition.

Statistical Analyses

In order to estimate effects of the gender stereotypes in the
television program, we computed multiple regression analyses
for the different outcomes in Mplus 7.31 (Muthén and Muthén,
2012) as preregistered. All models included student gender

(pacifier coded, boy = 1), the experimental condition (a
pacifier-coded variable based on students’ original assignment,
experimental condition = 1), and the Gender x Condition

interaction as predictor variables. In addition, we included the
respective pretest measures as covariates to estimate the effect
of the experimental manipulation more precisely (Raudenbush,
1997). In order to make it easier to interpret the results, we
standardized all continuous predictors (i.e., the pretest scores)
and the respective dependent variable.

In our analyses, we conducted an intention-to-treat analysis
by taking only the original assignment into account in order
to keep the randomization to the experimental and control
conditions intact (Shadish et al., 2002). As a robustness check, we
ran all analyses without the students who did not correctly answer
a question about what they had seen in the last minute of the

Frontiers in Psychology | www.frontiersin.org

December 2018 | Volume 9 | Article 2435


https://osf.io/8f7y6/?view_only=d85b73e70f5040b5a54fcf03091811f1
https://osf.io/8f7y6/?view_only=d85b73e70f5040b5a54fcf03091811f1
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Wille et al.

Gender Stereotypes in a Children’s Television Program

TABLE 1 | Descriptive statistics for all study variables on the pretest separated by gender.

Variable Girls Boys d2 d
95% CI
M SD M SD

Stereotype endorsement T1 2.55 0.52 2.73 0.45 0.35 0.20 0.50
Performance T1 51.88 8.14 56.09 8.99 0.48 0.33 0.62
Self-concept T1 3.15 0.73 3.40 0.61 0.37 0.20 0.55
Sense of belonging T1 3.16 0.48 3.19 0.45 0.05 -0.16 0.26
Feeling thermometer T1 1.62 33.48 15.80 32.07 0.42 0.25 0.60
Intrinsic value T1 3.12 0.76 3.27 0.74 0.20 0.03 0.37
Attainment value T1 3.50 0.57 3.46 0.61 —0.06 —0.31 0.20
Utility value—daily life T1 3.24 0.66 3.26 0.68 0.02 -0.15 0.20
Utility value—social T1 222 0.68 2.41 0.64 0.29 0.11 0.47
Cost T1 1.60 0.60 1.53 0.52 -0.13 -0.33 0.08

C = confidence intervall.
aThe dependent variable is standardized.

video, that is, two girls who copied the homework of a classmate
in the experimental condition or a summary of the video in
the control condition (n = 13). This question was assessed at
the end of the posttest questionnaire. The results did not differ
meaningfully and are presented in the Supplemental Material.

To test whether there were any order effects of the
instruments, we computed multiple-group regression analyses
with the order of the instruments as the grouping variable. We
tested the difference between the models for each group with
Wald x? tests. If there were no significant differences between
the coefficients in the models, we calculated multiple regressions
for the whole sample.

Missing data ranged from 2.1% to 9.9% for the different scales
because some students were absent when the pre- or post-test was
given, and some students did not respond to individual scales. To
deal with missing data, we used the full information maximum
likelihood approach as implemented in Mplus 7.31 (Muthén and
Muthén, 2012).

We considered the clustered structure of the data (students
nested in classes) by using the design-based correction of
standard errors implemented in Mplus 7.31 (Muthén and
Muthén, 2012).

RESULTS

Descriptive Statistics and Randomization
Check

The means and standard deviations for all scales are shown by
gender and condition in Tables 1-3. Compared with boys, girls
showed significantly lower math performance and reported lower
levels of the feeling thermometer, self-concept, intrinsic value,
and social utility value on the pretest. The correlations for the
outcome variables indicate that the mean levels were relatively
stable across the two measurement points for all outcomes (0.60
< r < 0.87; see Table 4).

To test whether the randomization in the two conditions had
been successful in the baseline measures, we computed multiple

regression models as preregistered (pretest values regressed on
the experimental condition, gender, and the Gender x Condition
interaction). There were no significant differences between the
conditions for girls and boys on the pretest values for all variables
(all ps > 0.137) except for the boys with respect to sense of
belonging. Here, boys in the experimental condition showed
lower baseline scores than those in the control condition [d
= 0.36, 95% CI [0.07, 0.65]]. As preregistered, we controlled
for the pretest scores in all analyses to estimate the effect of
the experimental manipulation more precisely because of the
explanatory power of this covariate.

Effects of the Experimental Manipulation
First, we tested if there were any order effects of the instruments
by computing multiple-group regression analyses using the order
of the instruments as the grouping variable. Wald x? tests
indicated no differences in these models with respect to any of the
studied outcomes (all ps > 0.154) except for social utility value,
where the coeflicients for the Gender x Condition interaction
differed significantly, X%l) = 11.76, p = 0.001. Consequently, we
computed multiple regression analyses using the total sample for
all outcomes (i.e., averaged across instrument order) except for
social utility value (see Tables 5-7).

We specified multiple regressions to test effects of the
experimental manipulation (see Tables 5, 6). As girls were coded
0, the main effect of the experimental condition was equal to
the simple slope for girls, whereas the Gender x Condition
interaction term indicated whether the effects differed between
boys and girls. Because we were more interested in investigating
effects of the experimental manipulation on girls' and boys’
performance, motivational dispositions, and attitudes rather
than on gender differences in these outcomes, we additionally
estimated the simple slopes for boys for all outcomes using the
model constraint in Mplus.

With respect to stereotype endorsement, we did not
hypothesize specific effects due to mixed previous results for
effects of stereotype threat on this outcome. The results revealed a
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significant positive effect of the experimental condition for girls.
The same result held for boys because the Gender x Condition
interaction was not statistically significant (see Table 5).

Regarding math performance, math self-concept, and sense
of belonging, we hypothesized that girls in the experimental
condition would score lower on these outcomes than girls
in the control condition. For boys, we did not hypothesize
specific effects. For these outcomes, the results revealed no
significant effect of the experimental condition for girls. For math
performance and math self-concept, there were also no effects of
the condition for boys. With respect to sense of belonging, the
Gender x Condition interaction was statistically significant, and
there was a positive effect of the condition for boys, indicating
that in contrast to girls, boys in the experimental condition
showed higher values of sense of belonging than boys in the
control condition (see Table 5 and Figure 1).

Regarding task values and attitudes toward math assessed with
the feeling thermometer, we did not hypothesize specific effects
of the experimental condition for girls and boys. With respect to
the feeling thermometer, intrinsic value, attainment value, utility
value for daily life, and cost, we found no significant effects of the
experimental condition for either girls or boys (see Table 6).

For social utility, we computed multiple-group regression
analyses using the order of the instruments as a grouping variable
because a Wald x? test indicated effects of the order of the
instruments in the assessment as described above. Because we
were interested in the effects of the experimental manipulation
on social utility assessed with the questionnaire, the results for the
students who were given the questionnaire first in the assessment
were of major interest. For the students who were given the
questionnaire first, there was no significant effect of the condition
for girls, but the Gender x Condition interaction was statistically
significant, indicating that boys in the experimental condition
reported a significantly lower social utility score than those in
the control condition (see Table 7 and Figure 1). For the students
who were given the achievement test first, there was no significant
effect of the condition for girls or for boys (see Table 7).

DISCUSSION

In this experimental study, we examined how stereotypes
embedded in a children’s television program about math
influence girls and boys stereotype endorsement, math
performance, motivational dispositions and attitudes in math.
We used a randomized study with a pretest—posttest design and a
relatively large sample size, which enabled us to detect medium-
sized effects. The material we chose was a television program that
had been broadcast on a German national television channel,
thus contributing to the high validity of the study. Television
programs play a central role in children’s everyday lives and
are an important part of their informal science learning, but
such programs can provide specific gender stereotypes about
math (National Reserach Council., 2009; Collins, 2011; Rideout,
2015). Previous research has indicated that the stereotypes
children encounter in their environment can impact young girls’
and boys’ math performance, motivational dispositions, and

attitudes. Yet, such research has primarily been conducted in
laboratory settings where stereotypes have been presented as
isolated stimuli, rather than integrated into other information
as would be the case in children’s daily lives, for instance, in
television programs.

Overall, our results did not indicate that children’s
performance, motivational dispositions, and attitudes were
strongly affected by the stereotypes presented in one part of a
television program. However, girls and boys in the experimental
condition reported a higher endorsement of stereotypes
compared with the respective control condition. Furthermore,
boys showed a higher sense of belonging but lower social utility
after watching the video that included the stereotypes compared
with boys in the control condition. We did not find any effects
on either the other motivational dispositions, attitudes or math
performance for boys. We also did not find any effects on math
performance, motivational dispositions, and attitudes for girls.

Discussion of the Findings

First of all, the small number of significant effects found in this
study support previous research indicating that the short-term
effects of stereotypes on performance, motivational dispositions,
and attitudes are not as robust as sometimes claimed. For
example, Stoet and Geary (2012) reviewed replication attempts
of the stereotype threat effect on women’s math performance that
was found in Spencer et al. (1999) original study. According to
this review, only 30% of replication studies confirmed the original
finding. In addition, Flore and Wicherts (2015) found indications
of publication bias in their meta-analysis on stereotype threat
effects in children. In accordance with these findings, the non-
significant effects found in our study indicate that stereotype
threat effects might occur only in specific situations or might
apply only to some children. Here, the negative effect on boys’
social utility might add to this discussion because this effect
was found only for students who were given the questionnaire
first (in the assessment in which we also assessed social utility).
We did not find any effects of condition among boys who were
given the questionnaire after the achievement test. Therefore,
the stereotypes might have affected boys™ social utility in the
short term, but were washed out after they completed the
achievement test, indicating that even if stereotype threat effects
occur, they might be very limited in duration and sensitive to
other influences.

Nevertheless, specific characteristics of the present study could
have also contributed to the small number of effects found. For
example, the duration and frequency of the stereotypes presented
in the video provide one possible explanation for the fact that
we found hardly any effects on girls’ and boys’ performance,
motivational dispositions, and attitudes even though we found an
effect on their stereotype endorsement. According to expectancy-
value theory, it is through repeated experience that effects begin
to accumulate and can lead to the internalization of gender-
role stereotypes and to gender differences in expectancy and
value beliefs in math in the end (Wigfield and Eccles, 2000;
Eccles, 2009). In our study, we used a television program
that was broadcast on national television to ensure that the
experimental material was strongly linked to children’s daily
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TABLE 5 | Multiple regression models 1: effects on stereotype endorsement, performance, self-concept, sense of belonging, and feeling thermometer.

Predictor Stereotype endorsement Performance Self-concept Sense of belonging Feeling thermometer
B B 95% B B 95% B B 95% B B 95% B B 95%
Cl Cl Cl Cl Cl
Pretest 0.39** [0.26, 0.52] 0.86* [0.81,0.91 0.81** [0.73, 0.89] 0.81**  [0.75,0.87] 0.86"*  [0.80, 0.92]
T
Gender (boys = 1) 0.29 [0.08, 0.55] 0.10 [-0.06,0.26] —-0.01 [-0.14,0.11] —-0.20* [-0.36,—-0.04] 0.04 [-0.10, 0.18]
t
Condition (exp. = 1) 0.50"** [0.08, 0.74] 0.042 [-0.10,0.18] 0.08% [-0.09,0.15] —0.10% [-0.23,0.02] —0.12 [-0.23, —0.01]
Gender x Condition -0.28 [-0.58, 0.02] -0.07 [-0.24,0.09] 0.12 [-0.08, 0.26] 0.30™ [0.12, 0.49] 0.10 [-0.07, 0.27]
f
Effect of condition for boys ~ 0.22* [0.04, 0.40] —0.08 [-0.15,0.09] 0.14 [0.00, 0.29] 0.20* [0.04, 0.36] -0.02 [-0.13,0.10]

All continuous variables are standardized. Cl = confidence interval; exp. = experimental condition.

a\We formulated a hypothesis for this effect prior to the analysis.
o <o0.10.

o < 0.05.

**p < 0.01.

**p < 0.001.

TABLE 6 | Multiple regression models 2: effects on intrinsic value, attainment value, utility value for daily life, and cost.

Predictor Intrinsic value Attainment value Utility value: daily life Cost
B B 95% B B 95% B B 95% B B 95%
Cl Cl Cl Cl

Pretest 0.87** [0.80, 0.93] 0.71% [0.62, 0.79] 0.62"* [0.52, 0.71] 0.71%* [0.62, 0.80]
Gender (boys = 1) —0.03 [-0.17,0.11] —0.05 [-0.19, 0.09] —0.09 [-0.32,0.15] -0.11 [-0.35,0.12]
Condition (exp. = 1) 0.05 [-0.10,0.19] -0.02 [-0.14, 0.10Q] 0.08 [-0.17,0.23] —0.05 [-0.21,0.11]
Gender x Condition 0.00 [-0.18,0.18] 0.00 [-0.21,0.21] -0.08 [-0.31, 0.26] 0.05 [-0.19, 0.30]
Effect of condition for boys 0.05 [-0.09, 0.18] -0.02 [-0.18, 0.15] 0.00 [-0.19,0.19] 0.00 [-0.23, 0.23]

All continuous variables are standardized. Cl = confidence interval; exp. = experimental.
**p < 0.001.

TABLE 7 | Multiple-group multiple regression model: effects on social utility value.

Predictor Utility value —social

Questionnaire first Achievement test first

p p p B
95% ClI 95% ClI
Pretest 0.65** [0.60,0.71] 0.76*** [0.70, 0.82]
Gender (boys = 1) 0.30* [0.14, 0.47] 0.10 [-0.13, 0.34]
T T
Condition (exp. = 1) 0.24 [0.00,0.48] 0.21 [0.08, 0.40]
Gender x Condition —0.88"* [-1.12, —0.64] —-0.08 [-0.38,0.22]
Effect of condition for boys —0.64** [-0.98, —0.30] 0.14 [-0.05, 0.32]
All continuous variables are standardized. Cl = confidence interval; exp. = experimental.
tp <o0.10.
**n < 0.01.
**p < 0.001.

life experiences. However, the stereotyped clip in this television
program had a duration of only about 1 min, and the children
in the experimental condition saw this clip only once. Thus, the
duration and frequency of stereotype presentation might need
to be increased in future studies to substantially affect girls’ and
boys’ motivational dispositions.

Furthermore, when interpreting the results of the present
study for girls and for boys, the specific age group of the
participants should be taken into consideration. We investigated
how stereotypes in a television program affect 5th graders
because important processes in the development of children’s
expectancy and value beliefs and understanding of gender role
behavior take place during that age period. Around the age
of 10 years old, children become increasingly aware of how
gender-stereotypical behavior might reflect social gender roles
(for a review, see Leaper, 2015). In addition, children increasingly
understand, interpret and integrate others’ feedback and become
more realistic in evaluating their strengths and weaknesses
during their elementary school years (Wigfield et al., 2015). Such
processes are believed to influence the development of children’s
expectancy and value beliefs (Wigfield et al., 2015).

We investigated how stereotypes experienced in the
environment might influence students’ motivational dispositions
among 5th graders because children at that age should be
right at the beginning of these developmental processes. In
addition, previous research has indicated that even elementary
school children can be affected by gender stereotypes—at least
with respect to math performance (Flore and Wicherts, 2015).
However, the participants’ young age could be a reason why
we found (almost) no effects on students’ expectancy and value
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FIGURE 1 | Effects of the experimental manipulation. Error bars represent 95% confidence intervals. CG = control group; EG = experimental group.
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beliefs. One reason for this assumption is provided by findings
from the stereotype threat literature that have indicated that
group and domain identification moderate effects of stereotype
threat (e.g, Schmader, 2002; Lewis and Sekaquaptewa, 2016).
Given that children increasingly identify with specific school
subjects in elementary and middle school but do not differentiate
much between the subjects at younger ages (see Wigfield et al.,
2015), the participants in our study might have been too young
and might not have sufficiently identified with the domain of
math.

In addition, the stereotypes that were displayed in the video
may provide an explanation for the fact that we did not find
any effects on girls' motivational dispositions, attitudes, and
performance in math and only a few effects on boys’ motivational

dispositions and attitudes. With respect to the girls in the video,
it was not clear whether the girls in the video thought doing their
math homework was boring or whether they were not able to
solve the problems; thus, the video might have targeted the low
motivation of these girls and not their low performance or talent
in math, which has typically been the focus of studies that have
investigated the effects of stereotype threat (see e.g., Nguyen and
Ryan, 2008).

A video that more directly targets girls’ lower performance
or talent compared with boys might thus evoke stronger effects
on girls’ motivational dispositions and attitudes. Such a video
might also evoke more positive effects on boys' motivational
dispositions and attitudes, effects that would go against previous
research that has indicated the experience of stereotype lift
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for male students in situations in which female students
disadvantage in math was made salient. Stereotype lift describes
the effect of a boost for the non-targeted group in settings
in which stereotypes are activated (e.g., for men after negative
stereotypes of women’s math performance have been presented;
e.g., Walton and Cohen, 2003; Johnson et al., 2012). The positive
effect on boys’ sense of belonging could be an indication of effects
of stereotype lift on this outcome due to the traditional gender
stereotypes in the video such as the stereotype that boys are better
at math than girls.

However, the negative effect on boys’ social utility can hardly
be explained by stereotype lift effects. Here, the specific portrait
of the boy presented in the stereotyped clip could have played a
role. Although the male classmate from whom the girls copied
their homework seemed to be mathematically competent, he
was also presented as geeky. To the best of our knowledge,
effects of this stereotype have not yet been investigated. However,
there is research on the stereotypes of math and science. Such
research has indicated that favoring these subjects reduces
students’ perceived social competence and popularity. A study by
Hannover and Kessels (2004) showed that students who admitted
to liking science were judged as less popular, less attractive,
less socially competent, and less integrated than students who
claimed they did not like science. As the social utility scale
directly referred to social acceptance, the stereotype of the boy
as competent but geeky might thus explain the negative effect of
the stereotype on boys’ social utility.

Strength and Limitations

One major strength of this study is its high ecological validity.
In our experiment, we used a television program that was
broadcast on national television. Although the experiment took
place in the school context, which does not exactly represent
the setting in which children watch television programs in their
everyday lives, the experimental material perfectly reflected what
children encounter in real-world situations. Contrary to previous
research on stereotypes, we furthermore investigated effects of
stereotypes embedded into a more complex situation, where a
lot of other information was presented to the children. Our
results therefore provide initial insights into effects of stereotypes
embedded in a television program on young girls and boys in
a naturalistic setting. Nevertheless, further studies should also
investigate such effects in other real-life settings, such as the
home, where children might watch television programs together
with their families and therefore might discuss the content of
these programs.

In conducting the experiment, we applied a strong research
design to address our research questions. We used a randomized
block design, randomizing male and female students within
classes to the different conditions. Thereby, we investigated
possible effects on girls and boys performance as well as
on different motivational dispositions and attitudes with the
aim of obtaining a comprehensive picture of possible effects
of traditional stereotypes in television programs. The sample
size was based on a power analysis, and in order to increase
the transparency of our research, we preregistered all of our
hypotheses as well as the analyses. By doing so, we attempted

to counter any arguments that might suggest that the effects of
stereotype threat were built on p-hacking (Flore and Wicherts,
2015).

To assess possible effects of the stereotypes embedded in
the television program, we included several different outcome
measures such as scales for measuring all dimensions of the
task values, for instance, or scales for assessing students’ sense
of belonging. The findings thus provide a comprehensive
picture of possible effects on different outcomes, although one
should keep in mind that the scale to assess students’ sense
of belonging was adapted from the original study. However,
the measures we used were based on an achievement test and
a questionnaire, which consisted of self-report measures. Our
results thus provide no insights into how individuals might
process the information presented in the video. Other assessment
tools such as observational outcome measures (e.g., eye tracking)
are necessary for investigating such processes.

The specific stereotypes transmitted in the television program
also need to be considered when interpreting the results of our
study. Whereas previous studies on stereotype threat mostly
investigated stereotypes of girls being less able to do math than
boys (see e.g., Nguyen and Ryan, 2008), the girls in the video
might have only been too bored to do their math homework
and the boy is depicted as being geeky. The effects on stereotype
endorsement indicate that the children noticed the stereotype of
boys being better in math than girls in the video. Nonetheless, it
is still an open question if a video that more explicitly presents
girls as being less able to do math than boys and boys not as
being geeky would have caused effects on the other outcomes
under investigation. For example, there is research indicating that
favoring math and sciences reduces students perceived social
competence and popularity (Hannover and Kessels, 2004). Based
on such findings, it can be speculated that the negative effect
on social utility for boys found in the present study might
be due to the presentation of the boy as being geeky in the
video because the social utility scale directly referred to social
acceptance. Additionally, it might be possible that the stereotype
of the geeky math boy prevented girls from being negatively
affected by the video because girls might have experienced this
presentation as a negative stereotype against boys. However,
such assumptions are rather speculative and further research is
necessary to investigate whether other presentations of gender
stereotypes affect girls and boys differently than those used in the
present study.

Another limitation refers to the sample, which consisted
of academic track students (students attending Gymnasiums).
We used this sample because academic track schools are the
most frequented type of school in Germany (more than 40%
of students attend this type of school after primary school),
and the school-leaving certificate from academic track schools
entitles students to attend university (State Statistical Office of
Baden-Wirttemberg., 2016). When investigating the influence
of stereotypes on gender differences in important predictors of
STEM careers, it is therefore most informative to assess samples
of academic track students. Nevertheless, further research is
required to investigate how the results can be generalized to
students from other types of schools.
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CONCLUSION

This study suggests that stereotypes in television can increase
children’s stereotype endorsement, but hardly affect their
motivational  dispositions, attitudes, and performance.
Consequently, one could argue that traditional gender
stereotypes presented in a television programs do not seem
to affect young girls in math. This might be positive, particularly
in light of the huge amount of time children spend watching
television every day (Rideout et al., 2010; Rideout, 2015).
However, in our study, we investigated effects of stereotypes in
a television program in which only about 1 min of the material
had been manipulated, and it might be repeated experience
that causes effects to accumulate and sustainably affect boys
and girls in the end (Wigfield and Eccles, 2000; Eccles, 2009).
Additionally, even such a short clip containing stereotypes
presented only once increased children’s stereotype endorsement
(at least in the short term). The results therefore suggest that
television can activate and increase stereotypes about males
advantage in math in children, which might ultimately lead
to gender differences in mathematically-intensive STEM fields
(Eccles, 2009). Even though we did not find effects on children’s
motivational dispositions and attitudes, program developers
might therefore nonetheless wish to carefully consider including
stereotypes in television programs for children.

Our research adds to the discussion of the relevance of
stereotype threat effects, particularly with respect to motivational
dispositions (see Spencer et al, 2016). Despite effects of
the experimental condition on girlS§ and boys stereotype
endorsement, we found hardly any effects on children’s
performance, motivational dispositions, and attitudes. Again, it
might be repeated experience that renders effects of stereotype
threat potentially harmful, and more research is needed to
explore the duration of possible effects. Nevertheless, given failed
attempts to replicate the original findings on stereotype threat
(Stoet and Geary, 2012) and indications of publication bias in
the literature on stereotype threat (Flore and Wicherts, 2015),
the findings from the present study cast doubt on the robustness
of stereotype threat effects. To continue this discussion, it is
imperative that non-significant findings are not hidden away in
the file drawer.
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The current study explores change in mental rotation skills throughout the pre-
kindergarten year in a Hispanic population to better understand the development of early
sex differences in mental rotation. Ninety-six Hispanic children (M = 4 years 8 months)
completed a mental rotation task at the beginning and end of pre-kindergarten. Results
suggest Hispanic boys and girls differed in gains on mental rotation ability, with boys
improving significantly more than girls during pre-kindergarten on a mental rotation task.
This study highlights the significance of studying mental rotation abilities in a Hispanic
population of pre-kindergarten aged children and suggests the importance of examining
sex differences in mental rotation over time, rather than at one time-point, to better
understand when sex differences in spatial skills develop. We discuss various factors
that potentially affect the growth of spatial skills including the role of early education,
spatial experiences, and spatial language input.

Keywords: spatial thinking, preschool, sex differences, Hispanic children, mental rotation

INTRODUCTION

Spatial thinking is the ability to think about the spatial world and encompasses a number of
skills including mentally rotating and transforming objects and shapes, recreating patterns, and
navigating around one’s environment (Sinton et al., 2013). Children and adults depend on spatial
thinking for a variety of everyday situations such as remembering the location of a doll in a play
room or a car in the parking lot, fitting toys in a box or suitcases in a trunk, and building block
towers or Ikea furniture (Abad, 2018). Aside from being necessary for everyday tasks, spatial
thinking is linked to early mathematics ability (Cheng and Mix, 2014; Verdine et al., 2017) and
predicts future entry in Science, Technology, Engineering, Mathematics (STEM) fields (Humphreys
et al., 1993; Shea et al., 2001; Wai et al., 2009).

Several studies have established sex differences in adults’ spatial skills, particularly mental
rotation ability, with men consistently outperforming women (Maccoby and Jacklin, 1974; Linn and
Petersen, 1985; Voyer et al., 1995). However, when these sex differences develop remains uncertain
since sex differences in children’s spatial skills are inconsistent (Frick et al., 2014). Previous studies
typically examine sex differences at one timepoint in mostly middle- to upper-income populations
of primarily White individuals leaving open the question of whether we see sex differences in spatial
thinking over time and in underrepresented populations. The projections that Hispanics will make
up 28 percent of the United States population by the year 2050 (Colby and Ortman, 2015) and the
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lack of minority representation in STEM fields (National
Science Foundation and National Center for Science and
Engineering Statistics, 2013) reveal the importance of exploring
sex differences in a Hispanic population. In a recent publication
Levine et al. (2016) attempted to “advance the conversation”
on sex differences in spatial cognition by laying out the
need for more research examining change in development.
The current study seeks to fill these gaps in the literature
and “advance the conversation” by examining whether there
are sex differences in spatial skills over time in a typically
understudied population, Hispanic pre-kindergarten (pre-k)
children of diverse socioeconomic status. Specifically, the current
study aims to explore whether changes in mental rotation ability
made by Hispanic boys throughout pre-kindergarten are different
from changes made by Hispanic girls.

Sex Differences in Spatial Thinking

Research over four decades suggests consistent sex differences
in spatial thinking, with men reliably outperforming women on
some spatial thinking tasks and the largest effects found on tasks
requiring mental rotation ability (Maccoby and Jacklin, 1974;
Linn and Petersen, 1985; Voyer et al., 1995; Uttal et al., 2013).
However, when and how these sex differences emerge are more
contentious subjects (see review by Levine et al., 2016 as well as
Frick et al., 2014).

Studies on sex differences in spatial skills across the lifespan
have resulted in inconsistent findings. Consistent with the adult
literature, some studies have found an early male advantage on
spatial skills (e.g., Johnson and Meade, 1987; Levine et al., 1999;
Levine et al., 2005; Ehrlich et al., 2006; Casey et al., 2008; Moore
and Johnson, 2008; Quinn and Liben, 2008, 2014; Levine et al.,
2012; Lauer et al., 2015). For instance, a study by Johnson and
Meade (1987) on children between 6 and 18 years showed boys
outperform girls on spatial tasks by age 10. Exploring a younger
population, Levine et al. (1999) tested children ranging from 4
to almost 7 years of age on a mental rotation task and found sex
differences with boys outperforming girls as early as 4.5 years of
age. Sex differences on spatial tasks in 3-4.5 year olds have been
replicated in other studies (Levine et al., 2012; Joh, 2016; Pruden
and Levine, 2017).

However, studies examining children’s spatial thinking have
found no consistent sex differences, even on tasks requiring
mental rotation skills where the strongest sex differences are
found in adults (e.g., Platt and Cohen, 1981; Kaplan and
Weisberg, 1987; Caldwell and Hall, 1970; Kaess, 1971; Jahoda,
1979; Kosslyn et al., 1990; Estes, 1998; Lachance and Mazzocco,
2006; Frick et al., 2009; Kriiger and Krist, 2009; Jansen and Heil,
2010; Frick et al., 2013; Lehmann et al., 2014; Verdine et al,,
2017). For instance, a study by Manger and Eikeland (1998)
on sixth graders’ spatial visualization skills found no significant
sex differences. Frick et al. (2013) explored the performance of
children between the ages of 3 and 5 on a mental rotation task
and found no consistent sex differences. More recently, Verdine
et al. (2017) assessed the spatial thinking abilities of 3 to 5-year-
old children on a variety of spatial tasks and found no significant
sex differences. Furthermore, due to the file-drawer problem, it
is possible that numerous other studies showing no significant

sex differences in children’s spatial thinking remain unpublished
(Rosenthal, 1979).

Sex differences in adults’ spatial ability are well established,
however, when and how these sex differences emerge remains
uncertain. Biological, hormonal, and evolutionary accounts still
permeate the debate, however, environmental factors have been
shown to influence and potentially mediate sex differences in
spatial skills including: (1) boys are engaged in more activities
related to spatial and mathematics achievement than girls
(Newcombe et al,, 1983; Baenninger and Newcombe, 1995;
Nazareth et al., 2013); (2) boys and girls are held to different
expectations and standards (i.e., gender stereotypes) by their
parents and teachers (Parsons et al., 1982; Eccles and Jacobs,
1986); (3) girls have more anxiety regarding their performance
on spatial activities (Lawton, 1994; Baenninger and Newcombe,
1995); and (4) boys hear more spatial language than girls from
their parents (Pruden and Levine, 2017).

While no single explanation accounts for the sex differences
found in spatial thinking and the timing of the emergence of these
sex differences is still debated, it is clear that sex differences exist
and are influenced by many environmental factors. The bulk of
previous research has addressed sex differences in spatial thinking
in middle- to upper-income populations containing primarily
non-Hispanic White individuals. However, to better understand
sex differences in spatial thinking, it is critical to explore whether
these differences exist across populations.

Generalizability of Sex Differences in
Spatial Thinking

Studies investigating whether sex differences in spatial thinking
are generalizable across diverse populations show conflicting
results. Several studies in African, Asian, and Western cultures
suggest the male advantage exists across cultures in both child
and adult samples (e.g., Jahoda, 1980; Mann et al., 1990; Lynn,
1992; Silverman et al,, 2007; Casey et al., 2008; Lippa et al.,
2010; Liu and Lynn, 2011). However, other studies utilizing
cross-cultural and diverse populations suggest sex differences in
spatial thinking may not be generalizable across all populations.
For instance, Feingold (1994) examined sex differences in
studies conducted after 1980 with participants from outside
of the United States and found no consistent sex differences
in verbal, math, or spatial skills across cultures. Berry (1966)
examined the spatial ability of Eastern Canadian Eskimos from
the Baffin Islands and found no sex differences on a variety
of spatial assessments. More recently, Icelandic high school
girls were found to outperform their male peers on highly
spatial sections of a mathematics test (Lemke et al., 2004).
Additionally, socioeconomic status was found to mediate sex
differences in mental rotation (Levine et al., 2005). Levine
and colleagues found sex differences in the mental rotation
skills of boys and girls from middle and high SES but no sex
differences in the mental rotation skills of children from low
SES.

These studies suggest sex differences in spatial skills are
generalizable across some nations, cultures, ethnicities, and
socioeconomic statuses but may not be universal. Little research
to date (though see Casey et al., 2008; Nazareth et al., 2013) has
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looked at whether there are similar sex differences in Hispanic
individuals across varying socioeconomic groups — the aim of
the present study. Importantly, no studies have investigated
sex differences in spatial thinking in an exclusively Hispanic
population of children within the United States (US). Given the
growing Hispanic population in the United States and the current
underrepresentation of Hispanic women in STEM fields, it is
critical to examine whether sex differences in spatial thinking are
generalizable to this particular population.

Changes in Spatial Skill

Numerous studies have established that spatial thinking is
malleable and can be improved through training in both males
and females (Ehrlich et al., 2006; Terlecki et al., 2008; Wright
et al, 2008). Additionally, studies with multiple timepoints
provide a greater understanding of sex differences in spatial
thinking by examining whether these differences change over
time. However, these studies generally examine change in
spatial thinking after a specific intervention, with few studies
investigating naturally occurring changes in spatial thinking in
males and females throughout development (e.g., Huttenlocher
et al., 1998; Levine et al., 2005; Lachance and Mazzocco, 2006;
Verdine et al., 2017).

Huttenlocher et al. (1998) conducted a cross-sectional study
where kindergartners and first graders were tested during
school months and summer break on several cognitive tasks.
Emphasizing the impact of early education for the development
of spatial skills, children were found to grow significantly more
during school months compared to vacation months on cognitive
tasks related to language and spatial operations. While this
study examines change in spatial thinking throughout early
development, its cross sectional design leaves the question
of whether boys and girls make similar or different changes
throughout the school year unanswered. In a longitudinal study,
Levine and colleagues examined the influence of SES and sex
on second and third graders’ spatial skills. Children made
improvements over time on all spatial tasks measured, however,
there were no reported differences in spatial ability by sex or SES
over time. A different longitudinal study by Verdine et al. (2017)
on the spatial abilities of children between the ages of 3 and 5
found no sex differences in preliminary analysis and therefore
did not examine sex differences over time. Another longitudinal
study (Lachance and Mazzocco, 2006) where over 100 students
were followed from kindergarten to third grade to examine sex
differences in math and spatial skills found no persistent sex
differences during any year of the study, in any area of math or
spatial skills, or in growth rates for math or spatial skills. These
studies look at change in spatial skills over time in a naturalistic
setting, however, none included an analysis of sex differences
in change over time in preschool aged children, a time when
many children enter formal schooling and sex differences may be
emerging (Levine et al., 1999, 2012; Joh, 2016).

Given the lack of consensus on the age at which sex differences
in spatial skills emerge and the fact that spatial skills develop
over time and sex differences in spatial skills strengthen over
time (Voyer et al., 1995), examining naturally occurring change
in boys’ and girls’ spatial skills over time may provide a greater

understanding of when these sex differences develop not available
through studies with only one timepoint and/or cross-sectional
designs. The current study aims to explore sex differences in
change on mental rotation throughout the preschool year to
better understand the development of early sex differences in
spatial skills.

The Current Study

In sum, prior research finds that sex differences in spatial skills
exist (e.g., Maccoby and Jacklin, 1974; Linn and Petersen, 1985;
Voyer et al., 1995; Uttal et al.,, 2013), are generalizable across
some populations (e.g., Jahoda, 1980; Mann et al., 1990; Lynn,
1992; Silverman et al., 2007; Casey et al., 2008; Liu and Lynn,
2011), are malleable (e.g., Baenninger and Newcombe, 1989;
Uttal et al., 2013), and are influenced by environmental factors
(e.g., Newcombe et al., 1983; Baenninger and Newcombe, 1995;
Levine et al., 2012; Nazareth et al., 2013). However, little is
known regarding change in sex differences in mental rotation
ability over time and whether sex differences generalize to an all-
Hispanic population. The current study seeks to address this gap
by following Hispanic children throughout pre-k to assess early
sex differences in mental rotation skills. Specifically, the current
study has two aims: (1) to examine whether sex differences in
mental rotation skills exist in Fall (time 1) and Spring (time 2)
semesters of pre-kindergarten and (2) to explore whether changes
in mental rotation skills of Hispanic pre-k boys are different from
changes in mental rotation skills of Hispanic pre-k girls.

MATERIALS AND METHODS

Participants

The sample consisted of 96 children (45 boys; mean age at
time 1 = 56 months; SD = 3.69 months) from 27 classrooms
(20 schools) enrolled in Florida’s state funded pre-k program
at private schools. Participants were part of a larger study
examining the role of educator language on the development
of various spatial skills. One child was excluded due to a
diagnosed developmental delay. All children were from Hispanic
families in South Florida (16 families or 16.7% refused to report
ethnicity) and were Spanish/English bilinguals. An English and
Spanish language screener was administered as an additional
check that they were being raised in bilingual homes (see section
“Materials’ and Methods” for a description of the language
screener). Socioeconomic status (SES), which has been shown
to mediate sex differences in spatial skills (Levine et al., 2005)
was diverse, with families reporting variability in two indicators
of SES, income and education levels. Given the correlation
between family gross income and highest degree of education,
r(94) = 0.630, p < 0.001, gross income was used as a proxy for
SES. Eight participants reported earning $100,000 or more a year
(8.3%), 5 earning between $75,000 to $99,999 (5.2%), 19 earning
between $50,000 and $74,999 (19.8%), 13 earning between
$35,000 and $49,999 (13.5%), 18 earning between $15,000 and
$34,999 (18.8%), and 13 earning less than $15,000 a year (13.5%).
Twenty families did not report gross income (20.8%).
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Materials and Procedures

Consent and Demographics

Participants were recruited via letters sent from schools to
parents. Interested families returned a signed consent form and
received a demographics questionnaire regarding the child’s race
and ethnicity, primary caregiver’s highest level of education, and
family gross income.

Language Comprehension Screener

Children with parental consent were administered a brief
language comprehension task in both English and Spanish during
the first school visit. The screener included five questions in
English (i.e., what is your name, point to the cat, how old are you,
show me your nose, what is your favorite color) and Spanish (i.e.,
como te llamas, sefiala el gato, cudntos afios tienes, ensefiame tu
nariz, cudl es tu color favorito) intended to assess basic language
comprehension in both languages. Children were tested in a
random order and the first two boys and two girls from each
classroom to answer a minimum of four out of five items correctly
on both language screeners were included in the study. Only
four children from each classroom were selected to ensure a
balanced number of children from each classroom and to limit
classroom disruption. Forty-four children were excluded from
the study for failing the screener in either English or Spanish.
This confirmed children were able to understand English for
our English-administered mental rotation assessment and were
bilingual.

Assessments

Participants completed the Peabody Picture Vocabulary Test,
Test de Vocabulario en Imdgenes Peabody, and Children’s Mental
Transformation Task at both Fall and Spring semesters. The
average time lag between time 1 and time 2 assessments was
approximately four and a half months. Children were tested
individually at their preschool and were given a sticker at the end
of each testing session as a reward.

Receptive vocabulary

Children completed a measure of receptive vocabulary in English
(Peabody Picture Vocabulary Test, 4th ed [PPVT]; Dunn and
Dunn, 1997) and Spanish (Test de Vocabulario en Imagenes
Peabody [TVIP]; Dunn et al., 1986) twice during the school
year. These measures served as a proxy of children’s verbal
intelligence; standardized scores for both the PPVT and TVIP
were not significantly correlated [r(94) = —0.195, p = 0.07]
and were both included as control variables in analyses. Since
bilingual children vary in their relative strength in each language
spoken, we found it to be important to include both measures
to accurately represent children’s vocabulary skills. For each test
item, the experimenter asked the child to point to a picture from
a set of four pictures (e.g., “point to feather”). Each assessment
took approximately 10-15 min to administer. Scores on both the
PPVT and TVIP were age-based standardized scores with a mean
score of 100 and a standard deviation of 15.

Children’s mental transformation task
An abbreviated version of the Children’s Mental Transformation
Task (CMTT; Levine et al, 1999) used by Pruden et al

(2011) was administered at each timepoint. This task evaluates
children’s ability to mentally rotate and translate two shapes
to make a whole object. The CMTT is different from classic
embedded figures task in that it requires both rotation and
transformation of object parts to form a whole rather than
simply identifying parts within a whole. On each of 10 items,
children were shown two pieces of shapes and four target
shapes, and were asked to point to the shape that the two
pieces would make if they were put together (Figure 1).
Every correct response received 1 point with a possible
score range of 0 to 10 points. On average, the CMTT took
5 min to complete and children were administered all 10
items.

RESULTS

Normality, Outliers, and Missing Data

Prior to analysis, SES, childs age at the time of each
assessment, and scores on the PPVT, TVIP, and CMTT
at each timepoint were examined for normality as well as
univariate and multivariate outliers. Histograms were examined
for univariate outliers and violations of normality (Tabachnick
and Fidell, 2013). No univariate outliers were found in any
variables tested. However, several variables were found to
be skewed; this was addressed by using bootstrapping in
subsequent analyses. No multivariate outliers were identified
by using Mahalanobis distance with p < 0.001 (Yuan and
Hayashi, 2010). Little’s Missing Completely At Random (MCAR)
test was not significant (X? = 767.92, df = 816, p = 0.884)
suggesting data were missing at random (Tabachnick and Fidell,
2013). Less than 13% of data were missing, missing data
were addressed by conducting multiple imputations using five
imputations (Schafer and Graham, 2002). Reported results are
from analyses conducted utilizing pooled data from the five
imputations.

Descriptive Statistics

Descriptive statistics for children’s performance on the CMTT
and the receptive vocabulary measures (PPVT; TVIP) show
considerable variability at each timepoint and in both sexes
(Table 1). Average assessment scores suggest no floor or ceiling
effects for any of the assessments, and ranges suggest variability

in children’s performance.

/

FIGURE 1 | Example from the Children’s Mental Transformation Task (CMTT).

Children are shown two pieces of shapes and four shapes and are asked to
“Point to the shape the pieces make.”
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TABLE 1 | Descriptive statistics for scores at time 1 and time 2.

Time 1 Time 2
Males Females Males Females
M SD Min Max M (SD) M (SD) M SD Min Max M (SD) M (SD)
CMTT 4.04 2.54 0.00 9.00 4.45 (2.43) 3.68 (2.61) 5.69 2.07 0.00 10.00 5.58 (2.43) 5.78 (1.72)
PPVT 89.60 14.74 59.00 117.00 87.92 (15.14) 91.23 (14.34) 93.79 15.06 59.00 120.00 94.31 (14.58) 93.36 (15.60)
TVIP 90.23 17.58 55.00 135.00 90.21 (16.41) 90.25 (18.73) 91.13 19.66 55.00 139.00 90.71 (18.79) 91.47 (20.56)

Scores in this table were not imputed.

Main Analyses

Two multiple linear regressions and an ANCOVA style linear
regression were conducted with Mplus version 7.31 to assess
whether child sex was predictive of performance on the CMTT
at time 1 and time 2 (aim 1) and to examine whether child
sex was predictive of changes in CMTT scores throughout pre-
kindergarten (aim 2).

Aim 1. A multiple linear regression was performed at each of
the two timepoints to examine whether there were sex differences
in mental rotation scores at time 1 (see Table 2) and time 2
(see Table 2); each regression controlled for SES, age at the
time of assessment, and receptive vocabulary (PPVT and TVIP)
scores. Results suggest there were no significant sex differences
in Hispanic pre-kindergartners CMTT scores at the time 1
(CMTT: b = —0.65, B = —0.13, p = 0.18, R?> = 0.201) or time
2 (CMTT: b = 0.28, B = 0.07, p = 0.51, R = 0.134). Given the
bilingual population of this study, English and Spanish receptive
vocabulary scores were both included as controls; however, the
results held when controlling for only English and only Spanish
scores.

Aim 2. An ANCOVA style linear regression was performed on
CMTT scores (see Table 3); ANCOVA style linear regressions
can be used to determine change with two timepoints by
using statistical controls to investigate change over time
(Newsom, 2012). An ANCOVA style regression allows for similar
conclusions as an ANOVA while permitting the inclusion of
additional continuous variables to be controlled (Cohen et al.,
2003).

The second aim of the study was to explore whether
there are sex differences in the changes Hispanic children

TABLE 2 | Regression analyses predicting CMTT at time 1 for imputed pooled
scores.

TABLE 3 | ANCOVA analyses predicting CMTT at time 2 for imputed pooled
scores.

Variable B SE (B) B p
Constant —0.488 4.326 -0.237 0.910
Time 1 score 0.410 0.162 0.496 0.011*
Child’s sex 0.431 0.433 0.102 0.320
Child’s sex * time 1 —0.408 0177 —0.367 0.021*
Family income 0.191 0.150 0.149 0.203
PPVT 0.023 0.017 0.178 0.179
TVIP 0.010 0.010 0.089 0.348
Age 0.040 0.060 0.068 0.502

R? = 0.234; *p < 0.05. Cl, confidence interval; LL, lower limit; UL, upper limit.

make in mental rotation skills during prekindergarten. Results
show that the interaction between childs sex and CMTT
scores at time 1 significantly predicted CMTT scores at
time 2 (b = —041, B = —0.37, p = 0.02, R® = 0.234),
suggesting there were significant sex differences in gains made
throughout pre-k on this task. Specifically, boys improved
0.41 points more than girls on the CMTT throughout the
school year. English and Spanish receptive vocabulary scores
were both included as controls; however, results held when
controlling for only English or only Spanish scores. These
results suggest boys are experiencing significantly greater gains
than girls on the CMTT (see Figure 2). Furthermore, CMTT
scores at time 1 were found to be a significant positive
predictor of CMTT scores at time 2 (b = —0.41, B = 0.50,
p = 0.011, R?> = 0.234), suggesting improvement in CMTT
scores throughout pre-k when boys and girls scores are
combined.

It is important to note that results from the ANCOVA
style linear regressions seem to contradict descriptive statistics
previously reported, where the mean score on the CMTT for
girls increased more than the mean score on the CMTT for
boys across timepoints (Table 1); however, simply looking at
mean scores does not take into account individual differences
in performance. In fact, examining standard deviations for
mean scores shows that while there is a similar amount
of variability in boys’ and girlsS’ scores at time 1, there is
much greater variability in boys’ scores compared to girls
scores at time 2. Furthermore, simply comparing mean scores
does not control for any potential confounds. The literature
points to SES, age, and verbal IQ as strong predictors of

Time 1 Time 2
Variable B SE (B) B P B SEMB) B P
Constant —-17.89 349 -7.07 0.00 —-851 4.29 —4.06 0.05
Child’s sex —0.65 0.49 -0.13 0.18 0.28 043 0.07 0.51
Family income —0.07 0.177 -0.05 0.66 023 0.177 0.18 0.18
PPVT 0.04 0.02 0.24 0.05* 0.08 0.02 0.20 0.13
TVIP 0.02 0.01 0.14 0.16 0.02 0.01 0.15 0.12
Age 0.23 0.06 0.32 0.00** 0.07 0.06 0.11 0.26
Time 1 R? = 0.201; Time 2 R? = 0.134; *p < 0.05 and **p < 0.01.
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FIGURE 2 | Gains in CMTT scores throughout pre-kindergarten by child’s sex
based on regressions including age at the time of assessment, family gross
income, and English and Spanish receptive vocabulary scores as covariates
with mean covariates values.

CMTT scores (e.g., Levine et al, 2005), therefore, in order
to accurately assess growth in CMTT it is necessary to
control for these variables. Since our control variables are
continuous variables, but we are interested in change over
time and sex differences, which are categorical variables,
ANCOVA, which within the general linear model combines
ANOVA and regression, is the most appropriate and least
biased approach (see Rutherford, 2011 for a detailed explanation
of the uses of ANCOVA). For these reasons, an ANCOVA
style regression was run in order to gain a more complete
understanding of the development of mental rotation skills
throughout pre-k.

DISCUSSION

The current study aimed to examine the development of sex
differences in the mental rotation skills of Hispanic children
throughout pre-k by exploring (1) whether sex differences exist
in Hispanic pre-kindergartners’ mental rotation skills at time
1 and time 2; and (2) whether there are sex differences in
the changes (i.e., gains) Hispanic children make on mental
rotation skills throughout pre-k. In short, our results suggest
that simply looking at sex differences at only one time
would suggest there are no sex differences in mental rotation
skills at this age; however, by examining sex differences over
time with robust analysis utilizing potential covariates, boys
were found to make greater gains in mental rotation than
girls. The importance of these findings is threefold as they
suggest (1) pre-kindergarten is a time of significant change
and emergence of sex differences in mental rotation skills; (2)
different methodologies such as including multiple timepoints
and examining change is critical for understanding when
sex differences in mental rotation skills develop; and (3)
early sex differences in mental rotation are generalizable to
a SES-diverse population of Hispanic children living in the
United States.

Sex Differences in Mental Rotation Skills
Our findings that boys make greater gains in mental rotation than
girls throughout prekindergarten provide interesting insight into

the study of sex differences in childhood. While sex differences
in the mental rotation skills of adults are well established,
studies examining sex differences in children’s spatial skills
show inconsistent results (Frick et al., 2014). Our results help
explain these discrepancies in the literature, as they show pre-k
boys make greater improvements than girls on a task requiring
mental rotation skills, but boys and girls do not significantly
differ in performance when examined at one single timepoint.
Furthermore, while there is a similar amount of variability in
boys’ and girls’ scores at time 1, there is greater variability in
boys’ scores compared to girls’ scores at time 2. These findings
suggest that pre-kindergarten is a time when sex differences
in mental rotation skills are emerging, though more studies
will be needed to determine when exactly these differences
emerge.

One possible explanation for boys improving significantly
more on the CMTT than girls is that early education may
be providing more opportunities for boys, compared to girls,
to advance their mental rotation skills. Previous research
shows boys are exposed to more activities (e.g., Legos, blocks,
construction toys) that promote spatial learning than girls
(Newcombe et al., 1983; Baenninger and Newcombe, 1995;
Nazareth et al., 2013). While speculative, since we did not
gather data on children’s exposure to spatial activities in the
classroom, it is possible boys may have been exposed to new
spatial experiences that improved their mental rotation skills
in pre-k, allowing them to make larger gains on the CMTT.
Another possible explanation for boys improving more than girls
on the CMTT is that boys hear more spatial language than girls
from their parents in the home setting (Pruden and Levine,
2017). Similarly, it could be that educators, like parents, use
new or a greater quantity and quality of spatial language with
boys in the pre-k classroom, contributing to the development
of boys’ spatial skills. While speculative, these various factors
highlight the need for more research on spatial development in
the early education setting, the impact of early education on
spatial development, and whether boys and girls are exposed to
the same kind of spatial experiences (e.g., activities and language)
in the early education classroom (Costales et al., 2015). These
mechanisms alone, or more likely via complex interactions, may
provide a powerful means to promote spatial thinking in both
sexes.

Examining Sex Differences at Multiple
Timepoints

The current findings suggest the importance of examining
change in sex differences in mental rotation through time
to better understand these differences and when and how
they develop. Had we explored sex differences at only
one of the two timepoints, we would have concluded that
there were no sex differences in Hispanic pre-kindergartners’
mental rotation skills. However, by examining change in
boys’ and girls’ mental rotation skills throughout the school
year, we were able to observe that mental rotation ability
in pre-k is actually different for boys and girls, with boys
making greater improvement on a mental rotation task than
girls.
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Given our finding that sex differences in mental rotation
are growing stronger or emerging at this age, it is possible
that studies looking for sex differences at only one timepoint
may not always find significant results, even when differences
are present. Our results highlight the importance of utilizing
different methodologies examining change over time to uncover
the earliest indicators of sex differences in spatial thinking and
help explain the inconsistencies in the current research on early
sex differences in spatial thinking. Given that spatial skills are
malleable and can be improved (Uttal et al., 2013), early detection
of sex differences in spatial thinking by exploring change is
critical and may help us identify when in development spatial
experiences and training for both girls and boys should occur.

Generalizing Sex Differences in Mental

Rotation to a Hispanic Population

Studies exploring sex differences in diverse populations show
inconsistent results (Berry, 1966; Jahoda, 1980; Mann et al., 1990;
Lynn, 1992; Feingold, 1994; Lemke et al., 2004; Levine et al,
2005; Silverman et al., 2007; Casey et al., 2008; Liu and Lynn,
2011). To date, few studies have examined sex differences with
diverse populations including Hispanic participants (though see
Casey et al., 2008; Nazareth et al., 2013). Our findings suggest
sex differences in mental rotation skills are generalizable to a
Hispanic population of children of varying SES living in the
United States. Given the link between spatial thinking and
future entry into STEM fields (Humphreys et al., 1993; Shea
et al,, 2001; Wai et al., 2009) and the exponentially increasing
Hispanic population in the United States, our findings may have
important implications for future work aimed at understanding
the underrepresentation of minorities and women in STEM

fields.

Limitations

It is important to note some limitations to this study. First,
the current study only measured mental rotation ability at two
timepoints, limiting our ability to test non-linear relations and
utilize more powerful statistical tools like growth curve modeling.
Second, given the small number of children assessed at some
of the classrooms and schools, it was not possible to determine
whether there were any classroom or school clustering effects.
Third, given the observational nature of this study, we are
unable to make causal inferences regarding the mechanisms
that lead to changes in mental rotation performance and the
sex differences seen in changes on the mental rotation task.
Fourth, given the nature of this study it was not possible to
control for the influence of many factors which have been
shown to influence sex differences in mental rotation skills (e.g.,
engagement with spatial toys and activities, gender stereotypes,
spatial anxiety, and spatial language. Finally, our study is the
first to examine spatial thinking skills in a bilingual population.
While we believe this is an important and understudied area
of research, given that our entire sample was English-Spanish
bilinguals, it was not possible for us to examine the specific role
of bilingualism versus monolingualism on the development of
spatial thinking.

CONCLUSION

The current study suggests there are sex differences in
the gains made throughout pre-k on mental rotation, with
boys making significantly more gains than girls. The current
findings point to the need to explore change over time to
attain a greater understanding of sex differences in mental
rotation ability. Future research should continue to explore
the influence of early schooling on the development of
spatial skills in diverse populations, with a particular focus
on the mechanisms resulting in changes in spatial thinking
and the factors leading to sex differences in these changes
(e.g., spatial activities and spatial language). Given the link
between spatial thinking and future entry into STEM fields
(Humphreys et al., 1993; Shea et al, 2001; Wai et al,
2009), a better understanding of the influence early education,
among other potential factors, on spatial development in boys
and girls from diverse backgrounds is needed. Identifying
mechanisms that promote growth in spatial thinking is critical to
increasing the number of minorities and women entering STEM

fields.

ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of Florida International University’s

Institutional Review Board. Participants’ primary caregivers gave
written informed consent in accordance with the Declaration of
Helsinki. The protocol was approved by the Institutional Review
Board at Florida International University.

AUTHOR CONTRIBUTIONS

CA, RO, and SP contributed to conception and design of the
study. CA and RO collected the data and performed the statistical
analysis. CA wrote the first draft of the manuscript. All authors
contributed to manuscript revision, read and approved the
submitted version.

FUNDING

This research was supported by a generous grant from The Ware
Foundation to the Project on Language and Spatial Development.
This research is based upon work supported by the National
Science Foundation Graduate Research Fellowship under Grant
No. DGE-1038321. Any opinion, findings, and conclusions or
recommendations expressed in this publication are those of the
authors and do not necessarily reflect the views of the National
Science Foundation.

ACKNOWLEDGMENTS

We thank the research assistants who worked on this study and
the preschools, educators, and children for their participation.

Frontiers in Psychology | www.frontiersin.org

December 2018 | Volume 9 | Article 2563


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Abad et al.

Hispanic Children’s Mental Rotation

REFERENCES

Abad, C. (2018). The Development of Spatial Thinking. Ph.D. thesis, Florida
International University, Miami, FL.

Baenninger, M., and Newcombe, N. (1989). The role of experience in spatial test
performance: a meta-analysis. Sex Roles 20, 327-344. doi: 10.1007/BF00287729

Baenninger, M., and Newcombe, N. (1995). Environmental input to the
development of sex-related differences in spatial and mathematical ability.
Learn. Individ. Differ. 7, 363-379. doi: 10.1016/1041-6080(95)90007-1

Berry, J. W. (1966). Temne and Eskimo perceptual skills. Int. J. Psychol. 1, 207-229.
doi: 10.1080/00207596608247156

Caldwell, E. C., and Hall, V. C. (1970). Concept learning in discrimination tasks.
Dev. Psychol. 2, 41-48. doi: 10.1037/h0028606

Casey, B. M., Andrews, N., Schindler, H., Kersh, J. E., Samper, A., and Copley, J.
(2008). The development of spatial skills through interventions involving block
building activities. Cogn. Instr. 26, 269-309. doi: 10.1080/07370000802177177

Cheng, Y. L, and Mix, K. S. (2014). Spatial training improves children’s
mathematics ability. J. Cogn. Dev. 15, 2-11. doi: 10.1080/15248372.2012.725186

Cohen, J., Cohen, P., West, S. G., and Aiken, L. S. (2003). Applied Multiple
Correlation/Regression Analysis for the Behavioral Sciences. Milton Park: Taylor
& Francis.

Colby, S. L., and Ortman, J. M. (2015). Projections of the Size and Composition of
the US Population: 2014 to 2060. Available at: https://www.census.gov/content/
dam/Census/library/publications/2015/demo/p25-1143.pdf

Costales, A., Abad, C., Odean, R., and Pruden, S. M. (2015). “Spatial activities
and manipulatives for early childhood classrooms,” in The Sage Encyclopedia of
Classroom Management, ed. G. Scarlett (Thousand Oaks, CA: Sage Publication).

Dunn, L. M., and Dunn, L. M. (1997). Peabody Picture Vocabulary Test -(PPVT-
III), 3rd Edn. Circle Pines, MN: American Guidance Service.

Dunn, L. M., Padilla, E., Lugo, D., and Dunn, L. M. (1986). Test de
Vocabulario en Imdgenes Peabody—Adaptacién Hispanoamericana [Peabody
Picture Vocabulary Test—Latin American Adaptation]. Circle Pines, MN:
American Guidance Service.

Eccles, J. S., and Jacobs, J. E. (1986). Social forces shape math attitudes and
performance. Signs 11, 367-380. doi: 10.1086/494229

Ehrlich, S. B., Levine, S. C., and Goldin-Meadow, S. (2006). The importance of
gesture in children’s spatial reasoning. Dev. Psychol. 42, 1259-1268. doi: 10.
1037/0012-1649.42.6.1259

Estes, D. (1998). Young children’s awareness of their mental activity: the case of
mental rotation. Child Dev. 69, 1345-1360. doi: 10.1080/15248372.2012.725186

Feingold, A. (1994). Gender differences in variability in intellectual abilities: a
cross-cultural perspective. Sex Roles 30, 81-92. doi: 10.1007/BF01420741

Frick, A., Daum, M. M., Wilson, M., and Wilkening, F. (2009). Effects of action
on children’s and adults’ mental imagery. J. Exp. Child Psychol. 104, 34-51.
doi: 10.1016/j.jecp.2009.01.003

Frick, A., Ferrara, K., and Newcombe, N. S. (2013). Using a touch screen paradigm
to assess the development of mental rotation between 3!/2 and 5'/2 years of age.
Cogn. Process. 14, 117-127. doi: 10.1007/s10339-012-0534-0

Frick, A., Mohring, W., and Newcombe, N. S. (2014). Development of mental
transformation abilities. Trends Cogn. Sci. 18, 536-542. doi: 10.1016/j.tics.2014.
05.011

Humphreys, L. G., Lubinski, D., and Yao, G. (1993). Utility of predicting group
membership and the role of spatial visualization in becoming an engineer,
physical scientist, or artist. J. Appl. Psychol. 78, 250-261. doi: 10.1037/0021-
9010.78.2.250

Huttenlocher, J., Levine, S., and Vevea, J. (1998). Environmental input and
cognitive growth: a study using time-period comparisons. Child Dev. 69, 1012
1029. doi: 10.2307/1132360

Jahoda, G. (1979). On the nature of difficulties in spatial-perceptual tasks: ethnic
and sex differences. Br. J. Psychol. 70, 351-363. doi: 10.1111/j.2044-8295.1979.
tb01705.x

Jahoda, G. (1980). Sex and ethnic differences on a spatial-perceptual task: some
hypotheses tested. Br. J. Psychol. 71, 425-431. doi: 10.1111/j.2044-8295.1980.
tb01757.x

Jansen, P., and Heil, M. (2010). The relation between motor development and
mental rotation ability in 5- to 6-year-old children. Eur. J. Dev. Sci. 4, 67-75.
doi: 10.3233/DEV-2010-4105

Joh, A. S. (2016). Training effects and sex difference in preschoolers’ spatial
reasoning ability. Dev. Psychobiol. 58, 896-908. doi: 10.1002/dev.21445

Johnson, E. S., and Meade, A. C. (1987). Developmental patterns of spatial ability:
an early sex difference. Child Dev. 58, 725-740. doi: 10.2307/1130210

Kaess, D. W. (1971). Measures of form constancy: developmental trends. Dev.
Psychol. 4:296. doi: 10.1037/h0030443

Kaplan, B. J., and Weisberg, F. B. (1987). Sex differences and practice effects on two
visual-spatial tasks. Percept. Mot. Skills 64, 139-142. doi: 10.2466/pms.1987.64.
1.139

Kosslyn, S. M., Margolis, J. A., Barrett, A. M., Goldknopf, E. J., and Daly, P. F.
(1990). Age differences in imagery abilities. Child Dev. 61, 995-1010. doi: 10.
2307/1130871

Kriiger, M., and Krist, H. (2009). Imagery and motor processes—When are they
connected? the mental rotation of body parts in development. J. Cogn. Dev. 10,
239-261. doi: 10.1080/15248370903389341

Lachance, J. A., and Mazzocco, M. M. M. (2006). A longitudinal analysis of sex
differences in math and spatial skills in primary school age children. Learn.
Individ. Differ. 16, 195-216. doi: 10.1016/j.1indif.2005.12.001

Lauer, J. E., Udelson, H. B,, Jeon, S. O., and Lourenco, S. F. (2015). An early sex
difference in the relation between mental rotation and object preference. Front.
Psychol. 6:558. doi: 10.3389/fpsyg.2015.00558

Lawton, C. A. (1994). Gender differences in way-finding strategies: relationship
to spatial ability and spatial anxiety. Sex Roles 30, 765-779. doi: 10.1007/
BF01544230

Lehmann, J., Quaiser-Pohl, C., and Jansen, P. (2014). Correlation of motor skill,
mental rotation, and working memory in 3- to 6-year-old children. Eur. J. Dev.
Psychol. 11, 560-573. doi: 10.1080/17405629.2014.888995

Lemke, M., Sen, A., Pahlke, E., Partelow, L., Miller, D., Williams, T., et al. (2004).
International Outcomes of Learning in Mathematics Literacy and Problem
Solving: PISA 2003 Results from the U.S. Perspective (NCES Report No. 2005-
003). Washington, DC: U.S. Department of Education.

Levine, S. C., Foley, A., Lourenco, S., Ehrlich, S., and Ratliff, K. (2016). Sex
differences in spatial cognition: advancing the conversation. Wiley Interdiscip.
Rev. Cogn. Sci. 7, 127-155. doi: 10.1002/wcz.1380

Levine, S. C., Huttenlocher, J., Taylor, A., and Langrock, A. (1999). Early sex
differences in spatial skill. Dev. Psychol. 35, 940-949. doi: 10.1037/0012-1649.
35.4.940

Levine, S. C., Ratliff, K. R., Huttenlocher, J., and Cannon, J. (2012). Early puzzle
play: a predictor of preschoolers” spatial transformation skill. Dev. Psychol. 48,
530-542. doi: 10.1037/a0025913

Levine, S. C., Vasilyeva, M., Lourenco, S. F., Newcombe, N. S., and Huttenlocher, J.
(2005). Socioeconomic status modifies the sex difference in spatial skill. Psychol.
Sci. 16, 841-845. doi: 10.1111/j.1467-9280.2005.01623.x

Linn, M. C., and Petersen, A. C. (1985). Emergence and characterization of sex
differences in spatial ability: a meta-analysis. Child Dev. 56, 1479-1498. doi:
10.2307/1130467

Lippa, R. A., Collaer, M. L., and Peters, M. (2010). Sex differences in mental
rotation and line angle judgments are positively associated with gender equality
and economic development across 53 nations. Arch. Sex. Behav. 39, 990-997.
doi: 10.1007/s10508-008-9460- 8

Liu, J., and Lynn, R. (2011). Factor structure and sex differences on the Wechsler
Preschool and Primary Scale of Intelligence in China, Japan and United States.
Pers. Individ. Differ. 50, 1222-1226. doi: 10.1016/j.paid.2011.02.013

Lynn, R. (1992). Sex differences on the Differential Aptitude Test in British
and American adolescents. Educ. Psychol. 12, 101-102. doi: 10.1080/
0144341920120201

Maccoby, E. E., and Jacklin, C. N. (1974). The Psychology of Sex Differences, Vol. 1.
Stanford, CA: Stanford University Press.

Manger, T., and Eikeland, O. (1998). The effects of spatial visualization and
students’ sex on mathematical achievement. Br. J. Psychol. 89, 17-25. doi: 10.
1111/§.2044-8295.1998.tb02670.x

Mann, V. A., Sasanuma, S., Sakuma, N., and Masaki, S. (1990). Sex differences
in cognitive abilities: a cross-cultural perspective. Neuropsychologia 28, 1063—
1077. doi: 10.1016/0028-3932(90)90141-A

Moore, D. S., and Johnson, S. P. (2008). Mental rotation in human infants:
a sex difference. Psychol. Sci. 19, 1063-1066. doi: 10.1111/j.1467-9280.2008.
02200.x

Frontiers in Psychology | www.frontiersin.org

December 2018 | Volume 9 | Article 2563


https://doi.org/10.1007/BF00287729
https://doi.org/10.1016/1041-6080(95)90007-1
https://doi.org/10.1080/00207596608247156
https://doi.org/10.1037/h0028606
https://doi.org/10.1080/07370000802177177
https://doi.org/10.1080/15248372.2012.725186
https://www.census.gov/content/dam/Census/library/publications/2015/demo/p25-1143.pdf
https://www.census.gov/content/dam/Census/library/publications/2015/demo/p25-1143.pdf
https://doi.org/10.1086/494229
https://doi.org/10.1037/0012-1649.42.6.1259
https://doi.org/10.1037/0012-1649.42.6.1259
https://doi.org/10.1080/15248372.2012.725186
https://doi.org/10.1007/BF01420741
https://doi.org/10.1016/j.jecp.2009.01.003
https://doi.org/10.1007/s10339-012-0534-0
https://doi.org/10.1016/j.tics.2014.05.011
https://doi.org/10.1016/j.tics.2014.05.011
https://doi.org/10.1037/0021-9010.78.2.250
https://doi.org/10.1037/0021-9010.78.2.250
https://doi.org/10.2307/1132360
https://doi.org/10.1111/j.2044-8295.1979.tb01705.x
https://doi.org/10.1111/j.2044-8295.1979.tb01705.x
https://doi.org/10.1111/j.2044-8295.1980.tb01757.x
https://doi.org/10.1111/j.2044-8295.1980.tb01757.x
https://doi.org/10.3233/DEV-2010-4105
https://doi.org/10.1002/dev.21445
https://doi.org/10.2307/1130210
https://doi.org/10.1037/h0030443
https://doi.org/10.2466/pms.1987.64.1.139
https://doi.org/10.2466/pms.1987.64.1.139
https://doi.org/10.2307/1130871
https://doi.org/10.2307/1130871
https://doi.org/10.1080/15248370903389341
https://doi.org/10.1016/j.lindif.2005.12.001
https://doi.org/10.3389/fpsyg.2015.00558
https://doi.org/10.1007/BF01544230
https://doi.org/10.1007/BF01544230
https://doi.org/10.1080/17405629.2014.888995
https://doi.org/10.1002/wcz.1380
https://doi.org/10.1037/0012-1649.35.4.940
https://doi.org/10.1037/0012-1649.35.4.940
https://doi.org/10.1037/a0025913
https://doi.org/10.1111/j.1467-9280.2005.01623.x
https://doi.org/10.2307/1130467
https://doi.org/10.2307/1130467
https://doi.org/10.1007/s10508-008-9460-8
https://doi.org/10.1016/j.paid.2011.02.013
https://doi.org/10.1080/0144341920120201
https://doi.org/10.1080/0144341920120201
https://doi.org/10.1111/j.2044-8295.1998.tb02670.x
https://doi.org/10.1111/j.2044-8295.1998.tb02670.x
https://doi.org/10.1016/0028-3932(90)90141-A
https://doi.org/10.1111/j.1467-9280.2008.02200.x
https://doi.org/10.1111/j.1467-9280.2008.02200.x
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Abad et al.

Hispanic Children’s Mental Rotation

National Science Foundation and National Center for Science and Engineering
Statistics (2013). Women, Minorities, and Persons with Disabilities in Science
and Engineering: 2013. Arlington, VA: National Science Foundation.

Nazareth, A., Herrera, A., and Pruden, S. M. (2013). Explaining sex differences in
mental rotation: role of spatial activity experience. Cogn. Process. 14, 201-204.
doi: 10.1007/s10339-013-0542-8

Newcombe, N., Bandura, M. M., and Taylor, D. G. (1983). Sex differences in spatial
ability and spatial activities. Sex Roles 9, 377-386. doi: 10.1007/BF00289672

Newsom, J. T. (2012). “Basic longitudinal analysis approaches for continuous
and categorical variables,” in Longitudinal data Analysis: A Practical Guide for
Researchers in Aging, Health, and Social Sciences, eds J. T. Newsom, R. N. Jones,
and S. M. Hofer (New York, NY: Routledge), 143-179.

Parsons, J. E., Adler, T. F., and Kaczala, C. M. (1982). Socialization of achievement
attitudes and beliefs: parental influences. Child Dev. 53, 310-321. doi: 10.2307/
1128973

Platt, J. E., and Cohen, S. (1981). Mental rotation task performance as a function of
age and training. J. Psychol. 108, 173-178. doi: 10.1080/00223980.1981.9915260

Pruden, S. M., and Levine, S. C. (2017). Parents’ spatial language mediates a sex
difference in preschoolers’ spatial-language use. Psychol. Sci. 28, 1583-1596.
doi: 10.1177/0956797617711968

Pruden, S. M., Levine, S. C., and Huttenlocher, J. (2011). Children’s spatial thinking:
Does talk about the spatial world matter? Dev. Sci. 14, 1417-1430. doi: 10.1111/
j.1467-7687.2011.01088.x

Quinn, P. C,, and Liben, L. S. (2008). A sex difference in mental rotation in young
infants. Psychol. Sci. 19, 1067-1070. doi: 10.1111/j.1467-9280.2008.02201.x

Quinn, P. C., and Liben, L. S. (2014). A sex difference in mental rotation in infants:
Convergent evidence. Infancy 19, 103-116. doi: 10.1111/infa.12033

Rosenthal, R. (1979). The “file drawer problem” and tolerance for null results.
Psychol. Bull. 86, 638-641. doi: 10.1037/0033-2909.86.3.638

Rutherford, A. (2011). ANOVA and ANCOVA: a GLM Approach. Hoboken, NJ:
John Wiley & Sons. doi: 10.1002/9781118491683

Schafer, J. L., and Graham, J. W. (2002). Missing data: our view of the state of the
art. Psychol. Methods 7, 147-177. doi: 10.1037/1082-989X.7.2.147

Shea, D. L., Lubinski, D., and Benbow, C. P. (2001). Importance of assessing spatial
ability in intellectually talented young adolescents: a 20-year longitudinal study.
J. Educ. Psychol. 93, 604-614. doi: 10.1037/0022-0663.93.3.604

Silverman, I., Choi, J., and Peters, M. (2007). The hunter-gatherer theory of sex
differences in spatial abilities: data from 40 countries. Arch. Sex. Behav. 36,
261-268. doi: 10.1007/s10508-006-9168-6

Sinton, D., Bendarz, S., Gershmehl, P., Kolvoord, R. A., and Uttal, D. (2013).
The People’s Guide to Spatial Thinking. Washington, DC: National Council for
Geographic Education.

Tabachnick, B. G., and Fidell, L. S. (2013). Using Multivariate Statistics. Boston, MA:
Pearson.

Terlecki, M. S., Newcombe, N. S, and Little, M. (2008). Durable and
generalized effects of spatial experience on mental rotation: gender differences
in growth patterns. Appl. Cogn. Psychol. 22, 996-1013. doi: 10.1002/acp.
1420

Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C.,
etal. (2013). The malleability of spatial skills: a meta-analysis of training studies.
Psychol. Bull. 139, 352-402. doi: 10.1037/a0028446

Verdine, B. N., Golinkoff, R. M., Hirsh-Pasek, K., and Newcombe, N. S. (2017).
Links between spatial and mathematical skills across the preschool years: IV.
Results—Links between spatial assembly, later spatial skills, and concurrent
and later mathematical skills. Monogr. Soc. Res. Child Dev. 82, 71-80. doi:
10.1111/mono.12283

Voyer, D., Voyer, S., and Bryden, M. P. (1995). Magnitude of sex differences in
spatial abilities: a meta-analysis and consideration of critical variables. Psychol.
Bull. 117, 250-270. doi: 10.1037/0033-2909.117.2.250

Wai, J., Lubinski, D., and Benbow, C. P. (2009). Spatial ability for STEM
domains: aligning over 50 years of cumulative psychological knowledge
solidifies its importance. J. Educ. Psychol. 101, 817-835. doi: 10.1037/a001
6127

Wright, R., Thompson, W. L., Ganis, G., Newcombe, N. S., and Kosslyn, S. M.
(2008). Training generalized spatial skills. Psychon. Bull. Rev. 15, 763-771.
doi: 10.3758/PBR.15.4.763

Yuan, K. H., and Hayashi, K. (2010). Fitting data to model: structural equation
modeling diagnosis using two scatter plots. Psychol. Methods 15, 335-351. doi:
10.1037/20020140

Conflict of Interest Statement: The authors certify that they have NO affiliations
with or involvement in any organization or entity with any financial interest (such
as honoraria; educational grants; participation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or other equity interest; and expert
testimony or patent-licensing arrangements), or non-financial interest (such as
personal or professional relationships, affiliations, knowledge, or beliefs) in the
subject matter or materials discussed in this manuscript.

Copyright © 2018 Abad, Odean and Pruden. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

December 2018 | Volume 9 | Article 2563


https://doi.org/10.1007/s10339-013-0542-8
https://doi.org/10.1007/BF00289672
https://doi.org/10.2307/1128973
https://doi.org/10.2307/1128973
https://doi.org/10.1080/00223980.1981.9915260
https://doi.org/10.1177/0956797617711968
https://doi.org/10.1111/j.1467-7687.2011.01088.x
https://doi.org/10.1111/j.1467-7687.2011.01088.x
https://doi.org/10.1111/j.1467-9280.2008.02201.x
https://doi.org/10.1111/infa.12033
https://doi.org/10.1037/0033-2909.86.3.638
https://doi.org/10.1002/9781118491683
https://doi.org/10.1037/1082-989X.7.2.147
https://doi.org/10.1037/0022-0663.93.3.604
https://doi.org/10.1007/s10508-006-9168-6
https://doi.org/10.1002/acp.1420
https://doi.org/10.1002/acp.1420
https://doi.org/10.1037/a0028446
https://doi.org/10.1111/mono.12283
https://doi.org/10.1111/mono.12283
https://doi.org/10.1037/0033-2909.117.2.250
https://doi.org/10.1037/a0016127
https://doi.org/10.1037/a0016127
https://doi.org/10.3758/PBR.15.4.763
https://doi.org/10.1037/a0020140
https://doi.org/10.1037/a0020140
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

',\' frontiers
in Psychology

ORIGINAL RESEARCH
published: 22 February 2019
doi: 10.3389/fpsyg.2019.00380

OPEN ACCESS

Edited by:
Rebecca Lazarides,
Universitdt Potsdam, Germany

Reviewed by:

Ursula Moffitt,

Universitdt Potsdam, Germany
Sauro Civitillo,

University of Duisburg-Essen,
Germany

*Correspondence:
Ta-yang Hsieh
tayangh@uci.edu

Specialty section:

This article was submitted to
Developmental Psychology,
a section of the journal
Frontiers in Psychology

Received: 14 December 2018
Accepted: 07 February 2019
Published: 22 February 2019

Citation:

Hsieh T-y, Liu Y and Simpkins SD
(2019) Changes in United States
Latino/a High School Students’
Science Motivational Beliefs: Within
Group Differences Across Science
Subjects, Gender, Immigrant Status,
and Perceived Support.

Front. Psychol. 10:380.

doi: 10.3389/fpsyg.2019.00380

Check for
updates

Changes in United States Latino/a
High School Students’ Science
Motivational Beliefs: Within Group
Differences Across Science
Subjects, Gender, Immigrant Status,
and Perceived Support

Ta-yang Hsieh*, Yangyang Liu and Sandra D. Simpkins

School of Education, University of California, Irvine, Irvine, CA, United States

Science motivational beliefs are crucial for STEM (science, technology, engineering,
and math) performance and persistence, but these beliefs typically decline during
high school. We expanded the literature on adolescents’ science motivational beliefs
by examining: (1) changes in motivational beliefs in three specific science subjects,
(2) how gender, immigrant generation status, and perceived support from key social
agents predicted differences in adolescents’ science motivational beliefs, and (3) these
processes among Latino/as in the United States, whose underrepresentation in STEM
is understudied. We used hierarchical linear modeling to estimate the changes in 104
(40% female) Latino/a high school students’ physics, chemistry, and biology motivational
beliefs from 9th to 11th grade. Subject-specific ability self-concept, interest, and
utility were regressed on gender, immigrant generation status, and perceived science
support while controlling for family income, parent education, and adolescents’ school.
Adolescents’ utility declined from 9th to 11th grade whereas their interest remained
stable for all three science subjects. Adolescents’ ability self-concept increased for
biology, decreased for physics, but remained stable for chemistry. Gender differences
in adolescents’ motivational beliefs at 9th grade only emerged for physics utility as
well as physics and chemistry interest; yet, there were no gender differences in how
adolescents’ science motivational beliefs changed over time. Contrary to expectations,
immigrant generation status was not significantly associated with adolescents’ science
motivational beliefs at 9th grade or in terms of how they changed over time. Adolescents
who perceived higher science support generally had higher motivational beliefs in 9th
grade, but did not differ on their rate of change. Our findings highlight the need to
examine specific science subjects, and that typical gender differences in adolescents’
motivational beliefs discussed in the literature may not generalize to all racial and
ethnic groups.

Keywords: science, motivational beliefs, Latino, gender, immigrant generation status, science support, interest,
ability self-concept
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INTRODUCTION

Gender disparities in science have gained both research and
policy interest in the United States. The most recent statistics
show that although females have gained fair representation in the
biological sciences, they are still significantly underrepresented
in the physical sciences (National Science Foundation [NSF],
2017). The female underrepresentation in the physical sciences
is even more pronounced for certain ethnic minorities such
as Latino/as, who are the fastest growing underrepresented
minority population in the United States. Latino/as account
for 18% of the United States population and are projected
to account for more than half of the school-aged Americans
by 2050. Latino/as, however, only account for 5% of all
computer/mathematical scientists and physical scientists
in the United States (Fry and Gonzales, 2008; National
Science Foundation [NSF], 2017). Most research to date
focuses on ethnic group comparisons, which highlight the
underrepresentation of Latino/as. It is also important to
understand the differences among Latino/as as some Latino/as
are succeeding and pursuing STEM (science, technology,
engineering, and math) pathways. Studies focusing on a specific
ethnic group can help determine the various developmental
pathways for that group, interindividual differences in
those processes, and what supports positive development.
In other words, studies examining the heterogeneity within the
Latino/a population that identify factors predicting favorable
outcomes are needed. The aim of the current study, hence,
was not to generalize findings to the entire population,
but instead to provide an in-depth analysis on a specific
ethnic group that is often underrepresented in the literature
and in STEM fields.

The focal outcomes of the current study were Latino/a
adolescents” science motivational beliefs from 9th to 11th grade,
which according to the expectancy-value theory are critical
predictors of science achievement-related outcomes. Considering
that high school is a time when United States students face life-
altering decisions, such as attending college and selecting a major,
motivational beliefs could significantly influence their pursuit
into science majors or careers during this turning point (Sadler
et al., 2012). Additionally, we examined both demographic (i.e.,
gender and immigrant generational status) and contextual factors
(i.e., perceived science support from significant social agents) as
predictors of those science motivational beliefs.

Expectancy-Value Theory

According to the expectancy-value theory (Wigfield and Eccles,
2000), individuals will be more likely to choose, persist, and excel
in a task or domain if they hold high motivational beliefs about
that domain. With regard to science, people who have strong
science motivational beliefs are more likely to pick science classes
and college majors (Buday et al., 2012). Earning high grades and
demonstrating achievement or mastery in science is not enough
to support individuals’ continued pursuit of science. Individuals
also need to value and believe they are good at science to select
into and persist in science-related fields (Jacobs et al., 2005).

Three of the key motivational beliefs as described by the
expectancy-value theory are interest, utility, and ability self-
concept. Interest, in this case, is how enjoyable individuals
find science to be. Utility pertains to how useful individuals
think science is. Ability self-concept is how good individuals
think they are in science. It is theorized that the more value
people see in science and the more people expect themselves
to excel, the more likely they would choose to engage and
persist in science-related fields. Prior studies have indeed
supported the positive associations between science motivational
beliefs and favorable outcomes, such as higher achievement,
engagement, and aspirations in science (Lau and Roeser, 2002;
Singh et al., 2002; Osborne et al., 2003; Maltese and Tai, 2011;
Nagengast and Marsh, 2012).

Individuals’ motivational beliefs are expected to change over
time as they develop and gain more experience (Wigfield
et al., 2015). Several studies consistently suggest that students’
academic intrinsic motivation, ability self-concept, and perceived
value generally decline with age (e.g., Lepper and Henderlong,
2000; Gottfried et al., 2001; Fredricks and Eccles, 2002; Jacobs
et al., 2002; Lepper et al., 2005; Wigfield and Wagner, 2005;
Lazarides and Raufelder, 2017; Lazarides and Watt, 2017).
However, changes in youth’s science motivational beliefs have
received less attention and the existing findings are inconsistent.
When science motivation was examined as science overall, white
American adolescents” science motivational beliefs declined over
time (Gottfried et al.,, 2009). But, when science motivational
beliefs were examined specifically within the physical sciences,
most adolescents reported either stability or decrease in their
ability self-concept and value (Wang et al,, 2017). Although
the Wang and colleague’s study (2017) is highly relevant
to the current study, their participants were predominately
white students. The science gaps and predictors vary across
racial/ethnic groups (National Science Foundation [NSF], 2017)
and the patterns found for white adolescents may not generalize
to underrepresented groups (Hsieh and Simpkins, 2018). Thus,
the first aim of the current study is to describe how Latino/a
adolescents’ science motivational beliefs changed in high school.

Another limitation is that researchers have typically
examined youth’s motivational beliefs in science overall
without differentiating between the specific science subjects. Not
only does the expectancy-value theory argue for the importance
of domain-specificity, middle and high school students
motivational beliefs differ based on the specific science subject.
For example, middle school students, on average, were more
interested in and placed higher value on biology compared with
chemistry and physics (Bennett and Hogarth, 2009). Relatedly,
high school girls reported stronger ability self-concepts in earth
science than boys, whereas no gender differences were found
in the physical and life sciences (Britner, 2008). Finally, both
white and Latino/a 9th grade students held different ability
self-concepts and values across biology, chemistry, and physics
(Simpkins et al., 2015b). Indicated by these findings, collapsing
biology, chemistry, and physics into ‘science’ could mask the
differences youth see in these subjects and could instead provide
an average that is not representative of their true beliefs about any
particular science subject. Moreover, females are overrepresented
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in the biological sciences and underrepresented in the physical
sciences, making collapsing multiple science subjects particularly
problematic. To address these gaps in the literature, the current
study examined the three major science subjects in United States
high school curricula, namely biology, chemistry, and physics. In
addition, we also took the average of the three subjects for the
purpose of showing how overall ‘science’ might fail to represent
the nuances that each subject offers.

The expectancy-value theory also posits that motivational
beliefs are shaped by individual characteristics (e.g., gender),
the cultural milieu and family demographics (e.g., immigrant
generational status), and socialization by others (e.g., perceived
support). In the following paragraphs, we reviewed the theory
and literature on gender, immigrant generational status, and
perceived support, respectively, as potential determinants of
motivational beliefs.

Gender Differences in the Trajectories of

Students’ Motivational Beliefs
One of the most salient demographic factors that might influence
students’ motivational beliefs in science is gender. According to
the expectancy-value theory, gender stereotypes and expectations
shape socializers’ behaviors and individuals’ personal and social
identities, which influence their expectancies and the values
they associate with specific domains. Indeed, female students
tend to rate themselves lower on math and science motivational
beliefs than male students (Stake and Nickens, 2005; Simpkins
et al,, 2006, 2015a,b; Kurtz-Costes et al., 2008; Sax et al., 2015;
Lazarides and Watt, 2017). However, there is evidence that
gender differences in students’ motivational beliefs vary across
ethnic groups (Else-Quest et al., 2013; Hsieh and Simpkins, 2018).
It is unclear if the typical gender differences found among white
majority students will emerge between Latinas and Latinos. On
one hand, traditional gender roles are a core Latino/a cultural
value (Knight et al, 2010) and may amplify the stereotype
favoring males in science and may more negatively influence
females’ science motivational beliefs. On the other hand, Latinas
often outperform Latinos in school, which suggest females’
motivational beliefs might be higher than males (Plunkett and
Bamaca-Gomez, 2003). Only a couple studies to our knowledge
addressed this question directly and showed that Latinos reported
slightly higher science (general), biology, chemistry, and physics
ability self-concepts than Latinas, but there was no gender
difference in how much the adolescents valued science, biology,
or chemistry (Else-Quest et al., 2013; Simpkins et al., 2015b).
Previous studies have predominately focused on mean-level
differences between males’ and females’ science motivational
beliefs at one time point; gender differences in the changes
in students’ science motivational beliefs have largely been
unexplored. The observation that females reported lower science
motivational beliefs than males at end of high school could result
from lower motivational beliefs for females at start of high school
(9th grade), faster declines among females, or a combination of
both. Longitudinal data would allow us to empirically address
these possibilities. Findings regarding changes in United States
students’ math motivational beliefs suggested a gendered rate

of change where females’ math motivational beliefs declined
slower than that of males and actually helped close the gender
gap from kindergarten through high school (Fredricks and
Eccles, 2002; Jacobs et al., 2002). The current study examined
not only how gender predicted Latino/as’ science motivational
beliefs at the beginning of high school, but also how gender
predicted the rate of change of these beliefs over time. Given
that females are underrepresented in physics and chemistry but
overrepresented in biology (National Science Foundation [NSF],
2017), we expected Latinas’ physics and chemistry motivational
beliefs would be lower at 9th grade and decline at a faster rate
than Latinos’ beliefs. In contrast, we expected Latinas’ biology
motivational beliefs to be higher at 9th grade and decline at a
slower rate than Latinos’ beliefs.

Immigrant Generational Status
Differences in the Trajectories of

Students’ Motivational Beliefs

In the expectancy-value theory, individuals’ motivational beliefs
are shaped by the social and cultural contexts. An important
indicator of Latino/a students’ social and cultural context
and predictor of their academic achievement is immigrant
generational status. Findings on the immigrant paradox in
education suggests that third generation Latino/as (i.e., both
parents and youth were born in the United States) underperform
their first and second generation counterparts (i.e., parents were
born outside of the United States) in school after controlling
for family socioeconomic status (Palacios et al., 2008; Garcia
Coll et al, 2012; Greenman, 2013; Aretakis et al., 2015;
Feliciano and Lanuza, 2017). This phenomenon is coined as
paradoxical because despite potential language barriers and other
burdens to adapt, Latino/a students who immigrated or whose
parents immigrated outperform or show ‘super-achievement’
compared with youth who and whose parents were born in
the United States (Harris et al., 2008). Possible mechanisms
underlying the immigrant paradox include differences across
generations in cultural identity and resources in the proximal
community such that earlier generations of immigrants have
more support from their community and identify more closely
with their ethnic culture, both of which function as protective
factors (Perreira et al., 2010; Aretakis et al.,, 2015). Although
prior studies suggest that third generation Latino/as have lower
academic achievement and attainment than their first and second
generation counterparts, it has not been empirically shown
whether students’ motivational beliefs follow the same trend.
Taken together, immigrant generational status is a relevant
predictor to examine, and it is hypothesized that third generation
students would have lower science motivational beliefs in 9th
grade and evidence faster declines over time than their first and
second generation counterparts.

Perceived Support as a Protective Factor

Unlike studies on ethnic minorities that tried to identify risk
factors, we took a strength-based perspective and examined
whether adolescents’ perceived level of science support from
parents, teachers, friends, and siblings/cousins in 9th grade
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could help buffer them against the typical declines in students’
motivational beliefs. According to the expectancy-value theory,
perceived support from key social agents is positively associated
with adolescents’ motivational beliefs (Eccles et al., 1983). For
high school students, parents, teachers, friends, and siblings
jointly create the proximal social contexts for motivation
development (Plunkett and Bamaca-Gémez, 2003; Alfaro and
Umana-Taylor, 2015; Lazarides et al., 2017). Perceived support
from some or all of these social agents positively predicts
adolescents’ concurrent motivational beliefs (Bouchey and
Harter, 2005; Alfaro et al., 2006; Plunkett et al., 2008). Extending
the previous literature, the current study examined how
perceived science support from parents, teachers, friends, and
siblings/cousins at the beginning of high school was associated
with both concurrent levels of science motivational beliefs and
changes in science motivational beliefs over the next 2 years.
A relevant study by Alfaro and Umana-Taylor (2015) showed
that adolescents’ perceived support at the beginning of high
school predicted their overall academic motivation in the same
year, but not change over time. The current study is different
from Alfaro and Umana-Taylor (2015) in two ways. First,
we examined science-specific support and motivational beliefs
instead of academic support in general. Secondly, we included
perceived support from friends, which Alfaro and Umaia-
Taylor also argued to be salient particularly during adolescence
but did not include in their study. We considered perceived
support from parents, teacher, friends, and sibling to capture
the fact the adolescents are embedded in and interact with
multiple social agents.

It is important to examine support jointly as well as the
independent roles of parents, teachers, siblings, and friends in
predicting the trajectories of students’ motivational beliefs. Prior
studies that examined support from specific social agents among
predominantly white high school students showed positive
associations between the students’ science motivational beliefs
and their perceived support from parents, teachers, and friends
(Adya and Kaiser, 2005; Leaper et al., 2012; Lazarides and Ittel,
2013; Rice et al., 2013). Additionally, most studies that focused
on Latino/a adolescents also replicated such positive associations
between adolescents’ overall academic or science motivational
beliefs and their perceived support from their parents (Simpkins
etal., 2015b), teachers, (Lewis et al., 2012; Riconscente, 2014), and
siblings (Alfaro and Umana-Taylor, 2010). Taken together, we
examined adolescents’ perceived science support from parents,
teacher, sibling, and friends not only jointly as a composite, but
also (in follow up analyses) as individual predictors.

Current Study
Based on both theory and empirical research, the current study
examined changes in Latino/a high school students’ science
motivational beliefs from 9th to 11th grade. We also took
into account individual and contextual factors including gender,
immigrant generation status, and perceived science support from
key socializers. Specifically, three research questions were tested.
Research Question 1 asked how students’ science motivational
beliefs changed from 9th to 11th grade. We first tested overall
science across the three subjects and then examined biology,

chemistry, and physics separately. Aligning with results from
prior studies (e.g., Gottfried et al., 2009; Wang et al., 2017),
we hypothesized that students’ motivational beliefs would
decline over time.

Research Question 2 examined whether there were
demographic differences in students’ motivational beliefs at
9th grade and in the changes over time. First, we examined
gender differences. Given that physics and chemistry are
stereotypically masculine subjects (Su et al., 2009; Sax et al,
2015), we expected females to have lower motivational beliefs in
these two subjects at 9th grade and to evidence faster declines
than males. In contrast, given that the biological sciences are
now overrepresented by females (National Science Foundation
[NSF], 2017), we expected females to have higher biology
motivational beliefs at 9th grade and to evidence slower declines
than males. Next, we examined whether there were differences
based on students’ immigrant generation status. Specifically, we
tested whether being third generation immigrant versus being
first or second generation immigrant predicted differences in
adolescents’ science motivational beliefs at 9th grade and how
they changed from 9th to 11th grade. In accordance with the
Latino/a immigrant paradox in education (Feliciano and Lanuza,
2017), we expected first and second generation immigrants to
report higher 9th grade motivational beliefs and evidence slower
declines compared with their third generation counterparts.

Lastly, Research Question 3 asked whether adolescents’
perceived science support in 9th grade predicted their concurrent
science motivational beliefs and changes in those beliefs over
time. With a strength-based perspective and supported by prior
studies (e.g., Bouchey and Harter, 2005; Alfaro and Umana-
Taylor, 2015), perceived science support was hypothesized to
serve as a buffer such that higher perceived science support would
predict higher beliefs at 9th grade and slower declines over time.
Research Questions 2 and 3 were tested in the same models
with family income, parent education level, the adolescent’s
school as covariates.

MATERIALS AND METHODS

Sample

Participants of the current study were 104 Latino/a adolescents
(40% female) from three high schools in Arizona, United States.
When the data were collected, Arizona was one of the six states
in the United States with a Latino/a population of two million
or more (U. S. Census Bureau, Population Division, 2014). Just a
few years prior to collecting these data, a new law (SB-1070) was
debated and passed which allowed law enforcement to inquire
about people’s immigration status. Scholars have documented the
potential negative effects of the climate for the Latino/a ethnic
community in Arizona, such as ethnic-based microaggressions
impacting the daily experiences of adolescents and their families
(e.g., Lin et al,, 2016).

The participants were first recruited when they were in 9th
grade (Myge = 14.50, SD = 0.52) during the 2012-2013 school
year and were recontacted 1 and 2 years later (i.e., 10th and
11th grade). As part of a larger study, participants were recruited
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with one of their parents and an older sibling or cousin. Written
consents/assents were obtained from all participants, and the
study was approved by the Arizona State University institutional
review board ethics committee. Data utilized in this study
include adolescent-reported data at each time point and parent-
reported data in 9th grade. Data collection in 9th and 10th grade
mostly happened in participants’ homes with a few exceptions
at the university or local library; data collection in 11th grade
took place in adolescents’ schools. Adolescent participants and
their parents separately completed questionnaires with trained,
bilingual Latino/a interviewers. All questionnaires were available
in both Spanish and English. All but one student completed
their surveys in English; 43% of parents completed the survey in
English. Surveys were translated by bilingual research assistants
and checked for accuracy using a forward-translation and panel
method approach (Knight et al., 2009). Adolescents and parents
each received $50 as compensation each year.

In terms of academics, 9% of the adolescents took honors
science classes in 9th grade. The majority of the adolescents
were either first or second generation (61%) and Mexican-origin'
(82%). Around 62% of the adolescents came from 2-parent,
married families and 4.8% of parents had a science-related job
that required a college degree. Average maternal education was
high school. The median household income in 9th grade was
$40,000-$49,000.

Measures

In 9th, 10th, and 11th grade, students self-reported three
motivational beliefs in biology, chemistry, and physics. Ability
self-concept was measured using four items (e.g., ‘how good at
[biology/chemistry/physics] are you?’; o = 0.89-0.93). Interest
was measured with two items [e.g, ‘how much do you
like [biology/chemistry/physics]?’; Spearman’s rho = 0.74-0.88
(p < 0.001)] and utility was measured with three items (e.g.,
‘how useful is what you learn in [biology/chemistry/physics]?’;
o = 0.88-0.94). All nine measures (i.e., three motivational beliefs
by three subjects) were on 7-point Likert scales. The scales were
used in prior studies in accordance to the expectancy-value
theory (e.g., Simpkins et al., 2015a). These scales are invariant
across Latina, Latino, white male, and white female high school
students (Simpkins et al., 2015b). See Supplementary Table S1
for the list of all motivational beliefs items.

Perceived science support was a composite of 15 items (see
Supplementary Table S1 for a list of all items), each asked in
regard to support provided by their parents, older sibling or
cousin, science teacher, and same-grade school friends on a 5-
point scale (1 = never, 5 = always). The scale has been used in
prior studies (Bouchey and Harter, 2005; Simpkins et al., 2015b,
2018). For each of the 15 items, participants’ responses were
recoded to 1 if they rated “sometimes” (i.e., the mid-point of the
scale) or higher from at least one of the four social agents. That
is, participants’ responses were recoded to 0 if they did not rate
“sometimes” or more from any of the four social agents. The 15
items were then summed to create a scale of perceived science

!Other countries of origin include: El Salvador, Cuba, Guatemala, Puerto Rica, and
Peru.

support ranging from 0 to 15, with higher scores indicating
more perceived support from at least one of their social agents
(a0 = 0.89). We also conducted a series of follow up analyses
examining perceived science support from each specific social
agent, for which participants’ responses on each item were also
recoded using the “sometimes” cutoff into 0 and 1. The 15 items
were then summed within each social agent, yielding four scales
that all ranged from 0 to 15.

A range of demographic variables were included in the
current study. Adolescents reported their gender and whether
they were born in the United States. Parents also reported their
own birth country, family income (categorically on the scale
of $10,000; 0 = “less than $10,000”, 10 = “over 100,000”), and
level of education (six categories ranging from less than high
school to professional degree). Adolescents were coded as third
generation if they and at least one of their parents was born
in the United States, otherwise adolescents were coded as first
or second generation. Two dummy variables were generated
to control for the three schools that participating adolescents
attended in 9th grade.

Plan of Analysis

Among the 104 high school students recruited in the study,
86 had complete data on all focal variables from 9th to 11th
grade. We examined if students with and without complete
data across the three time points differed on family income,
maternal education, gender, immigrant generational status, 9th
grade science grade, 9th grade science motivational beliefs, and
9th grade perceived support. Results indicated that there were
no significant differences between the two groups on family
income [£(101) = —0.24, p = 0.81, Cohen’s d = 0.06], gender
([X2(1)] = 0.15, Cramer’s V = 0.04), immigrant generational
status ([X2(1)] =0.19, Cramer’s V = 0.04), 9th grade science grade
[£(101) = 0.13, p = 0.89, Cohen’s d = 0.02], and overall perceived
support [£(102) = 0.43, p = 0.66, Cohen’s d = 0.12]. There was a
small difference in maternal education [#(98) = —1.13, p = 0.26,
Cohen’s d = 0.30], and in two of the nine motivational beliefs.
Specifically, adolescents with complete data across the 3 years
had higher value of physics utility [¢(100) = 2.66, p = 0.01,
Cohen’s d = 0.68] and were more interested in chemistry at 9th
grade [£(98) = 2.46, p = 0.02, Cohen’s d = 0.63] than adolescents
with missing data.

Research Question 1 tested how science motivational beliefs
changed from 9th to 11th grade in HLM version 7.3 (Raudenbush
etal., 2017). Twelve linear growth curve models (i.e., time nested
within person) were estimated for each of the three motivational
beliefs (i.e., ability self-concept, interest, and utility) in science
overall and separately in each of the three specific science subjects
(i.e., biology, chemistry, and physics).

Research Questions 2 and 3 examined whether students’
science motivational beliefs differed by gender, immigrant
generation status, and perceived science support, respectively.
Gender, immigrant generation status, and perceived science
support were added as predictors of the intercept and slope
that evidenced significant variance from the HLMs described
under Research Question 1. A significant predictor of the
intercept suggests that adolescents’ motivational beliefs at 9th
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grade differed based on that predictor, whereas a significant
predictor of the slope suggests that the changes in students’
motivational beliefs differed based on that predictor. Family
income level, parent education level, and the school that the
adolescents attended were added as covariates.

TABLE 1 | Descriptive statistics.

RESULTS

Table 1 and Supplementary Table S2 presents the
descriptive statistics and bivariate correlations of all variables
used in this study.

Changes in Adolescents’ Science

Motivational Beliefs

Results from hierarchical linear models are presented in Figure 1
and Table 2. Results suggest that the mean of adolescents’
9th grade motivational beliefs fell between 4.19 and 4.90,
which corresponded to just above the mid-point on our 7-
point Likert scale. The mean of the slope indicates the change
in adolescents’ motivational beliefs where significant positive
values suggest increases, significant negative values suggest
decreases, and non-significant values suggest stability (ie.,
no change). The findings for utility value and interest were
consistent across the three science subjects though the patterns
of change varied across the two types of beliefs. Adolescents’
utility values decreased for all science subjects from 9th to
11th grade (B = —0.16, —0.16, —0.14, —0.21, respectively,
for science, biology, chemistry, and physics, p < 0.05). In
contrast, adolescents’ interest remained stable for all science
subjects (3 = —0.02, 0.07, —0.02, —0.11, ns). The patterns
for adolescents’ ability self-concepts varied by science subject.
Adolescents’” ability self-concepts in science overall remained
stable over time (f = —0.02, ns). However, adolescents’ ability self-
concept decreased for physics (8 = —0.19, p < 0.01), remained
stable for chemistry (8 = —0.05, ns), and increased for biology
(B = 0.20, p < 0.001). Our results showed that if we simply

9th grade 10th grade 11th grade
Mean SD Mean SD Mean SD
Biology
Ability self-concept 422 110 476 0.95 4.66 1.05
Interest 4.81 1.32 4.91 1.42 4.97 1.28
Utility 498 117 491 1.16 4.67 1.25
Chemistry
Ability self-concept 4.25 1.05 4.26 1.00 418 1.18
Interest 4.41 1.34 435 1.43 4.41 1.49
Utility 469 113 450 1.38 4.47 1.39
Physics
Ability self-concept 438 114 419 1.08 4.03 0.95
Interest 456 131 438 1.28 4.39 1.28
Utility 4.79 1.15 4.60 1.32 4.42 1.30
Predictors
Female 0.40 0.49
Third generation 0.39 0.49
Perceived science support  12.69  3.29
SD, standard deviation.
Science (averaged across biology,
physics, and chemistry)
6
5.5

5

4

Self-concept (dashed) , 5

Significant slope denoted by letter with an asterisk.
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Note. Grade on the x-axis, motivational beliefs (possible range 1 to 7) on the y-axis. Significant slope denoted by letter with an asterisk.

FIGURE 1 | Changes in Science, Biology, Chemistry, and Physics Motivational Beliefs. Grade on the x-axis, motivational beliefs (possible range 1-7) on the y-axis.
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grouped physics, chemistry, and biology together as ‘science, the
opposing changes in adolescents’ ability self-concept by subject
would have gone undetected.

Variances of intercept and slope denote if there were
interindividual differences among adolescents in terms of their
motivational beliefs at 9th grade and in the changes of their
motivational beliefs over time (Table 2). There were significant
interindividual differences in adolescents’ motivational beliefs
in all science subjects in 9th grade and in the rate of change
from 9th to 11th grade in most subjects. The variance of the
slope was not statistically significant for biology ability self-
concepts and chemistry interest, suggesting that adolescents
did not differ significantly from each other in the rate of
change on these two beliefs. Biology ability self-concept and
chemistry interest, therefore, were not included in the subsequent

predictive analyses. Although some slopes had non-significant
means (e.g., chemistry ability self-concept, biology interest,
and physics interest), meaning that the adolescents on average
did not increase or decrease in those motivational beliefs
over time, that should not be confused with the presence of
significant variance in slope, which means that there were
significant differences between adolescents in their change in the
motivational beliefs.

Predictors of Students’ Motivational
Beliefs at 9th Grade and Change Over
Time

We tested gender, immigrant generational status, and perceived
science support as predictors to examine differences among

TABLE 2 | Estimates from hierarchical linear models.

Mean at 9th grade (intercept)

Intercept variance

Change from 9th to 11th grade (slope) Slope variance

Science
Ability self-concept 4.32 (0.07)*** 0.49%** —0.02 (0.05) 0.1 1%**
Interest 4,56 (0.10)*** 0.79%** —0.02 (0.05) 0.09***
Utility 4.65 (0.10)*** 0.90%** —0.16 (0.05)** 0.09***
Biology
Ability self-concept 4.54 (0.08)*** 0.39%** 0.20 (0.06)*** 0.02
Interest 4.90 (0.11)*** 0.97*** 0.07 (0.07) 0.16***
Utility 4.84 (0.10)*** 0.84*** —0.16 (0.06)* 0.18***
Chemistry
Ability self-concept 4.23 (0.08)*** 0.52%** —0.05 (0.07) 0.24***
Interest 4.38 (0.11)*** 0.91%** —0.02 (0.08) 0.13
Utility 4.54 (0.11)*** 1.05%** —0.14 (0.07)* 0.14**
Physics
Ability self-concept 4.19 (.09) *** 0.65 *** —0.19 (0.05)*** 0.09**
Interest 4.43 (.10) *** 0.91 *** —0.11(0.07) 0.19%**
Utility 4.56 (.11) *** 1.10 *** —0.21 (0.06) *** 0.12%**
Coefficients are unstandardized. Science refers to the average of biology, chemistry, and physics. *p < 0.05, **p < 0.01, ***p < 0.001.
TABLE 3 | Gender and perceived support predicting changes in science motivational beliefs.
Science Biology Chemistry Physics
Ability Interest Utility Ability Interest Utility Ability Interest Utility Ability Interest Utility
self- self- self- self-
concept concept concept concept
Female On -0.17 —0.46 -0.20 0.06 —-0.14 0.17 -0.29 —0.62 —0.30 —0.23 —0.63 —0.49
intercept  (0.15) (0.19)* (0.20) 0.17) (0.23) (0.20) 0.17) (0.23)** 0.22) 0.17) (0.21)** (0.22)*
(SE)
On —0.11 —0.15 0.03 — —0.21 —0.05 —0.09 — 0.15 —0.07 —-0.24 0.02
slope (0.09) 0.11) 0.11) (0.16) (0.13) (0.14) (0.15) (0.11) (0.15) (0.12)
(SE)
Perceived On 0.04 0.07 0.10 0.05 0.08 0.10 0.03 0.05 0.08 0.04 0.07 0.10
support intercept  (0.02)* (0.03)** (0.02y***  (0.02)** (0.03)** (0.02y***  (0.02) (0.03) (0.03)** (0.02) (0.03)** (0.03)***
(SE)
On —0.01 —0.02 —0.00 — —0.03 —0.01 —0.01 — 0.00 —0.02 -0.02 0.00
slope (0.01) (0.01) (0.01) (0.02) (0.02) (0.02) (0.02) (0.01) (0.02) (0.02)
(SE)

School (2 dummy variables), family income, and parent educational level were included as covariates. Immigrant generation status was also included as predictor, but the
results are not shown. SE, standard error. — means insignificant variance to predict interindividual differences. *p < 0.05, **p < 0.01, ***p < 0.001.
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Latino/a students in the trajectories of their science motivational
beliefs (Table 3). Contrary to our expectations, our findings
suggested minimal gender differences in students’ science
motivational beliefs at 9th grade and changes over time. Latinas
reported lower physics interest and utility (B = —0.62, —0.49,
p < 0.05) in addition to lower chemistry interest (B = —0.62,
p < 0.01) than Latinos at the start of high school (i.e., 9th grade).
There were no gender differences at 9th grade for the other
motivational beliefs (B ranged —0.30 to 0.17, ns). Latinas also did
not differ from Latinos in how much their science motivational
beliefs changed from 9th to 11th grade (f ranged —0.25 to 0.02,
ns). Although most of the coefficients were negative, meaning that
Latinas on average reported faster declines than Latinos, those
differences were not statistically significant.

We expected third generation Latino/as would report lower
science motivational beliefs in 9th grade and faster declines than
first and second generation Latino/as. However, those differences
were not statistically significant. Third generation students did
not differ on the level of their science motivational beliefs at 9th
grade (B ranged —0.21 to 0.50, ns), nor did they differ on the
changes in these beliefs from 9th to 11th grade compared with
first and second generation students ( ranged —0.27 to 0.18, ns).

We expected adolescents who perceived higher science
support to have higher science motivational beliefs at 9th grade
and evidence slower declines over the next 2 years. When
support from multiple social agents was examined as a composite,
adolescents’ perceived science support at 9th grade positively
predicted concurrent science motivational beliefs, but not the
changes in their beliefs over time. Adolescents who perceived
higher science support from key social agents in 9th grade also
had higher motivational beliefs for science overall and for all
three science subjects (§ ranged 0.04 to 0.10, p < 0.05), except
chemistry interest (B = 0.05, p = 0.06) as well as chemistry
and physics ability self-concept (8 = 0.03, 0.04, ns; Table 3).
Adolescents’ perceived science support in 9th grade, however, did
not predict rate of change in any of the motivational beliefs tested
(B ranged —0.03 to 0.01, ns).

In addition to examining perceived science support as a
composite across the four social agents, we conducted follow
up analyses to investigate the association between perceived
support from each social agent and students’ science motivational
beliefs. Specifically, perceived science support from parents,
teachers, friends, and siblings/cousins were analyzed in separate
models to predict adolescents’ science motivational beliefs while
holding the same set of demographic covariates constant. Results
(Supplementary Table S3) largely aligned with that when
perceived science support was operationalized as a composite
of the four social agents. Specifically, most science motivational
beliefs in 9th grade were positively associated with concurrent
perceived science support from parents (f ranged 0.05 to 0.07,
p < 0.05; except ability self-concept and interest in chemistry
and physics), siblings/cousins (B ranged 0.03 to 0.08, p < 0.05;
except physics ability self-concept and interest in biology and
physics), and friends (B ranged 0.04 to 0.07, p < 0.05). Perceived
science support from teachers positively predicted utility in all
three science subjects (B = 0.07, p < 0.05) and biology ability
self-concept (B = 0.04, p < 0.01). Also aligning with results

when perceived science support was operationalized as composite
of the four social agents, how much the adolescents’ science
motivational beliefs changed over time was largely not predicted
by perceived science support from parents, siblings/cousin,
friends, or teachers. The only exceptions were that higher
perceived support from parents and friends predicted faster
declines in adolescents’ physics ability self-concept, and that
higher perceived support from teacher predicted faster decline in
biology interest.

DISCUSSION

Students’ motivational beliefs are malleable and change over
time. Thus, it is essential to examine them with a developmental
perspective instead of in a snapshot (i.e., single timepoint
measurement). The current study examined the stability
and change in United States Latino/a adolescents’ science
motivational beliefs during the first 3 years of high school.
Results suggested that students’ utility declined for chemistry,
physics, and biology, whereas interest in all three subjects
remained stable. Students’ ability self-concepts decreased for
physics, remained stable for chemistry, and increased for
biology from 9th to 11th grade. Our findings mostly align
with prior work that found decline and stability in adolescents’
motivational beliefs in physical sciences (Wang et al., 2017),
and we expand the literature by including biology. These
findings highlight the need to examine specific science subjects
and specific science motivational beliefs. Combining physics,
chemistry, and biology simply as science would have masked
the divergent changes in students’ ability self-concepts over
time. In addition to differentiating between subjects within the
sciences, our study also differentiated motivational beliefs in
terms of interest, utility value, and ability self-concept. Although
these motivational beliefs are often correlated with one another,
they are theoretically distinct and serve different functions
(Wigfield et al., 2015).

The minimal gender differences in the changes of motivational
beliefs was unexpected given the gender differences found
in prior work (e.g., Simpkins et al., 2015b). In the current
study, Latinos reported higher motivational beliefs at the
beginning of high school than Latinas only for chemistry
interest, physics interest, and physics utility, but not for the
other motivational beliefs. Our findings aligned better with
Hyde’s gender similarities hypothesis that demonstrated more
within-gender than between-gender differences regarding science
and math (Hyde and Linn, 2006). The gender similarities
hypothesis points out that although gender difference might
occur at the mean level, the female and male distributions
of science and math achievement overlap more than they
differ (Hyde, 2005). For example, the patterns of United States
high school students math motivational beliefs showed no
less difference within gender (by race/ethnicities) than between
gender (Hsieh and Simpkins, 2018). The same study also showed
that gender differences in math motivational beliefs among
white students did not replicate for ethnic minority students
such as Latino/as.
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Another unexpected finding was that immigrant generation
status did not predict students’ science motivational beliefs at
9th grade or the changes over time. Prior studies have pointed
out that the immigrant paradox is more likely to emerge under
certain conditions. For example, the paradox is more pronounced
in schools with a more negative school climate, such that,
third generation ethnic minority youth are more susceptible
to negative peer influences (Greenman, 2013). Because positive
school climate supports high school student’s motivational beliefs
(Fan and Williams, 2018), a future direction is to bridge these
two bodies of literature and examine whether differences by
immigrant generation status emerge for the association between
school climate and adolescent’s motivational beliefs.

Lastly, in regard to perceived science support, we found that
students who perceived higher science support in 9th grade
also tended to report higher science motivational beliefs at
the same time. This finding aligns with theory and the body
of literature suggesting that support from parents, teachers,
friends, siblings, and other significant social agents are assets
for Latino/a students’ educational trajectories (Bouchey and
Harter, 2005; Plunkett et al., 2008). Students’ perceived science
support at 9th grade, however, did not consistently predict
changes in their science motivational beliefs from 9th to 11th
grade. Our finding that perceived science support at 9th grade
predicted initial level but not change in science motivational
beliefs aligned with Alfaro and Umana-Taylor (2015) findings
on general academic support and motivational beliefs. Perhaps
it is not enough to only look at support at one time point.
It might be the case that changes in support over time would
predict changes in motivational beliefs. However, we are limited
by the sample size to explore this possibility. We did a series
of follow up analyses to examine the associations between
adolescents’ science motivational beliefs and their perceived
science support from each of the social agents separately. Those
results largely aligned with the conclusions when perceived
science support was operationalized as a composite from the
four social agents.

Potential Implications

Overall, the results of the current study have potential research
and practical implications. In terms of research implications, we
provided empirical evidence for the need to distinguish among
students’ motivational beliefs (i.e., ability self-concept, interest,
and utility) and among specific science subjects (i.e., chemistry,
physics, and biology). Additionally, we tested the expectancy-
value theory within an often understudied ethnic population and
showed that some, but not all, of the hypothesized mechanisms
emerged for our Latino/a sample. Therefore, scholars should
continue to interrogate when expected patterns generalize to
other groups and under what circumstances they do not
generalize and why that might be.

In terms of practical implications, our results suggest
that the importance Latino/a high school students attach to
biology, chemistry, and physics declines from 9th to 11th
grade as does their beliefs about their physics abilities. These
patterns mostly emerged regardless of adolescents’ gender
and immigrant generation status. We envision two immediate

implications for schools. First, schools should consider how
to bolster the importance students attribute to these areas of
science. Harackiewicz et al. (2012) bolstered parents’ and high
school students’ value of science by providing informational
resources which had real impacts on the courses students
took and their subsequent college majors. Second, the lack
of differences based on adolescents’ gender and immigration
generation challenges prevalent stereotypes of who pursues
science (National Science Foundation [NSF], 2017). Though
it is possible that our analyses were underpowered to detect
these differences and our findings need to be replicated, it
is also possible that the typical patterns might not hold true
for a specific and often understudied subgroups (e.g., Hsieh
and Simpkins, 2018). These divergent findings are a cautionary
message for both schools and researchers. Schools are likely
to be more effective if they tailor to the lived experiences of
their students in their specific communities instead of relying
on the aggregated experiences of students from the national
level. Relatedly, more within-group studies are needed before
we use findings on the average population to problematize a
specific ethnic, racial, immigrant, or gender groups and deepen
stereotypical images of them.

Adolescents’ perceived science support from parents,
siblings/cousins, teachers, and friends was positively related to
their concurrent science motivational beliefs at the beginning
of high school- highlighting the importance of encouraging
support from those social agents. Though people may experience
challenges in supporting adolescents if they did not take the
same subjects or if adolescents’ schooling surpasses that of
the person providing the support, it is important to note that
there are many ways people can be supportive. Our measure of
perceived support includes some aspects that do not necessarily
require much prior knowledge of science (e.g., help you feel
better when science is hard). Thus, parents and other social
agents who have varying levels of science knowledge and
educational capital can be empowered to serve as positive
social agents. Although the socio-political context often poses
barriers for Latino/a adolescents and their families (e.g., Lin
et al,, 2016), our study showed with a strength-based perspective
that they have the potential to succeed with support from the
people around them.

Limitations and Future Directions
Although one strength of the current study is its longitudinal
nature, studies spanning longer time frames would provide a
more complete description of development. The current study
speaks to high school, which has been shown to be a crucial
developmental period in regard to STEM pathways and science
motivational beliefs (Sadler et al., 2012), but future studies could
expand to include earlier and subsequent developmental periods
(e.g., Jacobs et al., 2002; Robinson and Lubienski, 2011) and
crucial transitional periods such as the transition from middle to
high school or the post high school transition to college or work.
Although our within-group focus is a strength and extends
the current literature, the Latino/a adolescents in our study
were diverse on some indicators but more homogeneous on
other indicators (e.g., United States region). We examined
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heterogeneity among the participants in terms of gender,
immigrant generational status, and perceived science support.
Future studies could incorporate other factors that are relevant
to the Latino/a population in the United States, such as
socioeconomic status, country of origin, which United States
region they live in, language ability, sense of family obligation,
school ethnic composition, legal status, or the political climate
(Goldsmith, 2004; Sudrez-Orozco and Carhill, 2008; Greenman
and Hall, 2013). For example, although prior studies mostly
showed positive association between socioeconomic status and
academic achievement for the Latino/a population (Altschul,
2012), the association with motivational beliefs might not
be as strong (St-Hilaire, 2002) and associations between
socioeconomic status and motivational beliefs of specific
science subjects remain underexplored. Another example is
that Latino/a youth’s educational experiences differ depending
on where they live in the United States. While Latino/a
youth in regions with a smaller Latino/a population and new
receiving communities tend to face more discrimination than
those in minority-majority regions, their identification with
the local Latino/a community could promote their academic
motivational beliefs (Perreira et al., 2010). Taken together,
future studies could build on ours by examining other
mechanisms that contribute to the diversity among Latino/as
in the United States. The current sample size was modest and
might have rendered some of our analyses under-powered.
Studies that address a variety of indicators will require larger
sample sizes than the current one to have adequate power
to detect differences among multiple indicators of within-
group heterogeneity.

We found that perceived science support positively predicted
some aspects of science motivational beliefs when support
was operationalized as the joint support from multiple social
agents. The follow up analyses that examined perceived science
support from each social agent in separate models also mostly
point to the same conclusion. We presented the former
as main analyses and the latter as follow up because we
believe perceived science support as jointly from multiple
social agents better reflect the experiences of adolescents as
they are simultaneously interacting with the multiple social
agents. To expand on the conceptualization of perceived
science support, future studies could go into the nuances by
differentiating the patterns of support from multiple social
agents (Furrer and Skinner, 2003; Simpkins et al., 2018).
Relatedly, perceived science support as operationalized by the
current study consisted of both instructional support (e.g.,
help enroll the adolescent in science lessons, workshops,
or tutoring programs outside of class) and motivational
support (e.g., help the adolescent feel better when science
is hard), but future studies could examine whether one
kind of support is more predictive of science motivational
beliefs than the other. Lastly, although we distinguished
motivational beliefs by specific science subjects (i.e., chemistry,
physics, and biology), our measure of perceived science
support focused on science instead of specific science subject.
This could have weakened the relations between perceived
support and adolescents’ motivational beliefs, particularly when

considering changes over time as students take different science
subjects over time. People’s support may vary based on the
science subject.

Also regarding our measures, the first two waves of data
collection largely happened in adolescents’ homes whereas the
last wave of data collection happened in their school. Though
the means for the 11th grade motivational beliefs compared
to 9th or 10th grade motivational beliefs do not suggest there
was a large impact of context on the data, the change in
context is confounded with the adolescents progressing from
10th to 11th grade. Theoretically, the context in which data
are collected could impact students in positive or negative
ways depending on the climate of their home and school
contexts. Future studies could examine the impact of context
by comparing the same data collected in various natural or
experimental contexts.

CONCLUSION

For our sample of 104 Latino/a adolescents, their motivational
beliefs (i.e., interest, utility, and ability self-concept) in physics,
chemistry, and biology either decreased or remained stable
from 9th to 11th grade, except the increases in their biology
ability self-concept. Our findings highlighted the need
to differentiate both among science subjects and among
motivational beliefs. Adolescents’ science motivational beliefs
at 9th grade and the changes in those beliefs over time largely
did not differ by gender or generation status. Adolescents’
perceived science support explained some differences in
their science motivational beliefs at 9th grade. Overall, our
study contributes to the literature by examining subject-
specific motivational beliefs and within-group differences
of an often understudied ethnic group. Additionally, we
incorporated both demographic (i.e., gender, generation status)
and contextual factors (i.e., perceived science support) that
are theorized to be salient determinants of students’ science
motivational beliefs.
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Mothers and Fathers—Who Matters
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Gender-Specific Associations
Between STEM Performance,
Parental Pressure, and Support
During Adolescence

Frances Hoferichter* and Diana Raufelder*

Department School Pedagogics, Institute of Educational Science, Greifswald University, Greifswald, Germany

Research has shown that parental pressure is negatively whereas parental support is
positively associated with various scholastic outcomes, such as school engagement,
motivation, and achievement. However, only few studies investigate boys’ and girls’
perception of mother and father pressure/support in detail. This might be particularly
essential when it comes to girls’ and boys’ achievement in STEM subjects, as girls and
boys might profit differently from parental pressure/support regarding their achievement
in STEM and vice versa. This study aims to shed light on this topic and explores
potential within—and over time associations between students’ perception of parental
pressure/support and grades in mathematics and biology. Using self-report data from
1,088 8th grade students at T1 (Mage = 13.70, SD = 0.53, 54% girls) from Brandenburg,
Germany, multigroup cross-lagged models were conceptualized with Mplus. The results
indicate that there are gender differences in the interplay of students’ grades in
mathematics, biology, and their perception of parental pressure and support: Whereas,
mother support plays a central beneficial role for girls’ achievement in STEM subjects as
well as for the other parental variables over time, for boys mother support is negatively
associated with math performance over time. Within-time associations further show that
boys—in contrast to girls—do not benefit from any parental support regarding their
performance in mathematics or biology. Finally, results suggest that the relationship
between adolescents’ STEM achievement and parental pressure/support is rather
mono-directional than bi-directional over time.

Keywords: STEM performance, gender, parental support, parental pressure, secondary school

INTRODUCTION

The need for specialized labor in the field of science, technology, engineering, and mathematics
(STEM) is constantly increasing as technology accompanies daily life. Despite this demand and
efforts to inspire youth to follow a STEM career, girls are significantly under-represented in STEM
subjects. According to the Trends in International Mathematics and Science Study (TIMSS), in
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most countries, boys represent the majority of students enrolling
in advanced STEM courses in secondary education (Mullis et al.,
2016). According to a recent report of the United Nations
Educational Scientific Cultural Organization (2017), the gender
gap becomes more apparent as the educational level increases
and electives are available. In fact, at the age of 10-11 years,
students are almost equally interested in STEM subjects, where
by the age of 18, only 33% of all boys and 19% of all girls
who participated in this UK-based study were engaged in STEM
(Kerney and YourLife Campaign, 2016). However, the gender
gap regarding the attainment of STEM bachelor degrees after 4
years of college has been narrowing since 1977, where only 25
percent of all STEM degrees were awarded to women compared
to the year 2000 in which 40 percent of all STEM degrees were
obtained by women. Particularly in the fields of biology and
agricultural science sex parity has been reached since the 1990s,
whereas the gender gap is still striking in engineering, physical
science, and math (National Science Board, 2014). Despite this
trend of women receiving an equal number of degrees in the field
of biology and agriculture, women prefer non-STEM degrees
(Mann and DiPrete, 2013). As an explanation for the small
number of girls involved in STEM, researcher mention varying
interests of girls and boys (Su and Rounds, 2015), while girls
excel in both language and math subjects compared to their
male counterpart (Ceci et al., 2009), girls are more interested in
tasks that promote symmetrical, quantitative, and verbal abilities
(Su and Rounds, 2015). In this sense, the breadth-based model
(Lubinski et al., 2001; Valla and Ceci, 2014) indicates that girls
have broader career choices and choose careers in which they
can apply people-related skills and verbal abilities, although
having equal abilities to pursue a STEM career. In contrast,
research on gender-specific socialization takes a different view,
stating that girls’ socialization presents the main factor for girls
feeling inferior and less confident in STEM subjects, which are
believed to represent masculine topics (Archer et al, 2013).
Furthermore, stereotypes associated with STEM professions, e.g.,
working in STEM fields means being socially isolated, drive girls
away from perusing a STEM career, as girls are socialized to
interact with others, being social and pleasant (Reinking and
Martin, 2018). In fact, children’s believes about themselves, their
ability and their attitude toward STEM education are strongly
impacted by their parents as primary agent of socialization.
This reasoning has been included in the General Expectancy-
Value Model of Achievement Choices in which Eccles (2014)
states that parents’ specific beliefs and perceptions (e.g., affective
reactions to childs performance, activity choice, competence
and interest, parents expectations for child’s success, parents’
perceptions of importance of activities and skills) as well as
their specific actions and behaviors toward the child (e.g., advice,
providing certain equipment, toys, and experiences for the child),
impact children’s motivation, activity choices, affect, interest, etc.
toward STEM. This model provides a theoretical framework for
a gendered bias emerging in STEM fields, despite the fact that
boys and girls perform equally well in science. In line with this
model, empirical work found that children had higher ability
self-concepts and assigned a higher value to STEM subjects,
when their parents showed positivity, co-activity, and school

focused behaviors (Simpkins et al., 2015). In a qualitative study,
in which Halim et al. (2018) interviewed parents of children who
chose to pursue STEM education, the researchers found parental
support and academic expectation to be common features of
these parents. Hence, the investigated children who enrolled in
STEM education had parents who supported their children in
choosing STEM education, assisted them in science subjects,
joined them in science-related activities and were concerned
about their STEM related academic performance. Furthermore,
parental emotional support and stimulating learning settings
at home were mentioned to be relevant in choosing a career
in STEM and develop an identity as scientist starting early
in childhood (Buschor et al., 2014). In fact, support from
parents varied considerably among students who maintained
their interest in STEM throughout high school compared to those
who lost interest in STEM (Aschbacher et al., 2010).

Although the role of parental support, expectation, and
pressure have been identified as key factors for students to pursue
a STEM career and to maintain interest in STEM (Dabney et al.,
2013), only few studies take a more detailed view on the role
of parents by examining the impact of mothers and fathers
for girls and boys separately: Research shows that especially
mother’s beliefs about their daughter’s ability in mathematics
and science impact performance and career choices of girls
(Gunderson et al., 2012; Rozek et al, 2015). Past research
has predominantly investigated the role of mothers for the
development of sons and daughters, while excluding the unique
role of fathers. The reason for the lack of research on fathers’
role regarding the upbringing of children may be its negative
connotation and limitation to financial support (Hawkins and
Dollahite, 1997; Marks and Palkovitz, 2004; Saracho and Spodek,
2008). The reason why fathers’ role recedes in the background
is fuelled by research findings indicating that it is the mother-
child relationship which is characterized by low psychological
distress (Mallers et al., 2010) and that mother’s evaluate their
behavior as more supportive toward their children compared
to fathers (Fthenakis and Minsel, 2002). Examining the role of
mothers and fathers for boys” and girls’ career choices, Paa and
Hawley McWhirter (2011) indicate, that in comparison to boys,
girls perceived more positive feedback and autonomy support
from their mother. In contrast, girls and boys equally perceived
positive feedback and autonomy support from their father (Paa
and Hawley McWhirter, 2011). Additionally, Fthenakis and
Minsel (2002) found that fathers’ of girls spend more time
with their offspring compared to fathers’ of boys, while fathers
feel less disturbed by conflicts with girls compared to boys.
Although research is limited, the few studies that focus on the
role of mothers and fathers separately for boys and girls indicate
that mother’s and father’s school related behavior are perceived
differently by boys and girls. Fthenakis and Minsel (2002) found
that boys compared to girls reported to receive more control
and punishment concerning school issues. Similarly, in their
study, Levpuscek and Zupancic (2009) found that boys perceive
significantly more father pressure than girls, while particularly
fathers tend to differentiate between the upbringing of girls
and boys (Lytton and Romney, 1991). Furthermore, past studies
have mainly looked at how parental support/pressures impacts
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STEM performance, but not vice versa. Hence, it is not clear,
how students’ STEM performance impacts their perception of
parental support and pressure (bi-directional).

Based on these gender specific findings, the recent study takes
a detailed view on the role of mother’s and father’s support and
pressure for boys and girls’ academic performance in STEM
subjects such as mathematics and biology. Mathematics was
chosen as there is a sex disparity in the fields of engineering,
physical science and math. In contrast, biology was chosen
as bachelor’s degrees are equally attained by male and female
students. By choosing a domain that is over-presented by males
(math) and a domain in which males and females are involved
equally (biology), the study aims at shedding light on the
differential role of mothers and fathers for girls’ and boys’ STEM
performance and vice versa (bi-directional) by using a cross-
lagged-panel design to identify potential factors that contribute
or hinder academic success in the field of STEM and in turn serve
as template for further research and intervention involving both
mothers and fathers.

HYPOTHESIS

In order to test how mother’s and father’s pressure and support
at Time 1 and 2 as well as STEM performance at Time 1 and 2
would relate to each other within and over time for boys and girls,
a multigroup cross-lagged model was designed. In particular, the
following hypotheses were tested:

Hypothesis I: Adolescent girls and boys differ regarding their
perceived parental pressure/support associated with their
grades in two STEM subjects (i.e., mathematics and biology)
at the beginning of 8th grade and 1.5 years later at the end of
9th grade (within-time associations).

Hypothesis II: Adolescent girls and boys differ regarding
the associations between their perceived parental
pressure/support and their grades in two STEM subjects (i.e.,
mathematics and biology) and vice versa during the beginning
of 8th to the end of 9th grade (over time associations).

METHODS

Participants and Procedure

This two-wave study is based on data from 1,088 8th grade
students at Time 1 (T1) (Mage = 13.70, aged 12-15 years, SD
= 0.53, 54% girls), who were at the end of 9th grade at Time
2 (T2) (N = 845; Myge = 14.86, aged 13-17 years, SD = 0.57,
55% girls). The participants were recruited from 23 randomly
selected public secondary schools out of a pool of 124 public
secondary schools in the federal state of Brandenburg, Germany.
In order to provide a representative sample for the federal state
of Brandenburg, five of the 23 schools were located in the
biggest cities of the state (Potsdam, Cottbus, Frankfurt Oder,
Brandenburg, and Prenzlau), while the other 18 were located
in rural areas. The data collection took place in the autumn
term 2011 (T1) and the spring term 2013 (T2). From T1 to T2
the dropout rate amounts 22.33% of participating students. The
study focuses on this specific age group, as some studies indicate

an achievement drop in school during this time period (Dohn,
1991; Wijsman et al., 2016). Initially, (1) written permission of
the ethical committee of the Hoorn, Youth, and Sport (MB]S)
of Brandenburg, (2) school consensus, and (3) both parents’ and
students’ written and informed consensus was obtained. Before
students filled in the paper-pencil questionnaire, experienced
research instructors informed about voluntary participation and
confidential treatment of responses. As there is only a small
amount of ethnic diversity in Brandenburg (2.6%), data on
ethnicity was not collected. The German law prohibits collecting
data from a third party (i.e., asking students about their parents
income or school graduation), students’ socio-economic status
could not be assessed.

Measures

All self-report measures used in this study are well-established
instruments for German-speaking students. The reported
reliability values are based on the current sample.

STEM grades were addressed by students’ self-reported grades
on their two most recent report cards in Mathematics (aT 15 =
0.87; aT2 gigs = 0.87; aTlpoys = 0.84; AT2 poys = 0.84) and
Biology (aTlgs = 0.83; aT2 gigs = 0.83; aTlpeys = 0.84;
aT2 poys = 0.84). Grades range from 1 (“very good”) to 6
(“insufficient”) in the German school system. For the sake of
clarity, all grades were reverse-coded in the present study, such
as a high score represents high achievement.

Parental Pressure was measured with “Zurich
Questionnaire ~ of  Educational ~ Behavior” [Ziiricher
Kurzfragebogen zum Erziehungsverhalten] (ZKE) developed
by Reitzle et al. (2001) on a 4-point Likert scale from 1 (“not
true at all”) to 4 (“totally true”). The subscales father pressure
(aT1gns = 0.79; aT2 gty = 0.83; aTlpeys = 0.80; T2 poys =
0.80) and mother pressure (aTlgy, = 0.77; aT2 45 = 0.80;
aT1poys = 0.78; T2 poys = 0.79) consist of six items each (e.g.,
“My mother/father pushes me to work harder in school” or “My
mother/father expects that I do well in school”).

Parental Support was also measured with the “Zurich
Questionnaire of Educational Behavior” (ZKE) (Reitzle et al.,
2001). The subscales father support (aTlggs = 0.92; aT2
girls = 0.92; aTlpgys = 0.9 aT2 poys = 0.90) and mother
support (aTlgys = 0.90; aT2 gy = 0.915 aTlpeys = 0.88;
aT2 poys = 0.88) consist of 10 items each (e.g., “If I do not
understand something, my mother/father explains it to me” or
“My mother/father is studying with me”).

the

Statistical Analyses

Initially, random parcels for each latent variable were built
due to the large amount of single items per variable, which
is a common procedure in psychological research (Nasser and
Wisenbaker, 2003). Accordingly, each latent variable in the
present study consists of three parcels. Little et al. (2002, 2013)
list various reasons why parceling can be beneficial compared to
using single items regarding psychometrics, model estimation,
and fit characteristics. In contrast to item-level data, parcels
show higher reliability, higher ratio of common-to-unique factor
variance, greater communality, lower likelihood of distributional
violations as well as more, tighter, and more-equal intervals,
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fewer parameter estimates, reduced sources of sampling error,
lower indicator-to-sample size ratio as well as lower likelihood
of correlated residuals and dual factor loadings.

Furthermore, measurement invariance over time as a
precondition of cross-lagged panel design was tested for all
variables used in this study. In the next step, three multigroup
cross-lagged models were conceptualized: A less-restricted model
(free parameters across girls and boys), a semi-restricted model
(equal factor loadings, free thresholds, and free regression
coeflicients among girls and boys) and a more-restricted model
(equal factor loadings, equal thresholds and equal regression
coefficients across both groups). The less-restricted model was
compared to the semi-restricted model to test for measurement
invariance between the groups (i.e., girls and boys) by using
x2-difference test (Yuan and Bentler, 2004). Subsequently, the
semi-restricted model (with gender differences) was compared to
a more-restricted model (considering no gender differences) in
order to test which model would fit the data best.

All analyses were conducted with the “type is complex”
command in Mplus to account for the nested structure of the data
(students nested in classes) (Asparouhov, 2005). Four primary
fit indices were used to determine model fit (Hu and Bentler,
1999): Chi-Square Test of Model Fit ( %2), Root Mean Square
Error of Approximation (RMSEA), Comparative Fit Index (CFI)
and Standardized Root Mean Square Residuals (SRMR). Little’s
MCAR test (x> = 268.07; df = 233; p > 0.05) revealed that
missing data was completely at random, which allows using
full-information maximum likelihood (FIML) estimation.

RESULTS

Bivariate Correlations and Descriptive

Statistics
Table 1 presents the gender-specific bivariate correlations
and descriptive statistics calculated with IBM SPSS software
(see Table 1).

Multigroup Cross-Lagged Panel Design
Initially, measurement invariance for the variables of interest
was tested stepwise over time (see Table 2). As shown in Table 2
strong factorial invariance is held for all latent variables, which is
a precondition for cross-lagged panel design.

To test our hypotheses, three multi-group cross-lagged
models (less-restricted model, semi-restricted model, more-
restricted model) were conceptualized with Mplus (Muthén and
Muthén, 1998-2013). All models included (a) autoregressive
paths between the same variable at T1 and T2, (b) cross-lagged
paths between a variable and each other variables over time,
and (c) within-time covariances between all variables at T1 as
well as within-time covariances between all variables at T2. To
test for measurement invariance between the groups (i.e., girls
and boys) a less-restricted model with all free parameters was
conceptualized in a first step [X?564) = 1658.82, p < 0.001; CFI
= 0.92; RMSEA = 0.06 (0.06-0.06), SRMR = 0.06]. This model
was compared with the semi-restricted model [ X%s%) = 1660.37,
p < 0.001; CFI =0.92; RMSEA = 0.06 (0.05-0.06), SRMR = 0.07]

with equal factor loadings, free thresholds, and free regression
coefficients among boys and girls by using the x2-difference
test [X(232) = 5.71, p > 0.05] (Satorra and Bentler, 2001). The
test indicated that the semi-restricted model was favored to the
less-restricted model, which confirms measurement invariance
between girls and boys. In a next step, a more restricted model
(X} = 173180, p < 0.001; CFI = 0.92; RMSEA = 0.06
(0.05-0.06), SRMR = 0.08] with equal factor loadings, equal
thresholds and equal regression coefficients across both groups
was conceptualized. Again, the ¥ 2-difference test [ X%45) =76.59,
p < 0.05] (Satorra and Bentler, 2001) between the semi-restricted
and the more restricted model was conducted, implying that
the semi-restricted model reflects the data better than the more
restricted model. This means that different patterns for girls and
boys are exhibited in the cross-lagged model.

Model Girls

Auto-Regressive Effects Over Time

All auto-regressive paths between each variable at T1 and T2
were found to be significant, which supports the stability of the
constructs over time (see Figure 1).

Cross-Lagged Effects Over Time

Eight cross-lagged effects were found to be significant over
time: Mother pressure at T1 negatively predicts the grades in
mathematics at T2, whereas mother support at T1 negatively
predicts mother pressure at T2 and positively predicts father
support at T2, as well as girls' grades in mathematics and
biology at T2. Father support at T1 positively predicts mother
pressure at T2. Furthermore, the grades in mathematics at T1
positively predict the girls’ grades in biology at T2 and vice versa
(see Figure 1).

Covariances Within-Time
At T1 all covariances except for the association between mother
support and father pressure were found to be significant: There
was a positive association between mother support and father
support (r = 0.19, p < 0.001), between mother support and
girls’ grades in mathematics (r = 0.06, p < 0.01) and biology
(r = 0.07, p < 0.001). In turn, there was a negative association
between mother pressure and mother support (r = —0.08, p
< 0.001), father support and mother pressure (r = —0.05, p
< 0.05) as well as between mother pressure and girls’ grades
in both mathematics (r —0.10, p < 0.01) and biology
(r —0.11, p < 0.001). The association between mother
pressure and father pressure (r = 0.34, p < 0.001) was positive.
Furthermore, there was a positive relation between father support
and both girls' grades in mathematics (r = 0.07, p < 0.01)
and biology (r = 0.07, p < 0.01), whereas the association
between father pressure and girls’ grades in mathematics (r =
—0.10, p < 0.01) and biology (r = —0.08, p < 0.01) were
negative. Finally, the relation between father support and father
pressure was positive (r = 0.09, p < 0.01) as well as the relation
between girls’ grades in mathematics and biology (r = 0.31,
p < 0.001).

At T2, only eight covariances were found to be significant:
The association between mother pressure and father pressure
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TABLE 1 | Gender-specific means, standard deviations, and intercorrelations of the constructs.

MP T2 FP T1 FP T2 MS T1 MS T2 FST1 FS T2 Ma T1 Ma T2 Bio T1 Bio T2 R M SD
GIRLS
MP T1 0.57 0.51™ 0.28™  —-0.11* —-0.10" —0.00 —0.07 -0.12~  -0.20" -0.13" -0.19" 1-4 2.50 0.66
MP T2 - 0.30** 0.49  -0.08 —0.06 0.05 0.04 —0.06 -0.21™  -0.10* -0.19" 1-4 2.35 0.68
FP T1 - 0.564** 0.06 —0.02 0.22** 0.13*  -0.14~ -0.18" -0.10" —0.09 1-4 2.18 0.66
FP T2 - —0.05 —0.06 0.10* o018~ -0.16™ -0.28" -0.13" -0.26" 1-4 2.14 0.72
MS T1 - 60** 0.52** 0.42** 0.12** 0.21* 017 0.19* 1-4 2.96 0.64
MS T2 - 0.36™* 0.50"* 0.12* 0.25™ 0.11* 0.16™* 1-4 2.85 0.68
FST1 - 0.64™* 0.13* 0.13* 0.16™ 0.11* 1-4 2.91 0.73
FST2 - 0.12** 0.14* 0.13** 0.11* 1-4 2.77 0.75
Ma T1 - 0.66™* 0.53** 0.39** 1-6 4.30 0.79
Ma T2 - 0.47 0.52 1-6 4.13 0.87
Bio T1 - 0.57 1-6 4.75 0.74
Bio T2 - 1-6 4.71 0.78
BOYS
MPT1 0.66™* 0.51* 0.40** 0.15™ 0.13" 0.14* 0147~ -0.14* -0149" -0.15" -0.14" 1-4 2.67 0.66
MP T2 - 0.33* 0.568™ 0.07 0.16™* 0.07 0.15™  -0.17* -0.28" -0.14" -0.12* 1-4 2.52 0.68
FP T1 - 0.51* 0.15™ 0.11* 0.37* 019~ -017* -047* -0.13" -0.16" 1-4 2.41 0.69
FP T2 - —0.00 0.14* 0.12* 029  -0.25" -0.28" 021 -017% 1-4 2.34 0.75
MS T1 - 53 0.53** 0.27  -0.08 -0.13* 0.09 0.11* 1-4 2.97 0.59
MS T2 - 0.29™ 0.52  -0.02 —0.03 0.09 0.09 1-4 2.75 0.61
FST1 - 0.52* 0.01 —0.08 0.14= 0.07 1-4 2.95 0.67
FS T2 - —0.02 0.01 0.09 0.02 1-4 2.76 0.67
Ma T1 - 0.65™ 0.49* 0.35" 1-6 4.48 0.81
Ma T2 - 0.38 0.41* 1-6 4.11 0.88
Bio T1 - 0.62** 1-6 4.55 0.85
Bio T2 - 1-6 4.46 0.83

Correlations are standardized coefficients; *p < 0.05, **p < 0.01; MF, Mother Pressure; FF, Father Pressure; MS, Mother Support; FS, Father Support; Ma, math grade; Bio, biology
grade; Grades in German school system range from 1 = “very good” to 6 = “insufficient”—for sake of clarity, all grades were reverse-coded. T1, Time 1 (8th grade); T2, Time 2 (9th
grade); R, Range; M, Mean.

TABLE 2 | Model fit indices for measurement invariance testing over time and results of xz—difference test with scaling correction using MLR estimator and “type is
complex” in Mplus.

Model x? df P RMSEA 90%ClI CFI SRMR Ax? P Adf
Model 0 1444.79 391 <0.001 0.05 0.05-0.05 0.93 0.06 - - -
Model 1 1453.98 401 <0.001 0.05 0.05-0.05 0.93 0.06 6.09 >0.05 10
Model 2 1465.14 41 <0.001 0.05 0.05-0.05 0.93 0.06 13.59 >0.05 10
Model 3 1482.93 417 <0.001 0.05 0.05-0.05 0.93 0.06 15.38 <0.05 6

Model 0, no constraints but configural invariance; Model 1, loadings invariant across time (weak invariance); Model 2, loadings and intercepts invariant across time (strong invariance);
Model 3, measurement model including time invariance restriction (strict invariance). Bold values indicate the best model fit.

(r = 020, p < 0.001) was positive, whereas the relation  0.01) was positive. Finally, the relation between girls’ grades
between mother pressure and girls' grades in mathematics (»  in mathematics and biology (r = 0.11, p < 0.001) was
= —0.04, p < 0.05) was negative. The association between  still positive.

father support and father pressure (r = 0.05, p < 0.05) The association between mother support and mother

and between father support and mother support (r = 0.08,  pressure, between father support and mother pressure, between
p < 0.001) were positive. Furthermore, both the relation  girls’ grades in mathematics and father support, between girls’
between girls’ grades in mathematics and father pressure (r  grades in biology and mother pressure, between girls’ grades in
= —0.09, p < 0.001) were negative as well as the association  biology and mother support as well as between girls’ grades in
between girls’ grades in biology and father pressure (r =  biology and father support were no longer significant. Finally,
—0.10, p < 0.001). In turn, the association between girls'  the relation between mother support and father pressure was still
grades in mathematics and mother support (r = 0.04, p <  not significant.
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FIGURE 1 | Multigroup cross-lagged model for girls. MP, Mother Pressure; FP, Father Pressure; MS, Mother Support; FS, Father Support; T1, Time 1 (8th grade); T2,
Time 2 (9th grade); Factor loadings are shown as standardized coefficients. For sake of clarity, solely significant autoregressive and cross-lagged paths are shown in
the figure: First position indicates unstandardized coefficients (B), second position standardized coefficients (). In order to obtain a clearly arranged figure, the
covariances between all variables at T1 and between all variables at T2 are not shown in the figure, but reported in the manuscript.

Model Boys for girls—and between mother pressure and father support (r =
Auto-Regressive Effects Over Time 0.06, p < 0.05) as well as between mother pressure and mother
All auto-regressive paths between each variable at T1 and T2  support (r = 0.04, p < 0.05), whereas the latter association was
were found to be significant, which support the stability of the  negative for girls. Furthermore, the relation between mother

constructs over time (Figure 2). pressure and both boys’” grades in both mathematics (r = —0.15,

p <0.001) and biology (r = —0.11, p < 0.001) were negative.
Cross-Lagged Effects Over Time The association between mother pressure and father pressure (r
Three cross-lagged effects were found to be significant over = 0.36, p < 0.001) was positively. Furthermore, the association

time: Mother pressure at T1 positively predicts father pressure  between father pressure and boys’ grades in mathematics (r =
at T2, whereas mother support negatively predicts boys  —0.11, p < 0.001) and biology (r = —0.11, p < 0.001) were
grades in mathematics. Finally, the grades in biology at T1  negatively. Finally, the relation between father support and father
positively predict boys’ grades in mathematics at T2, but not  pressure was positive (r = 0.17, p < 0.001) as well as the relation

vice versa (Figure 2). between boys’ grades in mathematics and biology (r = 0.34,
p < 0.001).
Covariances Within-Time At T2, eight covariances were found to be significant: In

At T1 all covariances except for four associations (between  contrast to the girls, the association between mother support
mother support and both boys grades in mathematics and  and mother pressure (r = 0.04, p < 0.05) as well as between
biology as well as between father support and both boys’ grades ~ mother support and father pressure (r = 0.07, p < 0.001) was still
in mathematics and biology) were found to be significant: There ~ positively significant. Furthermore, the relation between mother
was a positive association between mother support and father ~ pressure and father pressure (r = 0.22, p < 0.001), as well as the
support (r = 0.16, p < 0.001), between mother support and  relation between father support and father pressure (r = 0.12, p <
father pressure (r = 0.05, p < 0.05)—which was not significant ~ 0.001) and between father support and mother support (r = 0.12,
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p < 0.001) was positively significant. In turn, the relation between
boys’ grades in mathematics and mother pressure was negative
(r = —0.06, p < 0.05). Finally, boys” grades in mathematics and
biology were positively associated (r = 0.10, p < 0.01).

The association between father support and mother pressure,
between boys’ grades in mathematics and father support, boys’
grades in mathematics and pressure, boys’ grades in mathematics
and mother support as well as between boys’ grades in biology
and all parental variables were not significant.

DISCUSSION

This study aimed to shed light on potential gender-specific
differences in the within- and over time associations between
adolescents’ perception of parental pressure/support and their
grades in mathematics and biology.

In line with hypothesis I we found that girls and boys differ
regarding their perceived parental pressure/support associated
with their grades in mathematics and biology at the beginning
of 8th grade and 1.5 years later at the end of 9th grade
(within-time associations). While for girls, mother and father
support in 8th grade were associated with better grades in math

and biology, for boys, neither mother nor father support were
significantly related to their STEM performance. Hence, boys do
not profit from mother/father support regarding their academic
performance in math and biology but may be interested in STEM
independent of parental behavior (Su and Rounds, 2015). Also,
it can be assumed that boys are impacted by their peer group,
rather than their parents. Various studies show that students’
motivation and involvement in school are influenced by their
peers (Raufelder et al., 2013; van Hoorn et al., 2014). Robnett
and Leaper (2013) found that students were more likely to
be interested in pursuing a STEM career if their peer group
valued STEM, even after controlling for individual grades, values,
and expectations.

In contrast to boys, girls’ performance in math and biology
was related to parental support. Hence, the results indicate
that (1) parental behavior is perceived differently by girls and
boys and/or (2) parents act differently toward their male vs.
female offspring. In support of these arguments, Fthenakis and
Minsel (2002) found that fathers’ of daughters spend more time
with their offspring compared to fathers’ of sons, which could
explain why father support is related to better STEM performance
among girls, but not among boys. Additionally, Paa and Hawley

Frontiers in Education | www.frontiersin.org n

March 2019 | Volume 4 | Article 14


https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Hoferichter and Raufelder

STEM Performance and Parental Behavior

McWhirter (2011) found that particularly girls received more
positive feedback and autonomy from their mother.

Compared to the role of mothers, the impact of fathers on
their offspring seems much harder to grasp. In past research the
father figure was described to be limited to financial support,
inadequate, or absent fathering (Hawkins and Dollahite, 1997;
Marks and Palkovitz, 2004). The father figure implies rather
negative connotations, or is insufficiently conceptualized, which
becomes clear in the work “Fathers: the “invisible” parents”
(Saracho and Spodek, 2008). However, while the gender gap
between mothers and fathers is quite persistent over time
regarding housework and child rearing (Kan et al., 2011), more
recent work characterizes the father as the “working caring-dad”
whose role comprises more than a bread-winning function as he
is ready to sacrifice—at least in part and among older fathers—his
career for children (Fthenakis and Minsel, 2002). In the current
study, the father comes into play, when boys and girls perceive
his pressure, which is related to lower STEM performance in
math and biology for girls in 8 and 9th grade and for boys
in grade 8. The challenge of characterizing the role of fathers
is indicated by the finding that both girls and boys report the
more father support they receive also the more pressure they
perceive, which is consistent across time. Hence, father support
cannot be described as solely positive while father pressure
cannot be described as solely negative for boys’ and girls’ STEM
performance. In fact, although parental support and pressure
are separate concepts, children perceive them as overlapping as
part of general parenting behavior. While pressure is described
as behavior indicating expectations that are high, unlikely or
even impossible to attain, this nominal definition depends on
the child’s perception of parental pressure and support (Leff and
Hoyle, 1995). Besides the positive association between father
support and pressure, mother support and pressure was also
positively associated for boys in both grades 8 and 9. Contrary,
girls who receive mother support, receive less mother pressure in
8th grade. Interestingly, boys who receive mother support also
receive less father pressure, while for girls there was no such
significant association. In the case of boys, the mother might
compensate for the father pressure by supporting her son. It was
found that fathers feel more disturbed with respect to conflicts
and trouble by their sons, compared to daughters (Fthenakis and
Minsel, 2002). While, a diary study indicates that the relationship
with mothers is related to lower psychological distress for both
boys and girls (Mallers et al., 2010). In line with this finding,
according to a self-report study, on average, mothers evaluate
themselves as more supportive toward their children compared
to fathers (Fthenakis and Minsel, 2002), while fathers show more
control and punishment regarding schoolwork toward their sons
compared to daughters. In general, the findings show that for
both boys and girls, the association between parental support
/pressure and STEM performance is higher in grade 8 compared
to grade 9. This finding indicates that parental pressure and
support has more impact at the age of about 13 compared to
the age of about 15, as parents become gradually less important
across the development of youth (Erikson, 1993; Eccles, 2007)
while peers and their values, activities, and attitudes become
more important (Left and Hoyle, 1995; van Hoorn et al., 2014).

Investigating over time associations between mother/father
support/pressure, math and biology performance, all
auto-regressions were significant from grade 8 to grade 9,
indicating the reliability of the constructs. Furthermore,
hypothesis II was partially confirmed, as girls and boys varied
in their perception of mother/father support/pressure related
to their STEM performance in math and biology over time, but
not vice versa. In other words, the relation between parental
support/pressure and student’s STEM performance seems to
be rather mono-directional, such as parental support/pressure
predicts STEM performance, but not vice versa. Future
longitudinal studies with more than two waves are necessary to
test a potential causal ordering of the variables.

For girls, mother support in grade 8 was related to better math
and biology performance in grade 9, while mother pressure in
grade 8 was related to lower math performance in grade 9, but not
to biology performance. Hence, girls’ biology performance seems
independent of mother pressure, indicating that girls may have
stable interests in biology, which is not per se a masculine STEM
subject, and their peer group may value or engage in biology at
school. In fact, Leaper et al. (2011) found that adolescent girls’
motivation in STEM courses was positively related with peer
support over the school years. These interpretations may give
an explanation why females and males are equally engaged in
biology and agricultural studies.

For boys, only mother support in grade 8 was related to
low math performance in grade 9. Hence, while girls perceive
mother support as helpful for better STEM performance, boys
perceive mother support as debilitating their performance in
math. This finding indicates that boys may receive mother
support as pressure related to high expectations, which in turn
hinder boys’ STEM performance.

Contrary to the impact of mothers, father support or pressure
was not related to girls’ and boys’ STEM performance over time.
These findings underline the impact of mothers for students’
performance in STEM, which have been investigated in various
studies (Paa and Hawley McWhirter, 2011; Gunderson et al.,
2012; Rozek et al., 2015). In fact, compared to fathers, it is mostly
the mother who is involved in and concerned with school and
family issues (Winquist Nord and West, 2001), which might be
the reason why mothers™ school related behavior impacts both
boys” and girls’ STEM performance.

As boys’ STEM performance is barely impacted by parental
behavior, their academic performance might be related to other
factors outside the family, such as interest (Su and Rounds, 2015),
or boys might just live up to the stereotype that STEM subjects
are masculine, confirming their interest even more (Archer et al.,
2013). In fact, compared to boys, it is much harder to involve
and maintain the interest of girls in STEM. In this sense, the
current study indicates that girls profit from mother support and
in contrast suffer from mother pressure regarding their STEM
performance. Hence, mothers should be aware of their school-
related behavior, particularly exerting pressure as it inhibits girl’s
STEM performance as well as giving support to their male
offspring, which in fact is perceived as pressure. Furthermore, the
results of the study show that boys” and girls’ STEM performance
in grade 8 does not impact the school related behavior of mothers
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and fathers 1.5 years later. Hence, it is the differentiated parental
behavior that impacts STEM performance and not vice versa,
i.e.,, STEM performance in grade 8 does not impact mothers’ and
fathers’ support/pressure in 9th grade.

Overall, the results adhere to the General Expectancy-
Value Model of Achievement Choices (Eccles, 2014), as results
indicate that father and mother behavior impact boys and
girls’ performance in STEM. However, this model does not take
into account the specific and different role of mothers and
fathers regarding the STEM performance of boys and girls. To
further analyze the impact of maternal and paternal behavior,
future studies should include information on parental time
spent with children, gender attitudes or distribution of domestic
tasks and child care. In sum, this study indicates that mother
support plays an essential but different role for boys’ and girls’
STEM performance. While mother support should further be
encouraged for girls, the support directed toward boys should
be reconsidered as mother support seems to be accompanied by
expectations or pressure. Furthermore, mother’s pressure inhibits
STEM performance among girls and should therefore be reduced
or eliminated in the school-related behavior of mothers. The
results also show that the father does not have a long lasting
effect (from grade 8 to grade 9) on neither boys’ nor girls’
STEM performance. However, cross-sectionally father’s pressure
is related to low STEM performance for both boys and girls.
Therefore, similarly to mother’s pressure, the father should also
be urged to eliminate his pressure toward his offspring regarding
school performance. Additionally, fathers should be encouraged
to support their sons and daughters in school related issues
and engage in school work, conversations about science, and in
whatever concerns their offspring in order to build confidence
in the father-child relationship and support boys and girls’
development positively. Parent-child interventions may help
parents to reflect and find their role regarding their scholastic
behavior as well as give parents the opportunity to communicate
with their children about the child’s needs, fears, and hopes
regarding their academic performance in STEM. Furthermore,
gender-specific parent-child activities in school could be added
to existing models, such as the American model of family-school
partnerships (Epstein, 1995), which helps parents to recognize
the value of their contributions to schooling practices and foster
students’ academic involvement (Nawrotzki, 2012).
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Self-Concept and Achievement in
Math Among Australian Primary
Students: Gender and Culture Issues

Feifei Han*

Griffith University, Mt Gravatt, QLD, Australia

While gender stereotype on math learning and achievement is consistently reported among
existing research, these studies predominantly focus on mainstream students with Western
cultural backgrounds. There is a dearth of study, which investigates gender effect among
Australian Indigenous students. To fill this gap, the present study adopted a multiple-
indicator-multiple-indicator-cause approach to structural equation modeling to investigate
effects of gender, culture (Indigenous vs. non-Indigenous), and the interaction of the two
on students’ self-concept of competence and affect in math, as well as math achievement
among Australian primary school students. We found gender stereotype effect not only
on students’ self-perceptions of their competence in math but also their actual math
performance reflected in their math achievement scores in a standard math test. Boys
had higher ratings on math competence and scored more highly on math test than girls.
However, the gender stereotype was not found for self-concept of affect. Instead, culture
was significantly impacted on self-concept of math affect, indicating that Indigenous
students had less enjoyment toward learning math compared with their non-Indigenous
peers. Furthermore, significant interaction effects between gender and culture were
observed on both self-concept of math competence and math affect. In practice, to
enhance Indigenous students’ interest and enjoyment in math learning, educators are
suggested to incorporate Indigenous students’ values, beliefs, and traditions when
delivering new math knowledge.

Keywords: gender, Australian Indigenous culture, self-concept of competence and affect, math achievement,
primary school students

INTRODUCTION

Indigenous Australians are the first peoples of Australia (Craven et al., 2013) and are one of
the most disadvantaged Indigenous populations in the world (Cooke et al., 2007). All Australian
governments in the last two decades have acknowledged that Indigenous Australians are
disadvantaged in a number of socioeconomic indicators, including education (e.g., Commonwealth
of Australia, 2006). Indigenous students participate significantly less in education and have
significantly higher attrition rates compared to other Australian populations. For instance, the
retention rate for Indigenous students from year 7 (the first year of secondary school) to year
12 was 55%, whereas the retention rate for non-Indigenous students during this same time
period was 82% (Australian Bureau of Statistics, 2012). Craven et al. (2013) have called for
paying a special attention to the disparities in educational outcomes between Indigenous students
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and their peers and taking immediate actions to make Indigenous
Australians’ full potential flourish. Thus, the first aim of the
present study is to gain a thorough understanding on how
Indigenous Australian students differ from non-Indigenous
Australian students on self-concept and achievement in math
subject in order to inform the development of effective
intervention programs to help close the educational gap for
Indigenous students.

Moreover, past research has revealed that there may be a
gender stereotype in academic self-concept, and achievement
in math (Meece et al,, 2006; Yeung et al., 2012a), in particular,
gender differences tend to become observable from early primary
school (Eccles et al., 1993; Usher and Pajares, 2008). However,
existing research regarding students’ self-concept in math
predominantly focused only on the perceptions of one’s
competence, neglecting the perceptions of one’s affect in math
(Midgley et al., 2001; Yeung and Han, 2017). Furthermore,
whether the commonly found gender stereotype in self-concept
and achievement in math is also observable in Australian
indigenous student population is unknown. As Australian
Indigenous culture, values, and perspectives differ from the
dominant Western culture, we cannot legitimately apply the
gender stereotype in math self-concept and achievement from
the mainstream Western culture to Australian Indigenous
students. Therefore, the present study examines both the gender
and culture effects and the interaction of the two, on self-
concept of competence and affect, as well as achievement in
math subject among Australian primary school students from
Indigenous and non-Indigenous backgrounds.

LITERATURE REVIEW AND RESEARCH
QUESTIONS

Self-Concept and Its Impact

Positive self-beliefs are at the heart of the positive psychology
movement (Marsh and Craven, 2006) and enhancing self-concept
is enshrined in educational policies internationally. For example,
the Melbourne Declaration on Educational Goals for Young
Australians (MCEETYA, 2008) emphasizes that students should
“have a sense of self-worth, self-awareness, and personal identity
that enables them to manage their emotional, mental, spiritual,
and physical wellbeing” (p. 9). Positive self-concept has been
demonstrated “to impact on a wide range of critical wellbeing
outcomes and serve as an influential platform for enabling
full human potential” (Craven and Marsh, 2008, p. 104).
Interventions specifically addressing domain-specific self-concept
have been shown to result in domain-specific gains in a range
of achievement outcomes (Craven and Yeung, 2008). Numerous
studies have identified strong relations between self-concept
and outcomes such as well-being, coursework selection, rate
of school completion, adaptive academic behaviors, coping
mechanisms, enhanced academic achievement, and reduced
mental health problems (e.g., Marsh and Craven, 2006; Craven
and Yeung, 2008). Self-concept and achievement are also known
to be reciprocally related whereby they share a dynamic causal
relation (Marsh and Craven, 2006). In the school context,

academic self-concepts in different school subjects have been
consistently demonstrated that they are not only causes for
cognitive outcomes; but are also triggers of desirable psychological
outcomes (Marsh and Craven, 2006; Craven and Yeung, 2008).

The structure of self-concept has been empirically
demonstrated as multidimensional and domain specific (Arens
et al, 2011). Marsh (1990), for example, found distinct self-
concepts in a number of school subjects, including verbal,
math, physical, art, music, and religion, with a general academic
self-concept as an overarching construct. Traditionally,
researchers either conflated the competence and affect aspects
of academic concept (e.g., Jansen et al., 2014) or they have
placed more emphasis on self-concept of competence over
affect. Hence, academic self-concept has been consistently
measured by either combining the competence and affect
aspects or predominantly using competence aspect alone
(Pinxten et al., 2013; Seaton et al., 2014).

However, in recent years, academic self-concept it has been
empirically demonstrated that self-concept of competence
(in relation to cognition) and self-concept of affect (in relation
to emotion) are clearly distinguishable (e.g., Arens et al., 2011;
Pinxten et al, 2013). While the competence component is
concerned with the extent to which students perceive themselves
to have capabilities in a specific school subject (e.g., I am good
at math.), the affect component is about the extent to which
an individual enjoys participating in a subject (e.g., I like math.).
Thus, we will examine both the competence and affect aspects
of self-concept in math.

Gender and Culture Issues in

Self-Concept and Achievement

Gender differences may be observable as early as in elementary
school when self-beliefs and perceptions begin to form (Eccles
et al., 1993). Past self-concept research focusing only on
competence has indicated that in general boys tend to have
higher competence beliefs than girls (Midgley et al., 2001).
Boys sometimes overestimate their competence whereas girls
tend to underestimate theirs (Metallidou and Vlachou, 2007),
even though such self-perceptions of abilities may not match
their real ability (Yeung et al, 2012a,b). However, boys and
girls may exhibit very different levels of competence beliefs
in different curriculum areas. Research has consistently reported
that boys tend to have higher perceptions of competence in
math and science-related subjects (Marsh and Yeung, 1998;
Klapp Lekholm and Cliffordson, 2009), whereas girls show
higher self-concepts in language and verbal-related subjects
(Marsh, 1993; Kurtz-Costes et al., 2008).

Gender has also been found to interact with other factors,
including students’ ability and cultural backgrounds (Dai, 2001;
Chiu and Klassen, 2010). For instance, Dai (2001) observed
that for average-ability students, girls reported a higher verbal
self-concept and lower math self-concept than boys. However,
for gifted students, girls were found to have a comparable
math self-concept to boys. Chiu and Klassen (2010) found
that for students from a culture which tolerates more uncertainty,
math self-concept had a stronger relation with math achievement
for boys than for girls. Extending a focus on self-concept of
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competence to affect beliefs, Yeung et al. (2012a,b) found an
interaction effect between culture and gender—the competence
and affect differences between Asian and Anglo Australian
students were more pronounced for boys than for girls.

With regard to academic achievement, interaction effects
between culture and gender have also been demonstrated. Lai
(2010), for instance, showed that Chinese girls performed better
than boys in both primary and middle schools. But for American
students, this pattern was not consistent. American girls achieved
better than boys in elementary school, but boys gradually
caught up in math and science in middle schools.

The Current Study and Research Questions
Although the above studies demonstrated that gender effects
on academic self-concept and achievement may be partly
influenced by culture, there is a lack of research on how gender
effect may be interacted with Australian Indigenous culture.
In this investigation, we will test gender, Indigenous culture,
and the interaction of the two on the self-concept of math
competence and affect, as well as math achievement among
Australian primary school students.
Three research questions were addressed in the study:

1. Do boys and girls differ in the self-concept of math
competence, affect, and math achievement?

2. Do Indigenous and non-Indigenous students differ in the
self-concept of math competence, affect, and math achievement?

3. Are there interaction effects between gender and Indigenous
culture on the self-concept of math competence, affect, and
math achievement?

MATERIALS AND METHODS

Participants

The study was conducted with 566 boys (44.6%) and 702 girls
(55.4%), who studied in urban and rural areas of Australian
primary schools. The students were from grade 3 (average age
around 10) to grade 6 (average age around 13). Among them,
496 (39.1%) self-identified as Indigenous background in the
demographic information, whereas 772 (60.9%) were self-
identified as non-Indigenous students.

Materials

The materials used for data collection were a self-report
questionnaire and students’ scores in a standard math achievement
test. The questionnaire started with a section on demographic
information including age, gender, grade, and cultural background
followed by items on self-concept of math competence and
affect, which are explained in detail below.

Math Competence and Math Affect Scales
To measure students’ self-concept of math competence, we used
the four positive items from Marsh (1992) Self Description
Questionnaire I (SDQI). These items are: “I learn things

quickly in math,” “Work in math is easy for me,” “I get

good marks in math,” and “I am good at math” The items
which evaluated students’ self-perceptions of affect toward
math were also from SDQI, including: “I like math,” “I
am interested in math,” “I look forward to math,” and “I
enjoy doing work in math” We excluded the two negatively
worded items from the original math competence and affect
scales because past research showed that incorporating negative
items resulted in negative item bias and reduced the reliability
of scales (Marsh, 1986; Arens et al., 2011). The reason for
using SDQI is that it is the most widely used instrument
for measuring self-concept of students from diverse cultures,
including Australian Indigenous students (e.g., Worrell et al.,
2008; Bodkin-Andrews et al., 2010). All the items were on
a 5-point scale with 1 representing strongly disagree and 5
indicating strongly agree.

Math Achievement Scores

The math achievement scores were obtained using a state-
wide standardized test organized by Department of Education
and Training. The test lasted about 20 min and had different
items for different grades (see the Appendix for the
sample items).

Data Collection Procedure

The data collection strictly followed the ethics requirements.
Before administering the study, the written consent from the
participants and their parents for voluntary participation was
obtained. The effort was made to ensure the anonymity of
the participants by assigning a code to each participating
student. The questionnaire was administered in groups by
research assistants, who read each item aloud to the students
to minimize potential problems arising from reading difficulties.

Data Analysis
We started data analysis by constructing a CFA model with four
items of self-concept of math competence, four items of self-
concept of math affect, and the math achievement scores using
Mplus version 7. Because the math achievement scores were a
single-item indicator, the measurement error of scores was fixed
with a perfect reliability estimate (Marsh and Yeung, 1997).
The criteria for the evaluation of CFA models followed
the general procedures proposed by Kline (2005) and
Joreskog and S6rbom (2005). We considered four fit statistics
as our primary indicators of model fit, namely the
Comparative Fit Index (CFI, Bentler, 1990), the Tucker-
Lewis Index (TLI, Tucker and Lewis, 1973), the root mean
squared residual (SRMR, Bentler, 1995), and the root mean
square error of approximation (RMSEA, Browne and Cudeck,
1993). The values of TLI and CFI higher than 0.950, SRMR
less than 0.080, and RMSEA below 0.060 are generally
considered as good fit between the hypothesized model
and the observed data (Bentler, 1990; Browne and Cudeck,
1993; Hu and Bentler, 1999). Besides these fit statistics,
support for the fit of CFA models also requires: (1) acceptable
reliability for each scale (i.e., « 0.700 or above); (2)
factor loadings of items above 0.300 on the corresponding
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scales, and (3) appropriate correlations among the latent
factors to ensure that they are distinguishable from each
other (rs below 0.900).

When the CFA model was established (model 1), we then
conducted a series of measurement invariance tests to
determine if the CFA model was equivalent across female
and male students (i.e., gender), and across Indigenous and
non-Indigenous students (i.e., culture). The invariance tests
involve evaluating various levels of restricted models and
proceed in a stepwise manner from loosest to tightest. Therefore,
the invariance models are nested because the imposed constraints
are progressively added (Brown, 2006; Byrne, 2016). We first
constructed three models (models 2A-2C)
measurement invariance by gender. We followed Brown’s
recommended procedure for performing invariance tests by
starting from a configural CFA (model 2A), which is the
least restricted model, tests whether the factor structures are
identical across groups. Following the configural model,
we tested whether factor loadings were equal in the metric
model (model 2B). We then constrained intercepts to be equal,
referred to as the scalar model (model 2C). Similarly, the
next three successive models (models 3A-3C) were constructed
to test whether measurement equivalence could be attained
across the two cultural groups. Model 3A was a configural
CFA model that examines whether the factor structures are
identical across Indigenous and non-Indigenous students. Model
3B was the metric model, in which all the factor loadings
were constrained to be equal across the two cultural groups
of students, and model 3C was the scalar model, in which
the equal constraints were put on both the factor loadings
and the intercepts.

To examine the effect of gender, culture, and the interaction
of the two on students” self-concept of math competence, math
affect, and math achievement, we adopted a multiple-indicator-
multiple-indicator-cause (MIMIC) approach to structural
equation modeling (Aiken and West, 1991; Joreskog and Sorbom,
2005; Marsh et al., 2005). The advantage of a MIMIC model
is that measurement errors of latent variables are corrected
(Marsh et al., 2006; Yeung et al., 2012b). The MIMIC model
(model 4) examined the multiple causes of the three discrete
grouping variables (1) gender (1 = boy, 2 = girl), (2) culture
(1 = Indigenous, 2 = non-Indigenous), and (3) gender x culture
interaction to students’ self-concept of math competence, math
affect, and math achievement.

to examine

RESULTS

CFA of Model 1

The CFA of model 1 produced a good fit to the data: y’
(25) = 188.039, CFI = 0.980, TLI = 0970, SRMR = 0.019,
RMSEA = 0.072 (Table 1). All factor loadings of items on their
corresponding scales were above 0.750, and both self-concept of
math competence and math affect scales were highly reliable (0.891
and 0.924, respectively). The correlations between math competence,
affect, and math achievement scores are presented in Table 2,
which shows that all the correlations are significant and positive—
math competence and math affect: » = 0.815, p < 0.010; math
competence and math achievement: r = 0.105, p < 0.010; math
affect and math achievement: r = 0.057, p < 0.050. The results
of correlations showed that the relation between self-concept of
math competence and math affect was substantial, whereas both
the relations between self-perceptions of math competence and
achievement and between perceptions of math affect and achievement
were weak.

Factorial Invariance Across Groups

The results of a series of invariance tests are summarized
in Table 1. Table 1 shows that the baseline model (model
2A) resulted in a good fit: x> (50) = 245.129, CFI = 0.977,
TLI = 0.967, SRMR = 0.022, RMSEA = 0.078. Both model
2B: x* (56) = 248.364, CFI = 0.977, TLI = 0.971, SRMR = 0.024,
RMSEA = 0.074; and model 2C: y* (62) = 250.971, CFI = 0.978,
TLI = 0.974, SRMR = 0.025, RMSEA = 0.069, produced
similar fits to model 2A, providing evidence for the equivalence
of the measurement structure across the boy and the girl
groups (Cheung and Rensvold, 2002). Following the same
procedure, for the invariance of culture groups, we found that
the baseline model (model 3A) yielded an appropriate fit: x*
(50) = 239.216, CFI = 0978, TLI = 0.968, SRMR = 0.021,
RMSEA = 0.077. Across the two culture groups, the fit statistics
of model 3B: y* (56) = 244.244, CFI = 0978, TLI = 0971,
SRMR = 0.025, RMSEA = 0.073; and 3C: y* (62) = 254.357,
CFI = 0.977, TLI = 0.974, SRMR = 0.027, RMSEA = 0.070, were
comparable to those of model 3A, supporting the factorial
invariance across Indigenous and non-Indigenous groups.

Paths of the MIMIC Model

The invariance of measurement across groups allowed us to
proceed with MIMIC model (model 4), which displayed a

TABLE 1 | Goodness of fit of models.

Models Ve df CFI TLI SRMR RMSEA
Model 1 (CFA of latent factors) 188.039 25 0.980 0.970 0.019 0.072
Model 2A (gender invariance-configural) 245129 50 0.977 0.967 0.022 0.078
Model 2B (gender invariance-metric) 248.364 56 0.977 0.971 0.024 0.074
Model 2C (gender invariance-scalar) 250.971 62 0.978 0.974 0.025 0.069
Model 3A (culture invariance-configural) 239.216 50 0.978 0.968 0.021 0.077
Model 3B (culture invariance-metric) 244.244 56 0.978 0.971 0.025 0.073
Model 3C (culture invariance-scalar) 254.357 62 0.977 0.974 0.027 0.070
Model 4 (MIMIC model) 214.924 43 0.980 0.970 0.017 0.056

CFl = comparative fit index; TLI = Tucker-Lewis index; SRMR = standardized root mean square residual.
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TABLE 2 | Correlation between math competence, math affect,

and math achievement.

TABLE 3 | Solution of model 4.

Variables Math Math Math
Variables Math affect Math achievement competence affect achievement
Math competence 0.815™ 0.105* Factor loadings
Math affect - 0.057* ltem 1 0.753** 0.818* 1.000
Item 2 0.834** 0.866** —
' < 0.050; *p < 0.070, Item 3 0.830" 0.897* -
ltem 4 0.853** 0.891** —
good fit to the data: y* (43) = 214.924, TLI = 0.980, CFI = 0.970,  Uniqueness
SRMR = 0.017, RMSEA = 0.056. The factor loadings and Item 1 0.433** 0.331* 0.000
paths of model 4 are displayed in Table 3 and the MIMIC  'tem2 0.304™ 0.251™ -
model is also displayed in Figure 1. The descriptive statistics ftern 3 0.811™ 0.195™ B
ltem 4 0.272** 0.207** —
of self-concept of math competence, math affect, and math g ge _0.083* _0.012 _0.066"
achievement by gender and culture are presented in Table 4.  Culture 0.032 0.073* 0.019
Interaction 0.132** 0.078* 0.009

From Table 3, we can see that the main effect of gender
was significant and negative for self-concept of math
competence (f = —-0.083, p < 0.010) and math achievement
(B = —0.066, p < 0.050). The significant and negative path
coefficients suggested that boys not only had higher ratings
on their perceptions of abilities in math compared with girls
(boys: M = 4.092, SD = 1.119; girls: M = 3.894, SD = 1.131),
they also obtained higher scores in the math achievement
test (boys: M = 54.695, SD = 9.998; girls: M = 54.190,
SD = 10.175). The coefficients of the paths from culture
were only significant for self-concept of math affect (= 0.073,
p < 0.050). The positive path suggested that Indigenous
students had less enjoyment toward learning math compared
with their non-Indigenous peers (Indigenous students:
M = 3.817, SD = 1.367; non-Indigenous students: M = 4.036,
SD = 1.208).

Statistically significant interaction effects between gender
and culture were also found on both self-concept of math
competence ( = 0.132, p < 0.010) and math affect (8 = 0.078,
p < 0.010). For self-concept of math competence, while
non-Indigenous boys (M = 4.154, SD = 1.064) had higher
ratings than non-Indigenous girls (M = 3.935, SD = 1.063),
there was no significant difference between Indigenous boys
(M = 3.992, SD = 1.200) and Indigenous girls (M = 3.833,
SD = 1.226). For self-concept of math affect, non-Indigenous
boys (M = 4.067, SD = 1.223) had higher ratings than
Indigenous girls (M = 3.803, SD = 1.350), whereas there was
no significant difference between non-Indigenous girls
(M = 4.010, SD = 1.193) and Indigenous boys (M = 3.834,
SD = 1.393). Post hoc power analyses indicated that with the
sample size of the study, the power to detect obtained effects
at the 0.050 level was 0.999 in prediction of math competence,
was 0.874 in prediction of math affect, and was 0.867 in
prediction of math achievement.

The present study investigated the effect of gender, culture,
and the interaction of the two on Australian primary school
students’ self-concept of math competence and affect, as
well as their math achievement. Two separate sets of
measurement invariance tests on examination of invariant
factor structure, factor loadings, and intercepts across both
gender and culture demonstrated that female and male
students, Indigenous and non-Indigenous students shared
the same interpretation of the items with regard to their

0 < 0.050; *p < 0.010.

self-evaluation and perceptions of their capabilities and liking
toward the math subject. Because of the identical pattern
of factor-indicator relationships, factor loadings, and intercepts,
the factor scores from the four subgroups of the sample
(i-e., Indigenous boys, non-Indigenous boys, Indigenous girls,
and non-Indigenous girls) can be legitimately compared.
The examination of the measurement invariance ensured
the potential use of the PBLEQ in various academic disciplines
in higher education. The MIMIC approach found that gender
differences were not only in students’ perceived capabilities
in the processes of learning math (self-concept of math
competence) but also evident in their actual abilities in
solving math problems (math achievement). Consistent with
the past findings on the gender stereotype, our study also
showed that girls’ self-perceptions and confidence in evaluating
their competence in math was lower than boys (e.g., Eccles
et al,, 1993; Marsh, 1993; Marsh and Yeung, 1998; Kurtz-
Costes et al., 2008; Klapp Lekholm and Cliffordson, 2009).
However, when taking the culture effect into consideration,
found such difference only existed among the
non-Indigenous students. Such result may suggest that the
general finding of the gender stereotype is only applicable
among the mainstream students from Western cultural
background given the fact that the majority of past studies
did not investigate Indigenous population.

By separating the cognitive (competence) and affective
(affect) aspects of math self-concept, our findings further
extended the examination of gender effect of math competence
to math affect. We observed that different from gender
stereotype in self-perceptions of math competence, no gender
effect was found on students’ self-perceptions of liking and
enjoyment of studying math subject. This means that boys
and girls had similar ratings on their enjoyment of learning
math. Instead, gender only had a significant impact on self-
concept of math affect when it interacted with cultural
backgrounds. Generally speaking, Indigenous students reported
less enjoyment in learning math compared with their
non-Indigenous counterparts. However, there was no such
difference between Indigenous boys and non-Indigenous girls.

we
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FIGURE 1 | Paths of the MIMIC model. *p < 0.070; *p < 0.050.

math competence

math achievement

TABLE 4 | Descriptive statistics by gender and culture.

Variables Indigenous Non- Indigenous Non-
boys Indigenous girls Indigenous
(N =215) boys (N =218) girls (N = 421)
(N =351)

M (SD) M (SD) M (SD) M (SD)
Math 3.992 4154 3.833 3.935
competence (1.200) (1.064) (1.226) (1.063)
Math 3.834 4.067 3.803 4.010
affect (1.393) (1.223) (1.350) (1.193)
Math 51.737 56.506 50.591 56.592
achievement (10.580) (9.860) (8.915) (9.970)

Out of the expectation, there was no achievement gap between
Indigenous and non-Indigenous students on their math
achievement scores. Rather, students’ performance on the
math achievement test was consistent with how they self-
evaluated their competence, as the results showed a gender
stereotype of math achievement among Australian primary
school students regardless whether they were from an
Indigenous or a non-Indigenous background.

Implications for Educational Practice

In educational practice in Australian primary school contexts,
teachers may need to make some efforts in boosting Australian
female primary school students’ beliefs of their competence
in math subject. Based on the known reciprocal effects
between self-concept and achievement (Marsh and Craven,

2006), students are likely to improve their math performance
through interventions that focus on boosting their confidence
in math competence. Furthermore, educators need to pay
special attention to Indigenous students’ lower interest and
enjoyment in math learning. Past research has shown that
when teaching is designed to incorporate Indigenous students’
values, beliefs, and traditions, and when new knowledge is
delivered in a way that is culturally appropriate to Indigenous
students, the learning tends to be more effective (e.g., Gitari,
2006; Yunkaporta, 2009). Thus, to nurture Indigenous students’
interests in math learning, teachers may consider using some
materials which are able to foster relevance to Indigenous
students’ culture.
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APPENDIX: SAMPLE ITEMS OF MATH ACHIEVEMENT TESTS

Ben put 8 angle cards in a group. Look at this number pattern.
. - - . The numbers follow the same rule.
) ‘M \l 58, 52, 46, 40,34, ., 2.
; JU 4 u b Which number goes here? /
il | ’ Y ' o6 o2
/A\ — O 16 O 28

How many cards showing right angles are

in this group?
O1 O3
O 2 Q7
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Throughout the world, female students are less likely than males to take advanced physics
courses. This mixed-methods study uses a concurrent, nested design to study an online
homework intervention designed to address choice and achievement. A choice of three
different contexts (biological, sports, and traditional) were offered to students for each
physics problem, intending to stimulate females’ interest and enhance achievement.
Informed by aspects of Artino’s social-cognitive model of academic motivation and
emotion, we investigated: Which context of physics problems do males and females
select?; What explanations do students give for their choices?; Are there differences in
the achievement of males and females?; and Is there a relationship between student
achievement and the context selected? Fifty-two high school physics students from five
US states participated. Data included pre- and post-Force Concept Inventory scores,
homework context choices and achievement, and rationales for choices. Findings indicate
that females were most likely to select biology contexts; males, traditional. All students
made more attempts on video questions over word questions, although females did not
score as well. For all questions, students generally persisted until they answered them
correctly, with females taking fewer attempts on problems. Context choice was mostly
driven by interest, for males, and perceptions of difficulty level for females; however,
rationales were indistinguishable by gender. On their first homework question attempt,
females scored significantly better than the males. Initially, males had significantly higher
FClI scores; post homework intervention, females increased their mean scores significantly
on the FCI, erasing the initial gender gap, with no growth nor decline in males’ scores.
Females with FCI growth were equally as likely to choose biology contexts as traditional
contexts; males were more likely to choose biology contexts. Findings from this study
suggest that modest changes to homework problems that provide choice and make the
physics problems more contextually interesting—even without changes in classroom
instruction—could increase interest and motivation in students and increase achievement
for both male and female students. Recommendations will be discussed.

Keywords: gender, physics, online, choice, motivation
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INTRODUCTION

In the 21st century, the demand for skilled workers in Science,
Technology, Engineering, and Mathematics (STEM) is
outpacing the rate at which they are produced from universities
(Wieman, 2012). The National Research Council (NRC, 2013)
identified physics as the ultimate foundation for all the other
branches of science, with over 500,000 students a year taking
an introductory physics course in the United States (US),
but only 1% of college graduates completing a degree in
physics. In the early grades, there is no gender gap in interest
in STEM subjects for US students; yet, from the time, a
young girl enters kindergarten until the time she begins her
senior year of high school, chances are that she will have
lost much of her interest in STEM subjects as compared
with her male peers (Baram-Tsabari and Yarden, 2011). This
drop-off in interest begins before students go to college
(Heilbronner, 2013).

The problem with fewer female students choosing to take
advanced physics courses has been documented throughout
the world, including Ghana (Buabeng et al., 2012), Scotland
(Reid and Skryabina, 2003), Australia (Oliver et al., 2017),
England, Singapore, Spain, and Mexico (Oon and Subramaniam,
2010). In the US, approximately 36% of undergraduate STEM
degrees and 19% of undergraduate physics degrees were awarded
to women in 2015 (American Physical Society, 2015). Similarly,
the gender gap for graduate degrees is 23% of masters’ degrees
(Mulvey and Nicolson, 2014) and 21% of PhDs that are awarded
go to women (American Physical Society, 2015).

The gender gap between the enrollment of male and female
students in physics and the physical sciences points to three
influences that place pressures on both genders to adhere to
established stereotypes: cultural, attitudinal, and educational
(Baram-Tsabari and Yarden, 2008). Cultural influences stem
from established societal views of the “male image of science”:
parental beliefs that girls are not as interested in science as
are boys (particularly in the physical sciences), family
responsibilities, and lack of support when in a STEM occupation.
Early exposure to STEM activities and family influences have
been found to contribute to long-term female student motivation
to pursue a professional career in STEM fields (Talley and
Martinez Ortiz, 2017).

Among the challenges that young women face in physics
and engineering degree programs are microaggressions; brief,
but frequent everyday interactions that send subtle but negative
messages to them that they cannot be scientists or physicists
(Grossman and Porche, 2014). Stereotype threat is a well-
studied phenomenon that occurs when “a stereotype about
an individual’s social or racial group can provide a potential
explanation for the person’s poor performance” is thought
to be a contributing factor to creating the gender gap in
mathematics and is believed to be a contributing factor in
the observed gender gap in physics (Marchand and
Taasoobshirazi, 2012), p. 3051.

Attitudinal influences undermining girls’ interest in science
include perceptions of the impersonal nature of physical
sciences, difficulty with the material, and an image of the

physical sciences as a masculine field (Baram-Tsabari and
Yarden, 2008). Some assert that the gender gap in STEM is
due to female student perceptions of engineers and physicists
as being “nerdy” and “reclusive” people who have no time
for interactions and relationships (Johnson, 2012). Females’
perceptions of educational barriers to learning and doing
physics impede their full exploration and immersion in the
subjects (Grossman and Porche, 2014). In addition to addressing
the classroom environment and traditional pedagogy, researchers
recommend making physics more personally relevant to girls
(Murphy and Whitelegg, 2006; Baram-Tsabari and Yarden,
2008; Gibson et al., 2015).

Until recently, stereotypical masculine interests and
characteristics were widely represented in the images and
language used in textbooks with references to male names
and traditionally male activities and images (McCullough,
2007). In addition to the textbooks used, validated formal
assessments such as the Force Concept Inventory (FCI), one
of the most widely used physics concept assessments (Hestenes
et al, 1992), is largely dominated by questions from
stereotypical male contexts (McCullough, 2004). These contexts
lay the foundation for gender biases, which send the message
to young female students that they may lack the aptitude
to do well in physics or in STEM-related fields (Grossman
and Porche, 2014). From the perspective of both male and
female students, physics tends to be personified by masculine
traits; from the teacher’s perspective, physics is perceived as
having characteristics from both genders (Makarova and
Herzog, 2015).

Interest and positive student motivation toward STEM
subjects have been linked to the use of collaborative learning
and social modeling in the classroom (Bryan et al, 2011).
Sawtelle et al. (2012) found that “vicarious learning experiences,”
seeing a particular task they are expected to perform modeled
for them and comparing their achievement to that of others,
positively influenced the development of female students’ self-
efficacy in physics, a strong factor in perseverance in
physics classes.

The gender gap in physics was once attributed to the
assumption that the subject was too difficult for females, and
programs were developed to address girls’ deficiencies (Zohar
and Sela, 2003). But the gap is not due to lack of ability;
female students who take physics in high school are just as
likely to succeed in the course as male students (NRC, 2013).
Stereotypically, male students tend to be interested in physics
for the sake of physics, while female students tend to report
being interested in physics for the sake of what physics can
do to help humankind and other social associations (Bge and
Henriksen, 2013). Female role models in physics, such as a
female physics teacher or physicist, can positively impact female
students’ attitudes and interest in physics by providing someone
who has a “physics identity” for female students to observe;
yet, these role models are few (Hazari et al., 2010). McCullough
(2007) recommends the use of specific language in physics
examples and problems that involve familiar, relevant contexts
for all students, such as cars, food, and school activities. Other
researchers suggest tapping into the interests of female students
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by integrating medical and biological fields into the traditional
physics curriculum (Gibson et al., 2006). In the United Kingdom
(UK), a study found that female physics students wanted
pedagogies that connected the relevance of physics with the
greater world and with their own interests, suggesting the
creation of a curriculum that relates physics to health applications
and the human body (Mitrevski and Treagust, 2011).

The interdisciplinary approach to teaching physics by
incorporating life science into the curriculum is on the rise,
mainly as a response to the greater demand for students to
more fully understand the relevance of physics in relation to
biology and chemistry (Crouch and Heller, 2014). Crouch
and Heller designed a course for the growing number of life
science majors who need physics, to deliver a “coherent view
of physics as a discipline” (p. 379). Others have recommended
the integration of biology and physics in university courses
to begin recognizing the similarities of the two disciplines
instead of the differences (Hoskinson et al., 2014). One study
found that by incorporating topics and phenomena that students
do not encounter in everyday life into the physics curricula,
students become more interested in the physics concepts (Badri
et al.,, 2016). The Badri et al. (2016) study found that females
were more interested in phenomena that could not be easily
explained by high school physics, while males were more
interested in traditional phenomena such as mechanical
equipment and lasers.

Giving students choice in their assignments or classroom
is thought to be a key factor in supporting and fostering
intrinsic motivation (Patall et al., 2008). One study investigated
giving students three choices for a task and found that
participants who were already interested in a concept or topic
showed more motivation and better performance on the task
when given the opportunity to choose, which did not happen
for disinterested students (Patall, 2013). Patall et al. (2010)
concluded that performance and engagement stemmed from
intrinsic motivation to complete the task. Thus, giving students
choice is a key factor in supporting and fostering intrinsic
motivation. Others have also found that choice can be a
motivating factor when the choice is meaningful, relevant,
and enhances the competence of the student (Evans and
Boucher, 2015).

Teachers with rich content knowledge and enthusiasm toward
teaching can result in positive gains in student motivation in
physics (Keller et al., 2017). One recent study showed that
female students’ motivation to study and do well in physics
is linked to several factors, including having a combination
of teachers, supportive and knowledgeable teachers, engaging
pedagogy, the school’s science culture, and social interactions
with family and peers (Oliver et al., 2017). In another study,
students’ motivation in physics was positively related to the
task-value they saw in the physics they were doing and interest
in the science being studied (Wang et al., 2017). Similar results
were found in a Croatian study, which suggested that a key
motivational factor for female students was perceptions of its
utility value for students (Jugovi¢, 2017).

Another important factor in learning physics is how students
comprehend a range of multimedia representations, such as

visual pictures (e.g., a bar graph or photo), visual texts (written
information), and sound (Schnotz, 2014). Learning occurs
when an individual understands what is presented; that is,
“when the individual uses external representations in order
to construct internal (mental) representations of the learning
content in working memory and if he or she stores those in
long-term memory” (p. 75). Mayer’s generative theory of
textbook design (Mayer and Sims, 1994; Mayer et al.,, 1995)
focuses on the relationship between illustrations in textbooks
and the corresponding text. Illustrations, photos, drawings,
and animations are examples of visualizations, a type of
multimedia representation involving spatial relations that
communicate information (Scheiter et al., 2009). Mayer et al.
(1995) found that students received higher scores when
illustrations were accompanied by text in close proximity. The
use of pictures and illustrations most enhances student learning
when the image and the information from the text are integrated,
compared to text only (and the complexity of the diagrams
influences the outcome) (Mason et al., 2013; Jian and Wu,
2015). The learning is enhanced when the words and pictures
are semantically related, if they are presented close together
in space or time, and when the picture appears before the
text (Schnotz, 2014). Using their spatial ability helps students
to consolidate and clarify ideas, remember ideas, and helps
with problem-solving (Baker and Pilburn, 1997).

The use of videos as pedagogical tools was the next logical
step from diagrams and photographs and was originally seen
as a way to introduce concepts to students that would motivate
them to explore the concept further, to understand more,
and to examine “what if” questions—therefore allowing them
time to bridge the gap between the abstract and the concrete
(Zollman and Fuller, 1994). Videos and video analysis technology
as pedagogical tools were introduced over 25 years ago to
more effectively teach kinematics and help students better
understand the physics of motion (Beichner et al., 1989), and
has been found to increase student excitement and engagement
with the material being presented (Lee and Sharma, 2008).

The development of additional video analysis software (e.g.,
Vernier's Logger Pro®, Pascos® commercial versions) and
other technologies developed specifically for the physics
classroom provide students with the ability to collect real-time
data, which can motivate them to want to learn the underlying
physics concepts and also provide a way for them to more
easily clarify and correct their misconceptions about motion
(Beichner and Abbott, 1999). Struck and Yerrick (2010) found
that video analysis as the sole lab technology more effectively
promoted student comprehension. However, interactivity with
a computer and controls on an animation or dynamic displays
as well as inaccurate prior knowledge can reduce comprehension
(Hegarty, 2014).

THEORETICAL FRAMEWORK

This study was guided by Artino’s (2010) social-cognitive model
of achievement motivation (Figure 1). Based on his work with
at-risk students in an online setting, Artino found that students
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FIGURE 1 | Predicted social-cognitive model of achievement motivation and emotion (adapted from Artino, 2010).

who were more satisfied with their experiences and more
confident in their abilities were more likely to prefer taking
online courses in the future. In his model, the learning
environment and motivational beliefs contribute to (dis)
satisfaction and academic outcomes. Students’ motivational beliefs
are directly linked to student self-efficacy or one’s beliefs about
the task’s interest and significance, which will determine his
or her motivation for completing that task (Eccles and Wigfield,
2002). Philli