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Preface

This reprint has its origin in the biannual “Gender and STEM” conference held at the Universitat
der Bundeswehr Miinchen in Neubiberg (Germany), particularly that held in July 2022. This
conference provided a pivotal opportunity for researchers and practitioners to share insights and
develop the ideas that laid the foundations for the Special Issue “Sticking with STEM: Who Comes,
Who Stays, Who Goes, and Why?” The discussions and collaborations at this conference underscored
the ongoing need to address gender disparities in STEM through interdisciplinary approaches.

With ten contributions, this reprint encompasses a broad array of topics, from early interest in
STEM subjects to career persistence, and from the impact of cultural wealth and identity to the role
of self-concept and stereotypes. By integrating research and practical strategies, it illuminates the
pathways that support diverse and inclusive participation in STEM fields.

Our motivation for compiling this reprint stems from a recognition of the persistent barriers
faced by under-represented groups in STEM. By providing a comprehensive understanding of these
challenges and showcasing effective interventions, we hope to inspire educators, policymakers, and
researchers to foster environments that support all students.

We extend our gratitude to the contributing authors for their exceptional work and to our readers

for their dedication to this important issue.

Erin Mackenzie, Bernhard Ertl, Christine R. Starr, Silke Luttenberger, and Manuela Paechter
Editors
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Knowledge, competencies, and reflective attitudes regarding STEM (science, technol-
ogy, engineering, and mathematics) are essential for navigating global and societal changes
in the economy and workforce [1]. As we advance further into the 21st century, knowledge
and skills in STEM become increasingly important. New professional fields are emerging
that require a blend of mathematics, computer science, natural sciences, engineering, and
technology. The value of STEM knowledge and skills goes beyond academic settings and
personal needs, significantly impacting society overall [1].

Despite this importance, a long line of research highlights numerous obstacles hinder-
ing the development of students’ STEM competencies [2,3]. From elementary through high
school, STEM subjects often rank low in popularity and are not commonly favored for aca-
demic pursuits or career paths, especially for girls in the Global North [4]. A deficitin STEM
proficiency undermines innovation, economic growth, and competitiveness, hampering
the development of critical thinking, problem-solving abilities, and digital literacy, which
are essential for addressing complex global challenges and driving progress in a rapidly
evolving world. However, it is not only knowledge and skills that contribute to learning
and applying STEM. Personal attitudes like interest, values, and positive self-assessments
are also crucial for engagement with STEM.

Against this background, the overarching question of this Special Issue emerged:
“Sticking with STEM: Who Comes, Who Stays, Who Goes, and Why?” Answering this
question should help to better understand the “leaky pipeline” in STEM [5], which involves
the loss of interested and skilled students from STEM starting from early childhood and
continuing through adolescence and into adulthood. This leaky pipeline manifests in
academic choices against STEM in school, career choices outside of STEM in adolescence
and adulthood, or a lack of persistence in staying on a STEM career path. The nine articles
in this Special Issue address this question, aiming to provide solutions to attract young
people to STEM and ensure they stay on the STEM pathway.

When young people choose a STEM subject at school or embark on an education
and/or career pathway in STEM, they have already encountered various experiences,
support, challenges, and barriers, as illustrated in Figure 1.

Educ. Sci. 2024, 14, 767. https:/ /doi.org/10.3390/ educscil4070767 1
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Figure 1. Experiences and influences on the path to STEM.

Positive learning experiences are key to developing favorable attitudes and good skills
in STEM. Children and young people engage with STEM learning experiences in different
contexts, including school and family. Supporting positive learning experiences in school
and other educational settings is one way of making STEM attractive. It is well documented
that girls in particular face obstacles in STEM due to external attributions, stereotypes, and
lesson designs that appeal more to boys [6-8]. One way of appealing to the target group of
girls and motivating them to take up STEM is to make STEM lessons more interdisciplinary,
combining popular subjects such, as biology, with more challenging ones, such as physics
(see contribution by Bahr and Zinn).

Learning experiences accumulate over time and ideally form positive STEM capital,
associated with positive mindsets and STEM identities (see contribution by Davis and
Wilson-Kennedy). Such capital significantly impacts student retention and persistence in
STEM disciplines [9]. However, not all students have the same chance to develop STEM
capital. There are specific at-risk groups, such as low-income students, who struggle to
build positive STEM capital due to various obstacles and face particular challenges in their
STEM studies due to external barriers (see contributions by Davis and Wilson-Kennedy,
Endendijk, and Preuf et al.).

Educators play a crucial role in the STEM development of children and young people.
However, they often harbor critical attitudes towards STEM, negative self-assessments,
and gender stereotypes. This issue is particularly pronounced among educators of younger
children (e.g., pre-school or elementary education), who are predominantly female [10,11].
This raises the need for professional training for all educators focused on gender-sensitive
STEM didactics, aiming to improve not only educators’ skills but also attitudes and /or
self-concepts in STEM (see contribution by Feierabend and colleagues).

The nine articles of the Special Issue concur that developing a positive mindset, self-
concept, and self-efficacy expectations are essential for a long-term engagement with STEM.
It is not just knowledge and skills in STEM that make these fields attractive for school or
career choices. Personal attitudes and attributes, such as interest, aspiration, self-concept of
ability, and a sense of belonging to the STEM community, play significant roles in STEM
decisions and persistence (see contributions by Reichardt et al. and Hofer et al.).

Another set of variables concerns gender and science cognitions, including implicit
gender stereotypes, explicit gender identity, and explicit occupational self-concept. These
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attitudes towards STEM affect different age groups, from school students (see contribu-
tions by Hofer et al. and Reichardt et al.) to university students (see contributions by
Endendijk and Mouton et al.), as well as professionals such as educators (see contribution
by Feierabend et al.).

Not all children, young people, or adults have equal access to STEM. Several ar-
ticles in this Special Issue examine at-risk groups. Drawing on numerous studies and
a long tradition of research, this naturally includes girls and women, who face gender
stereotypes [2,5,7]. Other affected groups include individuals from lower socio-economic
backgrounds with less access to STEM experiences or university students who face difficult
external barriers in their studies [12]. Educators and teachers in different educational
institutions can benefit from diagnostic tools that identify individual risks, such as profiles
of at-risk students (see contribution by Mouton et al.). Furthermore, educators and students
can benefit from support measures tailored to at-risk individuals (see contributions by
Reichardt et al. and Endendijk).

Finally, the pathway to STEM and the decision to remain on or leave this path should
be considered within a temporal framework [7,12]. Interest in or rejection of STEM begins
in early childhood, with gender stereotypes taking effect at a young age. Critical phases
require understanding and support to foster sustained engagement and success in STEM
fields. For example, early adolescents tend to be more gender egalitarian or favor their own
gender, but by late adolescence, stereotypes typically shift towards the traditional view
that boys are better at STEM (see contribution by Starr et al.).

Ultimately, it is essential to provide students with favorable conditions on the pathway
to STEM to ensure individuals embark on and remain on this path. This involves creating an
environment rich in supportive resources, both social and material, that nurture interests,
motivation, and positive self-assessments in STEM from an early age. By addressing
and mitigating the effects of stereotypes and anxiety, particularly for at-risk groups, and
supporting STEM educators, we can foster more inclusive and sustained engagement in
STEM fields.

Current research has thoroughly examined the reasons and profiles of students staying
in or leaving STEM. Coming back to Blickenstaff’s leaky pipeline [5], future research may
examine the pipeline aspect longitudinally and aim to reveal specific critical events or
triggers that lead to decisions for or against STEM.

Author Contributions: Conceptualization, M.P; writing, M.P. and B.E.; writing—review and editing,
M.P, BE., S.L.,, C.RS. and EM. All authors have read and agreed to the published version of
the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
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Abstract: The current state of research in computer science education outlines gender differences
in motivation, interest, and elective subject decisions in favor of male students. This study takes
an exploratory approach to examine the gender differences in the interdisciplinary STEM profile
subject Informatik, Mathematik, Physik (in short: subject IMP), which combines the three subjects of
computer science, mathematics, and physics. A survey was conducted involving n = 336 (m = 236,
f =88, 0 =12) subject IMP students in the 10th grade attending a Gymnasium in Baden-Wiirttemberg,
Germany. The deciding factors for choosing the subject, subject interest, motivation, and more were
measured using a questionnaire. Overall, the subject IMP is most chosen by male students. For those
students choosing the subject IMP, no statistically significant gender differences in subject interest in
IMP, mathematics, and the STEM area or in motivation and vocational orientation in natural science
and engineering were found in contrast to the state of research. The interdisciplinary character of the
subject IMP could be more appealing to girls than computer science by itself. We conclude that, with
a higher participation rate of female students, the subject IMP could be a first step in getting more
women into STEM fields.

Keywords: computer science education; gender differences; motivation; interest; IMP; subject specific
analyses; STEM education; STEM careers; gender motivation self-concept interests

1. Introduction

The current gender gap exists in many STEM (science, technology, engineering, and
mathematics) fields at different educational levels in Germany. Beginning from subjects in
secondary schools—such as computer science (CS) [1], physics, engineering/technology,
chemistry, biology, and mathematics—until the university [2], the most prominent fields
with a gender gap are CS and engineering [2]. A similar distribution can be observed on the
job market [2-5]. The percentages can be as low as 13.7% for women working in computer
science professions in Germany [2]. At the same time, there exists a shortage of skilled
professionals in many STEM fields (such as computer science, physics, and mathematics)
in Germany [5-7]. Combining the two facts mentioned above, education has to adapt.
Monitoring those changes to better understand why students choose the subjects they do
and to give research-based recommendations to teachers and educators has never been
more important. Furthermore, topics such as Al, cryptography, simulation, data literacy,
and computational thinking have become more important for today’s society and that of
the future [8-10]. When dealing with those changes and when seeking to shape the society
of the future, the gender gap plays an important role, since the aforementioned topics bring
many ethical, legal, and social implications (ELSIs) with them. As one way to address
the shortage of skilled professionals and to teach students the basic knowledge needed to
understand the fundamentals of CS and acquire future skills, new interdisciplinary subjects,
programs, and courses have been created by politicians and educational experts to foster
students’ interest in STEM at different schools, levels, and countries [11,12]. Nevertheless, in

Educ. Sci. 2023, 13, 478. https:/ /doi.org/10.3390/ educscil3050478 5
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many federal states in Germany, CS and other interdisciplinary subjects related to CS are not
compulsory [13]. Overall, the structure of CS as a subject in secondary schools in Germany
is diverse [13]. CS is an elective subject in some grades and compulsory in others. In some
federal states, it is only an elective subject throughout middle school, while in others it is
compulsory, such as in Baden-Wiirttemberg, where CS is taught for one hour per week in
the 7th grade. Since 2018, students in the 8th grade at secondary schools called Gymnasien
in Baden-Wiirttemberg have been able to choose the new interdisciplinary profile subject
IMP. This new subject combines the three subjects of CS, mathematics, and physics as a
continuation of the CS profile and, more specifically, a STEM profile [14,15]. As one subject
of the four-hour profile, students can choose between a third foreign language, another
interdisciplinary natural science and technology subject called Naturwissenschaft und
Technik (NwT)—with a focus on technology that complements the natural sciences—and
IMP, which is the focus of this article. Students studying IMP can learn the skills of CS,
mathematics, and physics, along with the interdisciplinary intersections between those
subjects, such as computational physics and numerical methods in mechanics, the physical
fundamentals of information systems, and cryptography [15]. In the summer of 2021, the
first IMP students reached the end of the three-year-long profile subject. Afterwards, they
had the option to continue with CS as a chosen, basic, or performance course (Figure 1) for
2,3, or 5 h per week, respectively, in the higher grades.

Cs @S CS
11-12th main subject basic subject chosen subject
(5 h) (3 h) (2 h)

CS afternoon class

(2h)

7th

Grade

Figure 1. Structure of CS classes in Baden-Wiirttemberg, edited; original by Koch, A. and Mittag, A.,
licensed under CC BY-SA 4.0 [13].

The course selection in Baden-Wiirttemberg allows for different profiles, with some rules.
The students must choose courses totaling at least 32 h per week, including three performance
subjects, two courses from German, mathematics, one foreign language, and one natural
science (biology, chemistry, or physics), as well as some basic or chosen subjects [16]. CS as
a performance subject or basic subject is currently in a school pilot phase, and the subject is
only available in some schools. Due to the lack of CS teachers in Baden-Wiirttemberg [17], it
is likely that not all of the schools can provide the two new subjects.

1.1. Theory

This study focused on the learning characteristics of IMP students. Learning charac-
teristics are individual prerequisites such as interest, motivation, and self-concept. Starting
with the situated expectancy value theory (SEVT) developed by Wigfield and Eccles [18],
many empirical studies [19-21] have shown the interdependencies described in models.
As in the model described above, learning characteristics influence the course selection and
vocational orientation of students.

The theoretical basics of interest, along with the subject-specific interest in IMP for
this study, are described by the construct of interest developed by Krapp et al. [22], with
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reference to the self-determination theory (SDT) of Deci and Ryan [23]. With a situational
incentive quality, the attention of the students should be focused on the subject of learn-
ing. Objects of learning can be activities, topics, and areas of expertise [24]. Situational
interest can be developed through the learning situation or the learning object. Fostering
situational interest in the classroom can lead to individual interest as a personality-specific
characteristic (e.g., subject interest) in students.

Studies have shown the influence of the academic self-concept on students’ career
choices and educational decisions, as well as on their performance [25-27]. In addition to
other learning characteristics, studies have shown that the subject-specific self-concept is
the most significant moderating variable for the variance of the subject interest [28]. As
one facet of the academic self-concept, the subject-specific self-concept differentiates the
academic self-concept for the specific subjects [25].

To measure the students’ motivation (amotivated, extrinsic, introjected, identified,
intrinsic, or interested), we fell back on the known scales described by Prenzel [29], based
on the SDT of Deci and Ryan [23], according to which motivation can vary with respect to
the self-determination aspects of learning. Students who identify with the subject of study
and take pleasure in learning more about it are intrinsically motivated. “Interested” is the
state where the students themselves want to learn more about the subject of study [24].

The vocational orientation and the influencing factors of the vocational choices were
assessed in this study. To better understand the reasons behind the vocational choices, the
quantitative results of the influencing factors of educational choices from the questionnaire
(adapted from [30,31]) were supplemented with the analysis of the qualitative results from
the open questions asking about the influencing factors of the choice of IMP and CS courses
in the higher grades. In the best case, the qualitative analysis can explain and indicate
trends or add information to the results of the questionnaire items [32].

1.2. State of Research

According to the current state of research, there is no systematic method to collect data
on the learning characteristics of IMP students. Therefore, the only option is to view the
state of research for each individual STEM subject or comparable interdisciplinary subject.
In this subsection, the gender differences in learner characteristics in STEM subjects in
Germany are presented. Gender differences occur in some countries but not others, due
to differences in educational systems, interventions, programs, influences from the social
background, etc. For the state of research, studies regarding the gender differences in the
learning characteristics of students from Germany were viewed.

The subject interest in CS [33], physics [28,34,35], and mathematics [36] in different
grades of the school is higher for male students than for female students, while the subject
interest in biology is higher for female students than for male students [37]. The state of
research on chemistry education in Germany does not show an unambiguous preference
towards one gender, and Krapp and Prenzel reported the importance of the differentiation
of thematic fields within all STEM subjects with respect to the subject interest [38]. Hence,
the state of research in STEM education regarding subject’s interest can also be seen
through a critical lens, as the interest might not be the same for all topics within a subject
and different interest profiles can be measured [28,38,39].

The state of research regarding the academic and subject-specific self-concept is mostly
homogeneous for the STEM subjects, with the exception of biology. In CS, gender dif-
ferences appear as early as primary school [40] and in the programming-related self-
concept [41]. They can be found in secondary schools [33], universities [42], and even
among computing professionals [43]. In physics and chemistry, the same gender differ-
ences are prevalent in middle school [25]. Especially in mathematics, large-scale studies
such as PISA and TIMSS have reported gender differences in the math-related self-concept
as well as the STEM-related self-concept [26,44,45]. The gender differences mentioned thus
far are stereotypically all in favor of male students, whereas the biology self-concept favors
female students [44].
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Another aspect to consider is students’ negative associations with STEM stereotypes
as well as role models in STEM fields [1]. The latter could influence women'’s implicit STEM
cognitions [46], foster a sense of belonging and raise their expectations of success [47].
Maybe regardless of their gender [48,49], teachers could apply strategies to foster girls’
interest in CS [1,49], introduce students to positive role models and programs, or be a role
model themselves [1,46,50].

To extend the scientific discourse on CS and STEM education and gender, the focus of
this study is on the following two research questions:

(RQ1) By which self-concept, motivation, interests, vocational orientation, and factors
influencing educational choices can IMP students in the 10th grade be characterized?

(RQ2) What gender-specific differences in the self-concept, motivation, interests, vocational
orientation, and factors influencing the educational choices of IMP students exist
between male and female IMP students?

2. Materials and Methods
2.1. Participants and Procedure

The study was conducted from 27 April 2022 to 4 July 2022 via an online survey
in Baden-Wiirttemberg, Germany. Overall, n = 336 (male = 236, female = 88, other = 12)
IMP students at the end of the 10th grade with an average age of 16 years (Min = 15.0,
Max =19.0, M = 15.98, SD = 0.70) attending a Gymnasium participated in the study. In
total, 20% of the IMP students in the 10th grade during that period of time participated
in the study (information from September 2022 from the Ministry of Education, Cultural
Affairs, Youth and Sports of Baden-Wiirttemberg). From all 99 Gymnasien (information
from September 2020 from the Ministry of Education, Cultural Affairs, Youth and Sports of
Baden-Wiirttemberg) that introduced IMP in the school year 2019/2020 or earlier, 31 from
the different administrative districts (Freiburg n = 5, Karlsruhe n = 9, Stuttgart n = 12,
Tibingen n = 5) of Baden-Wiirttemberg participated. The Gymnasien received an e-
mail with a link to the online survey and a declaration of consent for the parents. The
participation in the online survey was anonymous and voluntary, as explained in the
covering letter to the schools, parents, and students.

2.2. Instruments

The original version of the questionnaire, in German, can be found in the Supple-
mentary section of this article. We assessed demographic data, such as a code for re-
identification if a participant wished to revoke their participation, along with age, gender
(male, female, other), and their school. To measure the students” motivation (amotivated,
extrinsic, introjected, identified, intrinsic, or interested), we adapted the known scales
described by Prenzel et al. [24]. The chosen subjects and their interest in them, along with
the subject-specific self-concept (adapted from [27,51,52]), academic self-concept (adapted
from [53]), and performance-related expectations associated with CS in higher grades
(adapted from [27]), area-specific interest (adapted from [22]), subject interest in IMP
(adapted from [54]), factual interest, vocational orientation (adapted from [30,31]), and fac-
tors influencing their educational choices [31,55] were also assessed. At the end of the ques-
tionnaire, we asked the IMP students about grades and some open questions. As indicated
in Table 1 below, the Cronbach’s « values to measure the internal consistency of all applied
instruments were reliable (« > 0.75 [56]), except for extrinsic motivation (o = 0.684 [56]).
This result was to be expected, as we used tested and validated instruments. Not a single
item was excluded. We analyzed the results using SPSS 28.0.0.0 and R 4.3.1.
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Table 1. Test quality criteria of the applied scales.

Scale Subscale Cronbach’s & Number of Items M SD n
Subject-specific self-concept 0.950 10 3.05 0.78 321
Academic self-concept 0.964 11 3.43 0.93 331
Performance-related attitudes

towards CS in higher grades 0945 7 271 088 25
Amotivated 0.820 3 2.38 1.17 333
Extrinsic 0.684 3 2.28 1.04 333
Motivati Introjected 0.751 3 3.22 1.05 332
otivation Identified 0.757 3 3.37 1.08 331
Intrinsic 0.816 3 2.70 1.15 332
Interested 0.886 3 2.84 1.20 333
_ Linguistic- 0.893 4 227 0.85 331

Area-specific interest literary--artistic
Social science 0.884 4 2.74 0.79 329
STEM 0.890 4 3.18 0.77 330
Subject interest in IMP 0.916 18 2.37 0.67 299

The answers to the open questions such as “name the three most important reasons
for choosing the profile subject IMP?” and “name the three most important reasons why
you decided to take or not to take the CS course in higher grades?” were analyzed using
the systematic, rule-guided, qualitative content analysis described by Mayring [57]. The
deductive categories (see the Supplementary) were the course selection and deselection
motives described by Eitemdiller and Walpuski [55]. The only two inductive categories
were added after 25% of the analyzed answers were coded, since many students named
“Programming” and “Future relevance” among their reasons for choosing IMP or CS in
higher grades. After adding these categories, the answers were analyzed again. Program-
ming, as one aspect of the CS part of IMP, was therefore excluded from the categories
“Subject and factual interest” and “interest in working methods”. If the students did not
explicitly mention the importance for their future career or study and only stated that
the content of the subject and/or the subject itself would be relevant in the future, the
answer was assigned to the category “Future relevance”. No answer was coded in more
than one category. In addition to the factors influencing the educational choices within
the questionnaire, the open questions provided the IMP students with the option to state
their own reasons without being restricted by the questionnaire. The answers to the open
questions have the benefit of being more specific with respect to the selection of IMP and
CS courses in higher grades. The interrater agreement between the first rater (i.e., the first
named author of this article) and the second rater (i.e., a trained student assistant) was 88%
for the motives for selecting IMP, 81% for the motives for selecting CS in higher grades, and
80% for the motives for dropping CS in higher grades. The Cohen’s kappa values for the
three categories were substantial [58,59]. We used MAXQDA 20.4.2 for the data analysis.

3. Results

To answer RQ2, the following subsections cover the gender differences in the motiva-
tional and affective determinants of the IMP students in this cohort.

3.1. Gender Differences

The significance of gender differences in the subject-specific self-concept in IMP (U = 7803,
p=0.030, Z = —2.165) and academic self-concept (U = 7263, p < 0.001, Z = —3.768) was assessed
using the Mann-Whitney U test. There was homogeneity of the variances as assessed by
Levene’s test for the subject-specific self-concept (p = 0.887) and the academic self-concept
(p =0.179) (Table 2). None of the populations were normally distributed according to the
Shapiro-Wilk test (p < 0.001). The analysis of the effect size r indicated that female IMP
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students had a slightly lower subject-specific self-concept in IMP (r = —0.124) and academic
self-concept (r = —0.211) than male IMP students in this cohort. Instead of computing Cohen’s
d, it is recommended to report the effect size r for non-parametric tests such as the Mann—
Whitney U test [60,61]. The analysis showed that for this cohort of IMP students, gender-
related differences in the self-concepts were prevalent, as also shown in other STEM fields
in secondary schools in Germany [25,26]. As with other STEM subjects [28,34,35], male IMP
students in this cohort were more interested in physics (U = 8018, p = 0.002, Z = —3.131,
r=—0.175) and CS (U = 7303, p < 0.001, Z = —3.531, r = —0.200), while female IMP students
were more interested in biology (U = 7413, p < 0.001, Z = —3.930, r = —0.219) and in the
linguistic-literary—artistic areas (U = 5570, p < 0.001, Z = —6.193, r = —0.348), as assessed
by the Mann—-Whitney U test (Table 2). None of the populations were normally distributed
according to the Shapiro-Wilk test (p < 0.001). Considering the unequal sample sizes, the
group differences were assessed by the Mann-Whitney U test [62-64].

Table 2. Differences between male and female IMP students.

. . , Mann-Whitney U Test/ Gender n
Shapiro-Wilk Test Levene’s Test t-Test/Chi-Squared Test (Male, Female)
Subject-specific self-concept p <0.001 p=0.887 U =7803, ;; z 07%3&42 = 2165 226, 83
Academic self-concept p <0.001 p=0.179 U =7263, 7:, i g%ozlilz = —3.768, 232,87
Performance-related expectations _ _ -
towards p <0.001 p=0120 H=2758p= 0000 2= 2755, 172, 44
CS in higher grades -

Amotivated p <0.001 p=0241 U =9055,p=0.155, Z = —1.422 234,87
Extrinsic motivation p <0.001 p=0.158 U=9189,p=0.253,Z=—1.143 235, 86
Introjected motivation p <0.001 p=0227 U = 8554, p=0.050, Z = —1.961 234, 86
Identified motivation p <0.001 p=0.442 U =9801,p=0.8557Z=—-0.182 233, 86
Intrinsic motivation p <0.001 p =0.675 U=9272,p=0.286, Z = —1.066 233,87
Interested p <0.001 p=0.775 U =8855,p=0.091, Z = —1.693 234,87

Interest in linguistic— _ U =5570,p <0.001, Z = —6.193,
literary—artistic areas p <0001 p=0392 r=—0.348 231,88
Interest in social science areas p <0.001 p=0.045 U =7600, ;; Z 07%0115';42 = 3275 231,87
Interest in STEM areas p <0.001 p =0.406 U =8888,p=0.1357Z=—1.495 231,87
Subject interest in IMP p=0122 p=0.733 t(287) = 1.794, p = 0.074 210,79
Interest in CS p <0.001 p=0.186 U = 7303, p <0001, Z = =3.531, 266, 87

r=—0.200
Interest in mathematics p <0.001 p =0.996 U =10176,p = 0.864, Z = —0.172 236, 88
Interest in physics p <0.001 p=0.050 U =8018, p = 0002, Z = =3.131, 235, 88
r=-0.175

Interest in biology p <0.001 p=0512 U=7413, r; < (i%ozligz =390, 235, 88
Interest in implementing code p <0.001 p=0917 U =7802, l; Z (1%01%22 = —3.065, 230, 86
Interest in algorithms p <0.001 p=0.187 U =648, I’; i 07%02292 = 4074, 231,87
Interest in requirement analysis p <0.001 p=0.359 U=7814, 7:, z 07%012%02 = 3025 231,87
Interest in software projects p <0.001 p=0917 u="7151, l’; z (1%021i7z = 3845 231, 86
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Table 2. Cont.

. . , Mann-Whitney U Test/ Gender n
Shapiro-Wilk Test Levene’s Test t-Test/Chi-Squared Test (Male, Female)
Vocational orientation: pursuing a _ U = 8264, p=0.018, Z = —2.360,
career or study in mathematics or CS p <0001 p=0130 r=-0.133 230,87
Vocational orientation: pursuing a
career or study in science or p <0.001 p=0.189 U = 8700, p =0.088, Z = —1.706 229, 87
engineering/technology
Factors influencing the _ _ -
educational choice: p <0.001 p=0.148 U = 9146, r:, B 0—%318i82 =207, 225, 86
career prospects e
2 - _ -
Choice of CS in higher grades p <0.001 p=0.008 X(1, n =313) = 6.278, p = 0.012, 231,86

¢ =—0.142,p =0.012

3.2. No Gender Differences

In contrast to the state of research in other STEM subjects [28,33,36], there were no
significant gender differences in any of the six facets of motivation [65-67], the interest
in the STEM area, or the subject interest in IMP and mathematics, as assessed by the
Mann-Whitney U test and t-test (Table 2). The subject with the highest interest was mathe-
matics, with no gender difference. As the IMP students chose a STEM profile subject with
four hours per week in the 8th grade, it was not a big surprise that there were no gender
differences in interest in this area and subject. Mathematics is one of the key subjects com-
prising the theoretical background of the interdisciplinary topics mentioned in Section 1,
as well as being a central part of the subject IMP. This could explain why, in contrast to
the state of research in mathematics education [36], there were no gender differences in
the interest in mathematics. The interdisciplinary context of IMP, which is built around
CS, could be more appealing to female students, and this could explain why there were no
gender differences in any of the six facets of motivation—even intrinsic motivation and
interest (Table 2). Looking at the vocational orientation, there were no significant gender
differences for the item “pursuing a career or study in science or engineering/technology”,
as assessed by the Mann-Whitney U test (U = 8700, p = 0.088, Z = —1.706). The sample
size of only 336 (20% of all IMP students in the 10th grade at that time) could be a limiting
factor, but the fact that there were no gender differences stands in contrast to the current
gender gap in universities (24.2% female students in the first semester studying CS, 21.5%
female students with bachelor’s degrees in CS, and 23.5% female students with master’s
degrees in CS at German universities in 2021 [68]) and on the job market [1,2,5]; however,
the overall lack of a gender difference could imply that the IMP students tend to choose an
education or career in science or engineering/technology (Figure 2).

Overall, most of the IMP students tend to choose an education or career in the fields
of science, engineering/technology, mathematics, or CS (Figure 2). Since IMP is the only
way for students in Baden-Wiirttemberg to continue with a subject in the field of CS, we
also examined the gender differences in the choice of CS in higher grades.
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| can imagine pursuing a degree
or career in science or
engineering/technology. ( n = 314)

| can imagine pursuing a degree
or career in mathematics or
computer science. (n = 314)

| can imagine pursuing a degree
or profession in business or law.
(n=314)

| can imagine pursuing a degree
or profession in media or
communications. (n = 314)

| can imagine pursuing a degree
or career in health or medicine.
(n=314)

| can imagine pursuing a degree

or profession in the field of social _

sciences. (n = 314)

| can imagine pursuing a degree
or profession in art, design, or
music. (n = 314)

| can imagine pursuing a degree
or profession in the field of
linguistics or cultural studies.
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19.
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Figure 2. Vocational orientation of IMP students.

3.3. Gender Differences in the Choice of CS in Higher Grades

Overall, 40.7% of IMP students who chose CS in higher grades in this cohort had
higher intrinsic motivation, a higher subject-specific and academic self-concept, better IMP
grades, higher performance-related expectations towards CS in higher grades, were more
interested, and had a higher subject interest in IMP than IMP students who did not choose
CS in higher grades, as assessed by the Mann-Whitney U test (Table 3). There was a small
but significant gender difference (X?(1, n = 313) = 6.278, p = 0.012 [69]) in the choice of CS in
higher grades. Consistent with the state of research in CS education, female IMP students
were less likely to select CS as a subject in higher grades (¢ = —0.142, p = 0.012). However,
while female students usually drop out of CS with increasing age, 30.7% of the female IMP
students in this cohort did not drop out of the CS field after IMP. Since the IMP students
choose a STEM profile for 4 h per week very early on, a positive selection bias occurs. Even
so, the fact that female students who choose IMP tend not to drop out at the same rate as in
other subjects is an interesting trend.

On the other hand, the analysis of the performance-related expectations towards CS
in higher grades showed a significant gender difference according to the Mann-Whitney
U test (U = 2758, p = 0.006, Z = —2.733, r = —0.186) in favor of male IMP students. The
results show that male IMP students had slightly higher performance-related expectations
towards CS in higher grades. We also analyzed the influencing factors of the choice of CS
in higher grades named by the IMP students in the open items, so as to provide an in-depth
description of the factors influencing the educational choices according to the questionnaire.
A total of 115 (m =86, f = 27, 0 = 2) IMP students named the three most important reasons for
choosing CS in higher grades. In accordance with the SEVT [18], subject and factual interest,
vocational orientation, and a positive self-concept were the most commonly mentioned
influencing factors for choosing CS in higher grades (Figure 3). Included in the subject
interest, “programming” was also named as an influencing factor by the IMP students.
The third most frequently mentioned reason was “contribution obligations”. Students
chose CS because they “Did not want to select other subjects in higher grades”. Due to

12
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the rules regarding the profile choices for students in Baden-Wiirttemberg, as mentioned
in the Introduction, the students have to choose at least 32 h of courses per week. The
contribution obligations (i.e., the obligation to choose one of the profile subjects) could also
be influenced by the expectation of success [18], which could be higher in CS than in other
subjects, with CS being seen as the “lesser evil” (54 Pos. 2). Another reason for choosing CS
in higher grades was the relevance of the topics or the subject CS itself for the future. The
IMP students also named several individual reasons for choosing CS, such as CS being a
“young science” (303 Pos. 2) and “[I] had the chance through IMP, so I took it” (266 Pos. 2).

Table 3. Comparison of IMP students who chose CS in higher grades (a) and those who did not (b).

Constructs Shapiro-Wilk Test Levene’s Test Mann-Whitney U Test n(a, b)
Subject-specific self-concept p <0.001 p <0.001 U'=5507, pr i 0,%041552 =808, 129,183
Academic self-concept p <0.001 p=0494 U =593, py:(l%oiéoz = 8071, 133,189
Performance-related
expectations towards CS in p <0.001 p <0581 u=1787, ;;ii%Oé,géZ =865, 129, 89
higher grades o
IMP grade p <0.001 p <0.001 U = 8481, p <0001, Z = —5.438, 133,194
r=—0.300
Intrinsic motivation p <0.001 p =0.466 U = 6038, p <0.001, Z = —8.010, 131,193
r=—0.445
_ u=7202,p<0.001, Z = —6.631,
Interest p <0.001 p =0.030 = —0.368 132,192
Subject-specific interest p=0432 p=0.791 U = 4630, }i : 07%041’742 =-8.117, 122,171

important for career ambitions/ehoice of studies || D 35 75
contribution obligations [ ] 300%
programming [ e
future relevance [N ¢

positive influence of teachers _HE%
positive self-concept _13,:'%
individual reasons _Izz%
developing personal strenghts [:IBJ%
good grades in the past l:lmsss

interest in working methods (except programming) | ]52%

positive influence family/friends [0 43%

9
*

T% 4% 21% 28% 35% 42% 49% 56% 63% T70%

Figure 3. Motives of IMP students for selecting CS in higher grades.

According to the questionnaire, from the factors influencing the educational choices of
the IMP students, two gender differences were identified, with “career prospects” being
slightly more important for male IMP students in this cohort according to the Mann—
Whitney U test (U = 8164, p = 0.038, Z = —2.079, r = 0.118), while “teaching” was slightly
more important for female IMP students in this cohort according to the Mann-Whitney
U test (U = 8427, p = 0.037, Z = —2.086, r = 0.118). For “teaching”, there was no normal
distribution as assessed by the Shapiro-Wilk test (p < 0.001) and no homogeneity of vari-
ance according to Levene’s test (p = 0.029), but there was a homogeneity of variance for
“career prospects” according to Levene’s test (p = 0.148). Therefore, it could be benefi-
cial to examine gender differences in the choice of CS in higher grades (Figure 3). Both
male and female IMP students named subject interest and factual interest as their most
important reasons for choosing CS (Figure 4). Career ambitions were as important for
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male IMP students as they were for female IMP students in the choice of CS in higher
grades (X2(1, n =321) = 0.002, p = 0.966). The quantitative results show that the positive
influence of teachers was mentioned significantly more frequently by female IMP students;
however, there were no gender differences in this respect as a reason for choosing CS in
higher grades (X?(1, n = 321) = 0.921, p = 0.337). Hence, these two gender differences in
the influencing factors did not apply for the choice of CS in higher grades in the same way
as they did for general educational choices. Female students did not choose CS more due
to contribution obligations (X2(2, n = 321) = 5.148, p = 0.075). There were also no gender
differences in the influence of future relevance with respect to the choice of CS in higher
grades (X%(1, n = 321) = 0.048, p = 0.872).

important for career ambitions/
choice of studies

_37.2% contribution obligations | |48.1 %

X important for career ambitions/
programming I:lSG'Z% choice of studies _33'3%
contribution obligations |:|27_9% positive influence of teachers _25,9%
future relevance -20.9% programming |:|22.2%
positive self-concept - 14.0% individual reasons —18,5%
individual reasons -10.5% future relevance -1 1.1%
positive influence of teachers -10.5% positive self-concept -1 1.1%

d grades in th I:I L interest in working methods I:l11 1%

good grades in the past 9.3% (except programming) 1%

developing personal strenghts I:IB.S% developing personal strenghts l:]7.4%

positive influence family/friends I:IS.B% good grades in the past DS.?%

interest in working methods I:IS.S% positive influence family/friends |0.0%
(except programming)
0% 8% 16% 24% 32% 40% 48% S56% 64% T2% 80% 0% 6% 12% 18% 24% 20% 36% 42% 48% 54% 60%
() (b)

Figure 4. Motives of IMP students for selecting CS in higher grades: (a) male IMP students; (b) female
IMP students.

After looking at the motives of IMP students in choosing CS in higher grades, we
analyzed their deselection motives as well (Figure 4) in order to answer the question
of why IMP students do not select CS in higher grades after choosing IMP. In total,
187 (m =123, f = 54, 0 = 10) IMP students named their three most important reasons for
not choosing CS in higher grades. Consistent with the state of research on the course
selection motives of students [55], the students named a lack of subject interest or factual
interest and a negative self-concept as their main reasons for not choosing CS in higher
grades (Figure 5).

When looking at the gender differences in the students’ deselection motives, it appears
that there were no major differences between female and male IMP students. Only the cate-
gories “high workload /complexity of the topics” and “contribution obligations” differed
in the order in which they were named by female IMP students, but there was no signifi-
cant gender difference. Hence, there were no significant associations between gender and
the deselection motives “high workload /complexity of the topics” (X?(1, n = 321) = 0.194,
p = 0.660) and “contribution obligations” (X?(2, n = 321) = 5.184, p = 0.075). Individual
reasons such as “Basic knowledge from IMP is enough for me” (34 Pos. 2) and “Three
years are enough” (45 Pos. 2) indicate that some of the students were already satisfied
with their knowledge or did not want to pursue a career in CS. Furthermore, there were
gender differences in the item “pursuing a career or study in mathematics or CS” (Table 2),
supporting the theory that the choice of CS in higher grades depends on the career choice.
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Since female IMP students have a high interest in biology, for example, CS could also be
a tool for them to later professionalize in their main field of interest. In summary, female
IMP students in this cohort mainly dropped out of CS in higher grades due to their lack of
interest, having already picked too many other courses, having a negative self-concept, the
high workload, and the complexity of the topics associated with CS. Therefore, it could be
interesting to see the paths in other STEM subjects so as to get an idea of which STEM areas
the IMP students choose in higher grades and to provide a broader view of the educational
choices of the IMP students in this cohort.

no subject and factual interest _58,3%
negative self-concept _40.1%
contribution obligations ‘ |37.4%
high workload/complexity of topics I:]ZB,O%
individual reasons _20-9%

negative associations with the subject computer science/ IMP _14.4%

negative influence of the teacher(s) _ 14.4%
subject is not offered -7‘0%

bad grades in the past l:lSB%

not important for the career choice 5.3%

irrelevant for other subjects :l 1.6%

0% 6% 12% 18% 24% 30% 36% 42% 48% 54% 60%

Figure 5. Motives of IMP students for dropping CS in higher grades.
3.4. Educational Choices of IMP Students

To answer RQ], after taking a closer look at the gender differences in the subsections
above, we summarize the data collected in this study in the following two subsections.

Figure 6 gives an overview of the educational choices of the IMP students in this
cohort. Gender differences are marked with superscript 1. Male IMP students in this cohort
tended to choose CS (basic and performance subjects) (Table 2) and the performance subject
physics (X2(1, n = 317) = 6.203, p = 0.013) in higher grades significantly more frequently than
female students. However, there were no significant gender differences for the performance
subjects of biology (X2(1, n = 316) = 1.478, p = 0.224) and chemistry (X?(1, n = 316) = 0.955,
p = 0.328). There were no gender differences for IMP students choosing CS in higher grades
in terms of vocational orientation, nor for the fields “science or engineering/technology”
(U =1170, p = 0.328, Z = —0.978), mathematics, or computer science (U = 1048, p = 0.052,
Z = —1.940). Of the IMP students choosing a STEM subject other than CS, 62-85% said they
could imagine pursuing a career in science or engineering/technology, with no significant
gender differences for the IMP students who chose physics (U = 561, p = 0.337, Z = —0.960),
biology (U =178, p = 0.622, Z = —0.494), or chemistry (U = 182, p = 0.193, Z = —1.302).
For the field “mathematics or computer science”, there were also no significant gender
differences for the IMP students who chose physics (U = 504, p = 0.127, Z = —1.524), biology
(U =195,p=0.978, Z = —0.027), or chemistry (U =213, p = 0.645, Z = —0.461).
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At first glance, Figure 6 might appear to suggest that the IMP students in the non-
STEM performance subjects group did not choose any STEM subject. Since this is not the
case, we wish to refer to the structure of the educational system in Baden-Wi{irttemberg, as
mentioned in Section 1 (Figure 1). First and foremost, we did not assess whether students
picked mathematics as a performance subject in this study since some schools told us after
their participation that they could not yet choose the courses for the higher level; therefore,
the students only stated which courses they were currently taking, and mathematics is the
only STEM performance course that the students can take when they are in middle school.
Due to the rules limiting the course selection—as students must choose two subjects out
of German, mathematics, a foreign language, and natural science—it is likely that many
IMP students chose mathematics as a performance subject because it was the subject in
which they had the highest interest. In addition to the performance subjects, IMP students
can also choose NwT or one of the other STEM subjects as a basic subject for 3 h per week,
in which case they would not be “out” of the STEM field. This could also explain why
52% of the IMP students did not choose one of the aforementioned STEM performance
subjects (Figure 6), saying that they were considering a career or education in science or
engineering/technology. Only 8.5% of the IMP students chose the performance subject,
CS. Due to the subject being in a pilot phase in many schools and the shortage of CS
teachers in Baden-Wiirttemberg, as well as the fact that the subject was only introduced
in 2021, it is expected that not many students will choose it. Since the basic subject CS is
also new and in the school pilot phase, we added CS in Figure 6 without considering it
a performance subject. Another factor influencing the choice of CS was the performance-
related expectations with respect to CS in higher grades (point-biserial correlation r = 0.588,
p < 0.001), with male IMP students assessing themselves more highly than female IMP
students in this cohort (Table 2), which could explain the gender difference in the choice
of CS in higher grades. In addition, small gender differences were found in the factual

A A

interest within the areas of “implementing code”, “algorithms”, “requirement analysis”,
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and “software projects”. Since those areas are explored in greater depth in CS in higher
grades, it is more likely that students who are not interested in these areas will not choose
the subject.

The educational choices shown in Figure 6 also visualize the current metaphor of
educational choices in the STEM field as a “highway” [70] rather than a “leaky pipeline”,
since students have the option to go in and out of the STEM field at multiple points in their
lives and do not have cumulative disadvantages by dropping out of the STEM field [70].

3.5. Motivation and Interests of IMP Students

The most frequent motivational characteristics of IMP students were introjected and
identified (Figure 7). Hence, the motivation of most IMP students in our cohort was mostly
without any identification or external goal of their actions [29]. An exception were the
IMP students who chose CS in higher grades. Considering that “contribution obligations”
were mentioned by 43.9% of the IMP students as their second most important reason for
choosing IMP, many of these students chose IMP because they did not like the other profile
subjects, as explained by the qualitative data.

5 e
4 —L
—f — Areas:
o amotivated
=] extrinsic
%3 — £ introjected
s - identified
v 1 1 intrinsic
interested
Z [ | —
1 1

Male Female

Figure 7. Motivation of IMP students.

The subject-specific interest in IMP (M = 2.37, SD = 0.67) was relatively low compared
to the interest in the STEM area in general (M = 3.18, SD = 0.77). This result can be traced
back to other findings since the IMP students choose various performance subjects in
higher grades, with mathematics being the subject with the greatest interest among the
IMP students (Table 1).

4. Discussion

Consistent with the state of research on CS education, male IMP students had a
slightly higher self-concept (subject-specific, academic, and gender-specific) than female
IMP students in this cohort (Table 2). Thus, even when choosing IMP and going through
the profile subject for four hours per week, female IMP students—especially in the direct
gender comparison to male IMP students—had a lower estimation of their own abilities.
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As many literature reviews state, the lack of gender-sensitive CS [1,71-75] could explain
the findings in this study.

The gender differences in the choice of CS in higher grades can be explained by the
students’ reasons for not choosing the subject (Figure 4). Apart from the two previously
mentioned influencing factors—interest and self-concept—48% of female IMP students
named the curricular requirements and elective options mentioned in Section 1 as limiting
factors [16]. Thus, these IMP students did not choose CS on top of their normal schedule.
Additionally, 35% named the high workload and complexity of the subject as a reason.
This could be because the IMP students associate CS with a high level of effort and an
accompanying high workload, as well as because of their rather minimal prior knowledge
as they only study CS for one hour per week in the 7th grade. Finally, 13% of the female
IMP students named their personal preferences with regard to the teachers as a reason for
not choosing CS in higher grades, but without elaborating further.

In this study, we found the relative lack of gender differences interesting, as the new
interdisciplinary profile subject IMP might provide an opportunity for more gender equal-
ity within the STEM area if more female students choose the subject in the future [75].
After three years, the IMP students in this cohort showed no significant gender differ-
ences in motivation (all six facets) or in their subject interests in IMP, mathematics, and
the general STEM area. Additionally, 64% of the IMP students said they could imagine
pursuing a degree or career in the fields of science or engineering/technology. The second
most commonly named field was “mathematics or CS”. With 40.7% of the IMP students
continuing with CS in higher grades, 30.9% of the IMP students choosing the performance
subject physics, 14% choosing the performance subject chemistry, 14% choosing the per-
formance subject biology, and only 30% not choosing one of the aforementioned subjects,
IMP could provide a new opportunity for students to choose a STEM profile early on and
stick with it (Figure 6). With only 26% of the IMP students being female, there is more work
to be done in advertising the subject to female students and creating a gender-sensitive
environment in IMP.

4.1. Limitations

Limitations of this study include the lack of a comparison group, the sample size of
336 IMP students (20% of the possible population), and the fact that only 31 schools (31.31%
of the total number of schools that have IMP as an option) participated in the survey. Due
to the low participation of IMP students who categorized their gender as “other” (3.6%),
we only analyzed gender differences for the male and female subgroups. This results in the
limitation that not all genders are represented in this study. Since the IMP students chose
a STEM profile very early on, a positive selection bias also occurs. The sampling may be
a positive selection since 10 schools declined the offer to participate in the survey due to
their resources, and 58 did not respond at all.

4.2. Research Desideratum

Different research desiderata exist after taking a closer look at the learning charac-
teristics of IMP students. The use of a comparison group could be an interesting method
to add information to the descriptive knowledge of the learning characteristics of IMP
students and the students in secondary schools in Baden-Wiirttemberg. Another research
desideratum is to assess the subject knowledge in CS as one of the key facets of competence
in order to see which factors moderate the CS competence of IMP students and add more in-
formation to the learning outcomes regarding the utilization of learning opportunities [76].
Assessing more than the choice of CS in higher grades to see how many students stick
with STEM after IMP—and especially, how many female students stick with STEM after
IMP—is another topic for future research. The interdisciplinary character of the subject
IMP might be more interesting to girls than CS itself; whether this factor has an influence
on the course selection in higher grades, and whether it has an impact on motivation and
subject interest is another topic for future research. In accordance with the SEVT [18], we
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assessed the subject-specific interest in IMP, the subject-specific self-concept, the IMP grade,
and the educational choices and their motives for choosing IMP and CS in higher grades, as
well as the motives for dropping CS in higher grades, and took a look through the lens of
gender to describe the current status of gender differences among the IMP students in this
cohort. Another research desideratum is to use the aforementioned data for cluster analysis
to further characterize the IMP students in this cohort and to better foster the enrolment
of different students on the IMP course, along with a research-based recommendation for
IMP teachers and school development experts to enhance the IMP classes for everyone.

5. Conclusions

In this section, implications for STEM education and—more specifically—IMP educa-
tion and didactical implications are presented.

The findings of some studies on the state of research in STEM education can be
implemented in the classroom. Teachers building a growth mindset and self-efficacy in
STEM subjects in middle school [77] and gender-sensitive CS classes [1] are currently the
most prominent recommendations. Male students also benefit from measures to increase
the recruitment of female students, as shown in physics by the study of HaufSler and
Hoffmann [78]. Starting points to increase the attractiveness of IMP could include more
woman-oriented teaching contexts or (female) teachers as role models [46—49]. The findings
of this study, despite its limitations, indicate no gender differences in the motives for
dropping CS in higher grades. Therefore, addressing the lack of subject interest and the
negative self-concept through teachers building a growth mindset and self-efficacy in IMP
could encourage female and male IMP students alike and make the selection of CS in higher
grades more appealing.

Contribution obligations, as the third most significant influencing factor for not se-
lecting CS in higher grades, could be addressed by changing the selection rules in the
educational system in Baden-Wiirttemberg. For instance, addressing the shortage of skilled
professionals in CS with middle school subjects such as IMP is a first step. Students
in higher grades should then be able to continue on the STEM path consistently with
performance subjects beyond the natural sciences (i.e., biology, chemistry, and physics).
Extending the educational rules so that the interdisciplinary subjects Naturwissenschaft
und Technik (NwT) and CS are added to the cluster of what students can choose could
bring more students into the STEM area or—more specifically—into CS and engineering in
higher grades.

Another area that can be addressed is the subject interest of IMP students and the
interdisciplinary content. Since the subject with the third highest interest among female
IMP students is biology, followed by chemistry in fourth place, while physics and computer
science lag behind, more interdisciplinary STEM topics—such as bioengineering, environ-
mental engineering, and interdisciplinary topics between chemistry and CS—could be
integrated into the IMP class to better address the interests of female IMP students. Consid-
ering that the fourth most frequently named deselection motive was high workload and the
complexity of the topics (Figure 5), the already full schedule should not be further expanded
but rather refined. The subject was only selectable in 99 out of the 457 Gymnasien in Baden-
Wiirttemberg, and in those 99 Gymnasien, students could choose at least between two and
sometimes four profile subjects. Due to the shortage of CS teachers in Germany, IMP is not
yet implemented throughout Baden-Wiirttemberg. The aforementioned suggestions can be
implemented in the process of expanding the subject throughout Baden-Wiirttemberg.

To conclude, this study provides a first description of the learning characteristics of
IMP students and the gender differences among them in the Baden-Wiirttemberg context.
The initial trends show no gender differences in the motivation, subject interest in IMP, or
interest in the STEM area except in the choice of the performance subjects, physics and CS,
and no gender differences in the vocational orientation in the fields of natural science and
engineering/technology, in contrast to the state of research in other STEM subjects. The new
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interdisciplinary profile subject IMP, with a higher participation of female students, could
be a first step in getting more people—and probably more female students—into STEM.
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Abstract: Grounded in a conceptual framework incorporating intersectionality, motivation, self-
determination, and self-efficacy, this empirical study investigated how individuals’ identities, mind-
sets, and resources in educational environments intentionally cultivated to support their decision-
making, development, and connections in the science community, can significantly increase the
recruitment, persistence, and success of low-income, academically talented science students from
diverse backgrounds. Several factors—academic performance in coursework, self-image, self-agency,
financial support, and social integration in the science culture—continue to significantly impact
student retention and persistence in STEM disciplines. Many of these factors are negatively affected
based on a students’ intersecting identities, which can be detrimental to their academic success if not
addressed. We found that additional considerations to factor in concerning low-income students from
diverse backgrounds that is pertinent to supporting their persistence and success in the postsecondary
STEM educational context.

Keywords: low-income students; intersectionality; motivation; self-efficacy; self-determination; social
agency; higher education; STEM education

1. Introduction

The national goal of increasing the proportion of students from diverse low-income
families succeeding in science, technology, engineering, and mathematics (STEM) education
and research enterprise remains paramount to advancing STEM fields in the United States.
However, more than simply having the opportunity to engage in postsecondary STEM
education is required. Students must consider the costs and the resources needed to
enroll and persist in postsecondary education. According to The National Postsecondary
Student Aid Study, there are many equity gaps in postsecondary education, including with
regard to students from low-income households [1]. Many college aspirants, particularly
individuals from low-income families, identified lack of sufficient financial resources
as one of the most significant hurdles affecting their ability to pursue postsecondary
education. Further, statistics show that approximately 43% of students from all racial and
ethnic groups identified as low-income [1]. In particular, students identifying as Hispanic,
Black, and American Indian or Alaska Native had the highest numbers identifying as
low-income at 52.9, 54 and 59.8 percent, respectively. These jarring statistics affirmed
by existing studies illuminate the truth that educational journeys and social mobility
attainment can vary significantly by race, ethnicity, gender, and financial resources for
various student groups [2—4]. Students from low-income backgrounds and who identify as
Black or Hispanic are more likely to leave college without obtaining a credential compared
to their White and Asian counterparts.

Layered with the context of socioeconomic status impacting educational attainment,
the continued trend of underrepresentation of individuals from diverse racial and ethnic
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backgrounds in certain career fields continues to bring into focus the layered challenges
impacting these groups. In particular, science, technology, engineering, and mathematics
(STEM) disciplines show a continued trend of underrepresentation of women and indi-
viduals from diverse racial and ethnic backgrounds [5-7]. The 2023 Diversity and STEM
report released by the National Center for Science and Engineering Statistics (NCSES)
illuminated the disparities based on gender and race and ethnicity within the U.S. STEM
workforce (see Figure 1) [8]. Certain racial and ethnic and gender groups are significantly
underrepresented in specific STEM fields in science and engineering, while other groups
are significantly overrepresented. For instance, women are significantly underrepresented
in S&E occupations, which are typically jobs that require a bachelor’s degree, in five ma-
jor categories: (1) computer and mathematical scientists, (2) biological, agricultural, and
environmental life scientists, (3) physical scientists, (4) social scientists, and (5) engineers.
Women are overrepresented in S&E-related occupations, such as health care workers, S&E
managers, S&E precollege teachers, technologists, and technicians, which are a subset of
STEM occupations that require STEM skills and expertise, but are not classified in the five
main S&E categories [8]. When investigating the statistics in Figure 1 through the lens of
race and ethnicity, notably, white individuals represent over 60% of the S&E workforce in all
occupation categories. In comparison, Black and Hispanic individuals represent between
8 and 10% of the S&E workforce, which is also a lower percentage than their representa-
tion in the general population. Such statistics and reports beg the question of why some
groups are successful in some STEM occupations while others struggle to increase their
representation. This concerning landscape assessment of science and engineering fields
presents educational leaders with the task of evaluating the policies, values, pedagogies,
and resource distribution in their institutional environments that continue to be inequitable
against groups vulnerable to attrition.

Sex Race and Ethnicity
mFemale mMale mWhite mAsian Other mHispanicorlatino mBlack and African American AIAN
1.3% 0.4% 0.6% 0.8%
13.6%
2.0%
2.0%
18.9%
XA 1.0%
65.0%
63.0%
28.0%
11.0%
S&E Occupations S&Erelated Middle Skill N . . " " "
occupations Occupations General Population S&E Occupations S&Erelated occupations  Middle Skill Occupations

Figure 1. Characteristics of the U.S. STEM workforce ages 18-74, by occupation: 2021.

Earlier studies investigating the disparity between population groups and their par-
ticipation in STEM disciplines identified several significant barriers to the participation
of historically underrepresented groups in STEM fields, particularly a lack of a sense
of belonging, a lack of science identity, and a lack of career pathways identified for the
prescribed major [9-12]. However, a longstanding notion foundational to the discourse
regarding the disparity between groups has perpetuated the view that the deficit depends
solely on the student’s abilities, without factoring in the role that STEM culture and envi-
ronments can play in their access to resources and community. This traditional thinking
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and these attitudes towards understanding who participates in STEM and who exits STEM
do not provide a complete picture of the educational experience of individuals from diverse
backgrounds. Centering on the individual’s knowledge and abilities without factoring in
the systematic and structural powers at play severely underestimates the impact of the
educational environment and the exclusionary undertones implied by traditional thinking
and approaches to addressing these challenges [13,14].

In recent years, there has been an increase in empirical research studies and critical
scholarship that has critiqued the traditional notions and dominant narratives of STEM
culture. In particular, scholars have challenged the notion of the deficit solely lying with
the individual and have provided substantial evidence that many of these challenges are
perpetuated by systematic and structural policies, practices, and ideologies interwoven into
the fabric of the STEM enterprise [15-19]. Further, scholars have posited that to broaden
STEM participation for marginalized groups, we must critically disrupt the dominant
STEM culture and narrative rooted in white and male dominance [20-22]. There are
structural and systematic biases that preferentially encourage students from dominant
groups and those who are well-resourced, i.e., in terms of finances, positions of power, and
influence. Among the studies discussing the need for disrupting deficit discourses in STEM
educational contexts, Castro has highlighted that many existing STEM recruitment and
retention programs frame their targeted student population with deficit descriptions such
as “underprepared” and “at risk” and typically focus solely on the student’s deficit [15].
This study brings to light a critical, foundational step for educational equity, starting with
challenging the language and labels we use to describe marginalized students. Like many
others, this study shows how inequities are foundational and interwoven in educational
contexts and must be redressed to support all students interested in pursuing a career
in STEM.

Throughout the higher education literature centered on STEM disciplines, scholars
have shown that science identity, sense of belonging, access to role models and mentors,
social capital and agency, and other factors contribute to undergraduate success and the
development of a science identity [9,23-29]. Within STEM disciplines, it is increasingly
critical to acknowledge the importance of cultivating educational spaces that promote
inclusivity for all individuals, particularly persons that have traditionally been excluded.
These studies suggest that meaningful interventions can support the persistence of students
with talent and the motivation to learn science. Scholars have urged application of the
collective power of the STEM faculty and education discipline researchers to work together
to advance the STEM enterprise. Within the discourse on collaboration and change for
STEM education, Wilson-Kennedy underscores that “the cultivation of talent in the STEM
community belongs to and is the responsibility of the community. .. we must collectively
work together to address systemic barriers” [30]. To support this scholarship and sense of
belonging and to broaden participation in STEM fields, the National Science Foundation
and many other federal, state, and non-profit organizations have offered their support,
resources, and advocacy for investigating and improving the experiences of vulnerable
populations to broaden their participation in the STEM enterprise, specifically examining
the impact of the STEM culture on their persistence and graduation outcomes to shed light
on the structural and systemic inequities stunting the growth of these populations [31,32].

The Present Study

Our study is centered on understanding how diverse intersectional groups of under-
graduate students pursuing science and mathematics majors utilize and leverage their
identities, mindsets, skills, agency, and resources in STEM environments to establish con-
nections to their scientific community that encourage them to remain in their STEM field.
The central research question guiding this study is: How do diverse intersectional groups
of low-income undergraduate STEM students describe their experience navigating and
persisting in their postsecondary STEM environment?
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Individual

Identities/Background
Mindsets/Skillsets

Cultural Wealth & Resources

2. Conceptual Framework

Fundamentally, this empirical study investigates how an individual’s identities, moti-
vation and self-efficacy can be supported by intentionally reimagining STEM postsecondary
spaces to foster a sense of belonging and to support science identity development for low-
income populations and marginalized and historically excluded backgrounds. The concep-
tual framework utilized to situate this study was adapted from integrating intersectionality
theory and three strands of motivation theory (self-determination theory, self-efficacy, and
intrinsic and extrinsic motivation) (See Figure 2). Utilizing these theoretical underpinnings
strengthens our ability to investigate and understand how diverse groups of low-income
students leverage their identities, skillsets, and resources to develop their science identity
and social agency in the scientific community. Further, we couple these theories to depict
the positive impact of high-impact educational practices when situating an individual’s
abilities in environments that are intentionally designed to foster and support their science
identity and social agency development.

\
STEM Outcome

Environment Decision-Making

(Academic & Career)
Access to support/ resources —_—

Learning experiences S Development

Networking opportunities (STEM Identity and Career Preparation)

Inclusive practices .
Connection

(Social Capital and Agency, Sense of Belonging)

/

Figure 2. A Conceptual Model Integrating Individual and Environmental Conditions Necessary to

Yield Desired Outcomes for Undergraduate Science Students.

The first element of the equation in the conceptual model focuses on the elements
an individual possesses prior to entering the academic environment. In particular, this
model highlights identities and background (demographic characteristics—race, ethnicity,
gender, socioeconomic status, religious affiliation, first-generation status), mindsets and
skillsets (motivation, self-efficacy, self-determination), and cultural wealth and resources.
Salient to each individual is their unique background and identities, which, intertwined,
shape their experiences—also known as intersectionality. Coined by Kimberly Crenshaw,
mainly focusing on African American women, the term intersectionality was initially used
to describe the combination of a person’s social identities which overlap, interplay, and
combine to produce different forms of oppression and empowerment [33,34]. Creshaw’s
work has since expanded to explore how individuals experience multiple oppressive
forces based on their different, overlapping identities, such as class, race, gender, ability,
sexual orientation, etc. This study of the interplay of overlapping identities enables us
to better understand how to combat interwoven injustices in the human experience. In
STEM education, intersectionality theory is used within research studies as a frame for
understanding the complex lived experiences of individuals from marginalized groups in
order to facilitate equity in education and the overall STEM enterprise [35-40].

Further, studies investigating power and oppression in social identities have shown
that individuals from dominant identity groups seldom understand or are aware of the
experiences of those individuals from marginalized identity groups [41-44]. Individuals
in dominant groups can consciously or unconsciously invalidate the experiences of in-
dividuals from non-dominant groups due to a myriad of reasons, including inability to
relate because of a lack of experience with oppression and lack of recognition of differences,
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among others. For instance, STEM fields such as engineering, physics, and the computer
sciences have been known to be, and remain, traditionally white and male-dominated.
Individuals from non-dominant groups, such as women and racial and ethnic marginalized
groups, encounter numerous systematic and structural barriers when attempting to partici-
pate in such fields [45-48]. As such, our understanding of the human experience requires
more thoughtful discussion and understanding of the complexities and intersections of
power and oppression experienced by an individual, particularly in educational contexts
that are often binary and traditional and do not always account for the nuanced nature of
the human experience, which can severely discredit and inhibit their ability to persist.

In addition to the identities and backgrounds of individuals, this conceptual model
brings into focus the mindsets and skillsets developed to support individuals” goals and
aspirations. Our research utilizes three strands of motivation theory (self-determination the-
ory, self-efficacy, and intrinsic and extrinsic motivation) as elements of our conceptual frame-
work, particularly for its focus on understanding and centering the individual [28,49-52].
These elements provide a vital context for elevating the individual or student voice. Moti-
vation in the dominant STEM culture is ascribed to individuals based on interpretations of
persons in power. Our usage of motivation theory with cultural wealth disrupts traditional
notions in disciplines and frames the student voice to highlight the goals, mindsets, and
assets that students bring to their experiences in STEM.

Intrinsic and extrinsic motivation are established predictors of personal action [50,53-56].
Intrinsic motivation is doing an activity for its inherent satisfaction rather than for some
separable consequence. As Deci and Ryan articulated, “when intrinsically motivated, a
person is moved to act for the fun or challenge rather than because of external products,
pressures, or rewards. . . in contrast, extrinsic motivation is a construct that pertains when-
ever an activity is done in order to attain some separable outcome” [53] (p. 56). Studies
have shown that intrinsically motivated individuals are more likely to expend copious
amounts of effort on an activity they enjoy, whereas extrinsically motivated individuals
exert energy in a task or activity linearly according to what they perceive the return on
investment will yield. While the perceived value gained differs, intrinsic and extrinsic
motivation ultimately foster investment in the task at hand.

Self-determination theory (SDT) seeks to articulate the connection between motivation
and one’s ability to be self-determined. This broad framework presents a meta-theory of
how social and cultural factors support or inhibit an individual’s sense of initiative and
volition. Existing research has posited that the highest quality forms of motivation and
engagement are determined based on the individual’s autonomy (the need to feel ownership
of one’s behavior), competence (the need to produce desired outcomes and to experience
mastery), and relatedness (the need to feel connected to others) [50-52]. The optimal
occurrence of these three conditions promotes an individual’s creativity, persistence, and
performance in an activity. For instance, research has shown that an individual’s perceived
competency in work-related activities increases their motivation and engagement [50,53].

Self-efficacy, a foundational element of theories of motivation, refers to an individual’s
belief in their own ability, knowledge, and skills to accomplish personal goals. Their self-
efficacy is developed through personal performance accomplishments, vicarious learning,
social influences, and physiological and affective states [54-56]. Studies have highlighted
self-efficacy as a predictor of a student’s motivation, engagement, and persistence in STEM
scholarly activities [57-59].

The second element of the equation in the conceptual model is the collegiate and
STEM environment context. In particular, the environment context highlights the role that
learning experiences, opportunities to build community with peers, knowledge and access
to resources, and inclusive STEM environments play in shaping an individual’s science
identity, sense of belonging and, ultimately, their persistence in their STEM discipline.
The climate and culture of STEM disciplines play a significant role in students’ sense of
belonging and science identity development. Notably, the incorporation of recognized
high-impact educational practices and learning experiences in STEM curricula and culture
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have been proven to aid in cultivating spaces that foster a sense of belonging and science
identity [26,60-62].

In addition to understanding the optimal conditions of the educational environment,
it is also important to understand the ways in which the individual and environment
interplay together in a unique way to produce desired outcomes. Studies have shown that
high-impact educational practices provide students with the opportunity to engage in a va-
riety of ways to bolster their social connections, skills development, and self-efficacy, among
other qualities [57,63-68]. Several additive educational practices can be incorporated to
reimagine curricular and co-curricular experiences, such as living learning communities,
communication training, summer intensive bridge experiences, and exposure to profes-
sionals in their specific fields, among others, that can promote the persistence of science
students, particularly those from vulnerable groups [65,69,70].

We posit that an individual’s background and motivations for STEM are supported
and encouraged in STEM learning environments that foster a sense of belonging and science
identity, so that there are expected outcomes and results affirming their persistence in STEM.
In particular, our conceptual model highlights the outcomes achieved are decision-making
(academic choices supporting the actualization of a career in the STEM field), development
(science identity development, social agency development, research and technical skills
development) and connection (within the institution and the science community). The
outcomes achieved show how situating an individual’s abilities, skills, and resources in
environments intentionally cultivated to support their growth significantly affects their
willingness and ability to persist in STEM.

2.1. Key Concepts

In addition to presenting the conceptual framework, this section will define several
key terms fundamental to situating this study.

2.1.1. Community Cultural Wealth

We utilize the term community cultural wealth (CCW), which refers to the six assets
that individuals from marginalized populations utilize to navigate educational environ-
ments [71]. Tara Yosso expanded on Bourdieu’s work on cultural capital to provide a more
inclusionary approach to understanding the cultural assets possessed by marginalized
groups [71]. We chose to utilize the term community cultural wealth as our scholarship
actively seeks to decenter ideologies that promote deficit approaches, maintain the status
quo, and perpetuate inequities impacting individuals from marginalized populations.

2.1.2. Science Identity

As defined by Carlone and Johnson, science identity refers to the factors that affirm
an individual’s belief that they are a scientist. The three factors are their performance
(engagement in relevant scientific practices), recognition (recognizing oneself and being
recognized by others as a science person), and competence (knowledge and understanding
of science content) [9].

2.1.3. Social Agency

Social agency is an individual’s capacity to have the power and resources to fulfill their
potential in their community [72]. In the context of this study, we posit that the combination
of the individual in a supportive STEM environment can assist in cultivating their social
agency in the scientific community. As a result, individuals experience a sense of ownership
and the power to engage and navigate the science community successfully.

3. Methods
3.1. Participants and Research Setting

This study employed a qualitative case study approach to explore the formation of sci-
ence identity and social agency among low-income, academically talented undergraduate
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science students from diverse backgrounds. Case study research allows researchers to com-
prehensively understand complex issues within their real-world context [73,74]. Case study
research explores real-life, bounded cases through multiple forms of data. The setting of the
research study was a large, research-intensive public university in the Deep South region of
the United States. Within this college of science, approximately 1500 undergraduate science
majors are enrolled across seven academic programs. About 16% of the undergraduates
identify as members of a historically underrepresented racial and ethnic group.

The target population of this research study was science and math students who
currently participate in or who participated in a scholarship program for students with
significant academic talent and financial need from Fall 2020 to Spring 2023. The rationale
for engaging this specific participant pool was the diversity in the group and the opportu-
nity for access to collect interviews and other data sources for collection and triangulation.
The term diverse group in this study is defined as individuals with differences in race,
ethnicity, socioeconomic status, religious belief, sexual orientation, academic pursuits, and
life experience, among others.

Table 1 summarizes the profiles and demographics of the participants in this research
study. The participants included five women, four men, and one non-binary individual.
The academic classifications of the group ranged from sophomores to graduating seniors.
The racial makeup of the group was Asian, Black/African American, and White. All the
participants identified as low to moderate income in their socioeconomic status. Four
participants identified as first-generation students—mneither parent had attended college or
a university. The students actively participated in several high-impact educational practices
and engagement opportunities that holistically supported and encouraged their academic
and social integration into scientific and university culture.

Table 1. Participants’ profiles.

Pseudonym Classification STEM Discipline Gender Race/Ethnicity FlrSt.
Generation
Black or
Marie Junior Biological Sciences Woman African N
American
Physics-Astronomy,
William Junior Mechanical Man White N
Engineering
. English Literature . Two or more races
Alex Junior (previously Physics) Non-binary (White and Asian) Y
. Biological Asian or Pacific
frene Junior Sciences-Marine Biology Woman Islander N
Louis Sophomore Microbiology Man White
Black or
Ruth Sophomore Microbiology Woman African Y
American
Mary Sophomore Mathematical Statistics Woman White
Biological Sciences .
Rachael Sophomore (Pre-Med) Woman White
Biochemistr: Black or
Malcolm Senior oc Sy Man African Y
(Pre-Med) R
American
Davis Senior Biological Sciences Man Asian N
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3.2. Data Collection and Analysis

Aligned with the case study methodology, we collected multiple forms of data, inclu-
sive of documents and interviews [75]. We posit that the collective evaluation of these data
points paints a detailed picture of our scholars” experiences, particularly giving a more
in-depth understanding of how they developed and utilized their science identity and
social agency in connection with their involvement in the mentoring scholarship program
to integrate into their scientific community. The primary sources of data collected in this
study were one-on-one, semi-structured interviews. The interviews lasted approximately
45 min and were conducted through the Zoom video platform. The interview protocol for
this study can be found in the Supplementary Materials. Each participant provided verbal
informed consent prior to participating in the research study. This study was approved by
the Institutional Review Board at a research university in the Deep South region of the U.S.
Participants were assigned pseudonyms to ensure their identity remained confidential and
to provide a means of reference in the findings and discussion portion. The interview pro-
tocol questions for the research study were developed from the conceptual framework. In
particular, the questions explored participants’ transition to college, social agency develop-
ment, science identity formation, participation in curricular and co-curricular experiences,
and their perceptions of race and gender within the science community. The interview
protocol questions are provided in the Supplementary Materials.

In addition to interviews, the researchers evaluated each participant’s success metrics
collected yearly. The success metrics included grade point average (G.P.A), professional
development engagement, awards/honors, and individual development plan development
and progress. This study’s third source of data was annual evaluation reports provided
by the external program evaluator. The annual evaluation report provided an overall
summation of the program’s efficacy in relation to outcomes, student and staff feedback
and suggestions for areas of improvement. We posit that the collective review of these data
points paints a detailed picture of our scholars’” experiences, particularly giving a more
in-depth understanding of how they developed and utilized their science identity and
social agency in connection to their involvement in the mentoring scholarship program to
integrate into their scientific community.

The data analysis process was grounded in an inductive coding strategy that allowed
the researchers to identify patterns and assign codes to concepts of interest in the interview
data [76,77]. The first step in this analysis process was reading through the transcripts
to ensure accuracy, to correct grammatical errors, and to gain an initial understanding of
each participant in the case study. Next, each transcript was uploaded into the Dedoose
qualitative analysis software for coding. Each transcript was open-coded using an inductive
strategy: reading and interpreting raw data to develop themes and concepts via interpre-
tations based on data [74]. In this phase, the codes produced are tentative and subject to
evolve and change as the analysis continues. After initial open-coding of all transcripts, the
first iteration of the codebook was completed. In subsequent rounds of axial coding and
refining the codebook, the final codebook was completed, which included 76 codes.

The reporting of the data analysis was two-fold. We conducted a narrative analysis
to understand how participants interpreted their own lives through their identities as
they navigated the academic and social environment in college, utilizing multiple data
sources, including student metrics, evaluation reports and interview data, to deepen our
understanding of each participant and the context of their environment [78,79]. Secondly,
we examined the data across the group by identifying relationships and patterns across
the ten participants. Utilizing these groupings of relationships and patterns, we labeled
the emerging themes shared by the participants [80]. The final themes presented in the
results section are the key outputs produced by the identified patterns or trends between
the participants” experiences. We utilized peer debriefing sessions and concept mapping
throughout the study development, implementation, and execution phases to ensure
trustworthiness [81,82].
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3.3. Researchers’ Positionality

Our individual research agendas and collective interests focus on justice, equity, diver-
sity, and inclusion (JEDI) systemic change, and education models in chemistry education.
We investigate topics regarding faculty and student recruitment, retention, and success in
STEM. The first author is a Black woman, a postdoctoral fellow in chemistry education
at a public PWI. As a trained forensic scientist and qualitative educational researcher,
her lived experiences as a student and professional have informed her scholarship and
practice, which examines the narratives and lived experiences of historically excluded and
marginalized populations, particularly investigating critical points in their transition to
and navigation of the STEM educational pipeline. The second author is a faculty member
in chemical education research and practice and an administrator within the College of
Science at a PWI. As a leader on almost $30 million in extramural support from NSF, NIH,
USDoEd, and philanthropic agencies, she has designed and implemented over 20 edu-
cation projects, which have employed mentoring models to create and test development
structures that cultivate self-efficacy and agency, particularly for groups historically under-
represented in STEM. Her research centers on studies of the persistence of individuals from
all backgrounds in STEM higher education and careers, with a primary focus on faculty
and student recruitment, retention, and success. Her lived experience as a woman of color
in STEM influences her passion for studying students from diverse backgrounds and their
pathways in STEM higher education and careers.

4. Results

The data analysis revealed three salient themes that emerged across the ten partici-
pants in relation to the central research question. We found that our participants discussed
the ways in which their intersecting identities significantly shaped how they were nav-
igating their collegiate STEM experience. Additionally, we found that our participants
attributed their persistence in their STEM discipline to their motivation sources (intrinsic
and extrinsic), support from their community (peers and mentors), and intentional en-
gagement in academic activity and access to well-resourced environments (academic and
social opportunities).

4.1. Intersecting Identities Significantly Shaping Their Collegiate Experience

As participants discussed navigating their educational experience, many of them
discussed an awareness of the realities of the privilege and oppression of their intersecting
identities as they moved through academic and social spaces. In particular, each participant
described the most salient identities they were most conscious of as they navigated their
educational spaces. In our discussions about the ways in which their identities were shaping
their collegiate experience, Ruth, a Black woman and first-generation college student in
her sophomore year of the microbiology program, shared her experience of developing
awareness when she participated in a panel discussion during her freshman year about
being Black at a predominantly white institution. She explains:

I'was on a panel last year about being black and the PWI, and how you felt about that. . .
after that panel I started seeing things I didn’t really notice before. . . like the fact that an
average class has about two hundred people and there is usually only maybe ten to fifty
of us [Black people]. . . if there’s ten of us here, we tend to group together based on that
[race]. . . but then sometimes I think about this underlying thing which is in a job force
only one of us can succeed.

Ruth also discussed the dichotomy she experienced when she sought out a Black
science-based organization:

I am a member of a Black science-based organization. I went to a couple of events, and
it was really cool to see so many people in my major, who looked like me . .. however,
when I talked to my aunt, she said try not to get pigeon hole into just going to black
organizations, because whenever you graduate, or you go into the workforce. Everyone’s
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not going to be black and you want to have experiences outside of that [being Black], and
not just be so uncomfortable in branching out because of that [race].

Conversely, Malcolm, a Black man and first-generation college student in his senior
year of the biochemistry program, shared how the representation of Black and Brown
students has increased since his freshman year at this institution. For him, the growth in
these specific student populations has become a form of motivation for his persistence.

From freshman year to now, there is a lot more color around campus. . .Sometimes I'd
be the only black or minority person in a classroom. .. I would notice it, but it wouldn't
be that big of an issue. Now, when I go into class, there’s a bunch of other black and
brown people, and it makes me feel good. . . even against odds and what anyone else thinks
they’re doing this too, which drives me. I don’t want them to feel like theyre alone in this,
so I'm going to keep going too.

In addition to the discussion about race, other participants focused on the dichotomy
of their identities in academic and social spaces and how their academic spaces seemed
neutral and erased their identities and human essence. Irene and Alex discussed how
their experience navigating their identities was much more challenging socially than
academically. Irene, a South Asian woman in her junior year of a biological sciences, marine
biology concentration program, discussed how identifying as South Asian and Hindu was
most apparent in the social settings of her collegiate experience. Particularly, she shared
how she was negatively impacted by being in an institution with a dominant Christian
student population:

There are a lot of people here identifying as Christian...so my religious identity and
growing up Hindu has definitely impacted my social experience here. . . there are a lot of
Christian-centered organizations and a lot of Christian-centered talk in some classes. . . it
affected it a little negatively, just because I grew up in a very diverse community. .. Here
everyone is either Catholic or Protestant and if you don’t like fit that, it can be a little
isolating. .. but in terms of feeling supported in my academic life, that's never affected
me. .. people don’t bring up religion in my Bio lab.

While Irene appreciates the neutrality of her STEM academic space, Alex, a White and
Asian non-binary person and first-generation college student in their junior year of the
English literature program and formerly in the physics program, interpreted the neutral
approach of their STEM academic environment as an erasure of their identities and put
more of an emphasis on their ability to produce quality work as the determinant of their
value. Alex shared: “The physics department faculty were very supportive of my identity and
my transition. . . however I always say being queer in STEM is a double-edged sword because, on
the one hand, your identity doesn’t really matter that much, and it just depends on the quality of
the work that you put out. .. But, on the other hand, there isn’t necessarily an explicit validation of
identity. .. think that both helped and hurt.

Louis, a first-generation, White queer man with a speech disability in his sophomore
year of the microbiology program, eloquently discussed the intersectionality of privilege
and oppression experienced through his identities.

To start off with being first-gen. I don't feel like I'm good enough sometimes, and like
I don’t deserve a spot at college. . . I come from a disadvantage background, and it puts
me in a spot where I feel like they have advantages. I'm going to kind of let them keep
having those, and I'm going to sit back. .. As a queer person. . . I feel isolated sometimes
because it’s hard to judge someone’s acceptance of me. .. I don’t bring up certain things
about myself, because I don’t know how they'll react and it’s a safety thing. . . which kind
of leads me to not having any full interactions, because that’s such a big part of me. And
I'm a white man. I acknowledge that I'm a white man and the privilege that comes with
that. .. I also have a speech impediment. . . It's kind of hard for me to communicate. I also
hold back sometimes if someone’s not taking the time to understand or if people are going
to make fun of it.
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Conversely, students from dominant identity groups did not explicitly view their
experience through their own identities of race, ethnicity, gender, and religion but rather
through the lens of being low-income or being accepting of others’ differences. Particularly,
Davis, an Asian man in his senior year in the biological sciences program, shared his
sentiments about the work ethic as the main factor influencing his educational experience:

I've interacted with a lot of people of different races, genders, genders, and like classes as
me. .. I've learned to just respect people. For me, my race, class or gender do not limit me
from what I want to be because it’s about mindset, you know. I feel like it’s about your
grind. The harder you work, the more opportunities you have.

Similarly, William, a White man in his junior year of physics and mechanical engineer-
ing programs, shared that his focus was not on identities but instead on connecting with
peers over the shared student experience in the collegiate environment:

Every time I walk into an environment on campus, there’s a wide variety of different
types of races, genders and religions and a lot of different types of people. I think that’s a
great thing. I don’t really feel I get that effect of there’s too little or too much of this one
specific group. . . it kind of blends to the point where I look past that stuff [identities]. .. I
think we're all students trying to make it through our days so how can we help each other,
or how can we share experiences, or get to know each other, and our differences, and all
the stuff that makes us the same.

Rachael and Mary, White women in their sophomore year in the biological sciences and
mathematical statistics programs, respectively, discussed identities from the perspective of
accepting others without acknowledging how they view their education journey through
their own identities. For instance, when asked how her identities or perceptions of race,
class, or gender have shaped her experience, Rachael said, “I wouldn’t say it has influenced
it as much. .. I'll talk to anybody. It doesn’t bother me. It's nothing wrong with your identity. . .
everybody’s unique.”

4.2. Motivation Powering Their Pursuits

In a discussion about their educational experience in their STEM academic program,
participants explored and shared several topics and concepts rooted in actively remember-
ing their motivation to pursue science. All the students discussed some degree of intrinsic
motivation and self-reliance as the primary driving force for their direction and success
academically. For all the students, their intrinsic motivation was cultivated from a belief in
self, curiosity, and interest in the specific science discipline and achieving their definition of
success. When asked to share their definition of success that motivated them to pursue their
goals, three common themes emerged from their definitions of success: (a) accomplishing
their goals; (b) being able to comfortably live the life that they envisioned for themselves;
and (c) progression in developing their skills, abilities, and knowledge. Louis and several
others brought into focus how their progression to becoming better was a demarcation of
their success on their journey to their career. Specifically, Louis reflected on how he viewed
his academic progression as a source of affirmation and motivation:

I'reaffirm myself . . . that’s why a lot of my validation comes from academics because there’s
an active scale . . . it’s a double edge because sometimes, for example, I was struggling
with organic chemistry, but for me, I'm succeeding because I understand more than I
thought I would. In reality, I may not be my best, but I'm succeeding because I'm passing
the class.

In addition to their shared attributes of motivation and success, several participants
discussed another layer to their motivation to pursue their career path: their commitment
to serve and support their communities and society at large. Malcolm, Irene, and several
others, stated that their motivations were rooted in their desire for civic responsibility to
their communities. It is this connection to something greater than self that these participants
found a source of fuel to their motivation to pursue their science degrees. Malcolm shared
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that his motivation was rooted in creating access for individuals from underserved and
economically disadvantaged backgrounds and encouraged him to be persistent in his
pursuit of becoming a neurosurgeon with experience in hospital administration.

I want to create more access for folks. .. people shouldn’t have to risk the quality of
their life even more so getting surgery. . . I definitely do want to go into the policy and
procedures. . . I find there is a large disconnect between the admin and the people that
are actually practicing medicine when the admin has not been in the doctor’s shoes, and
they’re trying to implement things that they think could work instead of things that
theyve seen in practice. .. I want to limit the need for spinal surgery to begin with, and
then, if someone does need spinal surgery, I want to develop methods that are going to
reduce the risk associated with it.

Similar to Malcolm, Irene conveyed that one of her motivations to pursue a career in
environmental science was being able to connect science to society through educational
resources. In particular, she discussed her love for documentaries and the ways in which
documentaries are used to educate the general population about complex science matters.
“Film (documentaries) is what made me want to go into environmental science. . . it was seeing really
good documentaries or seeing TV personalities like Steve Erwin. .. That’s what I think connected me
to nature. When documentaries like plastic ocean came out. .. these environmental documentaries
really attracted me. I've always really liked what they did in terms of public outreach about bringing
the science to large-scale audiences.”

For others, their motivation to persist in their STEM programs was fueled by an
initial curiosity in their specific discipline and motivated their initial pursuit, while the
opportunities, freedom, and encouragement to explore and refine what their career path
could be fueled their motivation and enthusiasm to continue to persist and navigate their
educational experience. William, Louis, and Ruth all discussed the ways in which their
persistence in their specific discipline had been sparked by their initial curiosity and
sustained by their ability to refine their path to their own niche. For instance, William’s
childhood love for sci-fi movies piqued his interest in physics. Once he came to start his
education journey, he added an engineering major to allow him to bring his theoretical
physics training to life through an engineering design background. He explained, “When I
was a lot younger, I would always watch the sci-fi movies. . . I set my path initially for just purely
physics, but then I started realizing that I wanted to go into a field where I could do more design
and try to apply these concepts. . . realized that in order to get that design background, you would
ideally, you'd want to have an engineering background”.

4.3. Community and Connection Matters

A notable commonality among all participants was their active engagement in various
academic and social opportunities that supported their sense of belonging in the science
and university community. As the students shared about their engagement outside of
classes, they discussed participating in at least one student organization and one academic
experience (i.e., conferences, undergraduate research, shadowing, etc.). Table 2 represents
data from the student metrics collected on their participation in undergraduate research,
academic organizations, social organizations, and academic co-curricular experiences
for the ten students in this study. Utilizing a ranking scale from the activity with the
highest participation to the lowest participation, science-related academic organizations,
undergraduate research, and social organizations were the top three engagement activities
in which most participants engaged. Notably, all the participants reported participating in
at least one science-related academic organization.
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Table 2. Engagement in Specific Academic and Social Activities.

Engagement Activity Total Participation Percentage
STEM-Related Academic Organizations 10 100%
Undergraduate Research 7 70%
Social Organizations 7 70%
STEM Conference Participation 6 60%
STEM Conference Presentations 5 50%
Shadowing/Internships 3 30%

When asked about their engagement experiences, many participants discussed how
their participation in various engagement activities had supported their personal and
professional growth, provided a community of like-minded peers, and affirmed their sense
of belonging in the science community. Davis, Mary, and Rachael discussed at length the
positive impact that their engagement outside of the classroom had in supporting them. For
Davis, his engagement in academic and social opportunities had been the linchpin in his
persistence in his discipline. He expounded, “These experiences give me like a buffer between
science classes because I feel sometimes science can be a little bit overwhelming no matter how
interested you are in the subject. . . It gives me an opportunity to destress and come back better than
ever, ready to focus, ready to take on science.” Further, when discussing his social connections,
he shared his appreciation for his peers, “It’s so necessary for the college experience. I don’t
think I would have made it. .. The people in the program are already accomplished people. I talk
to them about stuff, and conversational pieces are in the back of my head. . . I wanted to be around
like-minded people and to be able to engage in that type of space”.

Davis, Rachael, and Mary shared how engaging with peers in social settings had been
one of the highlights of their collegiate experience to help them balance the rigor of being
a science major. Rachael explained, “... doing fun activities definitely helps lighten the load
and makes this experience feel a little better. For instance, we went bowling, and I had an exam the
next day, but I like planning ahead, and I was like, I'm still going to this event because It'’s going
to be a nice relaxation before having to go take an exam.” Mary shared how her engagement
with her peers had served as extrinsic motivation to persist in STEM. “Having people doing
similar things like me or making sure that I'm staying on track has definitely motivated me to keep
working at this degree and to keep up with my other friends in STEM. Also, to not let people down,
you know. . . Its motivation being around similar like-minded people”.

In addition to being in a community with like-minded peers, students who participated
in undergraduate research discussed the ways in which their ability to understand the
course content and growth in their research skills and academic decision-making were
significant benefits of this opportunity. For instance, William participated in a summer
undergraduate research experience, the summer before his sophomore year, and shared:
“I did my research after my freshman year. . .everything I had to learn in the research project
over that summer was stuff that I was going to be learning in courses down the road. .. I'm still
coming across content I learned in that research experience that’s coming up in the courses I'm
taking now. . . it’s extremely helpful getting involved in research.” For Irene, her undergraduate
research experience had strengthened her research skills and supported her career plans
and actualization in her STEM field.

Everything I've done outside of the classroom has been pushing me in this direction
that I think I've always been headed, which is like just wanting to do something either
service-oriented, or for climate change, or something that feels urgent. .. Everything is
set to give me skills that I will apply in the future. .. It's really been good to know that I
can see how this was applied in the lab.

5. Discussion

The purpose of this present study was to explore the ways in which low-income
undergraduate science students from diverse backgrounds describe navigating their post-
secondary educational experience, particularly the contexts, skills, and supports that have
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encouraged their persistence to remain in their desired STEM field. Particularly for our
ten participants in this study, their educational journey was investigated with a focus on
their intersecting identities and how these intersecting identities shape how they connect
with peers, access resources, engage in activities, develop skills, and actualize their place
within the science community. Considering the experiences shared by the ten students,
several streams of understanding emerged to answer the central research question guiding
this study.

Foundational in this study, our participants shared the identity of being classified as
low-income in terms of socioeconomic status. Through conversations with the students, we
found that many of them shared similar work-ethic philosophies that their hard work can
pay off and their goals would be met. Their sentiments affirmed the common societal belief
that individuals from low-income backgrounds can achieve upward economic and social
mobility with their hard work [2—4,83]. While this belief may be a common assumption,
research has shown that individuals from low-income backgrounds face and consistently
contend with prolonged challenges that impact their ability to achieve economic stability,
particularly those from marginalized racial and ethnic groups.

The existing literature asserts that the dominant culture and narratives in STEM
disciplines prefer individuals who identify as either white, Asian, male, cisgender, or
a combination [20-22]. As such, individuals from these identity backgrounds are more
likely to achieve their desired goals and careers in STEM. Conversely, those individuals
departing STEM disciplines are the students from non-dominant groups in STEM. In this
present study on low-income science students, we, too, found evidence of the dominant
culture and narratives in several of our participants. Also, we noted stark differences
in the participants’ navigation of their academic environments through the lens of race,
ethnicity, gender, and religion, and how the intersection of these identities shaped their
ability to navigate academic and social spaces and actively shaped their development,
connection, and persistence in their STEM discipline. For instance, the Black women in
this study discussed how operating in academic spaces with their Black identity at the
forefront produced feelings of inadequacy, lack of belonging, and unequal performance
expectations. The White women in this study did not even acknowledge their whiteness as
a salient identity when navigating their educational spaces and often took the approach
of blindness to diversity when discussing and engaging with diverse groups of people
in their academic and social settings. Aligned with existing studies on student percep-
tions of their identities in the science community and specific disciplines, we know that
students from historically underrepresented groups can experience feelings of inferiority,
tokenism, unequal performance expectations, and not belonging at higher rates than their
counterparts [62-66]. As students navigate their educational experience through the lens
of their intersectional identities, they often navigate oppressive systems, policies, and
practices that perpetuate inequities and barriers for marginalized groups. As such, it is
imperative to account for nuanced considerations and, in some cases, the layering effect of
their intersectional identities, when supporting students in STEM disciplines.

Regarding motivation powering their pursuits, Deci and Ryan suggested that mo-
tivation for one’s goals should be self-directed and grounded in one’s reasoning as the
most satisfying and successful approach to success and accomplishment [53]. Aligned
with existing studies and theoretical frameworks centered on motivation, self-efficacy, and
self-determination [51,53,58,59,84], our participants affirmed the importance of one’s moti-
vation and self-efficacy to pursue and actualize their educational and career goals regardless
of the challenges one encountered. Several participants discussed extrinsic motivation
connected to civic responsibility—a calling more significant than themselves—usually to
their communities, families, and the betterment of the human experience. In line with
extrinsic motivation, our participants’ self-defined success goals and additional external
elements encouraged and supported their success to date and, in the long-term, influenced
their desired end goal of success [50]. Motivation in this context not only supported the
students in focusing their attention on their personal goals but encouraged several of them
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through the inspiration of their communities. These varied sources of intrinsic and extrinsic
motivation were notable factors that supported and encouraged their persistence in STEM.

This study also brings to the forefront how consequential inclusive, affirming, and
welcoming environments are in supporting the persistence of low-income, diverse student
groups in STEM. The existing literature clearly articulates the importance of connection
to peers and faculty and how engagement in academic and social activities outside of
classes is valuable for developing their social agency and strengthening their relationship
with the science community [16,19,85-88]. When exploring the impact of peer support
and motivation, many of the participants discussed the value and benefits of being in a
community with peers with similar goals and pursuits. Many of the students in this study
discussed the benefits of having financial support for tuition and engagement opportunities
and how access to such opportunities was critical to developing their social and professional
networks that enriched their educational experience. The students highlighted that being
in a community of peers with similar goals provided a source of motivation, increased
their sense of belonging, and expanded their access to social networks, opportunities, and
resources. Their participation in various engagement activities also supported their career
and academic decision-making, career preparation, research skills development, and sense
of belonging.

Across our participants’ extracurricular engagement experiences, we noted that sev-
eral of them discussed their engagement in STEM academic organizations connected to
one or more of their salient identities. The desire to be in identity-centered educational
spaces was four-fold: representation of professionals in their field, expansion of their social
network, supporting their academic and career decision-making outcomes, and being in
a space that affirmed an identity or intersecting identities seen as a barrier in the larger
educational setting. For instance, the National Organization for the Professional Advance-
ment of Black Chemists and Chemical Engineers (NOBCChE) is an organization with
the expressed purpose of supporting the development and training of Black scientists in
academic, development, leadership, and philanthropic endeavors throughout college, and
careers in chemistry and chemical engineering. Our findings further affirm the importance
for STEM environments to be intentionally cultivated to foster a sense of belonging and to
promote inclusivity for students from diverse backgrounds, linking increased engagement
in the STEM curricular and extracurricular experience to increased persistence in the STEM
discipline [11,12,67,89,90].

Limitations

The participants’ sensemaking of intersectionality varied significantly across the group.
While most of them could list their salient identities, we recognize that our participants
varied in their understanding of how their identities shaped the navigation of their STEM
academic experience. As such, including a secondary interview in the research design
would be beneficial to investigate the concept of intersectionality and to support our
participants” sensemaking process more comprehensively.

6. Conclusions

Our study explored how diverse low-income students leverage their identities, skillsets,
and resources within supportive STEM academic environments. Students enter postsec-
ondary educational spaces with unique identities and backgrounds, mindsets and skillsets,
cultural wealth, and resources. Our research shows the importance of the relationship
between low-income diverse student groups and their academic environment for their
persistence in their STEM discipline.

Looking deeper at low-income populations, we acknowledge that it is not a “one size
fits all” approach. Much of the rhetoric surrounding low-income populations focuses on
their work ethic as the sole determinant of success. However, our participants’ interviews
and narratives illustrate clearly that additional considerations must be considered when
supporting the success of diverse low-income students, particularly regarding how their
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intersectional identities, skillsets, and resources are acknowledged and engaged in the col-
legiate environment. Their stories illuminate that their persistence in their STEM discipline
is primarily attributed to their motivation sources (intrinsic and extrinsic), support from
their community (peers and mentors), and intentional engagement in academic activities
and access to well-resourced environments (academic and social opportunities). Thus, one
implication of this study is for leaders and professionals supporting diverse students in
STEM to actively consider how they are accounting for and factoring in students” iden-
tities, skillsets, and resources to best support them in developing a sustainable STEM
ecosystem to encourage their persistence in STEM collegiate environments through to the
STEM workforce.

As scholars, practitioners, and leaders in the STEM enterprise addressing the call
for broadening participation, we encourage consideration of the realities of low-income
students and other marginalized groups when establishing initiatives and engagement
opportunities. For instance, participation in supplemental science-based activities has
been long touted as beneficial to strengthen credentials and connection to the science
community at little to no cost. However, we present two critical considerations for low-
income populations. The first is that several immersive opportunities, such as conference
participation and international undergraduate research experiences, are typically available
to students with the time and financial resources to participate. The second is that many
low-income students support themselves financially through college and, therefore, do not
have the time to engage in supplemental activities. With this context in mind, we implore
STEM program leaders to consider how their initiatives can be equity-minded. An example
is the provision of dedicated funding sources for economically disadvantaged students to
support their engagement in professional development and science-based activities. This
approach removes the financial burden and potential stigma low-income students may
experience regarding finances and encourages their involvement in learning experiences
similar to their well-resourced counterparts.

Finally, our research encourages using high-impact educational practices adapted
to account for the diverse student populations our institutions serve. In addition to the
guidance on high-impact educational practices, we also posit that consideration can be
given to program operation, logistics, cultural competence, and accessibility, among others.
For instance, undergraduate research experiences are considered a high-impact educational
practice. When designing such experiences for students with marginalized identities, we
offer the following considerations as examples: paying undergraduate researchers, provi-
sion of culturally relevant training approaches, and connection to a mentor. It is incumbent
that educators and leaders consider how we can intentionally and thoughtfully engage
students who have the desire and willingness to pursue their desired STEM career path.
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Abstract: Balanced identity theory (BIT) has played an important role in research examining women'’s
underrepresentation in science, technology, engineering, and mathematics (STEM). Yet, BIT’s main
balanced-congruity principle has not been tested specifically for gender-science cognitions. Ad-
ditionally, BIT’s predictions have been tested primarily from a variable-centered approach. The
current study therefore examined whether (1) gender-science cognitions form a balanced identity
configuration; (2) different identity profiles can be distinguished; (3) identity profiles differ in back-
ground characteristics, study motivation, and self-esteem. Dutch emerging adults (18-25 years old)
enrolled in education (N = 318, 51% female) completed a gender-science Implicit Association Test
(gender-science stereotypes) and questionnaires assessing felt similarity to males and females (gender
identity), interest in science and liberal arts occupations (occupational self-concept), self-esteem, and
study motivation and engagement. Hierarchical regression analyses revealed multiplicative interac-
tions between gender-science stereotypes, gender identity, and occupational self-concept, providing
evidence for a balanced identity configuration. Furthermore, latent profile analyses revealed three
balanced identity profiles and two unbalanced profiles. Unbalanced identity profiles were character-
ized by non-Dutch ethnicity, lower educational level, and living independently without parents. The
identity profiles did not differ in self-esteem and study motivation. Future research should examine
the longer term consequences of unbalanced identity for academic and career pursuits.

Keywords: balanced identity theory; gender-science stereotypes; gender identity; self-concept;
occupational interest

1. Introduction

Even though gender roles for men and women have become more equal over the past
decades, gender segregation in the occupational domain is still clearly visible and declines
in occupational gender segregation may have stagnated in the past two decades [1]. For
instance, women are underrepresented in some of the STEM fields (i.e., science, technology,
engineering, mathematics), whereas men are underrepresented in fields such as health
care and education [2,3]. More specifically, in OECD countries (Organisation for Economic
Co-operation and Development) only 11.6% of employed women worked in the industry
sector compared to 32.6% of men [3]. Additionally, 18% of primary school teachers are male,
and only 10% of long-term (elder) care providers are male [3]. In the US, women make up
less than a quarter of workers in computing and engineering, a proportion that remained
stable or even decreased slightly since 1990 [4]. These gender disparities are also apparent
in tertiary degree enrolments, with less than 20% of students enrolled in engineering
and computer science programs being female [2]. In contrast, about 20% of students
enrolled in programs related to education, health and welfare were male, a percentage that
remained low and stable over time [2,5]. More gender equality in the occupational domain
is crucial because occupational gender segregation has been associated with the gender pay
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gap [3,6], and because more gender-diversity in work teams improves team collaboration
and performance [7].

There is ample evidence that, rather than gender differences in ability, gender stereo-
types, self-concept, and gender identity, as well as other gender attitudes and beliefs, are
important explanatory factors for women’s underrepresentation in STEM [8,9]. Yet, rela-
tively less is known about how these gender cognitions together play a role in occupational
gender segregation. The first goal of this study was therefore to examine the interplay
between gender-science stereotypes, gender identity, and occupational self-concept in
emerging adults. Gender-science stereotypes are conceptualized as the degree to which
people (implicitly) associate gender with science (e.g., chemistry, physics, engineering,
mathematics, and astronomy) and liberal arts (e.g., philosophy, humanities, arts, languages,
music, and history) [10]. Gender identity refers to associations between the self and gen-
der [10], and is conceptualized as the degree to which one feels similar to the male and
female gender group [11]. Importantly, even though gender similarity and gender iden-
tity are used interchangeably throughout the manuscript, gender similarity represents
only a part of the multidimensional gender identity construct. Occupational self-concept
refers to associations between the self and science and liberal arts occupations [10], and is
conceptualized as one’s interest in science and liberal arts occupations.

1.1. Balanced Identity Theory

According to balanced identity theory, the principle of consistency organizes asso-
ciations between the three gender cognitions into a balanced configuration [12]. This
schematic consistency is also central to gender schema theories that propose that peo-
ple will act and think consistently with their gender schemas in order to avoid feelings
of discomfort or anxiety [13]. Consider, for example, a man who identifies as male
(gender identity: me = male) and strongly associates science with men (gender stereo-
type: science = male). To avoid threats to his identity, this man is likely to see himself as
being interested in science occupations (self-concept: me = science). Previous research
demonstrated this balance-congruity principle for math cognitions in adults as well as
children [12,14]. In the case of strong associations of the self with female and math with
male, there was little association of the self with math.

Recently, a meta-analysis including 36 experiments provided proof of the balanced-
congruity principle for implicit measures as well as for self-report measures across a range
of different social cognition domains (e.g., race, gender, age, math/language, good/bad,
work/family) [15]. The current study extends this research by examining whether balanced-
congruity can also be demonstrated with a combination of self-report (i.e., explicit) and
implicit measures. Also, none of the included studies in the meta-analysis specifically
focused on the gender-science domain.

There are some studies that provide partial or indirect evidence for the balanced-
congruity principle regarding gender-science stereotypes. For instance, US high-school
students’ stronger explicit STEM stereotypes (STEM is for geniuses) were related to less
STEM motivation, but only for students who did not explicitly identify as nerd-genius (low
nerd-genius self-concept) [16]. Additionally, in a sample of US university students, men and
women who explicitly identified with science differed considerably in the strength of their
explicit gender-science stereotypes [17]. Specifically, for male students, stronger science-
with-self associations were linked with stronger gender-science stereotypes and stronger
science career aspirations. For female students, stronger science-with-self associations
were linked with weaker gender-science stereotypes and weaker science career aspira-
tions. However, neither of these studies assessed gender identity, only the participant’s
sex/gender. Lane et al. [18] did assess three gender-science cognitions, and found that
among female students who strongly identified as female (implicitly), implicit associations
between female and science predicted greater intent to pursue science over the humanities
in university. For men, the association between stronger gender-science stereotypes and
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the greater likelihood of pursuing science rather than the humanities in university was not
moderated by their gender identity.

Lane et al. [18], however, only examined one element or direction of the balanced-
congruity principle, i.e., stereotype-emulation. Stereotype-emulation entails that the more
people identify with a particular gender, the more they incorporate attributes they perceive
as associated with that gender into their self-concept [19]. Lane et al. [18] did not inves-
tigate stereotype-construction, i.e., whether people who identify more with a particular
gender also project attributes they perceive in themselves more onto the gender collective
(i.e., stereotypes) [19]. Neither did they examine identity-construction, i.e., whether people
who perceive that their own attributes match with their stereotypes for a particular gender,
also identify more with that gender [19]. The current study will test all three elements of
the balanced-congruity principle for gender-science cognitions.

1.2. A Person-Centered Approach toward Balanced Identity Theory

It seems likely to assume that there might be individual differences in the degree
to which people have achieved a balanced configuration of gender cognitions. Balanced
identity theory assumes that “when two unlinked or weakly linked nodes share a first-order
link, the association between these two should strengthen” [10] (p. 6). This might indicate
that achieving a balance between social cognitions is an ongoing process [10] and when
one cognition changes (i.e., because of external pressure, maturation or development), one
of the other two cognitions changes as well in order to restore balance. Disbalance (or
dissonance, inconsistency) between cognitions is thought to provide a source of discomfort
and stress, providing pressure toward change and to renew balance [20,21].

Temporary disbalance between gender identity, gender-science stereotypes, and oc-
cupational self-concept might be particularly likely in emerging adulthood, as this de-
velopmental period is considered as highly volitional, offering the most opportunity for
identity exploration in the areas of love, work, and worldviews [22]. Additionally, there is
evidence for developmental changes in gender stereotypes [23], gender identity [24,25], and
occupational self-concept [26] into emerging adulthood. Changes in each gender cognition
would require ongoing adjustment to the other gender cognitions to restore balance.

A useful method to capture individual differences in the balanced configuration of
gender cognitions is a person-centered approach. This approach allows for the distin-
guishing of identity profiles based on individual variation in scores on multiple gender
cognitions. This approach is common in the identity development literature, demonstrating
that individuals may adopt various identity configurations [27,28], but a person-centered
approach has, to the best of my knowledge, not yet been applied to balanced identity theory.
Based on balanced identity theory, a concordance between the three gender cognitions is
expected. Therefore, one may find overrepresentations of emerging adults in specific types
of balanced identity configurations. See Table 1 for examples of balanced identity configura-
tions. As people can also hold egalitarian gender-science stereotypes (science = male/female)
or feel similar to both genders (me = male/female), less straightforward configurations of bal-
anced identity are possible as well, such as: science = male/female, me = male/female,
me = science/liberal arts. Yet, because emerging adults are still actively exploring their
occupational identity and world views [22], T also expect to identify unbalanced identity
configurations, such as: science = female, me = female, science # me.
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Table 1. Examples of Balanced Configurations of Gender-Science Stereotypes, Gender Identity, and
Occupational Self-Concept.

Id.entlty' Gender-Science Gender Identity Occupational
Configuration Stereotypes Self-Concept
1. Balanced science = male me = male science = me
2. Balanced science = female me = female science = me
3. Balanced science = male me = female science # me
4. Balanced science = female me = male science # me

Note. The balanced identity profiles in the table are developed by the author based on previous research examining
balanced identity [10,12].

1.3. Correlates of Different Profiles of Balanced and Unbalanced Identity

Once different types of balanced and unbalanced identity configurations have been
identified, an important next step is to examine the correlates of identity profile membership.
This may yield valuable insights for both theory development and clinical practice, because
it allows for the identification of which emerging adults are most likely to exhibit balanced
or unbalanced identity profiles. There is hardly any research on the predictors of individual
differences in balanced identity, so my investigation of correlates of balanced identity
profiles was mainly explorative.

First, age might be associated with the identity profiles, as there is some developmental
evidence that the strength of balanced identity was positively associated with age in child-
hood [14,29]. Relatedly, increases in cognitive flexibility in emerging adulthood could be
reflected in more flexible views of one’s own identity, self-concept, and stereotypes [30,31],
which might either increase or decrease the likelihood of achieving a balanced identity.
Second, balanced identity might differ between genders, as an unpublished Master’s thesis
showed that female STEM students had a less balanced configuration of gender-STEM cog-
nitions than male STEM students [32]. Third, balanced identity might also differ between
students from different study majors. For instance, in the same unpublished Master’s
thesis, students with a biological or life-science major showed more pronounced balanced
identity than students from engineering and computer science majors [32]. This difference
might be due to a more equal gender representation in the biological and life science majors.
Fourth, emerging adults” educational level might be associated with the identity profiles,
as a higher educational level is associated with more egalitarian views about gender [33,34]
and less gender-typical identity [35], which might increase the likelihood of achieving
balanced identity. Finally, balanced identity might also differ between emerging adults who
still live with their parents and those who live by themselves. Emerging adults who live
with their parents might experience pressure from parents as well as peers towards gender
conformity [36,37], whereas their counterparts who live by themselves might experience
pressure from parents to a lesser extent. Higher pressure towards gender conformity is
associated with more gender-identity typicality (strong associations between me and male
or me and female) [36,37], which might introduce disbalance in the associations between
gender cognitions.

1.4. Outcomes of Different Profiles of Balanced and Unbalanced Identity

A final aim of this study was to examine how the different identity profiles differ in
terms of study motivation and engagement and self-esteem. Study motivation is defined as
the extent to which students are motivated to do well in education [38]. Study engagement
entails students’” positive (and negative) affective reactions to school work, as well as a
psychological investment in schoolwork and a preference for challenge [39]. Self-esteem
entails an association between the self and positive valence attributes, hence a positive
view of oneself [10].

Balanced identity theory [40] suggests that people who achieve a balanced identity
are more likely to persist in their academic and career pursuits. Similarly, Adams and
Marshall [41] theorized that a stable identity provides people with a sense of consistency
and harmony among one’s beliefs; a future orientation, including goals and direction; and
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a sense of personal control and agency that together enables people to take an active role in
the process of pursuing academic and career goals. Therefore, balanced identity is expected
to be associated with increased study motivation and engagement [42].

In addition, self-esteem plays a central role in balanced identity theory [10], therefore
the identity profiles might also differ with regard to self-esteem. According to cognitive-
developmental theory [31], people’s motivation to match their behavior and self-concept to
the stereotypes for the gender they identify with is considered to be an intrinsic desire for
cognitive consistency and the enhancement of self-esteem. Therefore, I expect self-esteem
to be higher for emerging adults with a balanced identity profile than for emerging adults
with unbalanced identity profiles.

1.5. Current Study

In sum, the goals of this study were as follows: (1) to examine whether gender-
science stereotypes, gender similarity, and occupational self-concept (i.e., interest) form a
balanced configuration of gender-science cognitions; (2) explore whether different profiles
of balanced or unbalanced gender-science cognitions can be distinguished; (3) explore
how different identity profiles are associated with background variables; and (4) examine
how different identity profiles differ in terms of study motivation and engagement and
self-esteem.

Regarding the first aim, it is expected that: (1) the more people feel similar to a partic-
ular gender, the more they incorporate attributes they associate with that gender (science
or liberal arts) into their occupational self-concept (the stereotype-emulation hypothesis);
(2) the more people feel similar to a particular gender, the more they project attributes
they associate with themselves (science or liberal arts) onto the whole gender group (the
stereotype-construction hypothesis); (3) the more people perceive that the attributes they as-
sociate with themselves (science or liberal arts) match with their gender-science stereotypes
for a particular gender, the more similar they feel to that gender (the identity-construction
hypothesis) [10,19].

Regarding the second aim, it is expected that both balanced (e.g., science = me;
me = male, science = male) and unbalanced identity profiles could be discerned
(e.g., science = me; me = female, science = male), but the balanced identity profiles would be
more prevalent [10,22]. Regarding the third aim, the hypothesis was explorative, and I just
explored associations between identity profiles and age, gender, study major, educational
level, ethnicity, and living with parents. Regarding the fourth aim, I expected that students
in balanced identity profiles would report higher study motivation and engagement and
self-esteem compared to students with unbalanced identity profiles [10,31,41].

I specifically studied these aims in the Dutch context. The Netherlands generally
scores high on worldwide indices of gender equality [43]. However, at the same time adults
in the Netherlands scored highest on the gender-science stereotypes of 66 countries [44].
These seemingly contrasting findings have been explained by the clear domain-specific
occupational gender segregation that is visible in the Netherlands. For instance, the
female share of graduates in STEM fields is less than 30%, and among the lowest of Western
countries, whereas more than 75% of graduates in health care and education are female [2,3].
It might be particularly compelling to examine the presence of balanced identity in a context
with clear occupational gender segregation and strong domain-specific gender stereotypes.

2. Methods
2.1. Participants

This study made use of the data from a larger project on the role of love and friendship
in the psychosocial functioning and gender development of emerging adults [24]. Dutch
emerging adults between 18 and 25 years of age were recruited via the personal networks
of 29 students that were writing their Bachelor’s or Master’s thesis under supervision of
the author. Using information leaflets (provided in-person, via email, or social media), each
student recruited 10-20 participants currently enrolled in education. The focus on emerging
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adults that are enrolled in education is important because they are still in the middle of the
career-decision making process [45]. Furthermore, emerging adulthood is an important
period for gender identity formation and consolidation [46]. These developments make
emerging adulthood an optimal period for studying the role of balanced identity in the
career-decision making process.

The initial sample consisted of 409 participants. Samples >300 are generally recom-
mended for studies with person-centered designs [47-49]. Of these participants, 28 were
excluded, as they did not complete the implicit association task (see Measures), which
was used as an attention check. The final sample thus consisted of 381 emerging adults
across the three educational levels available in the Netherlands: lower vocational level
(preparation for an associate’s degree, e.g., clerk, plumber, n = 101), higher vocational level
(preparation for a vocational bachelor’s degree, e.g., secondary school teacher, real-estate
agent, n = 119), and university level (preparation for a master’s degree, n = 161) (see Table 2
for sample characteristics). About half of the sample was enrolled in a science or liberal
arts major. The ethnic diversity of the sample was similar to that of the Dutch population.

Table 2. Participant demographics.

Variable
N 381
Females, n % 196 (51)
Age, M (SD) 21.73 (2.02)
Ethnicity, %
Dutch 81
Moroccan 1
Turkish 2
Surinam 7
Asian 1
Indonesian 2
Other 5
Education level, %
Lower Vocational 26.5
Higher Vocational 312
University 42.3
Science major, % 20
Liberal arts major, % 31
Living with parents, % 49

2.2. Procedure and Measures

Participants completed an online survey (duration: approximately 45 min) including
questions about background characteristics, gender identity, gender stereotypes, occupa-
tional interests, friendships, romantic relationships, and social-emotional adjustment. At
the beginning of the survey they provided informed consent. Approximately half of the
lower vocational students completed the questionnaires in class under the supervision of
a student assistant. The other half of the lower vocational students as well as the higher
vocational students and academic students completed the questionnaire by themselves
at their convenience. Controlling for this difference in procedure in the analyses did not
change the results. Participants did not receive any financial compensation for their partici-
pation. This research was approved by the Ethical Review Board of the Faculty of Social
and Behavioural Sciences of the author’s university. The study was not pre-registered.
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2.3. Gender-Science Stereotypes

Gender-science stereotypes were measured with a Dutch translation of the gender-
science Implicit Association Test (IAT; described in detail in [50]). This computer task
measures the strength of associations between the concepts of male (i.e., man, boy, father,
male, grandpa, husband, son, uncle) and female (i.e., girl, female, aunt, daughter, wife,
woman, mother, grandma) with the attributes of science (i.e., biology, physics, chemistry,
astronomy, engineering, math, geology, biophysics, computer science, electrotechnics) and
liberal arts (i.e., philosophy, humanities, arts, English, music, history, literature, theology,
cultural sciences, social sciences). During the IAT, participants were requested to sort words
into groups by pressing keys. In congruent blocks, female concepts (e.g., ‘girl’) and liberal
arts attributes (e.g., "humanities’) needed to be sorted under the ‘Female & Liberal arts’
category, and male concepts (e.g., ‘boy’) and science attributes (e.g., ‘math’) needed to be
sorted under the ‘Male & Science’ category. In incongruent blocks, female concepts and
liberal arts attributes needed to be sorted under the ‘Female & Science’ category and male
concepts and science words needed to be sorted under the ‘Male & Liberal arts’ category.

The improved scoring algorithm of Greenwald and colleagues [51] was used to de-
termine the level of gender-science stereotypes of the participant. In short, the gender
stereotype score calculated with this algorithm reflects the difference in response latencies
between stereotype-incongruent and stereotype-congruent blocks (divided by the pooled
SD of response latencies across all trials). Positive scores indicated male-with-science and
female-with-liberal arts associations, whereas negative scores represented female-with-
science and male-with-liberal arts associations.

2.4. Gender Similarity

Similarity to male and female peers was assessed with a measure developed by Martin
and colleagues [11]. Students answered 10 questions regarding how similar they felt to
both men (e.g., “How similar do you feel to men?”) and women (e.g., “How similar do you
feel to women?”). A graphical response scale was used with two circles, one representing
oneself and one representing either men or women [11]. The closer the two circles were
together, the greater the perceived similarity. Responses ranged from 0 (two circles farthest
apart) to 4 (two overlapping circles). Participant responses on the five male and five
female items were averaged separately, with higher scores representing more similarity
to respectively the male gender and the female gender (male similarity: o = 0.84, female
similarity: = 0.78). Mirroring the response scale of the gender-science stereotypes, the
female similarity scale was subsequently subtracted from the male similarity scale, leading
to a gender similarity variable with positive scores representing more similarity to males
compared to females (me = male), and negative scores representing more similarity to
females compared to males (me = female).

2.5. Occupational Interests in Science and Liberal Arts

Participants reported their interest in a range of occupations related to science and
liberal arts. Occupations were selected from the Strong Interest Inventory [52] that were
most closely aligned with the science and liberal arts domains used in the gender-science
IAT (see Supplementary Materials, p.1 for a complete list of occupations). Participants
rated their interest in each of 25 jobs by indicating how much they would like to be in that
job on a 5-point scale (1 = not at all, 2 = not really, 3 = a little, 4 = moderately, 5 = very much).
Participant responses on the 14 science and 11 liberal arts occupations were averaged, with
higher scores representing more interest in occupations in science (v = 0.87) and liberal
arts (e = 0.83), respectively. Mirroring the response scale of the gender-science stereotypes,
the liberal arts interest scale was subsequently subtracted from the science interest scale,
leading to an occupational interest variable with positive scores representing more interest
in science compared to liberal arts (me = science), and negative scores representing more
interest in liberal arts compared to science (me = liberal arts).
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2.6. Self-Esteem

Self-esteem was assessed with the Rosenberg Self-Esteem Scale [53]. Participants
indicated feelings of value and self-worth on 10 items (e.g., “I am satisfied with myself”)
on a scale from 0 = strongly disagree to 3 = strongly agree. Item scores were averaged to
create a self-esteem scale (x = 0.89), with higher scores representing higher self-esteem.

2.7. Study Motivation and Engagement

Study motivation was assessed by a five-item questionnaire developed by
Field et al. [38]. Participants answered questions such as “While you are doing school work,
how often do you feel ... [like you want to try hard]?” on a 5-point scale, ranging from 1
(never/almost never) to 5 (always/almost). The responses were averaged to create a study
motivation scale (o = 0.72).

Study engagement was measured with an adapted questionnaire developed by
Eccles et al. [54]. Participants answered nine questions, such as “While you are doing
school work how often do you feel... [excited and challenged]?” on a 5-point scale, ranging
from 1 (never/almost never) to 5 (always/almost). The responses were averaged to create
a study engagement scale (x = 0.67).

3. Results
3.1. Descriptive Statistics

First, descriptive statistics and Pearson correlations were computed in SPSS (version 28).
Means, standard deviations, and intercorrelations of all study variables can be found in
Table 3. The significant positive correlation between occupational interest (science vs.
liberal arts) and gender similarity (to males vs. females) indicates that more interest in
science occupations is associated with more felt similarity to males. More interest in
science occupations was also significantly associated with more self-esteem and less study
motivation. Similarly, more felt similarity to males was significantly associated with more
self-esteem and less study motivation. Finally, higher study engagement was significantly
related to higher self-esteem and study motivation. Gender-science stereotypes were not
associated with any of the study variables.

Table 3. Descriptive Statistics and Intercorrelations for all Study Variables.

Variable 1. 2. 3. 4. 5. M (SD)
1. Occupational interest —0.37 (0.86)
2. Gender-science stereotypes —0.01 0.33 (0.37)
3. Gender similarity 0.43 *** —0.06 0.12 (1.63)
4. Self-esteem 0.12% —0.07 0.15 ** 3.13(0.55)
5. Study motivation —0.13* —0.01 —0.24 ** 0.07 3.26 (0.69)
6. Study engagement 0.11 —0.03 0.05 0.35 ** 0.34 ** 3.12 (0.52)

*p <0.05. % p < 0.01. ** p <0.001.

3.2. Hierarchical Regressions Testing for Balanced Identity

Second, in order to test for the presence of balanced identity, three hierarchical regres-
sion analyses were conducted in SPSS. In each regression, one of the gender cognitions
(e.g., occupational interest) was the outcome variable, the other two gender cognitions were
entered as predictors in the first step of the regression (e.g., gender-science stereotypes, gen-
der similarity), and the interaction between the two predictors was entered in the second
step. As there is discussion in the literature on how to best test for balanced identity [55,56],
I also applied a second method, known as the 4-test method [56] (for more detail, see
Supplemental Materials, p. 5), in which the same regression analyses as described above
were conducted, but with a reversed order of entering predictors and the interaction term
(i.e., step 1: interaction term only; step 2: predictors added). This 4-test method arguably
provides a more pure test of balanced identity [56].

50



Educ. Sci. 2023, 13, 424

Table 4 presents the results of the 3 hierarchical regression analyses testing for balanced
identity. First, in the regression with occupational interest as the outcome, a significant
main effect of gender similarity was found, indicating that more felt similarity to males
(compared to females) was associated with more interest in science occupations (compared
to liberal arts occupations). The interaction between gender-science stereotypes and gender
similarity was also significant. In Figure 1A, the interaction is decomposed via simple
slopes (Mean gender similarity +/— 1SD), revealing that for emerging adults who feel
more similar to males (me = male), stronger gender-science stereotypes (science = male)
were associated with more interest in science occupations (me = science). For emerging
adults who feel more similar to females (me = female), stronger gender-science stereotypes
(science = male, liberal arts = female) were associated with more interest in liberal arts
occupations (me = liberal arts).

Table 4. Hierarchical Regression Analyses Testing Interactions Between Occupational Interests
(Science vs. Liberal arts), Gender-Science Stereotypes, and Gender Similarity (to Males vs. Females.
*p < 0.05. ** p < 0.001.

Variable B SEB B R? AR?
Outcome = Occupational interest
Step 1
Constant —0.37 *** 0.04
Gender-science stereotypes 0.04 0.11 0.02
Gender similarity 0.23 *** 0.02 0.44
Step 2 022 0.04**
Constant —0.36 *** 0.04
Gender-science stereotypes 0.02 0.10 0.01
Gender similarity 0.23 *** 0.02 0.44
Gender stereotypes x Gender similarity 0.26 *** 0.06 0.19
Outcome = Gender-science stereotypes
Step 1 <0.01 <0.01
Constant 0.33 *** 0.02
Occupational interests 0.01 0.03 0.02
Gender similarity —0.02 0.01 —0.07
Step 2 0.05  0.05**
Constant 0.29 0.04
Occupational interests —0.02 0.03 —0.04
Gender similarity —0.02 0.01 —0.07

Occupational interests x Gender similarity 0.07 *** 0.02 0.22

Outcome = Gender similarity

Step 1 019  0.19 **
Constant 0.12 0.08
Occupational interests 0.82 *** 0.09 0.43
Gender-Science stereotypes —0.23 0.20 —0.05
Step 2 0.20 0.01*
Constant 0.12 0.08
Occupational interests 0.79 *** 0.09 0.42
Gender-Science stereotypes -0.26 020  —-0.06
Occupational interests x Gender stereotypes 0.55* 0.23 0.11

Second, in the regression with gender-science stereotypes as outcome, only a signifi-
cant interaction between occupational interests and gender similarity was found. Figure 1B
shows that for emerging adults who feel more similar to males (me = male), more interest in
science occupations (me = science) was associated with stronger gender-science stereotypes
(science = male). For emerging adults who feel more similar to females (me = female), more
interest in science occupations (me = science) was associated with less strong gender-science
stereotypes (science = female).
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Figure 1. Simple Slopes for Interactions Between Gender-Science Stereotypes, Gender Similarity,
and Occupational Interests. Part (A) represents the interaction between gender-science stereo-
types and gender similarity. Part (B) displays the interaction between occupational interests
and gender similarity. Part (C) displays the interaction between gender-science stereotypes and
occupational interest.

Third, in the regression with gender similarity as outcome, a significant main effect
of occupational interest was found, indicating that more interest in science occupations
(compared to liberal arts occupations) was associated with more felt similarity to males
(compared to females). The interaction between gender-science stereotypes and occupa-
tional interest was also significant. Figure 1C shows that for people with more interest in
the liberal arts (me = liberal arts), stronger gender-science stereotypes (liberal arts = female)
were associated with feeling more similar to females (me = female).

T also tested whether the interaction effects were found over and above the effect of
study major (liberal arts or science). The results remained the same with the inclusion
of the study major as a covariate (see Supplementary Materials, Tables S2-54). Relatedly,
hierarchical regression analyses testing for pure balanced identity revealed that eight of the
12 steps of Greenwald’s test for balanced identity were met, and the four steps that were
not met might be attributable to the scaling of the variables “gender-science stereotypes”
and “occupational interest” (see Supplementary Materials, Tables S5-57).

3.3. Latent Profile Analyses to Identify Different Types of Balanced Identity

Third, to test for the presence of different types of balanced identity, Latent Profile
Analyses (LPA) were conducted in MPlus (version 8.7) [57,58] with gender-science stereo-
types, gender similarity, and occupational interest as indicator variables. LPA identifies
distinct subgroups in the sample and fits individuals to the most likely class based on their
responses to the indicator variables. The default MLR estimator was used to fit a series of
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models to identify the optimal number of classes from one- to six-class options. To address
the potential problem of local maxima, models were estimated with 1000 random starts and
250 iterations per random start. To identify the optimal number of classes, several fit indices
were compared between the models, and preference was given to the model with superior
statistics and theoretical interpretability. The indices of model fit included the Bayesian in-
formation criterion (BIC) and sample size adjusted Bayesian information criterion (SABIC),
the Lo-Mendel-Rubin (LMR) likelihood ratio test, and the bootstrap likelihood ratio test
(BLRT) [47,48]. A smaller BIC value indicates better model fit than models with larger BIC
values, and significant LMR and BLRT tests indicate that the model significantly improved
model fit compared to the previous model with one class less. Entropy was also used to
reflect the accuracy of class assignments, with cutoff values above 0.8 deemed accurate,
though no definitive cutoff value is suggested [49]. Finally, models with very small classes
(with a size of <5% of the total sample) are unfavorable for model performance [59].

See Table 5 for class solutions of one to six classes from the LPA. The best fit was a
solution with five classes, as evidenced by decreases in AIC, SABIC, sulfficient entropy,
significant LMR and BLRT tests, and sufficient emerging adults in each group. Figure 2
shows the mean profiles of the five classes of participants (see Supplementary Materials
Table S8 for ANOVA results and post-hoc comparisons between the five classes on the three
gender cognitions). Emerging adults in class 1 (n = 32, 8%) associated science with males
and liberal arts with females, and although they felt similar to males, they had a strong
interest in liberal arts occupations. They therefore represent an unbalanced gender identity
configuration. The largest class 2 (n = 124, 33%) represents a balanced configuration, with
people associating science with males and liberal arts with females, feeling similar to
females and having interest in liberal arts. People in class 3 (1 = 98, 26%) associated science
with males and liberal arts with females, and although they felt similar to males, they
had a somewhat stronger interest in liberal arts occupations than in science occupations.
Class 3 was less unbalanced than class 1, as the interest in liberal arts in class 3 was less
pronounced than in class 1. People in class 4 (1 = 68, 18%) displayed a balanced identity
by strongly associating science with males and liberal arts with females, feeling similar to
females, and being interested in liberal arts. Although classes 4 and 2 were similar, class 4
displayed stronger gender-science stereotypes and a more pronounced interest in liberal
arts. Finally, people in class 5 (1 = 59, 15%) also displayed a balanced identity by strongly
associating science with males and liberal arts with females, feeling similar to males and
being interested in science.

Table 5. Model Fit Indices of LPA’s for Deciding the Number of Classes.

Number of Classes

Fit Indices 1 2 3 4 5 6
—2LL —1620.35 —1510.50 —1493.31 —1488.80 —1476.14 —1469.83
AIC 3252.69 3041.00 3014.61 3013.96 2996.29 2991.65
BIC 3276.35 3080.43 3069.81 3084.93 3083.03 3094.17
SABIC 3257.31 3048.70 3025.39 3027.82 3013.23 3011.67
LMR - <0.001 0.020 0.659 0.013 0.392
BLRT - <0.001 <0.001 0.235 <0.001 0.065

Entropy 1.00 0.92 0.81 0.67 0.80 0.82

Class n’s
1 381 195 192 126 32 124
2 186 135 96 124 95
3 54 63 98 68
4 96 68 55
5 59 32
6 7

Note. The selected model is indicated in bold. —2LL = —2 log likelihood; AIC = Akaike information criteria;
BIC = Bayesian information criteria; SABIC = sample-size adjusted BIC; LMR = p-value of Lo-Mendell-Rubin
likelihood ratio test; BLRT = p-value of the Bootstrapped Likelihood Ratio Test.
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Figure 2. Mean Scores of the 5 Classes on Gender-Science Stereotypes, Occupational Interests,
and Gender Similarity. Note. Raw scores are displayed instead of standardized scores for ease of
interpretation. Error bars represent standard errors of the mean. Only non-significant differences (NS)
between classes on the variables are highlighted; all other differences are significant. Positive scores
on gender-science stereotypes represent science = male and liberal arts = female associations. Positive
scores on occupational interest represent interests in science over liberal arts, whereas negative scores
represent interest in liberal arts over science. Positive scores on gender similarity represent more felt
similarity to males, whereas negative scores represent more felt similarity to females.

3.4. Characterization of Class Membership

Fifth, to examine differences between classes on the background variables, the fol-
lowing background variables were inserted into the model as covariates: gender, age,
education level, liberal arts major, Dutch ethnicity, and living with parents. Science major
was not entered as a covariate, as it lead to inflated estimates and convergence issues in the
models. An automated three-step approach (r3step) was taken [60], including multinomial
logistic regressions of participants’ most likely class membership (as nominal variable) on
the background variables.

Table 6 shows the results of the multinomial logistic regressions for the effects of the
background variables on class membership. Regarding gender, emerging adults in class
4 were most likely to be female, followed by class 2, and then followed by classes 1 and
5, and finally by class 3. This fits with their reported gender similarity. Regarding the
effect of a liberal arts major, there was a greater likelihood that emerging adults in class
1 and 4 followed a liberal arts major compared to class 2 and 3. Emerging adults in class
5 had the lowest likelihood of all classes to have a liberal arts major. This fits with their
reported occupational interest. Regarding living with parents, emerging adults in class 2
and 4 (balanced) were more likely to live with their parents compared to class 5 (balanced).
Emerging adults in class 1 and 3 (unbalanced) were the least likely of all classes to live with
their parents. Regarding educational level, emerging adults in class 5 (balanced) were more
likely to be higher educated than participants in class 3 (unbalanced). Finally, participants
in class 4 (balanced) were more likely to be Dutch than participants in class 3 (unbalanced).
No effect of age was found on class membership.
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Table 6. Multinomial Logistic Regressions for the Effects of Background Variables on Class Membership.

Model Reference Classes
Class1* Class 2 Class 3 Class 4
Non-Ref
O g e Est. (SE) p Est. (SE) p Est. (SE) p Est. (SE) p
Class 2 Female gender 44.63 (1.69) <0.001
Science = male Liberal arts major —2.46 (1.36) 0.071
Me = female ge —0.58 (0.64) 0.371
i Living with
Me = liberal arts parents 19.79 (0.90) <0.001
Educational level 1.58 (0.96) 0.100
Dutch ethnicity 0.57 (1.19) 0.634
Class 3 Female gender ~ —27.00 (1.69)  <0.001 Pt <0.001
Science = male Liberal arts major —4.27 (1.42) 0.003 —1.81 (1.94) 0.350
Me = male . Age 0.08 (0.26) 0.759 0.66 (0.65) 0.313
Me = liberal arts L‘;‘;%rm“h 1.22 (0.75) 0105  —18.58(0.60)  <0.001
Educational level 0.66 (0.68) 0.335 —0.92 (1.00) 0.359
Dutch ethnicity ~1.92 (1.33) 0.150 —2.48 (1.47) 0.092
Class 4 Female gender 48.59 (1.69) <0.001 3.96 (<0.01) <0.001 75.58 (<0.01) <0.001
Science = male Liberal arts major —0.14 (1.30) 0.916 2.32(0.72) 0.001 4.13 (1.90) 0.030
Me = female Age —0.27 (0.67) 0.683 0.30 (0.22) 0.174 —0.35 (0.67) 0.600
Me = liberal arts Lllvag;grf{s“h 2019 (1.22)  <0.001 0.40 (0.67) 0.550 18.98 (0.90) <0.001
Educational level 1.15 (1.04) 0.268 —0.43 (0.47) 0.365 0.49 (1.08) 0.650
Dutch ethnicity 1.80 (1.22) 0.141 1.23 (0.73) 0.092 3.72 (1.51) 0.014
Class 5 Female gender ~ —0.56 (176) 0752 ppyids <0.001  2491(<0.01)  <0.001  —50.67(<0.01)  <0.001
Science = male Liberal arts major —5.74 (1.77) 0.001 —4.59 (2.19) 0.036 —2.78 (1.38) 0.044 —6.91 (2.16) 0.001
e = male Age 0.17 (0.27) 0.532 0.72 (0.65) 0272 0.06 (0.10) 0.545 0.42 (0.68) 0.540
Me = science Living with 322(1.02  0.002 les8 <0001  1.60 (0.60) 0013 -17.38(0.67)  <0.001
parents e . (<0.01) . U . i . .
Educational level 1.21 (0.79) 0.124 —0.16 (0.98) 0.874 0.76 (0.37) 0.040 0.27 (1.07) 0.798
Dutch ethnicity —0.28 (1.40) 0.842 —0.66 (1.52) 0.662 1.82 (1.26) 0.149 —1.90 (1.56) 0.224

Note. Est. = logistic regression coefficient, adjusted for all other variables in the model. Significant effects are
highlighted in bold. * Identity configuration of class 1: science = male, me = male, me = liberal arts.

3.5. Associations between Class Membership and Self-esteem and Study Motivation

Finally, to examine how class membership predicted participants’ self-esteem and
study motivation and engagement, self-esteem and study motivation and engagement were
standardized and added to the LPA model as distal outcomes of each class. An automated
three-step approach (du3step) was taken, and Wald tests were performed to compare class
differences on the distal outcomes [61,62].

Figure 3 shows differences between classes on self-esteem and study motivation. Self-
esteem differed significantly between classes (x? = 10.50, p = 0.033). Specifically, participants
in class 4 (balanced: me = female, me = liberal arts) reported lower self-esteem than those in
class 5 (balanced: me = male, me = science) (x> = 5.49, p = 0.019) or in class 3 (unbalanced:
me = male, me = liberal arts) (x> = 5.49, p = 0.019) (x* = 3.89, p = 0.048). The other classes
did not differ significantly in level of self-esteem. Study motivation differed significantly
between classes as well (x2 = 34.11, p < 0.001). Specifically, class 2 reported more study
motivation than class 1 ()(2 =10.99, p = 0.001), class 3 ()(2 =9.87, p = 0.002), and class 5
(x? = 9.99, p = 0.002). Similarly, class 4 reported more study motivation than class 1
(x* = 8.99, p = 0.003), class 3 (x> = 8.71, p = 0.003), and class 5 (x> = 8.43, p = 0.004).
Remember that classes 2 and 4 were balanced and mostly included women who felt
similar to females, whereas classes 1 (unbalanced), 3 (unbalanced), and 5 (balanced) least
likely included women and were characterized by felt similarity to males. The other class
comparisons on study motivation were not significant. Study engagement did not differ
between classes (x? = 4.24, p = 0.375).
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Figure 3. Mean Scores of the Five Classes on Self-Esteem, Study Motivation, and Engagement. Note.
*p <0.05. ** p <0.01. Error bars represent standard errors of the mean.

4. Discussion

The first aim of this study was to examine whether three gender-science cognitions
(i.e., implicit gender-science stereotypes, explicit gender identity, and explicit occupa-
tional self-concept) form a balanced identity configuration. Evidence was found for the
stereotype-emulation hypothesis, the stereotype-construction hypothesis, and the identity-
construction hypothesis [19]. First, in line with stereotype-emulation [19] there was a
cross-over interaction between gender-science stereotypes and gender similarity. Emerging
adults who felt similar to males and implicitly associated science with males reported more
interest in science occupations, whereas people who felt similar to females and associ-
ated science with males reported more interest in liberal arts occupations. This indicates
that in order to increase emerging adults’ interest in occupational domains in which the
gender they feel similar to is underrepresented, intervention programs could foster more
egalitarian gender-science stereotypes or promote people’s felt similarity with the other
gender. Second, in line with stereotype-construction [19] a cross-over interaction was found
between gender similarity and occupational self-concept. Emerging adults who felt similar
to males and were interested in science occupations showed stronger science-with-male
associations, whereas people who felt similar to females and were interested in science
occupations showed stronger science-with-female associations. Finally, in line with identity-
construction [19] there was an interaction between gender-science stereotypes and occupa-
tional self-concept. However, stronger science-with-male associations were associated with
feeling more similar to females only for emerging adults with an interest in liberal arts occu-
pations. For emerging adults with an interest in science occupations, gender-science stereo-
types were not associated with felt similarity to males over females. This might indicate
that other processes than identity construction contribute to the perceived gender similarity
of people interested in science occupations, such as social pressures to conform to gender
norms [36].

Overall, these three interaction effects showed that gender-science stereotypes, gender
identity, and occupational self-concept were organized into a balanced identity configura-
tion [10]. These findings extend previous research that found evidence for balanced identity
across a range of different social cognition domains (e.g., race, gender, age, math/language,
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good /bad, work/family) [12,14,15], by showing that balanced identity is also present for
gender-science cognitions and with a combination of explicit (self-report) and implicit
measures. Furthermore, these findings suggest that the interplay between gender-science
stereotypes, gender identity, and occupational self-concept might play an important role
in educational and occupational gender segregation in STEM fields and the liberal arts.
Programs aimed at increasing women'’s representation in STEM and men’s representation
in health care and education could focus on this triad of interrelated gender cognitions.
Specifically, to foster perceived similarity with members of the other gender stimulating
positive contact with the other-gender group in education might be a fruitful direction to
take [63]. In addition, the use of counter-stereotypical role models might be effective in
reducing gender-science stereotypes or increasing self-identification with occupations and
studies dominated by the other gender [64].

This study did not find evidence for pure balanced identity, which asserts that the
interaction between two social cognitions is the sole predictor of a third social cognition.
This conclusion was supported by the additional analyses I conducted as proposed by
Greenwald et al. [10,56] to test for pure balanced identity (see Supplementary Materials).
Only eight of the 12 tests for pure balanced identity were met. A reason for the absence of a
pure balance could be the combination of explicit and implicit measures to assess gender-
science cognitions in the current study. Evidence for the balanced-congruity principle has
been found more consistently with implicit measures than with explicit measures [65], and
is stronger for implicit compared to explicit measures, possibly because of the presence of
more error variance in self-report measures [15].

Regarding the second aim of the study, different profiles of balanced and unbalanced
identity were identified. Two clearly balanced identity profiles were present, characterized
by the following configurations of gender cognitions: (1) science = male, me = male,
me = science; (2) science = male, me = female, me # science. Another moderately balanced
profile had the same configuration of gender cognitions as the second strongly balanced
profile, but emerging adults’ occupational interests and gender-science stereotypes were less
pronounced. One strongly unbalanced identity profile was evident with emerging adults
associating males-with-science, feeling similar to males, but being interested in liberal arts
occupations. Another moderately disbalanced profile had the same configuration of gender-
science cognitions as the strongly unbalanced profile, but emerging adults” occupational
interest in liberal arts was less pronounced. As expected, the balanced identity profiles
were more prevalent, including 66 percent of emerging adults. Yet, not all emerging adults
achieved a balance in their social cognitions, which might be because emerging adults are
still actively exploring their occupational identities and world views [22]. These findings
further highlight the importance of focusing on individual differences or taking a person-
centered approach in the study of balanced identity, as well as studying the developmental
or temporal processes of achieving balanced identity with longitudinal designs.

Regarding the third study aim, the profiles of balanced and unbalanced identity that
were identified differed meaningfully on several background variables. Not surprisingly,
the profiles in which emerging adults strongly identified with females more likely included
women compared to profiles characterized by strong identification with males. Similarly,
profiles in which emerging adults had a strong interest in the liberal arts, being enrolled
in a liberal arts major was more likely than in profiles characterized by a strong interest
in science. The only differences between balanced and unbalanced identity profiles were
found on the background variables “living with parents”, “ethnicity” and “educational
level”. Specifically, emerging adults in the two unbalanced profiles more often lived by
themselves compared to emerging adults with balanced identity profiles. Thus, different
factors might contribute to an imbalance in social cognitions. Moving out of the parental
home is a major life transition [22], and is often accompanied by a reconsideration or further
exploration of one’s identity [66], as well as exposure to a wider range of world views
than in the nuclear family [67]. These changes may have led to a temporary disbalance
in emerging adults” gender cognitions. Furthermore, emerging adults in the moderately
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unbalanced identity profile were more likely to be less educated and of non-Dutch ethnicity
compared to the balanced identity profiles. Both lower educational level and a non-Western
cultural background are associated with less egalitarian views about gender [33,34,68] and
more gender-typical identity [24,35], which might decrease the likelihood of achieving
a balanced identity. It should be noted that the interpretation of these differences is
speculative, as there is little research yet on this topic to support these arguments. Future
research is needed to examine underlying processes that can explain why certain groups of
emerging adults develop unbalanced identity profiles.

Finally, regarding the fourth study aim, the identity profiles differed in level of study
motivation and self-esteem. However, these differences were more attributable to gender
identity differences than to differences between balanced and unbalanced identity profiles.
Actually, profiles with emerging adults who felt similar to females scored higher on study
motivation and lower on self-esteem than profiles with emerging adults who felt similar to
males. The gender difference in self-esteem is well established (for meta-analyses, see [69]).
For study motivation and engagement, evidence is only now emerging that girls score
higher than boys [70,71]. The finding that balanced and unbalanced identity profiles
did not differ in meaningful ways on self-esteem and study motivation and engagement
might indicate that a momentary disbalance in one’s gender cognitions is not necessarily
detrimental for self-esteem or attitudes about education. Future research could examine
whether a failure to restore balance in a triad of gender cognitions in the longer term
is detrimental for people’s self-esteem and persistence in academic and career pursuits,
consistent with predictions from different identity theories [10,31,41].

4.1. Limitations and Future Directions

Some limitations of this study need to be considered. First, the design of this study
was correlational. Therefore, no conclusions could be drawn about the direction of effects
in the associations between the gender-science cognitions, as well as in the associations
between the identity profiles and self-esteem and study motivation. Future longitudinal
studies could examine the balanced-congruity principle more as a developmental process
to provide further clarity on the direction of effects. Such research can also shed light on
the consequences of temporary versus longer-term disbalance in social cognitions as well
as yield insight into when each part of a balanced identity configuration emerges.

Second, the sample size might have been too small to detect less prevalent identity
profiles. The number of possible balanced and unbalanced configurations of the triad of
gender-science cognitions is larger than five. Identity profiles found in the current study
therefore need to be confirmed in larger studies taking a person-centered approach to
balanced identity.

Third, the measures used to assess self-esteem and study motivation were general in
nature, even though these constructs appear to be domain- and course-specific [72] and might
be better predictors of future academic and career pursuits than general measures [73,74].

Finally, a person-centered approach might provide difficulties with labelling profiles as
balanced or unbalanced, because individuals within that profile, although similar in scores
on the social cognitions, still show some within-profile variation. Future research could
develop other ways to assess individual variation in balanced identity. In this way the
consequences of balanced identity for future gender-typical academic and career pursuits
could be studied more fully.

4.2. Conclusions

In sum, the current study found evidence for a balanced-identity configuration of
gender-science stereotypes, gender identity, and occupational self-concept in emerging
adults. Not all emerging adults showed this balanced configuration, as several balanced
and unbalanced identity profiles could be distinguished. Emerging adults in unbalanced
identity profiles were more likely to have left the parental home, be of non-Dutch ethnicity,
and to have a lower educational level. Although balanced and unbalanced identity profiles

58



Educ. Sci. 2023, 13, 424

did not differ in self-esteem and study motivation and engagement, it remains to be studied
whether unbalanced identity profiles might have detrimental effects on people’s career and
academic pursuits in the longer term.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/educscil3040424 /51, Table S1: Hierarchical Regression Results
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and Gender Similarity; Table S2: Hierarchical Regression Results for Gender-Science Stereotypes,
Predicted From Occupational Interests (Science vs. Humanities) and Gender Similarity; Table S3:
Hierarchical Regression Results for Gender Similarity, Predicted From Occupational Interests (Science
vs. Humanities) and Gender-Science Stereotypes; Table S4: Hierarchical Regression Results for Occu-
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Abstract: The expectancy-value theory (EVT) positions expectations and value beliefs as important
predictors of academic success. We, thus, investigated the prevalence of academic self-efficacy and
intrinsic, attainment, utility, and cost values amongst international STEM students in Germany,
as well as their associations with gender, parental academic background, cultural characteristics,
and their interplay. We also compared STEM to non-STEM students. Analyses with hierarchical
multi-group regression models using data from 1590 international bachelor students (ngrpm = 882,
Tnon-STEM = 708) revealed high levels of academic self-efficacy, attainment, intrinsic, and utility values
but also high costs. International STEM students indicated lower levels of academic self-efficacy
than non-STEM students; all other results were similar in both subject-groups. There were no
direct associations between gender and the expectancy-value components but continuous-generation
students showed higher academic self-efficacy than first-generation students. Significant associations
between cultural background and all expectancy-value components were identified, most of them
applied to costs. In some cases, the associations differed by gender. Study-related language skills
were related to all expectancy—value components whereas host- and home-culture orientations were
distinctly associated with attainment, intrinsic, and utility values. Implications of the results for
interventions supporting the academic success of international STEM students and future research
needs are discussed.

Keywords: international students; academic self-efficacy and value beliefs; (situated) expectancy—value
theory (SEVT); STEM students; intersectionality; multi-group regression analyses

1. Introduction

A comprehensive answer to the Special Issue’s leading question of who is sticking
with STEM requires the consideration of many aspects. For example, it is important to
consider who comes to study STEM subjects at German universities and to explore these
students’ (psychological) prerequisites for study success that may influence who stays and
who goes in due course.

An important group amongst the STEM students at German universities constitutes
international students. These are foreign students who obtained their university entrance
qualification outside of their study country [1,2]. In 2020, approximately 4.4 million in-
ternational students were enrolled in the OECD which represents about 7% of the higher
education students in these states [3]. About 369,000 international students studied at
German universities, i.e., 11% of the student body [3]. Nearly 52% of the international
students in Germany were enrolled in STEM subjects [4]. Hence, international students
could help mitigate the shortage of skilled workers in STEM fields (e.g., in Germany; see
Hoffmeyer-Zlotnik and Grote [5]). Yet, unfortunately, many international students struggle
with their studies as the high dropout rates of 41% in the bachelor’s and 28% in mas-
ter’s programs (compared to 28% and 21% among domestic students) show [6]. Against
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this background, understanding the (psychological) prerequisites of international STEM
students’ academic success is essential.

A prominent psychological approach to explain interindividual differences in aca-
demic choices and success is the (situated) expectancy—value theory (EVT [7]; SEVT [8]). It
suggests that study-related expectations and value beliefs are building blocks in explaining
why some individuals succeed whilst others struggle or drop out of their studies. Yet,
previous meta-analytic research showed that learners differ in their expressions of these
psychological constructs by their demographic characteristics such as gender, parental
academic background, cultural background, and their interplay [9]. Accordingly, a thor-
ough assessment of individual differences in international STEM students’ study-related
expectations and value beliefs at the beginning of their studies in Germany is an important
endeavor in order to identify student groups who might be at risk for (academic) struggles
throughout the further study course.

In the present study, we addressed the manifestation of expectations and value beliefs
amongst international STEM students. In doing so, we assessed how demographic (gen-
der and parental academic background) and cultural characteristics (cultural background,
study-related language skills, previous residence in Germany, and acculturation orienta-
tions), as well as the intersectional interplay (e.g., [10,11]) between gender and parental
academic and cultural background, relate to these motivational constructs at the beginning
of the students” degree courses in Germany. In doing so, we aim to contribute to a better
understanding of the heterogeneity within the (international) student body with regard
to their (psychological) prerequisites for STEM success. This may help to identify target
groups for tailored interventions to prevent study dropout and, thus, shed light on the
question “Sticking with STEM: Who comes, who stays, who goes, and why?”.

1.1. Expectancy and Value Beliefs

The EVT [7] explains behavior and behavioral intentions using expectancy and value
components which are influenced by one’s own experiences, cultural norms, and the
environment, e.g., family and peers [12]. The expectancies (for success) and subjective
task values of individuals are postulated as the most relevant psychological predictors
of task choice, performance, and effort in the chosen tasks [7]. The EVT was extended to
the situated expectancy-value theory (SEVT) [8]. Eccles and Wigfield [8] described this
extension as a situated and cultural view on the EVT model, pointing to the relevance of
the specific situation, i.e., environmental conditions and the cultural background, for the
development of expectancy and value hierarchies.

The first central factor of the EVT, expectancy, incorporates different theoretical con-
ceptions of self-belief such as (academic) self-concepts [13,14] and self-efficacy [15,16]. For
both constructs. there is evidence that they adequately represent the expectancy factor (i.e.,
Eccles and Wigfield [17]). In the present study, we focused on self-efficacy. Bandura [15,18]
defined general self-efficacy within the social cognitive learning theory as a person’s assess-
ment of the extent to which he or she expects to be able to master tasks and challenges or to
achieve goals. Self-efficacy can be understood as a generalized construct, but can also refer
to specific domains, e.g., academic self-efficacy.

Academic self-efficacy describes students’ beliefs that they can control and reflect
their study behaviors, understand and successfully process learning material, and meet
academic requirements [19]. The Social Cognitive Career Theory (SCCT) [20] drew on this
social cognitive framework to explain three closely related aspects of education and career
development: (a) development of career-relevant interests, (b) selection of study and career
choices, and (c) performance and persistence in education and occupation. According to
the SCCT, the development of STEM interests before the study starts, the choice of a STEM
subject, and the academic success in STEM are predicted by individuals’ self-efficacy beliefs
in their interplay with the environment [19,20].

Pertaining to the second factor of EVT, value beliefs, four value components are
differentiated: attainment value (importance of success for self-image, identification with
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the subject and school in general), intrinsic value (interest and enjoyment of the task), utility
value (utility for short- and long-term personal goals), and cost value (potential costs of
investing time in this activity rather than another).

Both expectations and value beliefs guide individuals, their educational achievements,
and related decisions both consciously and unconsciously [21-23]. Wigfield and Eccles [23]
reported accumulated findings from more than 35 years of research which support these
assumptions. Results from the secondary school context revealed that expectations and
value beliefs, as well as their interaction, predicted (math) achievement [24,25]. Former
studies corroborated that individuals are more likely to choose STEM studies if they
show higher STEM-related self-efficacy and ability self-concepts [26] (for a general review,
see [27]). Furthermore, positive value beliefs with regard to mathematics and science among
adolescents at the beginning of high school were associated with STEM achievement, as
well as STEM subject choices, not only in high school, but also 7 years later in college [28].

Yet, even if the decision to study a STEM subject has already been made, differences in
STEM students’ self-efficacy and value beliefs, e.g., due to their perceived minority status as
a female or first-generation student, occur and should not be neglected, as they were shown
to be relevant for study success [9,29,30]. For example, a study with a sample of first-year
engineering undergraduates showed that higher levels of engineering self-efficacy and
highly valuing engineering were related to higher engineering persistence [31].

To conclude, empirical findings corroborate the importance of expectations and value
beliefs (as well as their interplay) in the prediction of academic choices and success in STEM
fields and beyond. As a consequence, investigating both the level of and the interindividual
differences in these constructs amongst international STEM students at the beginning of
their studies is important to identify student groups who might be at risk of struggling in
or dropping out of their degree programs.

1.2. Differences in Expectations and Value Beliefs by Gender and Parental Academic Background

Gender. One of the purposes of the EVT [7] is to explain gender differences in STEM-
related academic attitudes and decisions such as subject choices.

Indeed, in the university context, female students remain to be underrepresented in
many STEM subjects. In the US—despite differences between subjects (e.g., 19% female
students in engineering-technology and computer science vs. 39% in physics)—the overall
proportion of 35% female students in STEM corroborates the gender imbalance [2]. Similarly,
in Germany, female students remain to be underrepresented in STEM subjects [32] with, for
example, only 16% females in engineering and 21% in computer science [32,33]. We may,
thus, assume that the female international STEM students in Germany represent a selective
sample who chose to study STEM despite the unpopularity of these subjects amongst their
same gender fellows. This may have implications with regard to gender differences in their
study-related expectations and value beliefs. Yet, to the best of our knowledge, there is
no systematic research on gender differences in expectations and value beliefs amongst
international STEM students in Germany and beyond, although many studies addressed
these issues in different stages of the educational career. For example, a meta-analysis of
187 studies by Huang [29] identified gender differences in academic self-efficacy that were
moderated by subject area. Males showed higher levels of self-efficacy in mathematics,
computer science, and science than females. Importantly, gender differences in academic
self-efficacy also varied with age. The largest effect size occurred for respondents who were
over 23 years old, which supports their importance in higher education.

A more recent meta-analysis (1 = 176) revealed gender differences in all expectancy—
value components but costs (mostly because there were not enough studies available) across
different subject fields [9]. In particular, males showed higher levels of expectancy for
success in math, science, computing, engineering, and physical sciences (small to medium
effect sizes). In biological sciences, there were no gender differences in expectancy for
success. With regard to the value components, the results showed higher levels of intrinsic
value for males in math, science, computing, physical sciences, and engineering (medium
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effect sizes), whereas females reported higher intrinsic values with regard to biological
sciences. Yet, for utility and attainment value, gender differences were less obvious; males
only indicated higher levels of utility value in computing. Moreover, males showed higher
overall task value in computing and math, whereas girls showed higher overall task value
in physical sciences (all small effect sizes). All other gender differences were negligible.
With regard to the cost component, the low number of studies and effect sizes limited
the results. The only substantial effect sizes were observed for physical science, where
females reported higher costs (medium effect size). Overall, gender differences were
weaker for general science expectancy/value than they were in more precisely defined
areas of STEM (e.g., physical or biological sciences). With regard to the interaction of gender
and other demographic characteristics, only one significant interaction, for gender and
age (categorized into elementary school, middle school, high school, and (young) adult
samples) was observed, i.e., the gender gap in expectancy for success was larger for older
samples in more advanced stages of the educational career [9].

To conclude, both meta-analyses [9,29] suggested that gender differences in STEM-
related expectancies and values in the favor of males are prevalent in all educational
stages. Surprisingly, the findings suggest that gender differences gain importance in more
advanced stages of the educational career despite potential self-selection mechanisms
with regard to university subject choices. These considerations led to our investigation of
the relationship between gender and expectancy-value components at the beginning of
international STEM students study time abroad.

Parental academic background. Previous research on the role of the parental aca-
demic background with regard to academic decisions and success suggested that students’
generational status, i.e., being a first-generation or continuous-generation student, was de-
cisive [34,35]. Being the first in the family who is studying at a higher education institution
contains several barriers with regard to academic success, e.g., due to missing role models,
knowledge about the campus life, or a lack of university belonging. Several studies substan-
tiated advantages of being a continuous-generation student with regard to the academic
success of students with and without an immigrant background in Germany [36-38].

Yet, few studies considered the association between parental academic background
and study-related expectancies and values. Findings from the school context by Gaspard
et al. [39] showed associations of parental academic background with ability self-concept
and task value (attainment) in math; high school students with at least one parent who
holds an academic degree reported a higher academic self-concept and higher task (at-
tainment) values. Former research using a sample of secondary education students in
Germany showed significant correlations between socioeconomic status (which included
parental academic background) and all expectancy and value components. In particular,
positive associations for expectancy, attainment, intrinsic, and utility value (r = .15 to
.11) and a negative one for cost value (r = —.09) were identified [40]. Accordingly, Gold-
man et al. [41] revealed that first-generation college students indicated higher levels of
cost value and that these more strongly increased during the semester as compared to
continuous-generation students.

Overall, these few findings suggest that coming from a non-academic household may
have negative consequences with regard to international students’ (STEM) expectations and
values. Yet, further empirical research to evaluate these tentative assumptions is needed.

1.3. Expectations and Value Beliefs and Cultural Characteristics

The (S)EVT and related research postulated that cultural norms, such as individualism
and collectivism, influence expectations and value beliefs [8,12,21,42,43]. Accordingly, pre-
vious studies showed that gender differences in STEM attitudes and success varied between
European countries [44,45]. The authors explained these differences with references to cul-
tural norms. Furthermore, Donohue [46] showed that cultural norms predicted the intrinsic
value of undergraduate university students in the United States. Mok et al. [47] reported
associations between cultural norms and the utility value of study programs amongst
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a sample of international students in Germany. Hence, we deemed it was important to
consider students’ cultural background as an external predictor of the EVT factors and
included students’ countries of origin (summarized to country groups) into our analyses.
Former studies also showed a strong relation between language skills and international
students” study success and emphasized their importance for the academic (and social)
integration (e.g., Wisniewski et al. [48]). Language skills may help students to feel more
confident to succeed in the study program, thereby increasing their task enjoyment and mo-
tivation to persist. Likewise, as language skills may reduce (cultural) barriers and facilitate
participation in campus life, psychological costs such as the experience of loneliness and
stress may decrease. Therefore, a measure of self-perceived study-related language skills
was included in the analyses to analyze potential effects of these skills on international
students” expectancies and value beliefs. Previous experiences in the host country were
shown to have an impact on cultural transition experiences [49,50]. In particular, previous
experiences in Germany might influence expectations of students to be able to handle (aca-
demic) challenges and thereby increase their academic self-efficacy. Furthermore, knowing
what to expect in Germany may reduce fear and stress during the acculturation process,
thus increasing enjoyment and decreasing psychological costs. Hence, we additionally
considered previous residence in Germany.

Beyond the general importance of cultural norms and differences, the EVT also em-
phasizes that individual differences in approaching a culture may influence the formation
of expectancy and value beliefs [8,42]. In addition, acculturation theory suggests that, for
international students, differences in their approaches to both their host- and their home-
culture are essential. According to Berry [51], such differences are captured in individuals’
acculturation attitudes, i.e., their attitudes toward and interest in the involvement with the
home- and the host-culture. Importantly, home- and host-culture orientation are consid-
ered to reflect two independent constructs [51,52]. Home- and host-culture orientations
correlated positively with sociocultural adaption in the school context and beyond (e.g.,
Berry [51]). This suggests its relevance with regard to the formation of education-related
expectancies and values.

However, a recent meta-analysis by Bierwiaczonek and Kunst [53] indicated that
the relationship between host- and home-culture acculturation and adaptation might be
weaker and less consistent than assumed. The only relationship that was consistently
maintained even in longitudinal designs was the positive association between host-culture
orientation and sociocultural adaptation. Yet, the authors concluded that the heterogeneity
and instability of effects might be due to the heterogeneity in samples, e.g., with regard to
the duration of their stay abroad. For example, it could be that acculturation orientations
are more relevant regarding the sociocultural adaptation in the early stages of migration
(e.g., at the beginning of a study program abroad) and become less relevant at later stages.
The authors, thus, called for further studies on the relationship between acculturation
orientations and sociocultural outcomes which—in the present case—are captured by
students’ study-related expectancies and values [53]. In line with previous findings, we
speculated that a higher host-culture orientation could probably serve as a kind of resource
during the adaption process and reduce the perceived costs of studying abroad during the
adaption of international students in Germany.

1.4. Intersectionality

Intersectionality is defined as the interaction of multiple characteristics on diverse
dimensions, which could build the base for discrimination or the experience of dis-
advantages [54,55]. Hence, the effects of these dimensions are developed in interac-
tion/intersection, not just added up [10,11]. Results of studies in the US revealed that
the confluence of multiple minority status-generating characteristics (e.g., gender, ethnicity,
and parental academic background) conditioned lower levels of academic achievement
in the school and higher education sector [56,57]. Most current studies on the interaction
of gender, educational background, and ethnic/cultural background characteristics were
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conducted in the US. Most studies based on European data primarily examine the school
sector [44,45]. With regard to higher education in Germany, intersectionality has mainly
been considered at a descriptive level [38].

This unequal distribution of intersectional research between the US and Europe was
also noted by Parker et al. [9]. Their meta-analysis provides the most comprehensive
research work to date that considered an intersectional perspective on students’ expectancy
and value beliefs in different academic domains. Parker et al. [9] pointed out that gender
influences the expectancy—value components not only alone, but also in interaction with
multiple characteristics. In particular, their analysis revealed interactions of gender and
social class (operationalized by socioeconomic status) in the math domain for expectancy,
intrinsic value, and (by trend) for utility value. In all cases, the gender effect sizes were
highest in high-socioeconomic status samples. Similar patterns were found for science
expectancy. Yet, in view of the limited data on these interactions, the results need to be
interpreted with caution and require further research.

Beyond these meta-analytic findings, a study that considered samples from 65 uni-
versities in the US revealed that female first-generation students reported significantly
lower levels of self-efficacy than female continuous-generation students and male students,
regardless of their academic family background [58]. In contrast, Else-Quest et al. [59]
reported that, although gender gaps in self-beliefs and value beliefs in science and math
slightly varied among Latin, Asian American, and Caucasian 10th grade high school stu-
dents in the US, these differences tended not to be statistically significant. Seo et al. [60]
used a similar but nationally representative sample of US 10th graders and showed that
male adolescents” math self-concept was more positive than females among Whites and
Latinxs but not among Blacks and Asians.

Given the heterogeneity and small number of previous findings, the current research
considered intersectional effects between gender and students’ academic and cultural
background from an intersectional perspective to allow for a more specific consideration of
potential disadvantage and dropout risks of specific student groups.

2. Purposes of the Present Study

The (S)EVT and previous findings emphasize that expectancy and value beliefs are
important determinants of academic success [21-23]. However, to the best of our knowl-
edge, there are no studies that specifically addressed expectations and value beliefs of
international STEM students. In order to close this research gap, we examined how gender,
parental academic background, and cultural characteristics (i.e., cultural background, study-
related language skills, previous residence in Germany, and acculturation orientations) are
related to the academic self-efficacy and value beliefs of a large sample of international
STEM students. Moreover, despite our focus on students in STEM subjects, the design
allows us to compare the pattern of results between STEM and non-STEM subjects; we can,
thus, infer if any findings are indeed specific to the situation of international students in
STEM or reflect a more general pattern.

On the basis of previous findings, we formulated the hypotheses below.

2.1. Relations with Gender

H1a. Female international STEM students show lower levels of academic self-efficacy than male
international STEM students.

H1b. Female international STEM students show higher levels of cost value than male international
STEM students, but lower levels of intrinsic, attainment and utility values.

2.2. Relations with Parental Academic Background

H2a. International STEM students who are first-generation students report lower levels of academic
self-efficacy than international STEM students who are continuous-generation students.

68



Educ. Sci. 2023, 13, 786

H2b. International STEM students who are first-generation students report higher levels of costs
than international STEM students who are continuous-generation students. We did not assume
differences in intrinsic, attainment and utility values, but assessed these for explorative reasons.

2.3. Interactions of Gender and Parental Academic Background

H3a. Female international STEM students who are first-generation students report lower levels
of academic self-efficacy than female international STEM students who are continuous-generation
students and than male STEM students.

H3b. Female international STEM students who are first-generation students report higher levels of
cost values than female international STEM students are continuous-generation students and than
male international STEM students.

No interaction effects between gender and parental academic background were ex-
pected for intrinsic, attainment, and utility values, yet we assessed these for explorative
reasons. We further pursued some exploratory questions on the associations of cultural
background and its interaction with gender, as well as acculturation orientations. In partic-
ular, we assessed if academic self-efficacy and value beliefs of international STEM students
differed by country groups and if these associations were moderated by students’ gender.

Additionally, we examined how study-related language skills, previous stays in Ger-
many, host-culture orientation, and home-culture orientation were related to academic
self-efficacy and value beliefs of international STEM students.

In order to address these questions, we used data on bachelor students from a large
and diverse panel sample of international students in Germany that provided information
from students of different cultural and parental academic backgrounds, studying all over
Germany in an extensive range of subject groups and at different higher education institu-
tions. Notably, this dataset provided us with the great advantage of a large control group
of international non-STEM students.

3. Method
3.1. Sample

The data come from the first wave of the 3 year German panel study on international
students (International Student Survey [61]), which was conducted in the interdisciplinary
research project Academic Success and Withdrawal Among International Students in Germany
in Bachelor’s and Master’s Programs (SeSaBa). The online survey (presented in German
and English language) addressed international students, i.e., students who held a foreign
citizenship and obtained their university entrance qualification outside of Germany or
at a preparatory college (German: Studienkolleg) [1]. Further inclusion criteria were that
international students had to study in the first semester of a bachelor’s or master’s degree
program in winter term 2017/2018 and intended to obtain their degree in Germany [61].
The participants registered for the study by answering a short questionnaire (t0) to confirm
they content the inclusion criteria. They also received information on data protection
standards provided their informed consent here and at the beginning of each questionnaire.
The first wave took place at the end of the first semester between January and April 2018.

The analysis sample included data from 1590 international bachelor students (nstenm = 882,
non-sTEM = 708). They were studying at 123 universities (with the exception of music and
art universities [61]) in all 16 federal states of Germany and in 34 subject groups. The
participants came from 120 different countries. The largest group was from Syria (8.6%,
n =136), followed by China (6.5%, n = 104), Russia (5.6%, n = 89), Luxembourg (4.0%,
n = 63), Bulgaria (3.8%, n = 60), and the United States and Ukraine (each 3.7%, n = 59). At
t1, their mean age was 23.5 years (SD = 4.25); 48.3% (n = 768) were female and 457 (32.7%)
were first-generation students. Further information on the demographic characteristics of
the sample is shown in Table 1.
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Table 1. Descriptive statistics of sample characteristics and control variables.

Variables STEM Non-STEM
Mean age in years (SD) 22.95 (3.58) 24.18 (4.87)
Female (%) 283 (32.1%) 485 (68.5%)
Parental academic background o o
(continuous-generation students) (%) 542 (67.2%) 445 (67.4%)
Country groups (%)
Western Europe (Reference category) 95 (10.8%) 148 (20.9%)
Central and South Eastern Europe 117 (13.3%) 116 (16.4%)
Eastern Europe and Central Asia 74 (8.4%) 133 (18.8%)
North America 21 (2.4%) 43 (6.1%)
Latin America 67 (7.6%) 53 (7.5%)
North Africa and Middle East 269 (30.5%) 62 (8.8%)
Sub-Saharan Africa 45 (5.1%) 33 (4.7%)
Asia and Pacific 194 (22.0%) 120 (16.9%)
Previous residence in Germany (yes) (%) 253 (29.1%) 300 (43.0%)

Note. N = 1590, nstem = 882, ftnon-steEM = 708 (in the descriptive statistics, listwise deletion was used).

3.2. Instruments and Scales

Academic self-efficacy. Academic self-efficacy was measured using a three-item short
scale on general self-efficacy expectations (ASKU) [62] that participants were instructed
to answer with regard to their studies. An example item is “In difficult situations, I can
rely on my abilities.”. The participants indicated their level of agreement on a five-point
Likert scale from 1 (strongly disagree) to 5 (strongly agree). The scale revealed a high internal
consistency [63] with « = .78.

Study-related value beliefs. Intrinsic value was measured with two items from a scale
by Westermann et al. [64] (German translation by Heise and Thies [65]). A sample item was
“I find my studies really interesting.” (p = .73). The study-related attainment value, utility
value, and costs were measured with items based on Gaspard et al. [66]. There were two
items each on attainment value (e.g., “My studies are very important to me personally.”;
the Spearman-Brown reliability coefficient was p = .69), utility value (e.g., “My studies will
positively influence my future.”; p =.72), and costs (e.g., “I have to make many personal
sacrifices for my studies.”; p = .57). Students indicated their level of agreement using a
five-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.

STEM versus non-STEM-subjects. The categorization of the study subject groups into
STEM and non-STEM subjects was based on the specification of the Federal Statistical
Office of Germany for the winter semester 2017/2018 [32] and the statistics of the Federal
Employment Agency [33]. In this categorization, for example, human medicine and health
science, agricultural science, forestry, nutritional science and veterinary medicine, business
engineering specializing in economics, and social science were considered as non-STEM
subjects, whereas, e.g., pharmacy, business engineering specializing in engineering sciences,
architecture, interior design, and spatial planning were considered as STEM subjects, in
addition to the more familiar STEM subjects [32,33].

Gender. Participants specified their gender using the categories 0 = male, 1 = female,
and 2 = diverse. Because of the small number of students who chose the category “diverse”
(< 0.1%) it was not possible to separately analyze this gender category. As a consequence,
participants who indicated their gender as “diverse” (n = 6) were omitted from the sample.

Parental academic background. Students were categorized as first-generation stu-
dents if they reported that none of their parents held a bachelor’s, master’s, or doctorate
degree; otherwise, they were categorized as continuous-generation students (0 = first-
generation students, 1 = continuous-generation students).

Cultural background. We operationalized the participants” cultural background by
the country of students’ university entrance qualification. These countries were categorized
into eight regions according to the German Academic Exchange Service’s (DAAD) regional
coding system [4,67], i.e., Western Europe (which served as the reference category), Central
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and South Eastern Europe, Eastern Europe and Central Asia, North America, Latin America,
North Africa and Middle East, Sub-Saharan Africa, and Asia-Pacific.

Study-related language skills. The participants indicated their study-related language
skills by answering the self-formulated item “My language skills are sufficient to cope with
my academic studies.” on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree).

Previous residence in Germany. Students responded to the question “Before your
current stay in Germany, had you ever lived in Germany for at least 1 month?” with 0 = no
or 1 = yes to provide information about a potential previous residence in Germany.

Acculturation orientations. Host-culture orientation (« = .81) and home-culture ori-
entation (x = .81) were measured with four items each that were adapted from Demes
and Geeraert [68]. The participants rated the statements on a five-point Likert scale from
1 (strongly disagree) to 5 (strongly agree). Sample items were “It is important to me to
have friends from my country of origin.” for the home-culture orientation and “It is im-
portant to me to get to know and maintain German customs and traditions.” for the
host-culture orientation.

Age. Participants age at the first measurement was calculated from their year of birth.

3.3. Analytical Strategy

All analyses were calculated with IBM SPSS Statistics version 28 [69] and Mplus
Version 7 [70]. Missing data were handled with the full information maximum likelihood
(FIML) method as implemented in Mplus although missing rates of all constructs were
very low (< 1%). Preliminary analyses confirmed that all conditions for linear regression
analyses were met. To assess potential dependencies in the data due to the clustering
of participants in country groups, we first inspected intraclass correlations (ICC’s). Yet,
all ICCs were low (< .01) which suggests that the independence of observations can be
assumed. Thus, multi-group regression analyses were performed to evaluate significant
differences between STEM and non-STEM subjects. All continuous predictors were grand-
mean-centered as part of the analyses. In a first step, the predictor variables were inserted,
and a Wald-test was run to test the appropriateness of equality constraints between the
subject groups. According to non-significant Wald-tests (at p > .05), the respective model
paths were restricted to be equal. In the next step, the interaction terms (interactions
between gender and parental academic background and between gender and the country
groups) were inserted, and it was tested if these paths could be equated across subject
groups. If the interaction terms did not yield statistical significance in both subject groups,
they were removed from the model. In the last step, the intercepts were tested and set equal
if the Wald-test was not significant. In all analyses, effects of age were controlled.

3.4. Power Analyses

A post-hoc power analyses using G*Power Version 3.1.9.7 [71,72] revealed that, with a
significance level of & = .05 and N = 1590, even small (interaction) effects of (f2 = .02) could
be detected with a probability of 1 — 3 = .96. Accordingly, a target power of at least .80
according to Cohen [73] was achieved.

4. Results
4.1. Descriptive Analyses

The international students showed high means of academic self-efficacy and all value
components (see Table 2). Despite slightly different means, the overall pattern was the
same in both subject groups. The highest values were observed for attainment value,
intrinsic value, and utility value, which all clearly exceeded the scale mean of three. The
means of academic self-efficacy and cost value were lower, but also exceeded the scale
means. T-Tests revealed significant difference between STEM and non-STEM students
in academic self-efficacy whilst all other differences were negligible (see Table 2). The
bivariate correlations between the study variables in the STEM and non-STEM sample are
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presented in Table 3. Overall, the correlation pattern was similar in both subject groups
and yielded small to moderate sizes associations.

Table 2. Descriptive statistics of main scale study variables.

Variables STEM Non-STEM t-Tests

M SD M SD #(df) p d

Study-related language skills 3.98 0.92 4.03 0.96 0.96(1561) .335 .05

Home-culture orientation 292 0.90 3.00 0.90 1.64(1518) 102 .08

Host-culture orientation 3.51 0.84 3.54 0.78 0.68(1519) 498 .04

Dependent variables

Academic self-efficacy 3.71 0.71 3.81 0.69 2.72(1553) .007 14
Value beliefs

Attainment value 4.49 0.68 4.48 0.60  —0.33(1559) .745 —.02

Intrinsic value 3.99 0.82 4.06 0.80 1.78(1559) .075 .09

Utility value 4.53 0.67 4.51 0.61  —0.53(1559) .598 —.03

Cost value 3.45 0.89 3.39 0.91 —1.30(1559) 193 —.07

Note. ngtem = 882, finon-sTEM = 708 (in the descriptive statistics, listwise deletion was used).

4.2. Multi-Group Analyses

All models explained substantial variance in academic self-efficacy (12% STEM; 15%
non-STEM), attainment value (8% STEM; 11% non-STEM)), intrinsic value (12% both subject
groups), utility value (8% STEM; 12% non-STEM), and cost (7% STEM; 9% non-STEM).
Overall, the multi-group analyses yielded very few differences between STEM- and non-
STEM students (Table 4). That is, most of the reported results represent generalized
patterns that apply to international students in STEM subjects and beyond. As a conse-
quence, the below description of results is focused on the results for the STEM sample;
findings from the comparison group of non-STEM students are only considered in cases
of significant differences between the subject groups. In line with the results from the
t-tests, differences in the adjusted intercepts were only identified for academic self-efficacy
(adjusted M = 3.55, SE = 0.11, p < .001 for STEM students; M = 3.63, SE = 0.12, p < .001 for
non-STEM; Wald x? = 5.83, p = .016). All other Wald-tests on the adjusted intercepts—for
attainment (M = 4.43, SE = 0.07), intrinsic (M = 4.13, SE = 0.06), utility (M = 4.48, SE = 0.07),
and cost value (M = 3.12, SE = 0.07)—did not yield significance (all p-values > .136).

Contrary to our assumptions, we did not find associations between gender and any
expectancy or value components (Table 4). That is, the hypotheses Hla and H1b had to
be rejected.

Parental academic background showed a significant association with academic self-
efficacy (b= .08, SE = .04, = .12, p = .027) which implies that, in line with hypothesis 2a,
continuous-generation STEM students showed higher levels of academic self-efficacy than
first-generation STEM students.

Parental academic background showed no statistical significance in relation with cost
value. Hence, hypothesis 2b was not supported.

Contrary to our assumptions, no significant interaction of parental academic back-
ground and gender in relation with academic self-efficacy (H3a) and cost values (H3b)
could be identified which implies the rejection of both hypotheses.
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Table 4. Results of the multi-group models for STEM students.

Academic

Predictors Self-Efficacy Attainment Value Intrinsic Value Utility Values Cost Value
Final Model b SE p b SE P b SE r b SE p b SE r
Age .00 .00 468 —.00 .00 .830 .01 .01 .013 —-.00 .00 566 .01 .01 .017
Previous residence in Germany —.02 .04 634 .02 .04 501 —-.05 .05 271 —.03 .04 48 —.00 .05 971
Study-related language skills 27 .02 <.001 .09 .02 <.001 .23 .02 <.000 .08 .02 <.01 —.17 .03 <.001
Country groups®
Central and South Eastern Europe 14 06 .027 -13 .09 160 —-11 .07 147 .08 .09 348 35 .08 <.001
Eastern Europe and Central Asia 0 .07 122 .06 .11 557 —-.10 .08 222 17 11 110 24 .09  .007
North America 30 .10 .002 —63 .13 <.0001 —25 .11 .027 —61 .13 <.001 56 .13 <.001
Latin America 12 .08 .137 .05 10 .606 —.05 .09 .561 15 10 143 .50 10 <.001
North Africa and Middle East .06 .06 335 .17 .08 .024 -21 .07 .004 a1 .07 135 39 .08 <.001
Sub-Saharan Africa —-03 .09 759 41 12 <.001 .05 a1 .666 21 12 063 .33 .12 .006
Asia and Pacific 12 .06 .073 A1 .08 .194 —.15 .07 .047 —.09 .08 .292 17 .09 .045
Gender —.05 .04 .160 —.04 .09 .625 —.01 .04 .829 —.06 .09 .529 .05 .05 .303
Parental academic background .08 .04 .027 —.04 .05 459 06 .04 180  —.04 05 434 .00 .05 .998
Home-culture orientation —.02 .02 439 —.02 .02 .393 —-.07 .02 .002 —.02 .02 33 .05 .03 .055
Host-culture orientation .03 .02 .151 12 .02 <.001 14 .03 <.001 10 .02 <.001 .04 .03 .169
Gender x parental academic _01 07 873 03 07 618
background
geerrl'lctlrearl and South Eastern Europe x 34 12 003 19 12 0%
Eastern Europe and Central Asia x 09 13 475 11 13 400
gender
North America x gender 47 17 .006 60 .17 <.001
Latin Amgrica X gepder 26 .14 .066 25 14 .072
Ne(;{é};rAfnca and Middle East x _00 12 987 1 12 347
ub-Saharan Africa x gender —-14 17 397 .05 17 746
Asia-Pacific x gender .00 11 999 12 11 263

Note. ngtem = 803. @ Country groups used Western Europe as the reference category. The final model of each
dependent variable is presented here.

With regard to cultural background, some country groups yielded statistically signif-
icant associations with academic self-efficacy: students from Central and South Eastern
Europe (b = .14, SE = .06, 3 = .37, p = .027) and North America (b = .30, SE = .10, 3 = 41,
p = .002) showed higher levels of study-related self-efficacy as compared to the reference
group Western Europe. Beyond this, students’ cultural background played a role with
regard to all investigated value outcomes, with most associations being substantiated
between cultural background and cost value, as presented in Table 4. In particular, students
from all other country groups indicated higher cost value than their fellows from Western
Europe (B’s ranged from .19 to .63). Furthermore, students from North America (b = —.25,
SE =11, p = —.31, p =.027), from North Africa and Middle East (b = —.21, SE=.07, 3 = —.26,
p =.004), and from Asia-Pacific (b = —.15, SE = .07, = —.18, p = .047) showed lower levels
of intrinsic value in comparison to the students from Western Europe.

No significant interactions of country groups and gender in relation with academic self-
efficacy could be observed. Yet, some instances of interactions between country groups and
gender were detected for attainment and utility value (Figures 1 and 2, Table 4), pointing
toward differences between male and female students that only occurred amongst students
from these country groups. In particular, female students from Central and South Eastern
Europe (b = .34, SE = .12, 3 = .58, p = .003) and North America (b = .47, SE = .17, 3 = .80,
p = .006) reported higher attainment values than their male fellows. The same applied to
female students from North America with regard to their perceptions of utility values (b
=.60, SE = .17, = .92, p < .001). Regarding cost and intrinsic value, no intersections of
country groups and gender showed statistical significance (all p-values > .060).
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Figure 1. The interaction of country groups and gender in the prediction of attainment value.
ngtem = 803. Error bars represent the standard errors. Reference category: Western Europe.
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Figure 2. The interaction of country groups and gender in the prediction of utility value. ngrgp = 803.
Error bars represent the standard errors. Reference category: Western Europe.

Study-related language skills showed a positive significant relation with academic
self-efficacy (b = .27, SE = .02, § = .34, p < .001), attainment value (b = .09, SE =.02, = .12,
p <.001), intrinsic value (b = .23, SE=.02, B = .26, p <.001), and utility value (b = .08,
SE=.02, p = .11, p <.001), whereas a negative association with cost value (b = —.17,
SE =.03, 3 = —.17, p < .001) could be identified. By contrast, previous residence in Germany
showed no significant association with the dependent variables (all p-values > .270).

Moreover, acculturation orientations showed no significant relation with academic
self-efficacy. However, acculturation orientations were positively related with attainment
value (b = .12, SE = .02, § = .15, p < .001), intrinsic value (b = .14, SE = .03, § = .15, p < .001),
and utility value (b = .10, SE = .02, = .13, p <.001), i.e., a higher host-culture orientation
was associated with higher levels in the three value components, whereas a higher home-
culture orientation was only related to lower levels of intrinsic value (b = —.07, SE = .02,
B =—0.08, p =.002).
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With regard to age, a small positive relation with intrinsic value (b = .01, SE = .01, 3 = .06,
p =.013), as well as cost (b = .01, SE = .01, = .05, p = .017), showed statistical significance.

5. Discussion

Despite increasing numbers of international students in OECD countries such as Ger-
many [3,67,74], little is known about their (psychological) prerequisites for study success.
Given the relevance of expectations and value beliefs for a successful completion of the aca-
demic track [21-23], we explored their manifestation amongst international STEM students
in Germany and investigated if former findings on differences in these variables by gender,
parental academic background, and cultural background that were identified amongst
school students or in US student samples were transferable to our sample. Beyond this,
we also investigated associations with study-related language skills, previous residence
in Germany, and the international students’ acculturation orientations. To support our
findings, we compared the associations between STEM and a non-STEM comparison group
as a kind of robustness check and to explore potential differences between subject groups.

In general, the international students showed high levels of expectations and value be-
liefs. Yet, only the means of academic self-efficacy differed significantly between the subject
groups, i.e., international STEM students showed significantly lower levels of academic
self-efficacy than international non-STEM students. All other results (regression paths in the
multi-group model, unadjusted and adjusted means) did not significantly differ between
the subject groups. Against our expectations, there were no direct associations between
gender and the expectancy—value components. Yet, the parental academic background
was related to academic self-efficacy as continuous-generation students showed higher aca-
demic self-efficacy than first-generation students. By contrast, the relation between parental
academic background and cost value was not significant, and there were no interactions
between gender and parental academic background.

Furthermore, significant associations between cultural background and all expectancy—
value components were identified, most of them referring to cost. In some cases, the
associations differed by gender. Study-related language skills were positively related to
academic self-efficacy and attainment, intrinsic, and utility value but negatively to costs.
By contrast, no significant associations between previous residence in Germany and the
outcome variables were substantiated. With regard to the acculturation orientations, host-
culture orientation was positively related with attainment value, intrinsic value, and utility
value, whereas home-culture orientation was negatively associated with intrinsic value.
Below, we discuss the outlined results in more detail.

5.1. High Levels of Expectations and Value Beliefs Amongst International STEM Students

With regard to the manifestation of expectancies and values amongst international
students, the analyses revealed high levels of all expectancy and value components. That
is, at the beginning of their studies, international students in Germany seemed to be quite
optimistic about their potential to meet the requirements of their degree courses and value
their studies for several reasons, such as intrinsic joy, personal importance, and utility for
their future. Yet, despite the rather high levels of academic self-efficacy being rather high,
comparisons between the subject groups revealed that international STEM students scored
lower than their fellows in non-STEM subjects. This applied to both the unadjusted means
(that were compared via t-tests) and the intercepts in the final multi-group regression model
that included all main predictors and, thus, controlled for potential differences between
the subject groups in these variables. These results were in line with the findings by Lee
et al. [75] who reported similar differences between the subject groups. This might be
reasoned in the high reputation of STEM subjects as being particularly demanding and
prestigious, which might decrease students” expectations to be able to master the upcoming
academic challenges [76,77]. Furthermore, the international students also reported high
levels of costs, i.e., they feel that their studies in Germany require great personal sacrifices
and cause many worries. Interestingly, in opposition to the common finding that higher
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intrinsic, attainment, and utility values are accompanied by reduced costs [78], attainment
and utility values were positively correlated with costs in the present sample. That is,
international students who indicated that their studies are very important and useful to
them also experienced substantial strain. This pattern might be specific to international
students who have to master additional challenges beyond the academic context such
as the cultural transition. It might also reflect an incident of introjected regulation, i.e.,
motivation from partially internalized values such as seeking approval and protecting the
ego [79]. In the present case, the students” high levels of attainment and utility values might
be influenced by the values and expectations of significant others. As a consequence, the
students do not benefit from these elevating motivations but still suffer from increased costs.
In the future, person-centered analyses that investigate if there are distinct motivational
profiles amongst international (STEM) students and how these are linked to values and
expectations of significant others might help to better understand the observed pattern.
Furthermore, future research may also investigate the development of the expectancy and
value components over the study course and how they interact in the prediction of study
outcomes. Maybe the high costs decrease the positive effects of the other value components.
This may provide further insights into the question why so many international students
are dropping out of their degree courses [6] despite their rather high levels of self-efficacy,
as well as intrinsic, attainment, and utility values at the beginning of their studies.

5.2. Differences in Expectations and Value Beliefs by Gender and Parental Academic Background

Against our expectations, no direct associations between gender and any expectancy
or value components could be found. This points to an important difference between
previous findings from school and general student samples where females revealed less
favorable STEM expectations and value beliefs than males [9,29]. This pattern might be
reasoned in the sample selectivity of international degree-seeking STEM students in Ger-
many. International students have already accomplished several challenges before starting
their studies abroad (e.g., getting visa and study permissions, dealing with expectations
and potential stereotypes of family, teachers and peers [80], and obtaining all relevant
(language) qualifications). They decided for a STEM degree abroad despite potential (gen-
der) stereotypes and possible cultural barriers [22,25,28,80,81]. Hence, this sample can be
assumed to be highly selective (which is corroborated by the high levels of expectancies
and value beliefs). In this highly selective sample, gender might not play the same role as
in general student samples. Yet, further longitudinal studies are needed to investigate if
gender differences may unfold during later stages of the study programs.

Consistent with our hypothesis, continuous-generation students indicated higher
levels of academic self-efficacy; that is, they were more optimistic to fulfil all necessary
study requirements than their first-generation fellows. This is in line with the results of
Wille et al. [25], who identified a significant positive correlation between socioeconomic
status and math expectancy in a school sample. One explanation could be that parents with
an academic background may be able to provide more (financial) support and helpful role
models to their children. On the one hand, this may let them feel that their parents trust
in their persistence and that they fit into their study environment. On the other hand, the
parents’ potential to provide financial support may reduce their fear of having to drop out
of their studies due to a lack of financial means. Contrary to our hypotheses, no significant
relations between parental academic background costs could be identified. Hence, our
results did not support the findings of Goldman et al. [41], Meyer et al. [40], and Wille
et al. [25] who showed that first-generation college students indicated higher levels of costs
as compared to continuous-generation students, and that this effect even increased across
the semester [41].

Lastly, and also contrary to our hypotheses, no interactions of parental academic
background and gender in the prediction of academic self-efficacy and cost values yielded
significance. That is, earlier findings which showed that female first-generation students
are particularly disadvantaged in terms of lower self-efficacy [58] and increased cost
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value [9,82] could not be substantiated for international STEM students. Although the
present findings may be interpreted as good news as (female) first-generation international
STEM students do not seem to be more challenged by their studies than their fellows from
academic households, further research may investigate the persistence of this pattern over
the study course.

5.3. Differences in Expectations and Value Beliefs by Cultural Characteristics

The results of this study also indicate that students” cultural background played a
role with regard to all investigated outcomes, with most effects being identified for costs.
Beyond the rather high mean levels, substantial differences between the country groups
were substantiated as students from all country groups indicated higher cost values than
their fellows from the reference category Western Europe. One explanation could be that
coping with cultural distance is a relevant factor. Students from more culturally distant
countries may experience greater challenges [83,84] which makes them experience higher
study costs. Yet, the relations between costs and further factors of adaptation abroad
poses an important question that could be addressed in future explorational research. In
particular, with regard to the (psychosocial) counselling of international students, it might
be helpful to further explore if international students who perceive higher costs are more
likely to suffer from burnout or reduced psychological wellbeing.

Some further associations between single country groups and expectancy and value
components were observed, as well as some interactions between country groups and
gender. The latter corroborate the findings of previous studies which suggested heteroge-
neous associations between gender and expectancy—value components in different ethnic
groups in the US [59,85-87]. Overall, our results on cultural differences and their interplay
with gender in the prediction of expectancy—value components enhance the knowledge on
these contingencies amongst international students in Germany. Yet, in order to validate
these findings and to explore the mechanisms that account for the observed effects, further
research that more closely considers (cultural) differences between and within these country
groups is deemed essential.

A previous residence in Germany showed no significant association with expectations
and value beliefs. This might be reasoned in the rather unspecific measure that did not
distinguish between different types of previous residence (e.g., holidays, school exchange,
and family stay abroad) and the duration of these stays. Further research may thus benefit
from considering such information. Contrary, study-related language skills were positively
related with academic self-efficacy, attainment values, intrinsic value, and utility value, but
negatively with cost value. This corroborates the importance of language skills with regard
to academic success and its (psychological) prerequisites [48,88]. Further research might
differentiate between skills in study program language (as assessed in our study) and host
country language (which are not necessarily the same as, for example, students may be
enrolled degree courses that are taught in English at German universities) and consider
more extensive and objective measures of language competencies such as test scores.

Lastly, the analyses showed that acculturation orientations were not significantly
related with academic self-efficacy, but were associated with attainment, intrinsic, and
utility values; that is, a higher host-culture orientation was associated with higher levels in
all three value components whereas a higher home-culture orientation was related to lower
levels of the intrinsic component. These results partly support evidence from Berry [51]
who pointed to the positive associations of host-culture orientations with adjustment and
productive adaption in the school context and beyond. They are also in line with findings
from a meta-analysis by Bierwiaczonek and Kunst [53], which suggested that the host-
culture orientation was particularly relevant in the early stages of migration. Yet, whilst
a higher host-culture orientation was approved as a valuable resource for international
students, the results on the home-culture orientation showed a contrary pattern as a higher
home-culture orientation was related to lower intrinsic value. That is, students who are
very engaged with their home-culture seem to be less prone to enjoy their studies abroad.
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5.4. Implications for Practice

Of course, it is important to mention that all reported results reflect small effect sizes.
Yet, even small effect sizes matter, because these small effects may influence the whole
academic career and, thus, gain practical relevance. Against this background, some practical
implications that may be inferred from the present results are considered.

In line with former research, international first-generation students showed lower
levels of self-efficacy than continuous-generation students in both subject groups. That
implies that interventions promoting academic self-efficacy should particularly consider
the encouragement of international first-generation students, e.g., by directly addressing
them with teaser-texts such as “You are the first in the family who studies (abroad)? Meet
others and find information regarding...”.

One further important finding with regard to practical implications was the overall
high levels of perceived costs amongst the international students that were increased for
students from countries outside of Western Europe. These findings suggest that it will be
most helpful to integrate interventions that address the reduction in psychological costs
into the counselling programs for international students. Even though some promising
examples of interventions that directly address psychological costs were described in pre-
vious studies [89,90], future research is needed to further elaborate and evaluate these
interventions and to adapt them to the specific needs of international (STEM) students. In
the meantime, interventions that address related topics and conditions of psychological
costs may be usefully employed. On the one hand, interventions may address general
study management skills such as time management (e.g., Middendorff [91]). On the other
hand, our findings suggest that it might be beneficial to complement cost interventions for
international students with elements of intercultural trainings as information on cultural
differences and hands-on practices on how to handle these effectively as this may also
contribute to the reduction of perceived costs. This suggestion is corroborated by find-
ings from Poort et al. [81] who showed that the engagement in intercultural group work
reduced perceived costs. With regard to higher education policy, establishing part-time
study programs and blended learning models may also help to decrease perceived study
burdens and, thus, psychological costs (e.g., Middendorff [91]). To conclude, addressing
psychological costs is deemed particularly important as recent studies suggested that cost
value moderate the effect of the other (S)EVT components on academic outcomes [78]. This
also suggests that interventions which increase academic self-efficacy or attainment, intrin-
sic, and utility values may pay off in terms of reduced psychological costs. For example,
previous studies suggested that the use of cooperative learning strategies, setting specific,
short-term goals and encouraging goal reflection would be helpful to support students’
academic self-efficacy [15,92], which in turn may also reduce the psychological costs.

Lastly, our findings on acculturation orientations suggest that it will be advantageous
for the adaptation process to support international students” host-culture orientation. For
example, promoting contact to the campus community may help in this regard [93]. Like-
wise, a deliberate approach toward the own home-culture orientation may help students to
maintain their study motivation and enjoyment.

All implications need to consider the relations of study-related language skills and
the expectancy—value components regardless of subject group. The more the students feel
they can master study-related communication, the higher their study-related expectancy
and the more adaptive their value beliefs will be. Wisniewski et al. [48,88] described
language skills (particularly reading skills) to be highly predictive of academic success in
the study entry phase of international students. Our findings support Wisniewski’s [48,88]
results and suggest that one mechanism by which language skills affect the academic
success might be via international students” more adaptive study-related expectations and
value constellations.

Importantly, as there were almost no differences between the subject groups, all of the
suggested interventions may be equally beneficial for all international students in STEM
and non-STEM subjects. Furthermore, in contrast to previous studies, almost no direct
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relations for gender and parental academic background with the value components were
detected; that is, in this highly selected sample of international university students, it is
probably not necessary to make targeted offers for female or for first-generation students.

5.5. General Limitations

First, it is important to consider that we investigated a specific sample, i.e., interna-
tional students in Germany. The (international) student body in other countries might differ
from this sample, e.g., with regard to their demographic and cultural characteristics. Like-
wise, the study conditions and environment will be different and, thus, present students
with other chances and challenges that might influence their study-related expectations
and value beliefs. Hence, caution is warranted with regard to the transferability of the
present results to other samples. Likewise, our sample was limited to bachelor students.
As master’s students may have different and more heterogeneous (study) experiences in
their subjects and beyond, their expectancies and value beliefs may be different and require
further research.

Moreover, the distribution of country groups showed a small number of cases in
some of the investigated country groups. This might be a reason why some effects may
not have been identified for these groups or may have been inflated by few extreme
cases. Furthermore, differences between the countries within the country groups were
not investigated. As a consequence, it is questionable to what extent the results can be
applied to each and every single country, particularly due to the small number of cases in
some countries.

We examined the associations of gender, parental academic background, and cultural
characteristics with the expectancy-value components in a cross-sectional design to explore
contingencies between these variables at the beginning of the study time abroad. This was
deemed important to get an understanding of which student groups might have increased
risks of facing challenges in their studies or dropping out of university due to their maladap-
tive expectancy-value constellations. Further longitudinal analyses are needed to explore
the differential trajectories of the expectancy-value components amongst STEM students
over the study course and the longitudinal relations between study-related expectancy
and value beliefs and academic success of international STEM students. Additionally,
the interplay of acculturation orientations and study-related expectancy and value beliefs
needs to be focused on future research, to more precisely understand their longitudinal
interdependencies and the role of the duration of the stay abroad [53]. Furthermore, due to
the non-experimental cross-sectional design of the present study, no causal interpretation
of the results is possible.

Additionally, there were some limitations with regard to the used measurement
instruments. First, only self-report measures were used which might imply some bias due
to socially desirable responding [94,95]. Second, some of the subscales (particularly in
value beliefs) were measured with only two items which may have restricted their content
validity. Although this is a common approach in large panel studies, further research may
benefit from enclosing more detailed measures of the investigated constructs.

6. Conclusions

Despite these limitations, the present study provided important insights with regard
to the manifestation of and differences in study-related expectations and value beliefs as
(psychological) prerequisites for study success amongst international STEM students (and
non-STEM students) in Germany.

Importantly, without an intersectional perspective, some of the contingencies between
demographic characteristics and the expectancy—value components would not have been
detected. Hence, the intersectional perspective can be helpful in differentiating effects of
belonging to multiple potentially disadvantaged groups [54,96]. We hope that the present
results may encourage further research on the heterogeneity amongst internationals stu-
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dents in Germany and its implications with regard to their specific strengths and potential
support needs.
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Abstract: Starting early in life, children, especially girls, experience obstacles when it comes to
developing an interest in STEM. Although early childhood (EC) educators face an important task in
promoting girls (and boys) in STEM, they often face challenges in doing so. Therefore, it is crucial
for EC educators to cultivate positive attitudes, self-concepts, and STEM skills. To address these
identified issues, a three-month professional development program was created for EC educators.
This professional development program was evaluated using a pre-post design with a focus on the
self-concept and gender stereotypes of EC educators. The program involved 30 female EC educators
in evaluating these aspects. The statistical analyses show positive results in enhancing educators’ self-
concepts and reducing gender stereotypes over the course of this professional development program.
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Proficiency and interest in STEM empower the succeeding generation to actively
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participate in shaping a sustainable, technology-oriented future [1]. Early childhood lays
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be observed. They manifest in negative self-assessments and attitudes, such as a lower self-
concept, lower interest, and gender stereotypes [9-12], as well as lower STEM achievements
= and stereotyped career wishes [13,14].

Children’s development in STEM is shaped by educators who wield significant in-
fluence, molding children’s thoughts, behaviors, and attitudes through their own actions,
communication, and expectations [15-18]. However, EC educators, too, can be influenced
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1.1. Self-Assessments and Stereotypes as a Barrier to Gender-Sensitive STEM Education

From early childhood, individuals develop self-concepts, i.e., temporally relatively sta-
ble conceptions and evaluations of themselves, in different domains [19]. The self-concept
in domains such as STEM (often referred to as academic STEM self-concept) develops
through earliest experiences in the family, kindergarten, school, etc., and interpretations of
one’s own environment in relation to feelings of self-confidence, competence, and capabil-
ity [20,21]. Evaluations from significant others, reinforcements, and attributions of one’s
own behavior have an influence on the formation of the self-concept [22]. With the start of
vocational training, a professional self-concept is added. It refers to how individuals per-
ceive themselves within their professional or work-related roles and encompasses whether
an individual sees themselves as proactive and self-responsible in their work [23,24]. Such
self-assessments within the self-concept influence EC educators’ instructional behavior and,
consequently, the achievements of children [25].

Not only the self-concept but also stereotypes develop already in early childhood.
Gender stereotypes can be defined as shared beliefs that link women and men with specific
characteristics, abilities, and interests while mostly judging women as less competent and
less committed [26]. For Austria (the country in which the study was conducted), this can
be attributed to the fact that in Austria and generally in the German-speaking countries,
traditional family structures and gender-specific role divisions are still strongly adhered
to. This further contributes to the reinforcement of gender stereotypes and roles [27,28].
Gender stereotypes have extensive effects on individuals, influencing the development of
academic self-concept in STEM subjects, as well as self-concept within one’s profession.

Given that early childhood education as a profession is predominantly female and
closely associated with interest and expertise in the social domain [29], it is not surprising
that EC educators are susceptible to self-critical evaluations and gender stereotypes, both
regarding themselves and women/girls in general [30-32]. For example, a study in Sweden
revealed that educators are influenced by preconceived notions about children’s STEM
development and believe that gender differences are innate [33].

Research in the field of early childhood education indicates that self-concepts and
stereotypes held by EC educators wield a significant influence on their interactions with
children. For instance, educators’ self-concepts are closely tied to their actual professional
knowledge and skills. A low self-concept has been associated with limited foundational
knowledge and pedagogical skills for effectively introducing STEM topics to children [34].
Conversely, a positive assessment of STEM skills and genuine enjoyment of STEM correlate
with an increased frequency of providing STEM activities [35]. Prior success and enjoyment
in delivering STEM activities for children can further bolster an educator’s self-concept. In
a study conducted by Erden and Sonmez [36], positive prior experiences were positively
correlated with positive attitudes among EC educators towards science education. In
contrast, uncertainties about one’s knowledge and skills, negative emotions, or even
anxiety stemming from EC educators’ past school experiences with science subjects can
have a detrimental impact on their later professional work [37].

Educators may manifest stereotypes about the interests of girls and boys in STEM
in various ways. This can involve restricting or directing children’s play choices based
on activities traditionally deemed suitable for boys or girls, focusing more on developing
boys’ abilities in what is perceived as masculine domains, or generally holding different
expectations for girls and boys [33,38-40]. As Wang [41] points out, merely verbally stating
an intention to have the same expectations for boys and girls in STEM does not necessarily
equate to educators acting without bias in their professional practice. Educators may
unintentionally convey to girls that STEM is a boy-dominated field, imposing negative
impacts on girls’ STEM development. These findings illuminate the conflicting beliefs
and practices of EC educators and underscore the critical role that their stereotypes and
self-concepts play when working with children, potentially transferring their expectations,
attitudes, or uncertainties. They also emphasize the necessity of continuously addressing
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and expanding EC educators’ beliefs, attitudes, and knowledge in vocational training and
professional development [32].

1.2. Professional Development Concept for EC Educators

The previous explanations have illustrated the challenges that EC educators face in
STEM and have highlighted the need for appropriate professional development. This holds
also (or even especially) true for EC educators in German-speaking countries who often
lack expertise in STEM pedagogy. This knowledge gap is a direct result of inadequate initial
training and the absence of continuous professional development [42—44]. To address this
issue, a comprehensive professional development concept tailored to the needs and the
education system in Austria was developed. Through professional development, newly
acquired skills and knowledge can be immediately applied in practice. It is believed
that these acquired competencies may have a positive impact on self-concept [45]. Its
primary objective is to enhance the STEM pedagogical skills of EC educators, with a specific
emphasis on gender-sensitive education as well as on educators” attitudes and stereotypes.

Theoretical model for a professional development program. The concept aligns with
the SciMath-DLL Professional Development Three-Component Model by Brenneman and
colleagues [46]. This theoretical model encompasses the acquisition of knowledge in STEM
fields as well as pedagogical knowledge and emphasizes the significance of opportunities
to apply the newfound knowledge in practical pedagogical settings. It also aims to explore
EC educators’ beliefs and attitudes towards STEM while supporting opportunities for
discussion, reflection, and the creation of a community of learners. By incorporating these
components, the intention is to bolster EC educators’ pedagogical abilities, encourage
critical reflection on their professional activities, enhance motivation, and cultivate positive
attitudes toward STEM subjects. The Three-Component Model considers cognitive learning
objectives such as understanding, applying knowledge and procedures, evaluating or
creating (e.g., developing learning units). In addition, it addresses affective learning
objectives, such as values, esteem, and attitudes [46-49].

Advancement of a professional development program. For the newly involved profes-
sional development program, a blended learning design was chosen, interweaving online
and face-to-face learning in different learning phases (see Table 1) and presenting a flexible
and learner-friendly alternative to traditional face-to-face instruction [50]. Especially in
early childhood education, online professional development, such as blended learning,
has gained importance in improving educators’ knowledge and skills, thus advancing the
professionalization of the field [51].

Table 1. Temporal design, measures.

Kicl-Off Eyent, Online Modules In-Person Implementation Closing Event
Introduction (Phase 2) Workshop (Phase 4) (Phase 5)
(Phase 1) (Phase 3)
Point in Time t1 2 t3 t4 t5
Oggﬁnggeﬁzgav Self-regulated Implementation of
& eaci other learning online, In-person the didactic Exchange of
Aims, setup roflection on o,wn asynchronous. workshop with examples. experiences; online
ractice: online Reflection and didactic examples. Reflection and synchronous.
P g ’ discussions. discussions.
synchronous.
Acra(ig:slilg;;d Overall evaluation.
Assessments p I Self-concept,
self-concept, stereotypes
stereotypes. ’

After an (online) introduction to the course (phase 1), the focus is on fundamentals and
background knowledge for teaching and learning in STEM (phase 2). In several learning

87



Educ. Sci. 2024, 14, 81

i

units, overarching themes such as “gender-sensitive teaching”, “motivation and interest”,
or “impact of stereotypes” are addressed. Each learning unit commences with a more
theoretically oriented introduction and progresses forward to practical implications and
pedagogical practice. Phase 2 is implemented as asynchronous online learning, providing
participants with the flexibility to engage with the learning materials independently, at
their convenience. In accordance with the Three-Component Model [46] this self-regulated
approach is complemented with tasks, opportunities for online discussions, and reflective
dialogues with both fellow participants and the course instructors.

The main segment of the professional development program on didactic skills and
expertise in STEM is conducted as a face-to-face workshop (phase 3). The focus is on
enabling participants to translate knowledge of gender-sensitive STEM didactics into
pedagogical activities. The fundamentals for the topic are illustrated with didactic good
practice examples from different STEM areas, with the age range of four- to five-year-old
children in focus. For science, didactic examples on the topic “human body” had been
developed, the “principle of chain reactions” for technology, “programming unplugged”
ideas for engineering and “measures and sizes” using the example of the human body
for mathematics. The intent behind designing the didactic examples was to make sure
participants had ample opportunity to put their own ideas into practice. For children,
the didactic examples emphasize hands-on experiences, achieving immediate learning
success, and fostering a positive self-concept and interest. The examples are enriched by
female role models, which offer girls in particular opportunities for identification. In the
face-to-face workshop, the EC educators are introduced to these didactic examples and the
materials, they try them out for themselves, and discuss their applicability to their everyday
professional life. Care was taken to ensure that the examples provided the EC educators
with ample room to implement their own creative ideas. All documents and materials are
also available online, enabling participants to delve deeper into the knowledge acquired
during the workshop.

Following the face-to-face workshop, the participants put their acquired skills into
practice at the workplace (phase 4). For this purpose, they can borrow all the learning and
teaching materials from the course provider. As a result, the workshop not only provides
EC educators with practical experience in teaching the content during the workshops but
also allows them to continue applying their skills in their professional settings afterward.
The professional development program concludes with an online meeting and an exchange
of experiences (phase 5).

All learning units are accompanied by discussions and reflections on what has been
learned and its significance for one’s own profession and attitudes. Feedback is provided
by the course instructors as well as by fellow course participants. Not only cognitive
learning objectives but also objectives that focus on the development of positive attitudes
and mindsets are significant for the professional development program, not least because
the educators are important role models, especially female educators for girls [52].

2. Research Questions

The present study aims to evaluate this professional development program regarding
its effects on the participants” self-concept and gender stereotypes. The following research
questions and hypotheses are being investigated:

1.  How do participants evaluate the professional development program? As the evalua-
tion is an exploratory question, no hypothesis was formed in this regard.

2. Is participation in the professional development program related to changes in educa-
tors’ self-concept?

H1. In comparison to a control group that does not participate in the professional development
program, the participants’ self-concept will change over the course of the training.

3. Is participation in the professional development program related to changes in educa-
tors’ gender stereotypes concerning children?
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H2. In comparison to a control group that does not take part in the professional development
program, the participants’ gender stereotypes concerning children will change over the course of
the training.

3. Method
3.1. Samples and Study Design

Samples. The professional development program described in 1.2. was evaluated by
using a study design with a training group and a control group.

The training group included EC educators who had voluntarily registered for a profes-
sional development program on promoting girls in STEM. Participation was acknowledged
as part of the annual continuing education hours that EC educators are required to com-
plete on a regular basis. Altogether, 31 EC educators, all employed in an early childhood
education facility, participated in the professional development program (30 women, one
man; data analyses were carried out only for the female participants). The age range varied
from 20 to 54 years (M = 33.97, SD = 10.105). The participants’ work experience varied from
one to 35 years (M = 11.38, SD = 9.777); 58.1% had never taken any STEM professional
development program. Regarding occupational positions, the training group had 9 (30%)
participants in management roles with childcare responsibilities, 14 (46.7%) worked as EC
educators as group leaders, 7 (23.3%) had other functions.

The control group included 25 female EC educators, all employed in an early childhood
education facility. They did not participate in the professional development program and
were recruited from different early childhood education facilities. The age range for the
participants in the control group varied between 20 and 45 years (M = 30.72, SD = 6.262).
Work experience varied from one to 24 years (M = 9.29, SD = 6.682); 48% had never taken
any STEM training. Regarding occupational positions, the control group had one (4%)
participant in management roles with childcare responsibilities, 13 (52%) worked as EC
educators as group leaders, 11 (44%) had other functions.

Study design. The professional development program was implemented as a blended-
learning design with online and in-person learning phases. It was conducted at the authors’
institution and lasted 14 weeks with a workload of approximately 40 h. The program
comprised five different learning phases with respective modules (see Table 1):

e  Phase 1—kick-off meeting. A kick-off meeting marked the start of the professional
development program. It was conducted online synchronously, aiming to familiar-
ize participants with each other, giving opportunities for reflection on individual
professional experiences and discussing organizational matters;

e  Phase 2—self-regulated learning with online modules. After the kick-off meeting, the
participants learned with online modules that covered topics such as gender-sensitive
didactics, motivation in STEM subjects, stereotypes, and reflections on pedagogical
practices and roles. Participants could decide on their own learning time and place;

e  Phase 3—in-person workshop. In a two-day long in-person workshop at the institution
of the course providers, participants got acquainted with didactic examples pertaining
to four different STEM fields;

o  Phase 4—implementation of the didactic examples in one’s own professional practice.
The participants tried out didactic examples at their workplaces;

o  Phase 5—closing event. The EC educators gathered online to exchange experiences,
reflect on their work, and engage in synchronous discussions with fellow participants
about the training.

Table 1 gives an overview of the time schedule and the measures that are relevant for
the present study.

The training group members participated at all points in time. They completed
different survey instruments at the five time points; only the data collections at time points
1 and 5 are relevant to this study. Members of the control group did not take part in the
professional development program and, therefore, did not receive any of its content. They
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completed the same surveys as the training group at the first point in time (approximately
at t1, the start of the professional development program for the training group) and (t5).

3.2. Variables

Gender, age, professional profile, and work experience were recorded at the kick-off
event (t1) for the training group and at the first survey for the control group (t1). The
training and the control group completed assessments on different facets of the self-concept
and on gender stereotypes at the first point in time (t1).

Additionally, the training group evaluated the training at the closing event (t5) by
three items. Overall satisfaction, assessment of learning achievements, and usefulness of
the training for professional practice were measured by three items (“overall, I am with the
training ... 1 = not satisfied to 6 = very satisfied”; “altogether I have learned ... 1 = little to
6 =alot”; “the training is . . . 1 = not useful to 6 = very useful for my professional practice”).

Three facets of self-concept were measured.

Social academic self-concept in STEM was measured by the respective scale of the SASK
(Skalen zum akademischen Selbstkonzept (Academic Self Concept Scales) [20]. It comprises
four items by which participants rate their abilities in comparison to others on a 7-point-Likert
scale (see example item: “I believe I am. .. 1 = less talented to 7 = more talented. . . in STEM
than other people). Reliability calculated by Cronbach’s o calculated for the whole sample at
the two points in time was good, with &« = 0.82 at t1 and « = 0.92 at t5.

Absolute self-concept was also measured by the SASK. It comprises four items by
which participants rate their overall abilities without a reference to others (example item: I
assess my talent in STEM as being ... 1 = low to 7 = high). Reliability was very good, with
a=091attl and &« =0.92 at 5.

Professional self-concept was measured by eight items, six from the Monitoring Re-
port [53] of the “Haus der kleinen Forscher” initiative (House of Little Researchers) and two
specifically developed for the present study (example items: “I feel confident in exploring
everyday natural phenomena with children”; “I can identify children’s interest in STEM
topics). Participants rate their self-concept on a 4-point Likert scale, with values ranging
from 1 = strongly disagree to 4 = strongly agree. Higher values indicate a more positive
self-concept. Reliability was good, with « = 0.80 at t1 and « = 0.86 at t5.

Two facets of gender stereotypes were measured.

Stereotypes about girls” and boys’ interest in STEM were measured by seven items
using a 5-point Likert scale, ranging from 1 = strongly disagree to 5 = strongly agree [21]
(example item: “girls are not as interested as boys in STEM subjects”). Higher values
indicate more pronounced stereotypes. Reliability was good to satisfactory, with « = 0.80 at
tl and o = 0.74 at t5.

Stereotypes about girls’ and boys’ abilities in STEM were measured by seven items;
four items from the stereotype scale of Ertl et al. [21] (example item: “girls perform not as
well as boys at STEM subjects”), one item from the scale of Mosko [54] (example item: “boys
are more talented in STEM fields than girls”) another one from the scale by Grosch [55]
(example item: “among the highly skilled in STEM fields, there are fewer girls than boys”),
and one more item from the KomMa questionnaire (“girls need more support in STEM
fields”) [56]. All items were rated on a 5-point Likert scale, ranging from 1 = strongly
disagree to 5 = strongly agree [21]. Higher values indicate more pronounced stereotypes.
Reliability was good, with ot = 0.87 at t1 and « = 0.85 at t5.

All analyses were carried out using IBM SPSS Statistics 29. Hypotheses (as described
in Section 2) were tested by MANOVA and t-tests. For MANOVA results, effect sizes are
described with n? < 0.06 indicating a small effect, n? > 0.06 a medium and 12 > 0.14 a
large effect. The study was performed in accordance with the American Psychological
Association’s Ethics Code and the Declaration of Helsinki.
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4. Results
4.1. Evaluation of the Professional Training Program

The first research question referred to the evaluation of the professional development
program. Overall, the training was evaluated very positively, with mean values above
5.0 on the 6-point Likert scale (see Table 2). On all items, at least 50% of the participants
evaluated the training with the highest value.

Table 2. Descriptive statistics for evaluation variables, training sample (n = 30).

Overall Satisfaction Assessment of Learning Achievements Usefulness of Training
M SD min max M SD min max M SD min max
5.20 1.031 3 6 5.10 1.269 2 6 5.43 0.898 3 6

Note. n = 30; all assessments measured on a 6-point scale. Higher values indicate a more positive assessment.

4.2. MANOVA Results for the Social, Absolute, and Professional Self-Concept
Self-concept was measured at two points in time. Table 3 describes the descriptive

statistics for the variables.

Table 3. Descriptive statistics for the self-concept variables, whole sample, training and control group
at t1 and t5.

Whole Sample (1 = 55) Training Group (1 = 30) Control Group (1 = 25)
Variable, Point in Time M SD min max M SD min max M SD min max
Social self-concept (t1) 431 0.829 225 6.00 4.64 0.635 3.00 6.00 391 0.869 225 5.75
Social self-concept (t5) 4.57 0.993 2.00 7.00 4.85 0.703 4.00 6.25 4.19 1.171 2.00 7.00
Absolute self-concept (t1) 473 0.975 275 7.00 5.02 0.777 3.50 6.50 439 1.09 275 7.00
Absolute self-concept (t5) 4.87 1.043 225 7.00 528 0.726 3.75 6.75 4.39 1.17 225 7.00
Professional self-concept (t1) 3.25 0.408 213 4.00 3.29 0.370 2.50 3.88 3.19 0.449 213 4.00
Professional self-concept (t5) 3.41 0.455 2.00 4.00 3.58 0.315 2.75 4.00 3.20 0.512 2.00 4.00

Note. Social and absolute self-concept were measured on a 7-point scale; professional self-concept was measured
on a 4-point scale. Higher values indicate a higher (more positive) self-concept.

Initial differences between the control group and the training group at test time 1 were
evaluated using t-tests. These tests were applied to the social self-concept £(43,087) = 3.502,
p <0.001 %, the absolute self-concept £(42,334) = 2.410, p = 0.020 and the professional self-
concept £(46,525) = 0.904, p = 0.371. Considering Bonferroni Alpha correction for three
variables, p-values below p = 0.016 can be considered significant. Therefore, only the ¢-test
for the social self-concept indicates a significant difference.

The second research question addresses whether a change in the direction of a more
positive self-concept can be observed due to the training, i.e., whether an interaction
between group x time can be observed. A multivariate analysis of variance (MANOVA)
with the factors group and time was carried out with the factors group and time. Overall,
MANOVA yielded significant results for the factors group (Pillai’s F(3,51) = 4.232, p = 0.010,
1% = 0.199), time (Pillai’s F(3,51) = 4.290, p = 0.009, n? = 0.202), and for the interaction group
x time (Pillai’s F(3,51) = 3.772, p = 0.016, 1> = 0.182).

Univariate analyses for the single variables show a significant interaction group x time
for the professional self-concept (see Table 4). While the values for the control group
remained nearly the same, they increased for the training group.

Figures 1-3 depict the results for the interaction. The training group starts on all three
variables with a higher self-concept. A significant interaction in the sense that the training
group improves while values stay the same for the control group can only be observed for
the professional self-concept.
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Table 4. MANOVA results for single variables (F-values, df, p-values, n?) for factors time, group,
group x time (1 = 55).

Variable F daf p-Value n?
Group Social self-concept 12.287 1 0.001 0.188
Absolute self-concept 9.791 1 0.003 0.156
Professional self-concept 5.937 1 0.018 0.101
Time Social self-concept 6.386 1 0.015 0.108
Absolute self-concept 2.482 1 0.121 0.045
Professional self-concept 8.946 1 0.004 0.144
Group X time Social self-concept 0.020 1 0.887 0.001
Absolute self-concept 2.482 1 0.121 0.045
Professional self-concept 7.799 1 0.007 0.128
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Figure 1. Social self-concept.
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Figure 3. Professional self-concept.

4.3. MANOVA Results for Stereotypes

Two stereotype variables were measured at two points in time in the training and the
control group. Table 5 describes the descriptive statistics for the variables.

Table 5. Descriptive statistics for the stereotype variables, whole sample, training and control group
at t1 and t5.

Whole Sample (1 = 55) Training Group (1 = 30) Control Group (1 = 25)
Vanabl?' Point in M SD min max M SD min max M SD min max
Time

Stereotypes on 258 0779 100 425 285 0709 1.00 425 224 0741 100 375
interests (t1)

Stereotypes on 229 0691 100 375 235 0618 150 375 223 0780 100 375
interests (t5)

Stereotypes on 183 0736 100 343 192 0680 100 343 169 0785 100 343
abilities (t1)

Stereotypes on 164 0640 100 357 168 0740 100 257 160 0544 100  3.57

abilities (t5)

Note. Stereotypes were measured on a 5-point scale. Higher values indicate stronger gender stereotypes.

Initial differences between the control group and the training group at test time 1
were evaluated using t-tests. These tests were applied to the stereotypes on interests
£(50,689) = 3.077, p < 0.002 * and the stereotypes on abilities #(48,3095) = 1.228, p = 0.225.
Considering Bonferroni Alpha correction for two variables, p-values below p = 0.025 can be
considered significant. Therefore, only the t-test for the stereotypes on interests indicates a
significant difference.

The third research question addresses whether a change towards lower stereotype
levels can be observed due to the professional development program, i.e., whether an
interaction between group x time can be observed. MANOVA with the factors group
and time yielded significant results for the factors time (Pillai’s F(2,52) = 5.650, p = 0.006,
1% = 0.179), group (Pillai’s F(2,52) = 3.139, p = 0.052, % = 0.108), and group x time (Pillai’s
F(2,52) = 5.109, p = 0.009, n? = 0.164). The univariate results for the two stereotype variables
for differences between groups, time and for the interaction group x time are displayed in
Table 6.
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Table 6. MANOVA results for single variables (F-values, df, p-values, n?) for factors time, group x time.

Variable F daf p-Value n?
Group Stereotypes on interests 4.223 1 0.045 0.074
Stereotypes on abilities 0.251 1 0.618 0.005
Time Stereotypes on interests 9.101 1 0.04 0.147
Stereotypes on abilities 7.283 1 0.009 0.121
Group X time Stereotypes on interests 8.434 1 0.005 0.137
Stereotypes on abilities 6.336 1 0.015 0.107

Figures 4 and 5 depict the changes for the gender stereotype variables. For the
stereotypes on interests, the training group starts with more pronounced stereotypes than
the control group. A significant interaction in the sense that the training group’s stereotypes
decrease while values stay the same for the control group can be observed for both variables.
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Figure 4. Stereotypes on interest.
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Figure 5. Stereotypes on abilities.

94



Educ. Sci. 2024, 14, 81

5. Discussion

Research on STEM education underscores the importance of educators’ stereotypes
and self-assessments in fostering gender-sensitive teaching in STEM. The lack of stereotypes
or at least low stereotype levels and positive self-concepts are vital to ensure that both
girls and boys have equal opportunities to nurture their interests, develop a positive
attitude toward STEM subjects and fulfill their potential in the field [57,58]. In light of this
perspective, the professional development concept also aimed to improve educators’ STEM
self-concepts and decreasing their gender stereotypes.

5.1. Training Participants” Overall Evaluation of the Professional Development Program

An important prerequisite for attitude change is that training is seen as important
and useful [59]. Indeed, the participants in the training group evaluated the training very
positively: 50% of them rated their overall course satisfaction at the highest level (a score of
6 on the scale), 56.7% reported the highest level of satisfaction with their learning outcomes,
and 66.7% found the training highly beneficial for their professional practice. It should be
considered that participants voluntarily chose to enroll in the training and registered for it,
potentially introducing a bias in the assessments. Nonetheless, it is crucial to highlight that,
despite this potential bias, the participants expressed high levels of satisfaction, which is
pertinent to interpreting the findings, particularly regarding changes in self-concept and
gender stereotypes.

5.2. Changes in Self-Concept

Three facets of the self-concept were assessed: social and absolute self-concept in
STEM overall, plus professional self-concept in STEM.

The results indicate that the training had no noticeable impact on the participants’
absolute self-concept. Although the social self-concept decreased, this change was not
attributed to the group that received the training. It appears that the participants did not
translate the training experiences into their self-assessments, even though the didactic exam-
ples specifically addressed STEM content. In contrast, a training effect on the participants’
professional self-concept could be observed. This outcome can be attributed to the content
of the training, which encompassed various elements such as gender-sensitive teaching
in STEM, strategies to enhance children’s motivation in STEM, the role of stereotypes
in education, and providing didactic good practice examples of how to foster both girls’
(and boys’) engagement in STEM in early childhood education. Although the different
self-concepts influence each other, due to the focus of the training program, the professional
self-concept might have been more strongly influenced. This outcome is also important as
the self-concept inherently includes a motivational dimension, as underscored by Marsh
et al. [60] in their Reciprocal Effects Model. A positive self-concept not only relates to
perceived competence and performance but also encompasses motivational factors and
effort. Therefore, in a professional development setting such as the one investigated, it is
important not only to impart professional skills and knowledge but also to address and
nurture the participants” self-concept.

In addition, educators have an important role model function for the children en-
trusted to their care. They play a crucial role as influential socializers, wielding substantial
influence over gender disparities in academic motivation, educational choices, and overall
achievement [61,62]. Therefore, a positive self-concept in STEM is important not only for
educators” pedagogical practice, but also for how the children perceive their educators and
develop STEM attitudes and assessments in interaction with these role models [33]. Female
educators especially serve as role models for girls; younger girls, in particular, orient
themselves strongly to their educators [52]. It is, therefore, all the more important that the
educators themselves dispose of an interest, positive self-assessments, and high self-efficacy
beliefs in STEM. In this context, alterations in educators’ professional self-concept can be
regarded as an important outcome of the training.
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Based on the results, the second hypothesis can only be partially confirmed. Examining
three aspects of the self-concept—the social, absolute, and professional self-concept—significant
changes were only observed in the professional self-concept.

5.3. Changes in Stereotypes

Research on STEM shows that (similar to other educators) also EC educators possess
stereotypes about girls in STEM (e.g., [41,63]). In the present study, two categories of
stereotypes had been measured: stereotypes regarding girls” and boys’ interests (assuming
lower interest of girls in STEM) and abilities in STEM (assuming inferiority of girls).

When examining the mean values of the study groups on both scales, it is first notice-
able that agreement with the items is relatively low, with mean values falling below the
scale mean of three and indicating a lower level of stereotypes. Nonetheless, interesting and
important distinctions emerge between the means on the two stereotype scales. Statements
regarding girls” alleged inferiority in STEM fields are strongly repudiated compared to
statements concerning their purported lower interest. These findings have been corrob-
orated in other studies with varying populations (e.g., in Ertl et al. [21] in a sample of
female college students). From an educator’s perspective, this composition of stereotypes
would imply tailoring strategies for girls” interests above all else when teaching STEM and
focusing less on alleged ability differences.

The professional development program explicitly included content concerning gender
stereotypes in STEM, encompassing their origins and the potential consequences they
may have on children’s academic journeys, accompanied by discussions and reflections
of the educators on their pedagogical role and personal attitudes. Moreover, the didactic
examples were tailored to girls, including role models from diverse STEM fields. On
the whole, the training appeared to effectively achieve its learning objectives aimed at
mitigating stereotypes. The study results revealed training effects for both categories of
stereotypes. In the case of interest-related stereotypes, it is noteworthy that the training
group initially exhibited higher levels of stereotypes than the control group but managed
to reduce these stereotypes through the professional training program while values in
the control group stayed the same. As for stereotypes regarding abilities, both groups
started with similar baseline values, but only the training group exhibited a reduction in
their stereotypes. In light of research that even very young children can harbor gender
stereotypes pertaining to play activities, interests, and occupations deemed suitable for
boys/men or girls/women [13,62-64], it becomes important that EC educators themselves
do not carry such biases. All the more important findings are suitable training concepts.

5.4. Limitations

This study is not without limitations. Limitations concern the sample size, with
30 participants in the training group. It is advisable to expand the sample size in future
investigations to enhance the statistical power. Additionally, conducting more comprehen-
sive analyses, such as exploring correlations and regression coefficients between educators’
attitudes and assessments, could yield valuable insights (but were not possible due to
limited sample size). Further limitations pertain to the participants’ evaluations, partic-
ularly given that the training program introduced a novel and innovative concept. It is
possible that participants” assessments were influenced by a novelty effect. Furthermore,
the study may be susceptible to limitations related to social desirability effects, although
these limitations should not significantly impact the results pertaining to the training’s ef-
fectiveness. The critical factors here are the differences observed in judgments between the
training and control groups and any changes over time. The self-selection of participants
can lead to a bias in results, as individuals are not randomly chosen but rather opt into the
study voluntarily. This might result in differences in characteristics, behaviors, or attitudes
between participants and nonparticipants [65].
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6. Summary and Conclusions

Despite the generally understood importance of STEM skills and attitudes, studies
point to obstacles hindering the development of STEM competencies and interests of
children that begin in their early educational development. These obstacles affect both boys
and girls, with girls being particularly impacted. While EC educators face an important,
difficult task in supporting children in STEM, they are also affected by barriers to STEM. It
is, therefore, all the more important that EC educators are able to develop positive attitudes
and self-assessments as well as high skills in STEM didactics. Against this background,
training was developed, and its impact on EC educators’ self-concepts and stereotypes was
evaluated. Overall, the results speak for the training as participants could increase their
professional self-concept and decrease gender stereotypes.

The need for such a professional development program arises from a neglect of gender-
sensitive pedagogical concepts for STEM in the Austrian vocational education curriculum
for EC educators within the STEM domain. They do not receive sufficient pedagogical
training during their education to effectively integrate STEM content into their teaching
practices. Improvements are necessary in the vocational education of educators and for
teachers responsible for the training of EC educators, including an assessment of their
knowledge and pedagogical skills in STEM [66]. Altogether, there is a need to integrate
this subject matter early in vocational education as well as to provide ongoing professional
development opportunities for educators already established in their careers. Ideally, such
training would be integrated into the curriculum and be continuous rather than an isolated,
one-shot training to ensure a successful practical transfer in early childhood education.
(see recommendations by Ari et al., [63]; Wei et al., [67]). The professional development
program, characterized by features such as practical application of acquired knowledge in
pedagogical contexts, facilitation of discussion, reflection, and the creation of a supportive
learning community, can serve as a template for further refinement.

Conclusions also concern the implementation of the professional development pro-
gram as blended learning with a mix of asynchronous and synchronous online phases
and face-to-face workshops. This blended approach extends the reach of participation and
temporal flexibility, accommodating educators in active employment residing at a distance.
However, phases of instruction focusing on the manipulation of pedagogical materials, the
application of didactic strategies, and immediate discussion and reflection necessitated
face-to-face workshops. The effectiveness of this blended learning design in instigating
positive changes in participants” attitudes and self-assessments suggests its potential as a
model for future training.
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Abstract: Despite societal efforts toward enhancing gender equality, females are still underrepre-
sented in STEM (science, technology, engineering, mathematics). Prominent explanations draw on
gender differences in attitudes about STEM (with females holding more negative attitudes than
males), which result from the gender stereotype that STEM is a male domain. While a lot of research
has focused on explicit attitudes, little is known about implicit attitudes toward STEM. The present
research sought to examine implicit attitudes among adolescents, and how they relate to other STEM
cognitions. We measured implicit attitudes about the STEM concept as a whole, and about math
in particular. For this purpose, we developed two Brief Implicit Associations Tests (BIATs) and
administered them online in a sample of adolescents (N = 517). We additionally measured a variety
of self-reported motivational and social-psychological variables (interest, aspiration, self-concept
of ability, and sense of belonging to the math and STEM community, respectively), which previous
research has identified as factors contributing to the gender gap in STEM participation. Our findings
confirm the reliability and validity of both the STEM BIAT and the Math BIAT. Moreover, implicit
STEM attitudes predicted interest in and aspiration for STEM, self-concept of STEM ability, and sense
of belonging to the STEM community. Similarly, implicit math attitudes predicted interest in and
aspiration for math, and sense of belonging to the math community (but not self-concept of math
ability). Our findings confirm that our novel online BIATSs are efficient measurement tools of implicit
attitudes in adolescents. Moreover, our findings underscore the significance of implicit attitudes in
the STEM domain.

Keywords: implicit attitudes; STEM; mathematics; gender stereotypes

1. Introduction

Despite societal efforts toward enhancing gender equality, females are still underrepre-
sented in the STEM domain, i.e., science, technology, engineering, and mathematics [1,2]. A
tremendous amount of research has been devoted to understanding the factors determining
the gender gap in STEM participation, identifying factors at the individual as well as the
environmental level [3-6]. Importantly, gender gaps in STEM participation persist despite
no or small gender gaps in STEM-related achievement [7-10]. Instead, cognitive, emotional,
and motivational factors appear to play a major role. In particular, the stereotype that STEM
is a male domain negatively affects females” attitudes about STEM, their self-concept of
abilities in STEM, their STEM identity, and their sense of belonging to the STEM community,
eventually influencing decisions to enter or leave STEM fields [6,11-16].

The present research focused on attitudes about STEM as an important factor con-
tributing to the gender gap in STEM participation. We adopt the widespread definition of
attitude as a global evaluation of an entity with some degree of favor or disfavor [17,18].
Attitudes are key determinants of motivation, decision-making, and behavior [19,20]. By
and large, numerous studies demonstrate that females compared to males report more
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negative attitudes toward math and science [7,9,21-25]. Furthermore, math and science
attitudes have been shown to be related to STEM choices and achievement [26-30].

Most research so far has focused on explicit or self-report measures of STEM attitudes
and other cognitions. However, self-reports do not capture the entire spectrum of cog-
nitions relevant to motivation and behavior. A tremendous amount of research in social
psychology and beyond has shown that implicit attitudes and other implicit cognitions
play an important role in motivation, behavior and decision-making (for a review, see [31]).
At the same time, little is known about implicit STEM attitudes in adolescents who are at a
stage in life where they are setting the course for their future professional careers. To fill this
gap, the present research investigated implicit attitudes about STEM among adolescents
and how they relate to other STEM cognitions.

1.1. Implicit Cognitions

In contrast to self-reported or explicit cognitions, implicit cognitions reflect automatic
associations that are activated quickly and independently of goals [32,33]. Implicit cogni-
tions are not easily accessible to introspection, and even if accessible, participants may not
report them as such but adjust them based on their ideals, norms, and values. Both implicit
and explicit cognitions contribute to motivation, behavior, and decision-making, yet un-
der different conditions [20,34,35]. For instance, implicit attitudes about a political issue
have been shown to better predict future decisions among undecided voters than explicit
attitudes [36]. With respect to STEM, implicit gender stereotypes have been shown
to predict women’s commitment and fit in STEM [37]. In sum, a vast amount of re-
search has shown the relevance of implicit cognitions in predicting a variety of out-
comes [31,38]. Against this background, it seems reasonable that implicit cognitions
contribute to the gender gap in STEM participation. Previous research on implicit STEM
cognitions can be distinguished based on (1) the domain (math, science, STEM, etc.), (2) the
type of association (stereotypes, attitudes, etc.), and (3) the age of the population (children,
adolescents, adults).

To begin with, implicit stereotypes about math or science as male domains are preva-
lent around the world, yet with considerable variability between countries [12,39-41].
Implicit math gender stereotypes have been observed not only among adults but also
among adolescents [42,43] (but see [44]), and even among elementary school children [45].
Similarly, implicit physics gender stereotypes have been observed among adults [46] and
adolescents [47]. Among females, implicit math gender stereotypes predicted more negative
implicit attitudes about math [41,48], a lower self-reported self-concept of abilities [41,43],
and worse math achievement [41,43,49]. Furthermore, among females, implicit math gen-
der stereotypes as well as implicit science gender stereotypes predicted lower interest or
participation in the respective domain [14,41,42,50,51].

Most relevant to the present research are findings on implicit attitudes about STEM.
However, we are not aware of a study on implicit attitudes about the concept of STEM as
a whole. So far, research has investigated implicit attitudes about specific STEM-subjects,
such as math or physics. In particular, implicit attitudes about math or physics were
related to participant gender, with females exhibiting more negative implicit attitudes than
males [41,47,48,52]. Gender differences in implicit attitudes about math have been observed
already among elementary school children [52], and gender differences in implicit attitudes
about physics have been observed among adolescents [47]. Implicit attitudes about math
were related to interest and participation in math [41], self-concept of math abilities [41],
and math achievement [41,48,52].

To summarize, implicit stereotypes and attitudes have been shown to play a pivotal
role in STEM-related cognitions, motivation, and behavior. While there has been extensive
research on implicit gender stereotypes about science or math as well as implicit attitudes
about math or physics, we are not aware of a study on implicit attitudes about the concept
of STEM as a whole. Moreover, most studies investigated implicit cognitions in adults, and

102



Educ. Sci. 2023, 13, 899

the few studies that did examine implicit cognitions in children or adolescents focused on
specific school subjects such as math or physics.

1.2. The Present Research

The main objective of the present research was to investigate implicit attitudes about
STEM among secondary school students and their relation to other STEM cognitions. A
better understanding of implicit attitudes about STEM in this population is essential for
several reasons. First, previous research shows that interest in STEM rapidly declines
throughout secondary school [53], making it especially important to learn more about im-
plicit STEM attitudes and their contribution to STEM motivational factors in this age group.
Second, the concept of STEM is omnipresent in education, and students are confronted with
several STEM-related choices before and during secondary school in the German education
system. Transition from elementary to secondary school already requires setting the course
for future STEM-related educational options (i.e., selecting a school that offers a STEM
profile). Depending on the school type, students at a higher grade level (e.g., seventh grade)
can choose whether they want to intensify STEM subjects or other subjects (e.g., languages).
Furthermore, students in secondary school can often choose to participate in extracurricular
programs regarding STEM. Third, many intervention programs that aim at increasing
female participation in STEM address the overarching concept of STEM, that is, they do
not focus on single (school) subjects, but on various STEM domains and interdisciplinary
aspects [54,55]. An instrument to capture implicit attitudes about STEM in school students
would thus be a valuable evaluation tool for such programs. As STEM is an important
concept in our society and education system, it is essential to better understand attitudes
about this concept in school students and how they relate to other STEM cognitions.

Related to our main objective of investigating implicit STEM attitudes, our research
had a further methodological goal. We sought to develop a novel measure of implicit
STEM attitudes and evaluate whether this measure yields reliable and valid results when
adolescents complete it online on a voluntary basis, at a location and time of their own
choice. Previous research on implicit attitudes has mostly used the Implicit Association Test
(IAT) [56]. In the IAT, participants rapidly classify stimuli belonging to four categories using
two response keys. For instance, in a math-language-attitude IAT, participants classify
stimuli belonging to the categories math, language, positive, and negative. They see one
stimulus at a time on the computer screen (e.g., a math-related word such as “number”,
a language-related word such as “word”, a positive word such as “love”, or a negative
word such as “hate”). In one block, they use one response key (e.g., right key) for math
and positive words, and the other response key (e.g., left key) for language and negative
words. In the other block, they use one response key for language and positive words,
and the other response key for math and negative words. The difference in the average
response latencies of the two blocks represents the extent to which math or language is
associated with positivity or negativity. For instance, faster responses in the math/positive-
language/negative block than in the language/positive-math/negative block indicate
positive associations with math relative to language.

Completion of the IAT is cognitively demanding and lengthy. As such, it is a sub-
optimal instrument when administered online on a voluntary basis in the age group of
adolescents because it may result in large dropout rates. Previous research on implicit
cognitions in underaged participants has been conducted in the lab and has used a sim-
plified variant of the IAT with fewer exemplar stimuli to classify [47,52]. While reducing
the number of stimuli is appropriate when the IAT assesses attitudes about a single subject
such as math or physics, it is not suitable for measuring attitudes about a multifaceted
construct such as STEM.

To develop a measurement instrument that adequately captures the multifaceted
construct of STEM and is, at the same time, short and appealing for adolescents, we
adapted the Brief Implicit Association Test (BIAT) [57]. The BIAT is a variant of the IAT
that is easier and takes less time to complete than the IAT because the classification task is
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simplified, while, at the same time, the number of different exemplar stimuli is retained.
Importantly, the BIAT has comparable psychometric properties in terms of reliability and
validity as the IAT, as demonstrated in several adult samples [58]. However, the BIAT has
not yet been used with underaged participants. Thus, it remains to be shown that the BIAT
is a reliable and valid instrument in this age group.

To evaluate the BIAT as a measurement instrument in our target group, we imple-
mented two BIATs that we aimed to compare, one BIAT assessing implicit attitudes about
STEM and one BIAT assessing implicit attitudes about math. We know from previous
research that implicit attitudes about math can be measured in underaged participants with
a child-friendly IAT [52]. Therefore, we expect similar results with our novel Math BIAT.
We will further investigate whether our novel STEM BIAT yields comparable results.

First, we aim to evaluate the psychometric properties of our Math and STEM BIATs.
To evaluate the reliability of the BIATs we analyzed internal consistency. To evaluate the
construct validity of the BIATs, we analyzed correlations with self-report measures of
attitudes about math or STEM, respectively. Implicit and self-report measures of attitudes
are thought to assess distinct, but related constructs [59]. According to previous research
on the relation between implicit and explicit attitude measures, we should find small-to-
medium-sized correlations [31].

Second, we examine the predictive validity of the BIATs by investigating their relations
to other math- or STEM-related measures, respectively. Based on what has been observed
with respect to implicit math attitudes [41,52], we expect implicit math attitudes to be
related to interest in math, to aspiration in math, and to self-concept of math abilities. In
a similar vein, we expect implicit STEM attitudes to be related to interest in STEM, to
aspiration in STEM, and to self-concept of STEM abilities. We additionally examine whether
implicit attitudes are related to sense of belonging to the respective community. Recent
research suggests that gender stereotypes lead to a lower sense of belonging to the STEM
community among females, which contributes to lower participation rates in females [6,60-65].
To our knowledge, the relation between sense of belonging and implicit attitudes has not
yet been studied. Therefore, we seek to provide new evidence on a potential relation
between these constructs. We expect that implicit math attitudes are related to sense of
belonging to the math community. In a similar vein, implicit STEM attitudes should be
related to sense of belonging to the STEM community.

2. Methods

The study was implemented and presented online using the PsyToolkit platform [66,67].
We report all manipulations, measures, and exclusions. Materials are available at https:
/ /osf.io/9sz32 (accessed on 26 May 2023).

2.1. Design

Participants completed either the Math BIAT or the STEM BIAT. They were randomly
assigned to the BIAT conditions. Except for the BIAT, the conditions were identical, i.e.,
participants completed the same questionnaires in both conditions.

2.2. Participants

Participants were recruited on various online platforms, social media channels, and
through personal contacts. The study was advertised as a study on attitudes about STEM.
As compensation, participants could take part in a lottery of 50 vouchers for 10 EUR for
an online shop of their choice. Informed consent was obtained from participants as well
as their parents at the beginning of the study. The study was automatically terminated if
consent was not given by either the participants or the parents.

N = 862 participants started the study after consent was provided. The participation
criteria (1) aged between 10 and 17 years and (2) being a school student were assessed
at the beginning of the study, and the study was terminated if participants did not meet
the criteria. N = 844 participants met the participation criteria. N = 557 (66%) participants
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fully completed the study. Participants were excluded from the data analysis if they
did not correctly answer the two attention check questions that were interspersed in the
questionnaires (21 participants), if they indicated at the end of the study that they did
not seriously answer the questions (five participants), if they were not yet in fifth grade
(five participants), if there were technical problems (five participants), or if more than 10% of
the responses in the BIAT were faster than 300 ms or slower than 10,000 ms (15 participants),
which is the standard performance-based exclusion criterion in the BIAT [57,68]. We aimed
for a total sample size of N =500 (N =250 per BIAT condition) to achieve sufficient power for
correlational analyses [69]. The final sample size was N = 517 (262 participants completed
the Math BIAT, and 255 participants completed the STEM BIAT). The demographics are
shown in Tables 1 and 2.

Table 1. Numbers of participants.

Math BIAT Condition STEM BIAT Condition
Demographic Variables Male Female Male Female
104 158 85 170
School Type
Comprehensive School 7 9 10 3
Lower-Track Sec. School ! 0 2 1 0
Medium-Track Sec. School ! 4 8 5 8
Higher-Track Sec. School ! 89 136 66 149
Other 4 3 3 10
School Profile
STEM profile 64 68 49 68
Language profile 19 33 17 41
Other or no profile 21 57 19 61
Subjects Taken
Mathematics 104 158 85 170
Biology 100 146 81 159
Physics 93 126 66 135
Chemistry 85 115 60 117
Computer Science 73 108 54 112
German 104 158 85 170
English 104 158 82 168
French 48 86 34 87
Spanish 21 28 15 28
Latin 32 42 25 54

1 Sec. = Secondary.

Table 2. Mean age and school grade level .

Math BIAT Condition STEM BIAT Condition
Demographic Variables
Male Female Male Female
Age 14.54 (2.02) 13.88 (2.17) 14.20 (2.20) 13.80 (2.11)
Grade level 9.18 (2.16) 8.60 (2.11) 8.86 (2.21) 8.49 (2.13)

! Standard deviations are in parenthesis. 2 School grade level varied from 5th to 13th grade.

We examined whether demographic characteristics were distributed equally across the
Math and STEM BIAT conditions. There was no significant association between condition
and gender, x2(1) =2.26, p = 0.133. Participants did not differ between conditions in age,
£(515) = 1.10, p = 0.270, d = 0.10 or grade level, £(515) = 1.17, p = 0.245, d = 0.10. There was
no significant association between condition and school type (recoded as Higher-Track
Secondary School vs. other), x2(1) = 0.25, p = 0.617 or between condition and school profile
(recoded as STEM profile vs. other/none), x*(1) = 1.05, p = 0.306. In sum, the conditions
did not differ in demographic variables.

Furthermore, we examined whether gender was associated with relevant demographic
variables. Male participants were, on average, older than female participants, #(515) = 2.82,
p =0.005, d = 0.26. Correspondingly, male participants were, on average, in a higher grade
level than female participants, £(515) = 2.53, p = 0.012, d = 0.23. There was no significant
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association between gender and school type (recoded as Higher-Track Secondary School
vs. other), x*(1) = 2.25, p = 0.133. However, there was a significant association between
gender and school profile, x2(1) = 16.13, p < 0.001. There were more male participants than
expected and fewer female participants than expected in the STEM profile.

2.3. Procedure

Participants first answered demographic questions about their age, whether they were
school students, the school type (response options were four different types of German
secondary schools and other, see Table 1), the school profile if any (response options were
language-oriented, STEM-oriented, and other), their grade level, and their gender. Then,
participants were informed about the meaning of the acronym STEM (in German MINT)
and that the STEM subjects in school were mathematics, computer science, biology, physics,
and chemistry. They were told that some of the following questions would refer to STEM
subjects, while other questions would refer to language subjects (e.g., German, Latin,
English, French, Spanish). We selected the languages that are typically taught at secondary
school in Germany. Participants were asked to indicate which of the following subjects
they were currently taking or had taken before in school (mathematics, computer science,
biology, physics, chemistry, German, Latin, English, French, Spanish).

Afterward, participants completed self-report measures on interest, aspiration, self-
concept of abilities, attitudes, feeling thermometers, and feelings of belonging (for details
see Section 2.4). Then, participants were randomly assigned to the BIAT condition (Math
BIAT vs. STEM BIAT), with the constraint that gender was balanced across BIAT conditions.

After completion of the BIAT, participants could enter comments on the study, and
they were asked to indicate whether they had seriously answered all question. Finally,
participants were informed about the procedure of the lottery. To take part in the lottery,
they were asked to enter a self-generated code that would be stored separately from their
data to ensure anonymity of the study data and to send an E-Mail with the code and their
name to the researcher.

2.4. Materials
2.4.1. Self-Report Measures

Interest in STEM and interest in languages were assessed with respect to the school
subjects of mathematics, computer science, biology, physics, chemistry, German language,
Latin, English, French, and Spanish [55,70]. A sample item is “Please indicate the extent to
which you are interested in mathematics.” Participants indicated their interest on a 6-point
Likert scale from (no interest at all) to (very strong interest). For STEM-related analyses,
responses to the STEM subjects were averaged to a STEM-interest scale (& = 0.71), and
responses to the language subjects were averaged to a language-interest scale (x = 0.62).

Aspiration for STEM and aspiration for languages were assessed with respect to the
subselection of school subjects that participants were currently taking (out of the school
subjects mathematics, computer science, biology, physics, chemistry, German, Latin, En-
glish, French, and Spanish). For each of the subjects that participants were currently
taking, they were asked “to specify the grade with which they would be satisfied in their
next school report” [71]. The German grading system ranges from 1 (highest grade) to
6 (lowest grade). For STEM-related analyses, responses to the STEM subjects were aver-
aged to a STEM-aspiration scale, and responses to the language subject were averaged
to a language-aspiration scale. Because the subselection of school subjects, which com-
prised the STEM-aspiration and language-aspiration scales, respectively, differed between
participants, internal consistency scores cannot be calculated across all participants.

Self-concept of abilities was assessed with respect to STEM abilities in general, as well
as with respect to mathematics in particular. To this end, we used an adapted four-item
scale version of the belief in one’s own abilities scale [71,72]. The items were presented as
6-point bipolar Likert scale items with the poles labeled in item-specific ways (“I doubt
that I am talented for the STEM subjects.” vs. “I believe that I am talented for the STEM

106



Educ. Sci. 2023, 13, 899

", 4

subjects.”; “I am not sure whether I am good enough to succeed in the STEM subjects.” vs.
“I am sure that I am good enough to succeed in the STEM subjects.”; “I don’t have a lot
of confidence in my STEM abilities.” vs. “I have full confidence in my STEM abilities.”,
“When I get new learning material in the STEM subjects, I often think that I may not be able
to understand it.” vs. “When I get new learning material in the STEM subjects, I am usually
able to understand it.”). To assess the self-concept of mathematic abilities, we replaced the
term STEM subjects with mathematics. The internal consistency was excellent for both the
self-concept of STEM-ability scale (o« = 0.92) and the self-concept of mathematics-ability
scale (= 0.94).

Attitudes were assessed with respect to STEM and languages in general, as well as
with respect to mathematics and German in particular. To this end, we used an adapted
three-item scale [48,73]. The items were presented as 6-point bipolar Likert scale items with
the poles labeled in item-specific ways (“I don’t favor the STEM subjects.” vs. “I favor the
STEM subjects.”; “I don’t like the STEM subjects at all.” vs. “I like the STEM subjects a
lot.”; “The STEM subjects are absolutely boring.” vs. “The STEM subjects are a lot of fun.”).
To assess attitudes toward the other domains, the term STEM subjects was replaced with
mathematics, language subjects, and German language, respectively. Internal consistency was
excellent for all attitude scales (STEM attitudes: « = 0.94; math attitudes: o = 0.96; language
attitudes: o = 0.94; German attitudes: « = 0.95).

In addition to attitude scales, we administered feeling thermometers to assess the af-
fective component of attitudes [48]. Feelings of unpleasantness/pleasantness were assessed
with respect to the subselection of the school subjects, that participants were currently
taking (out of the subjects mathematics, computer science, biology, physics, chemistry,
German, Latin, English, French, and Spanish). Participants were asked to imagine that
they were working on a task from each of these subjects. They should imagine the feelings
they were experiencing while working on the task as vividly as possible. They gave their
response on a slider scale ranging from unpleasant to pleasant. Responses were coded from
1 to 100. For STEM-related analyses, responses to the STEM subjects were averaged to a
STEM-feeling thermometer scale, and responses to the language subjects were averaged to
a language-feeling thermometer scale. Because the subselection of school subjects, which
comprised the STEM-feeling thermometer and the language-feeling thermometer scales,
respectively, differed between participants, internal consistency scores cannot be calculated
across all participants.

Sense of belonging was assessed with respect to the STEM community and the math
community. To this end, we adapted the Sense of Belonging Scale from Good et al. [62],
following the German translation from Ladewig et al. [60]. We used a short four-item
version (“I feel that I belong to the STEM people.”; “I perceive myself as a member of
the STEM community.”; “I feel connected to the STEM people.”; “I have the feeling that I
am part of the STEM world.”). Participants gave their responses on a 6-point Likert scale
ranging from (not at all) to (completely). To assess sense of belonging to the math community,
the term STEM was replaced with mathematics. Internal consistency was excellent for both
scales (sense of belonging to the STEM community: o = 0.95; sense of belonging to the
math community: o = 0.96).

2.4.2. Implicit Measures

Like the IAT, the BIAT is a speeded classification task, in which participants are
presented with stimuli—one at a time on the screen—belonging to one of four categories.
Different from the IAT, participants focus on just two of the four categories when classifying
the stimuli, which makes the task easier. For instance, when STEM and good are the focal
categories, participants use the right response key for all stimuli belonging to the categories
STEM or good, and the left response key for all other stimuli. Conversely, when languages
and good are the focal categories, participants use the right response key for all stimuli
belonging to the categories languages or good, and the left response key for all other stimuli.
Like in the IAT, however, stimuli of all four categories are presented during a block, and
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the mapping of stimuli to response keys is the same as in the IAT. That is, in one block
participants respond with the right key to STEM and good stimuli and with the left key to
languages and bad stimuli. In the other block, they respond with the right key to languages
and good stimuli and with the left key to STEM and bad stimuli. The BIAT is easier to
complete than the IAT because participants must keep in working memory only the two
focal categories (not all four categories as in the IAT). Furthermore, the BIAT needs fewer
practice trials than the IAT, shortening total completion time.

The STEM BIAT was modeled after science IATs [12]. The stimuli of the STEM BIAT
were the STEM subjects that are typically taught at German secondary schools (see Table 3).
We used languages as the comparison category because this category is easy for adolescents
to understand and because secondary schools in Germany offer a language profile as an
alternative to the STEM profile. The stimuli of the category languages were the language
subjects that are typically taught at German secondary schools. The attribute dimensions
were good and bad as in similar attitude IATs [47,52,73]. We used the standard procedure
of the BIAT [57,68] and adapted the instructions and the practice block to make the task
easier for our age group of adolescents. Participants were told that their task was to decide
as quickly as possible whether a word presented in the center of the screen matched a
category presented at the top of the screen. They were shown several example screens
(e.g., Does “dog” match the category “animal”?). They were told to press the right-hand
key if the word matched the category (focal category), and the left-hand key if the word
did not match the category (nonfocal category). The response keys were L and A on a
QWERTZ keyboard.

Table 3. Category labels and stimuli presented in the STEM and Math BIATs.

Category Labels Stimuli Category Labels Stimuli
(English Translation) (English Translation) (Original German) (Original German)
Mathematics Mathematik
Biology Biologie
STEM Chemistry MINT Chemie
Physics Physik
Computer Science Informatik
German Deutsch
Latin Latein
Languages English Sprachen Englisch
French Franzosisch
Spanish Spanisch
Numbers Zahlen
Compute Rechnen
Mathematics Summate Mathematik Addieren
Multiply Multiplizieren
Geometry Geometrie
Words Worter
Verbs Verben
German Read Deutsch Lesen
Orthography Rechtschreibung
Poem Gedicht
Happy Gliicklich
Love Liebe
Good Laughing Gut Lachen
Pleasure Freude
Wonderful Wundervoll
Agony Qual
Nasty Ubel
Bad Awful Schlecht Schrecklich
Terrible Grausam
Horrible Scheuflich

Participants first completed a practice block with the concept category animals (e.g.,
dog, cat) and the attribute category good words as the focal categories and the concept
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category trees (e.g., oak, beech) and the attribute category bad words as nonfocal categories
(see Table 4 for an overview of the procedure). The first four trials presented only stimuli
of the concept categories animals and trees, and the following 16 trials alternated stimuli
of the concept categories and stimuli of the attribute categories. After the practice block,
the concept categories STEM and languages were introduced and the lists of STEM- and
languages-stimuli were shown on the screen. Furthermore, the lists of good and bad words
were shown. Participants completed four test blocks. Following the recommendation of
Nosek et al. [68], the attribute category good was always focal, and the attribute category
bad was always nonfocal. Which of the two concept categories of STEM and languages was
focal alternated between test blocks. It was counterbalanced between participants whether
they started with the STEM-good-focal block or with the languages-good-focal block. The
first four trials of each block presented only stimuli of the concept categories and were not
analyzed. The following 20 trials of each block alternated stimuli of the concept categories
and stimuli of the attribute categories. The order of the stimuli was determined randomly.

Table 4. BIAT procedure .

o Nonfocal .
Block Type glof]is,t Trials Categories flgicall“c Ia(teeg)ones
(Left Key) g Y’
4 trials with concepts only .
Practice Block 16 trials alternating g;ede ég:)rgal
concepts and attributes
Test Block 1 gotrtla.lsl w11tth COI;.CeptS only Languages STEM
STEM-Good ria’s aterna ing Bad Good
concepts and attributes
Test Block 4 trla'ls with con'cepts only STEM Languages
Languages-Good 20 trials alternating Bad Good
concepts and attributes
Test Block 3 ;1(; rtlrallsl w11t th rcr?ngﬁpts only Languages STEM
STEM-Good s dternating Bad Good
concepts and attributes
Test Block é(;r;f]sw;ltt}; :r(l);ge\p ts only STEM Languages
Languages-Good 8 Bad Good

concepts and attributes

! The table presents the procedure of the STEM BIAT. The procedure of the Math BIAT was identical. In each
BIAT, blocks 1 and 3 are identical, and blocks 2 and 4 are identical. The order of blocks 1 and 3 with blocks 2 and 4
was counterbalanced. From the trials of blocks 1 through 4, only the 20 trials alternating concepts and attributes
are analyzed.

During all trials of a block, the focal category labels were shown on the top of the screen
(e.g., “STEM or Good”), and the response keys were shown on the bottom of the screen,
with the response key for nonfocal stimuli in brackets (“L-key [A-key]”). The response keys
were presented as a reminder to reduce potential error variance stemming from careless
reading of the instructions. The concept category labels and stimuli were presented in
green. The attribute labels and stimuli were presented in yellow. The background color
was black. On each trial, a stimulus was shown in the center of the screen until participants
responded. In case of an incorrect response, a red “X” appeared below the stimulus until
participants gave the correct response. The intertrial interval was 400 ms.

The stimuli of the Math BIAT were taken from previous research using Math
IATs [41,42,48]. As our sample was German speaking, we used German language as
the comparison category (see Table 3). Otherwise, the Math BIAT was identical to the
STEM BIAT.

3. Results
3.1. Analyses of the BIATs

We used the scoring algorithm recommended by Nosek et al. [68]. Responses from
practice trials and the first four trials of each block were deleted. The dependent variable
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was the latency from stimulus onset to the correct response. Recall that when participants
made an error, they had to correct their response. On these trials, the total latency from
stimulus onset to the final correct response was used as dependent variable. Responses
with latencies slower than 10,000 ms were deleted. Latencies faster than 400 ms were
recoded to 400 ms, and latencies slower than 2000 ms were recoded to 2000 ms. Separate
D scores were computed for the first two blocks and the second two blocks, and then
averaged. To compute the D score for the first two blocks of the STEM BIAT, we subtracted
the mean response latencies in the STEM-good block from the mean response latencies
in the languages-good block, and divided the resulting difference score by the standard
deviation of response latencies across both blocks. The D score is an individual effect size
estimate that is similar to Cohen’s d. A positive-D score indicates a preference for STEM
relative to languages, and a negative-D score indicates a preference for languages relative
to STEM. The Math-BIAT score was calculated in the same vein. A positive-D score, thus,
indicates a preference for math relative to German, and a negative-D score indicates a
preference for German relative to math.

3.1.1. BIAT Completion Time

Participants took on average M = 5.76 (SD = 1.68) minutes to complete the Math BIAT,
and M = 5.89 (SD = 1.73) minutes to complete the STEM BIAT, with no significant difference
between BIAT conditions, #(515) = —0.87, p = 0.384. Older participants took less time than
younger participants, as indicated by a significant negative correlation between age and
completion time, r = —0.32, p < 0.001.

3.1.2. BIAT Internal Consistency

As an index of internal consistency, we calculated the Guttman Split-Half coefficient
from the D scores of the first two and the second two blocks. The internal consistency was
excellent for both, the Math BIAT (« = 0.97) and the STEM BIAT (o = 0.95).

3.1.3. BIAT Construct Validity

To examine the construct validity of the BIATs, we calculated correlations of the
D scores with explicit attitudes and feeling thermometer scales about math and STEM,
respectively. Correlations with self-report measures about German and languages are
presented in the Supplementary Materials (Table S1). As expected, we observed a significant
positive correlation between implicit math attitudes and explicit math attitudes, r = 0.14,
p = 0.020, as well as between implicit math attitudes and math feelings, » = 0.16, p = 0.011.
Similarly, we observed a significant positive correlation between implicit STEM attitudes
and explicit STEM attitudes, r = 0.17, p = 0.005, as well as between implicit STEM attitudes
and STEM feelings, r = 0.16, p = 0.009.

3.2. Gender Differences in Math- and STEM-Related Measures

We examined gender differences in all math- and STEM-related measures with one-
tailed t-Tests. Gender differences in German- and languages-related measures are presented
in the Supplementary Materials (Table S2). As can be seen in Table 5, we observed the
well-known gender differences in almost all math and STEM-related measures. Regarding
implicit and explicit attitudes, an interesting pattern emerged. The genders differed in
their implicit attitudes about math, with girls showing more negative implicit attitudes
about math than boys, #(260) = 2.68, p = 0.004. However, the genders did not differ in their
explicit attitudes about math, £(515) = 1.52, p = 0.064. Conversely, the genders differed
in their explicit attitudes about STEM, with girls showing less positive explicit attitudes
about STEM than boys, #(515) = 2.74, p = 0.003, but not in their implicit attitudes about
STEM, #(253) = 0.98, p = 0.165. When asked about their feelings, participants showed
significant gender differences. Girls reported less positive feelings than boys about math,
£(418.7) = 2.87, p = 0.002 (unequal variances assumed) and about STEM, #(515) = 3.34,
p < 0.001.
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Table 5. Means, standard deviations, and Cohen’s d of gender differences in Math- and
STEM-related measures.

Math STEM
M
easure Male Female Gender Difference Male Female Gender Difference
M (SD) M (SD) d M (SD) M (SD) d
e 0.07 —0.11 o 0.02 —0.05
Implicit attitudes (0.56) (0.53) 0.34 (0.51) (0.59) 0.13
e 4.59 4.40 4.87 458 "
Explicit attitudes (1.37) (1.42) 0.14 (1.14) (1.16) 0.25
. 73.81 66.87 " 69.79 64.14 e
Feeling thermometer (25.70) (27.88) 0.26 (17.46) (19.05) 0.31
466 443 . 444 420 -
Interest (1.32) (1.40) 0.17 (0.98) (1.01) 0.25
s 2.25 2.27 2.26 224
Aspiration 0.97) (0.89) —0.03 (0.74) (0.75) 0.04
Self-concept of ability (1128) (AlliZ) 0.38 *** (Allgg) (?;303) 0.48 ***
. 3.88 3.50 " 417 3.57 o
Sense of belonging (1.44) (1.46) 0.26 (1.30) (1.35) 0.45

*p <0.05. ** p <0.01. ** p <0.001 (one-tailed t-tests).

Furthermore, the genders differed by interest. Girls reported a lower interest in math,
t(515) = 1.83, p = 0.034 and a lower interest in STEM, #(515) = 2.70, p = 0.004 compared to
boys. Interestingly, males and females did not differ in math aspiration, #(515) = —0.31,
p = 0.379 nor in STEM aspiration, £(515) = 0.38, p = 0.351. The genders did, however, differ
in self-concept of abilities. Girls compared to boys reported lower self-concepts of math
ability, #(455.1) = 4.40, p < 0.001 (unequal variances assumed) and lower self-concepts of
STEM ability, #(475.1) = 5.58, p < 0.001 (unequal variances assumed). Finally, the genders
differed in sense of belonging. Girls compared to boys reported a lower sense of belonging
to the math community, #(515) = 2.83, p = 0.002 and a lower sense of belonging to the STEM
community, £(515) = 4.95, p < 0.001.

3.3. Predictive Validity of Implicit Attitudes

We examined whether implicit attitudes predicted interest, aspiration, self-concept of
ability, and sense of belonging separately for the math and STEM domains. To this end, we
first analyzed zero-order correlations (Tables 6 and 7). All math-related self-report measures
were highly correlated with one another. Implicit math attitudes were related to all math-
related self-report measures except for self-concept of math ability. In a similar vein, all
STEM-related self-report measures were highly correlated with one another. Implicit STEM
attitudes were related to all STEM-related self-report measures.

To examine the predictive validity of implicit attitudes, we conducted separate linear
regression analyses on the various STEM- and math-related outcome variables. In the
first step of each regression analyses, we entered the demographic variables gender, grade
level, and school profile (dummy coded as STEM profile vs. not) as control variables. In
the second step, we entered implicit attitudes as predictors. Dependent variables were
STEM- and math-related interest, aspiration, self-concept of ability, and sense of belonging.
The results are summarized in Table 8 (math-related regression analyses) and Table 9
(STEM-related regression analyses).

As can be seen in Table 8, a STEM school profile (but not gender and grade level)
significantly predicted math interest. Students attending a school with a STEM profile
reported higher math interest than other students. Most importantly, implicit math attitudes
significantly predicted math interest over and beyond the control variables. Students with
more positive implicit math attitudes reported a higher math interest than students with
more negative implicit math attitudes.
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Table 6. Correlations among Math-related measures !.

Measure 1 2 3 4 5 6 7

1. Implicit math attitude - 0.14* 0.16* 0.16 * —0.14* 0.12 0.16*

2. EXpliCif math attitude _ 0.86 *+* 0.87 #** —0.61 *** 0.79 *+* 0.80 ***
3. Math feeling thermometer - 0.80 *** —0.61 *** 0.79 *** 0.76 ***
4. Math interest - —0.63 *** 0.71 *** 0.75 ***
5. Math aspiration 2 - —0.59 *** —0.55 ***
6.  Self-concept of math ability - 0.77 ***
7. Sense of belonging to math community -

! Correlations with implicit attitudes are based on the sample in the Math-BIAT condition (N = 262), correlations
among self-report measures are based on the entire sample (N = 517). 2 Math aspiration was measured in terms of
aspired grades, ranging from 1 (highest grade) to 6 (lowest grade). * p < 0.05. *** p < 0.001.

Table 7. Correlations among STEM-related measures !.

Measure 1 2 3 4 5 6 7

1. Implicit STEM attitude - 0.17 ** 0.16 ** 0.21 *** —0.22%0 .22 % 0.21
2. Explicit STEM attitude _ 0.71 #** 0.79 *** —0.49 =+ 0.73 **+ 0.76 **+
3. STEM feeling thermometer B 0.70 ** _0.5] *** 0.64 *** 0.63 ***
4. STEM interest - —0.48 *** 0.65 *** 0.70 ***
5. STEM aspiration 2 - —0.49 *** —0.44
6. Self-concept of STEM ability - 0.72 ***
7. Sense of belonging to STEM community -

! Correlations with implicit attitudes are based on the sample in the STEM BIAT condition (N = 255), correlations
among self-report measures are based on the entire sample (N = 517). 2 STEM aspiration was measured in terms
of aspired grades, ranging from 1 (highest grade) to 6 (lowest grade). ** p < 0.01. *** p < 0.001.

Furthermore, a STEM school profile (but not gender and grade level) significantly
predicted math aspiration. Students attending a school with a STEM profile reported
higher math aspirations than other students. Most importantly, implicit math attitudes
significantly predicted math aspiration over and beyond the control variables. Students
with more positive implicit math attitudes reported higher math aspirations than students
with more negative implicit math attitudes.

Furthermore, gender, grade level, and a STEM school profile significantly predicted
self-concept of math ability. Boys reported a higher self-concept of math ability than girls.
Students at a higher grade level reported a lower self-concept of math ability than students
at a lower grade level. Students attending a school with a STEM profile reported a higher
self-concept of math ability than other students. However, implicit math attitudes did not
predict self-concept of math ability over and beyond the control variables.

Finally, grade level and a STEM school profile (but not gender) significantly predicted
sense of belonging to the math community. Students at a higher grade level reported a
lower sense of belonging to the math community than students at a lower grade level.
Students attending a school with a STEM profile reported a higher sense of belonging
to the math community than other students. Most importantly, implicit math attitudes
significantly predicted sense of belonging over and beyond the control variables. Students
with more positive implicit math attitudes reported a higher sense of belonging to the math
community than students with more negative implicit math attitudes.

As can be seen in Table 9, grade level and a STEM school profile (but not gender)
significantly predicted STEM interest. Students at a higher grade level reported lower
STEM interest than students at a lower grade level. Students attending a school with a
STEM profile reported higher STEM interest than other students. Most importantly, implicit
STEM attitudes significantly predicted STEM interest over and beyond the control variables.
Students with more positive implicit STEM attitudes reported a higher STEM interest than
students with more negative implicit STEM attitudes.
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Table 8. Regression analyses on math variables .

Model 1 Model 2
Variable B FB B B
[95% CI] s B [95% CI1 S B
Math interest
0.16 0.10
a
Gender [-0.17; 0.49] 0.17 0.06 [-023; 0.43] 0.17 0.04
<0.01 <0.01
Grade level [—0.08; 0.08] 0.04 <0.01 [—0.08; 0.08] 0.04 <0.01
0.55** 0.55 **
e b
STEM school profile [0.22; 0.88] 0.17 0.21 [0.22; 0.88] 0.17 0.21
- . 0.35*
Implicit math attitudes [0.06; 0.64] 0.15 0.14
R? 0.052 ** 0.072 ***
AR? 0.020*
Math aspiration
—0.03 0.01
a —
Gender [~0.25; 0.20] 0.11 0.02 [-0.21; 0.24] 0.11 0.01
—0.02 —0.02
Grade level [—0.08; 0.03] 0.03 —0.06 [—0.08; 0.03] 0.03 —0.06
—0.30 ** —0.30 **
e b _ —
STEM school profile [=0.52; —0.08] 0.11 0.17 [=052; —0.08] 0.11 0.17
. . —0.22*
Implicit math attitudes [-042; —0.03] 0.10 —0.14
R2 0.039 * 0.057 **
AR? 0.018 *
Self-concept of math ability
0.47 ** 0.43*
a
Gender [0.14; 0.79] 0.16 0.17 [0.10; 0.75] 0.17 0.16
—0.08* —0.08 *
Grade level [0.15; —0.004] 0.04 —0.13 [=0.16; —0.01] 0.04 —0.13
0.48 ** 0.48 **
e b
STEM school profile [0.16 0.81] 0.16 0.18 [0.16 0.80] 0.16 0.18
- . 0.22
Implicit math attitudes [0.07: 0.50] 0.15 0.09
R? 0.074 *** 0.082 ***
AR? 0.008
Sense of belonging to math community
Gender ? 030 0.18 0.11 024 0.18 0.08
[—0.04; 0.65] ’ ’ [—0.11; 0.59] ’ '
—0.09 * —0.09 *
Grade level [=017; —0.01] 0.04 —0.14 [=017; —0.01] 0.04 —0.14
0.70 *** 0.70 ***
e b
STEM school profile [0.35: 1.05] 0.18 0.25 [0.35; 1.04] 0.18 0.25
- . 0.36*
Implicit math attitudes [0.05; 0.66] 0.16 0.14
R? 0.079 *** 0.097 ***
AR? 0.019 *

1 In Model 1, we entered the control variables gender, grade level, and STEM school profile to predict the outcome
variables. In Model 2, we entered implicit math attitudes as predictor. # 0 = female, 1 = male. b (0 = no STEM

profile, 1 = STEM profile. * p < 0.05. ** p < 0.01. ** p < 0.001.
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Table 9. Regression analyses on STEM variables .

Model 1 Model 2
Variable B B B B
[95% C1J s b [95% CI] > b
STEM interest
0.14 0.12
a
Gender [0.13; 0.40] 0.14 0.06 [0.15; 0.38] 0.13 0.05
70'12 k3% 70'12 k3%
Grade level [0.18; —0.06] 0.03 —0.25 [-0.18; —0.06] 0.03 —0.25
0.41 0.37 **
e b
STEM school profile [0.16; 0.67] 0.13 0.20 [0.12; 0.62] 0.13 0.18
- . 0.36 **
Implicit STEM attitudes [0.15; 0.58] 0.11 0.20
R? 0.088 *** 0.126 ***
AR? 0.038 **
STEM aspiration
0.11 0.13
a
Gender [-0.09; 0.32] 0.10 0.07 [-0.07: 0.33] 0.10 0.08
—0.02 —0.02
Grade level [—0.06; 0.03] 0.02 —0.05 [—0.06; 0.03] 0.02 —0.05
STEM school profile ? ~02% 0.10 -0.16 ~021* 0.10 —0.14
[—0.44; —0.05] ’ ' [—0.41; —0.02] ’ '
licit STEM attitud —0.297 0.09 0.21
Implicit attitudes [=0.46; —0.13] . —0.
R? 0.030 0.075 ***
AR? 0.045 ***
Self-concept of STEM ability
0.48 ** 0.46 **
a
Gender [0.14; 0.82] 0.17 0.17 [0.12;0.79] 0.17 0.16
—0.05 —0.05
Grade level [=0.12; 0.03] 0.04 —0.07 [=0.12; 0.03] 0.04 —0.07
0.53 ** 0.47 **
o b
STEM school profile [0.20; 0.85] 0.17 0.20 [0.15; 0.80] 0.16 0.18
- . 0.46 **
Implicit STEM attitudes [0.18; 0.74] 0.14 0.19
R? 0.078 *** 0.115 ***
AR? 0.037 **
Sense of belonging to STEM community
Gender @ 052 0.18 0.18 049 0.18 0.17
[0.17; 0.87] ’ ' [0.15; 0.84] ’ '
—0.09 * —0.09 *
Grade level [=0.16; —0.01] 0.04 —0.13 [=0.16; —0.01] 0.04 —0.13
0'72 k3% 0'67 k3%
e b
STEM school profile [0.38; 1.05] 0.17 .26 [0.33; 1.00] 0.17 0.24
.. . 0.44 **
Implicit STEM attitudes [0.15; 0.72] 0.15 0.18
R? 114 %% 0.145 ***
AR? 0.031 **

1 In Model 1, we entered the control variables gender, grade level, and STEM school profile to predict the outcome
variables. In Model 2, we entered implicit STEM attitudes as predictor. ? 0 = female, 1 = male. b0 = no STEM

profile, 1 = STEM profile. * p < 0.05. ** p < 0.01. ** p < 0.001.

Furthermore, a STEM school profile (but not gender and grade level) significantly
predicted STEM aspiration. Students attending a school with a STEM profile reported
higher STEM aspirations than other students. Most importantly, implicit STEM attitudes
significantly predicted STEM aspiration over and beyond the control variables. Students
with more positive implicit STEM attitudes reported higher STEM aspirations than students

with more negative implicit STEM attitudes.
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Furthermore, gender and a STEM school profile (but not grade level) significantly
predicted self-concept of STEM ability. Boys reported a higher self-concept of STEM ability
than girls. Students attending a school with a STEM profile reported a higher self-concept of
STEM ability than other students. Most importantly, implicit STEM attitudes significantly
predicted self-concept of STEM ability over and beyond the control variables. Students
with more positive implicit STEM attitudes reported a higher self-concept of STEM ability
than students with more negative implicit STEM attitudes.

Finally, gender, grade level, and a STEM school profile significantly predicted sense
of belonging to the STEM community. Boys reported a higher sense of belonging to the
STEM community than girls. Students at a higher grade level reported a lower sense of
belonging to the STEM community than students at a lower grade level. Students attending
a school with a STEM profile reported a higher sense of belonging to the STEM community
than other students. Most importantly, implicit STEM attitudes significantly predicted
sense of belonging over and beyond the control variables. Students with more positive
implicit STEM attitudes reported a higher sense of belonging to the STEM community than
students with more negative implicit STEM attitudes.

4. Discussion

The goals of the present study were twofold. First, we sought to evaluate the reliability
and validity of our novel implicit attitude measures in a sample of adolescents participating
online on a voluntary basis, at a location and time of their own choice. Second, we sought to
provide first evidence on implicit STEM attitudes in adolescents and extend our knowledge
on implicit math attitudes and how they relate to other STEM and math cognitions.

Regarding our first goal, the present study confirms the reliability and validity of both
the Math BIAT and the STEM BIAT in our adolescent sample under the conditions of self-
determined online participation. The internal consistency of both BIATs was excellent and
slightly better than the internal consistencies of the BIAT and the IAT reported in previous
research [58,68]. Criterion validity was evaluated based on correlations with self-report
measures of attitudes. To this end, we administered explicit attitude scales consisting of
three items as well as feeling thermometer items regarding the school subjects [48]. As
implicit and self-report measures are thought to assess distinct, but related constructs [59],
we expected small-to-medium-sized correlations. Similar to previous research on implicit—
explicit math attitude correlations in underaged participants [52], we observed small-sized
correlations of implicit and explicit math attitudes as well as of implicit and explicit STEM
attitudes. This pattern of results was confirmed across both self-report measures, the
explicit attitude scale and the feeling thermometer items, with the latter tapping into the
affective component of attitudes. Taken together, the present study provides evidence that
implicit attitudes about math and STEM can be measured reliably and validly in adolescents
using our adaptation of the BIAT. As such, the BIAT constitutes a useful alternative to the
standard IAT, possessing several advantages (shorter completion time and less cognitively
taxing than the standard IAT), without compromising reliability and validity.

Regarding our second goal, the present study reveals several interesting results. We
replicate previous findings that females have more negative implicit attitudes about math
than males [41,52]. At the same time, the genders did not differ in their explicit attitudes
about math. This pattern underscores the added value of implicit measures when inves-
tigating attitudes about math. Interestingly, we did not observe gender differences in
implicit attitudes about STEM. This is particularly noteworthy because we observed gender
differences in explicit attitudes about STEM, with boys reporting more positive attitudes
and more positive feelings about STEM. At present, it is difficult to conclusively interpret
the observed pattern of gender differences. It is important to note that we did not draw a
representative sample and, therefore, our results on gender differences must be interpreted
with caution. Our self-selected sample may likely be biased toward STEM-interested ado-
lescents because we advertised the study as a study on STEM. Consequently, the observed
gender difference may underestimate the actual gender differences in the population.
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Most importantly, our results show that both implicit attitudes about math and implicit
attitudes about STEM predicted a variety of other math- and STEM-related cognitions,
respectively. In particular, implicit attitudes about math as well as implicit attitudes about
STEM predicted interest in and aspiration for math and STEM, respectively. Furthermore,
implicit STEM (but not math) attitudes predicted self-concept of ability. Finally, implicit
attitudes about math as well as implicit attitudes about STEM predicted sense of belonging
to the math and STEM communities, respectively. These findings are noteworthy, because
they demonstrate that implicit attitudes contribute to several motivational factors, such
as interest, aspiration, and self-concept of ability, which eventually play a role in career
decisions. Moreover, the nearly parallel pattern of relations of implicit math attitudes and
self-reported math cognitions on one side and implicit STEM attitudes and self-reported
STEM cognitions on the other side confirms the generality of the findings. Finally, this
is, to our knowledge, the first evidence showing that implicit attitudes predict sense of
belonging to the respective community. Sense of belonging has recently been identified as
one major factor contributing to gender gaps in STEM participation [6]. Our findings add
to this literature by showing that implicit attitudes are related to a sense of belonging with
respect to both math and STEM.

Furthermore, the present research points to the idea that intervention programs aiming
at increasing female participation rates in STEM should focus not only on changing explicit
cognitions but also on changing implicit cognitions [73-75]. Decades of social-psychological
research on the change of implicit attitudes demonstrate that implicit attitudes can be
changed in the short term by a variety of interventions [76]. However, long-term change
is difficult to maintain [77]. At the same time, implicit attitudes play an important role
in behavior, decision-making, and motivation [31]. Thus, it is essential to investigate
how long-term change of implicit attitudes about STEM can be achieved. Instilling and
maintaining positive association with STEM in girls may constitute one route to eventually
increasing the rate of females entering and staying in STEM.

In interpreting our findings, it must be kept in mind that one characteristic of IAT
measures is that they are inherently relative in nature. That is, they measure associations
with one category relative to a contrast category. When drawing conclusions from IAT find-
ings, one must therefore keep in mind that the choice of the contrast category contributes to
the final IAT score. In our case, we selected German as the contrast category for the Math
BIAT and languages as the contrast category for the STEM BIAT. Participants’ national
language has been the standard contrast category in Math IATs [41,52]. This choice is
based on the fact that the national language and math are school subjects students typically
take from first grade on. Moreover, gender stereotypes with respect to math and reading
develop early in childhood [45]. Thus, the national language is an obvious contrast category
to math.

Our novel STEM BIAT was modeled after science IATs that contrast science with
liberal arts or humanities [12]. While the concepts of liberal arts or humanities are known to
university students, school students are not yet familiar with these concepts. Therefore, we
chose languages as the contrast category. The category of languages is easy to understand,
and it is obvious which exemplar stimuli belong to this category. Furthermore, the category
of languages appears to be an appropriate contrast category to STEM because the higher-
track secondary schools in Germany typically offer a STEM or a language profile. Therefore,
school students need to reflect on their preferences, interests, and abilities regarding
STEM and languages to make an informed decision about which profile they want to
choose. While we and many other researchers investigated STEM as a unitary concept,
it is also worthwhile to differentiate between STEM subjects that are more or less gender
balanced [78]. Whereas physics and computer science still have a low proportion of
women, biology and chemistry have achieved almost equal representation of genders, at
least among university students [2]. Research has discussed several factors contributing
to the different gender distributions in the various STEM subjects, including stereotypes
about the particular subjects [47,61,64,79,80]. Thus, future research may disentangle implicit
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attitudes about the STEM subfields that are more or less gender-balanced [81]. Nevertheless,
measuring implicit attitudes about STEM as a unitary concept is a useful and important
endeavor because STEM is presented as a unitary concept in education systems, and many
secondary schools offer a STEM or a language profile (among other profiles), which requires
students to reflect on their STEM interests and abilities.

5. Conclusions

In sum, the present research demonstrates for the first time that implicit attitudes about
math and STEM can be measured reliably and validly in an online sample of adolescents. As
such, our online BIATs provide efficient measurement tools for future research. Our findings
demonstrate that implicit attitudes are related to motivational and social-psychological
factors (interest, aspiration, self-concept of abilities, and sense of belonging), which are
known factors contributing to gender gaps in STEM participation. Thus, our findings
underscore the significance of implicit attitudes in the STEM domain.

Future research may further investigate the role of implicit attitudes in behavior, de-
cision making, and emotional experiences. Dual-process models [34,35] and models of
implicit cognition [31-33] provide a solid theoretical basis on which several predictions
can be derived. For instance, it would be interesting to examine the predictive validity
of implicit attitudes with respect to classroom behavior such as asking questions or ap-
proaching the teacher after class [73]. Furthermore, it would be interesting to investigate
the predictive validity of implicit attitudes with respect to future career decisions such as
entering or dropping out of the STEM domain. Also, it would be interesting to investigate
the relation of implicit attitudes to well-being and stress experiences when working on
STEM tasks. Taken together, implicit attitudes may play a significant role in a variety of
STEM-related variables.
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Abstract: While math performance does not seem to differ systematically between males and females,
it is one of the subjects that is consistently perceived as “male” with girls regularly reporting lower
levels of motivation and less positive attitudes than boys. This study aimed to uncover gender-
specific relations between perceived self-determination, engagement, and performance in school
mathematics that might help to better understand this discrepancy. In an online study, we hence
assessed perceived competence and autonomy support, social relatedness, cognitive and behavioral
engagement, math performance as well as sustained attention as a basic cognitive prerequisite in a
sample of N = 221 Seventh-Grade students from southern Germany (Mage = 12.84 years, SDage = 0.55,
Nfemales = 115). As expected, we found no gender differences in math performance. In multiple
group path analyses, perceived autonomy support was the most consistent predictor of cognitive
and behavioral engagement for both girls and boys. While it did not affect math performance
directly, we found significant indirect effects via cognitive engagement for girls, and via behavioral
engagement for boys, whereas competence support in the math classroom, which female students
perceived as significantly lower than male students, negatively predicted only girls’ performance,
sustained attention explained a considerable part of boys’ math performance. Girls seem to experience
competence support less often than boys, and if they do, we assume it to be in response to low
performance rather than to encourage high competence and nurture talent. Our results suggest
promising avenues for future research and implications for math classrooms.

Keywords: math performance; gender differences; engagement; self-determination; teacher support

1. Introduction

Understanding and explaining gender differences in preferences and performance in
STEM fields are complex [1-4]. While researchers still argue about the relative importance
of biological and socio-cultural factors, most agree that the STEM gender gap is a product
of both nature and nurture [1,3,5-7]. In this study, we focus on the core subject of math,
due to its role as a gatekeeper to educational success in many other subjects at school and
beyond [8,9]. Although gender disparities in math appear to have decreased in more recent
times and can be considered less pronounced than in engineering, physics, or computer
science [10,11], math is still perceived as a male subject [12,13] requiring innate talent
or brilliance that is stereotypically more strongly attributed to men than to women [14].
Gender-specific nature x nurture-influences in the domain of math seem to be particularly
evident in motivational-affective variables such as attitudes, choices, self-concept, or interest
that consistently show significant gender differences to the detriment of females [12,15-17].
The results on performance, however, are less consistent. While many studies do not find
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any gender differences [11,17-19], the direction of effects, if any, also varies across countries
(for a cross-national meta-analysis, see [16]; for recent results from China rather indicating
a small female advantage, see [20]; for an international perspective based on PISA data,
see [21]), and the frequently reported advantage of girls in terms of school grades seems to
be smallest or not existing in math [22,23]. Although motivational theories usually posit
generally valid causal relations between different motivational-affective constructs and
academic performance, research on the existence and extent of gender differences in math
motivation, where differences seem to exist, and performance, where girls and boys appear
to be more alike than different (or, at least, results show a large variance across studies and
nations), indicates that these relations might differ systematically between girls and boys.

Motivation is considered to affect performance via increased engagement [24-26]. In
this study, we hence not only analyze whether girls indeed show lower levels of motivation
in math classrooms and similar levels of math performance compared to boys, but also
investigate whether boys and girls differ in how motivation translates into engagement
and math performance. Gender differences in these paths could be part of an explanation
for the above-mentioned discrepancy between math motivation and performance among
female students. The underlying cognitive capacity to engage, i.e., sustained attention,
might also play an important role in predicting girls” and boys” engagement and math
performance and is therefore controlled for as well [27,28].

Different from other motivational variables, such as interest or self-concept, that may
emerge from diverse internal and external factors [29-31], perceived self-determination
during math instruction directly reflects a student’s perception of a very specific situation.
Perceived self-determination (i.e., perceived competence support, autonomy support, and
social relatedness) during math instruction can be expected to immediately affect the energy
level in students’ behavior and the intensity of their engagement in the math classroom.
In the remainder of the introduction, we hence introduce self-determination theory and
briefly describe cognitive and behavioral engagement as well as the concept of sustained
attention (as control variable), whenever possible focusing on their role in the context of
math performance and summarizing the current state of research on gender differences on
these variables. Before we present our study, we synthesize research investigating relations
between these variables.

1.1. Perceived Support for Self-Determination in the Classroom

Self-determination theory considers the satisfaction of three basic psychological needs—
the needs of competence, autonomy, and social relatedness—as an important motive for
behavior [32]. In school contexts, perceived self-determination is higher, if a situation is
experienced as conducive to need satisfaction [33,34]. One common way to investigate
needs satisfaction in the math classroom is by assessing (i) how students perceive the
level of information provided about their own competence or progress during their math
lessons (competence support), (ii) how autonomous they feel during math lessons in school
(autonomy support), and (iii) how they perceive the connectedness to other students in the
math classroom (social relatedness); [32,35].

Self-determination theory is considered important for understanding the underlying
processes of (math-related) motivation and achievement, as students” perceived support for
self-determination influences the way students learn [36,37]. In addition to evidence that auton-
omy support can positively affect later motivation and achievement in math [38-40], a review
article more generally underpins the positive relation between classroom instruction that
supports the satisfaction of those basic needs, and students” motivation, engagement, and
achievement [33]. In a recent study by Szulawski et al. [41] who analyzed the influence of
basic psychological needs on performance when external incentives are present, perceived
competence support appeared to be the strongest positive predictor of task performance. In
their literature review, Guay et al. [42] found evidence for the positive effects of perceived
self-determination on performance and learning—again, in particular, for autonomous
motivation that is fostered by autonomy support in the classroom. Focusing on gender
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disparities in science classes, Patall et al. [43] reported lower perceived autonomy support
and need satisfaction for female compared to male high school students. Although not
addressing perceived competence support, there is broad evidence for a male advantage in
terms of the related constructs of math self-efficacy, self-esteem, and self-concept [19,44,45].
Finally, corresponding to widespread math-gender stereotypes [46—48], teachers might
be biased in their attribution and evaluation of female vs. male students” performance
and behavior—and accordingly, act differently towards girls and boys in the class [20,49].
Gender-related differences in teacher-created learning environments should be reflected
in, on average, lower levels of female students” perceived support for self-determination
during math instruction.

1.2. Cognitive and Behavioral Engagement

Students’ classroom engagement is an empirically validated predictor of academic
achievement in math [50-53] that is usually understood as a multifaceted construct, consist-
ing of behavioral, cognitive, and, sometimes, emotional aspects [54]. In the present study,
we focus on the most prominent and stable facets of cognitive and behavioral engagement.

Cognitive engagement can be understood as students’” “desire to go beyond the re-
quirements and [their] preference for challenge [including] flexibility in problem solving,
[and] preference for hard work” [54] (pp. 63—64). Following this conceptualization, cog-
nitive engagement describes the extent of cognitive effort invested by the student—i.e.,
whether deep learning strategies and adequate cognitive strategies for comprehension
are used when learning math [55]. Behavioral engagement, by contrast, represents stu-
dents’ observable behavior during math lessons rather than psychological and cognitive
processes—i.e., positive conduct, effort, attention, involvement, persistence, and active
participation in classroom and learning activities [54,56].

Regarding gender-specific differences, there is broad evidence that girls seem to be
more engaged than boys during classroom learning [57-62]. Looking specifically at math
and science and the individual facets of engagement, Fredricks and colleagues [24] likewise
reported a female advantage in cognitive and behavioral engagement in middle and high
school students—although other studies have suggested an advantage for boys [51,63] or
no significant gender differences [64].

1.3. Sustained Attention

We are also interested in students’ sustained attention due to its important role in
ultimately enabling and constraining engagement and performance [28,65,66]. Sustained
attention enables learners to maintain focus on a task for a longer time [27]. High levels
of sustained attention require vigilance as well as executive functions such as response
inhibition and distractor suppression [67]. Sustained attention is hence important to
stay on-task, show on-task behavior, and resist distractions [68,69]—especially during
learning that involves complex processing of information [28,65]. Accordingly, sustained
attention has been shown to moderate the relationship between intellectual potential
and performance (including math grades) at school [66]. Although the basic cognitive
function of sustained attention is heritable [70], it can also be affected by nurture during an
individual’s development [71]. Existing results on gender effects on sustained attention are
mixed. While some studies do not find any differences [72], there is evidence for male or
female advantages on subcomponents, including vigilance and inhibitory control [73,74].
Riley and colleagues [75], using a gradual-onset continuous performance task, found less
variance and faster performance together with more commission errors for males and more
omission errors among females. Currently, however, there is no indication to expect gender
differences on an overall measure of sustained attention.

1.4. Interrelations between these Bariables and the Role of Gender

While a few studies have looked at interrelations between those constructs of inter-
est to our study, researchers have just started to analyze potential differential effects of
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students” gender. Simpkins and colleagues [76], for instance, investigated how children’s
motivational beliefs predict changes in their behavioral engagement in sports, instrumental
music, and math. Despite domain-specific mean differences between boys and girls, no
significant gender differences were found for the relations between the constructs over
time, suggesting similar socialization processes [76]. Fredricks et al. [24] likewise analyzed
associations between middle and high school students” motivational beliefs (including
utility and attainment values as well as expectancy beliefs), social relatedness support from
peers and teachers, and characteristics of instruction with engagement in math and science
classrooms. While their quantitative analyses indicated significant relations between the
motivational and contextual variables and engagement that were similar for boys and
girls, there was some evidence for gender differences derived from student interviews. A
personal relationship with their teacher (cf., perceived social relatedness) seemed to be more
important to be engaged during instruction for girls than for boys. While teacher support
was significantly related to engagement for boys and girls in the quantitative analyses as
well, there was a moderating effect of gender with respect to teacher social support, which
was associated with higher behavioral engagement in math for girls substantiating the
conclusions from the interview. Although many students (irrespective of gender) reported
that their participation and engagement in science and math classes also depended on their
perceived competence as demonstrated in front of their teachers and peers, female students
were more likely to also talk about disengagement and frustration in the face of content
perceived as too challenging—particularly in math classes; and they more often mentioned
that they preferred to keep silent rather than participate for fear of looking stupid. To sum
up, social teacher support (cf. perceived social relatedness) hence seems to be particularly
important for girls in math and more so for behavioral engagement. Perceived competence
(support) appears to be critical for both girls” and boys’ engagement, although girls might
have less confidence in their abilities and be more susceptible to external evaluation. More-
over, there is evidence that perceived social relatedness (or classroom emotional climate)
is directly and indirectly—via engagement—related to academic achievement [77,78]. In
Reyes et al.’s [78] study, the effects were robust across gender. In line with the findings
on perceived competence in Fredericks et al.’s [24] study but without focusing on gender
effects, individuals, in general, seem to be more likely to engage cognitively, which is asso-
ciated with higher performance, when they feel competent in a specific content area [26].
Similarly, Shernoff et al. [79] expect autonomy support and appropriate challenge (i.e.,
competence support) to lead to more engagement. Patall et al. [43] also did not investigate
gender effects on relations between variables but analyzed whether male and female high
school students differ in perceived autonomy support in the classroom, in need satisfaction
(a joint measure of all three sources of need satisfaction), and in engagement (a joint mea-
sure of different types of engagement) in science classes and whether gender differences in
engagement can be explained by gender differences in perceived autonomy support and
need satisfaction. In line with their hypotheses, compared to boys, girls indicated lower
autonomy support and need satisfaction and these gender differences accounted for female
students’ lower engagement in science courses.

To conclude, most studies that examine relations between variables we are interested
in do not focus on the differential effects of gender on these relations; and those that
do indicate more similarities in the patterns of relations than differences. In order to
better understand what matters for girls and boys to explain math performance, we model
and compare the paths between perceived self-determination support, engagement, and
performance for male and female students. Unlike other studies, we differentiate between
perceived competence support, autonomy support, and social relatedness, as well as
between behavioral and cognitive engagement—and we additionally consider sustained
attention as a basic cognitive prerequisite.
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2. The Present Study

Students’ engagement in the classroom can be expected to strongly depend on their
perception of the learning environment: Do they feel encouraged and supported to develop
competence and learn autonomously? Do they feel like they belong? Perceived autonomy
support, competence support, and social relatedness may motivate students to both cogni-
tively and behaviorally engage with the content to be learned [80-82]. Higher engagement,
in turn, has been shown to be associated with learning and higher performance [78,83,84].
As motivational indicators of the perceived quality of instruction and provided learning
opportunities, perceived autonomy support, competence support, and social relatedness
can also be expected to directly affect performance and school success [41,78,85]. Finally,
students’ sustained attention may play an important role in ultimately enabling and con-
straining engagement and performance, as well as performance via engagement [66]. While
male and female students either do not differ in terms of math performance [17] or boys
rather outperform girls on standardized tests [86,87]), girls have been repeatedly reported
to show, on average, lower levels of motivation [17,45,88] and higher engagement in the
classroom than boys [58,62]. These findings suggest gender differences in the prediction of
math performance. To conclude, based on potential differences in gender-specific exter-
nal (teachers) and internal attributions, relations between perceived autonomy support,
competence support, and social relatedness, engagement and performance in school math-
ematics can be expected to differ between girls and boys. In this study, we hence test
the following hypotheses derived from existing research stating (1) a male advantage
in terms of perceived self-determination in the math classroom, a female advantage in
terms of engagement in the math classroom, and no gender differences in terms of math
performance and sustained attention, and (2) predict math performance by modeling the
direct paths from the three self-determination variables and the indirect path via cognitive
and behavioral engagement comparing the resulting models for girls and boys. In an
additional analysis, we further include the direct and indirect (via engagement) paths
from students’ sustained attention to math performance. The second part of this study
is explorative in nature because existing research has not accumulated enough evidence
yet to derive specific hypotheses regarding gender differences in the relations between
the study variables. Based on online survey data from German Seventh-Grade secondary
school students, t-tests are used to test the hypotheses of the first part of this study. For
the second part, multiple group path analyses with gender as a group variable allow us to
test for gender differences in the relations between the study variables and, hence, in the
prediction of math performance.

3. Methods
3.1. Sample and Procedure

The sample investigated in this study has also been analyzed in another study, how-
ever, focusing on a different set of variables and addressing research questions related to
remote schooling during the COVID-19 pandemic [89]. We hence examine a convenience
sample of N = 221 Seventh-Grade students from Germany (Mage =12.84 years, SDage =0.55),
consisting of n = 106 male and n = 115 female students (1 = 2 students who did not indicate
male or female gender had to be excluded for the purpose of this study). Students and their
parents from 18 schools in Bavaria, Germany, were informed about the study by their math
teachers who belonged to a pool of teachers we had already cooperated with in the context
of other projects. All students whose parents provided written consent received a link to
our online survey in July 2020 to be completed in the next weeks until the end of the school
year as voluntary homework assignment. The survey was run via a secure and established
tool (Unipark; https://www.unipark.com/en/, accessed on 1 October 2022), conforming
with the General Data Protection Regulation. The survey could be accessed from both desk-
top or laptop computers as well as touchscreen devices such as tablets or smartphones. The
students could click through the survey at their own pace. The last page of the survey was
linked to the web-based version of the sustained attention test, which is described below
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in more detail. The whole assessment was intended to be completed in approximately
30 min. After the end of the school year, in August 2020, we closed the survey and obtained
the data. Altogether, N = 421 people accessed the survey, however, only N = 223 students
produced valid data sets. The remaining N = 198 participants did not finish the survey. The
majority stopped in the first third of the survey. Because participation in the survey was not
obligatory, the number of students from one class varied considerably—from one student
to 23 students at the maximum. Due to the large variation and mostly small number of
students per class, it was not possible to consider the classroom structure in our analyses.

Although all N = 221 students completed the full set of survey items, several students
did not finish the sustained attention test attached at the end of the survey, resulting in
invalid measures. While the main analysis is based on the whole sample and the full
set of survey items, we also report additional analyses based on the reduced sample
of N = 149 (Mage = 12.78 years, SDage = 0.46; n = 72 male and n = 77 female students)
who also completed the sustained attention test. Since students not finishing the sustained
attention test cannot be considered missing at random but rather likely share some common
characteristics, the reduced sample must be conceived of as an even more selective sample
than the full sample. To take this into account, we compare the model results between the
different samples.

Online data collection took place at home on a voluntary basis and only for those
students whose parents provided written consent after both parents and students had been
informed about the study. In line with the ethics committee of the concerned institution,
there was no compelling need for an ethics approval for this project.

3.2. Instruments and Scales

The instruments and scales, which have already been described in [89], are summa-
rized in the following sections. Basic demographic information including age, gender, or
school type, was assessed via self-report in the online survey.

Math performance. With Seventh-Graders in focus of the present study, we assessed
math performance with 12 items representing basic knowledge of fractions. This content
represents the core content of Grade Six in the present curriculum for all participants—i.e.,
content that should already have been taught to all the students at the time of the study.
Basic fraction knowledge is operationalized with both conceptual knowledge items (e.g.,
students needed to name the fraction depicted in a pie chart with non-equal parts) as
well as procedural knowledge items (e.g., students needed to divide 8/35 by 4/15). The
instrument’s reliability in the sample was estimated as Cronbach’s & = 0.89 and McDonald’s
w =091

Engagement. The two scales (cognitive and behavioral engagement) originate from
a questionnaire by Wang and colleagues [90]. Students were prompted to think about
“normal math classes” when answering the following items. Nine items on cognitive
engagement (o« = 0.78 and w = 0.83) assess whether deep learning strategies and adequate
cognitive strategies for comprehension are used (sample item: When I do not understand
something in math, I try to clarify it). Eight items focusing on behavioral engagement (o = 0.77
and w = 0.85) address involvement and active participation in classroom and learning
activities related to math (sample item: I stay focused in math). Both scales are based on a
4-point Likert scale from 1 = “almost never” to 4 = “almost always”.

Competence, autonomy, and social relatedness support. The following scales were
adopted from Prenzel and Drechsel [91] and adapted to school students and math instruc-
tion. Just as with the engagement scales, students were prompted to think about “normal
math classes” when answering the items. We used 4-point Likert plural from 1 = “do
not agree at all” to 4 = “totally agree”. The scale perceived competence support (o« = 0.73 and
w = 0.77) assesses the students’ perception of the awareness, communication, and appreci-
ation of competence in their math lessons (five items; sample item: In math, I am informed
about my individual progress). The scale perceived autonony support (x = 0.64 and w = 0.75)
focuses on students’ perception of the degree of autonomy they have in their math lessons
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(six items; sample item: In math, I have the opportunity to try out new things myself),
and finally, the scale perceived social relatedness (x = 0.80 and w = 0.84) addresses students’
perception of the social climate and, in particular, the level of their own integration in the
math classroom context (five items; sample item: In math, I feel like I belong).

Sustained attention. The attention swiping task (AST; [92]) was developed as a test
of sustained visual attention that can be administered on any mobile device. Throughout
the test, participants are presented with rows of nine stimuli (pictorial flowers) which are
constructed based on two dichotomous dimensions, resulting in four different stimulus
categories (see Figure 1A). The instructions are presented self-paced and the participants
are required to remember two stimulus categories (the targets) which they will need to
push toward the upper third of the screen. All stimuli which do not meet these criteria (the
distractors) must be pushed toward the lower third. To further increase the requirements
for participants’ sustained attention, the original test was modified in a way that the
background color would switch randomly indicating a rule change (i.e., the direction into
which stimuli were to be pushed was inverted). After reading the instructions, participants
first received a practice row of nine stimuli without any rule changes. After completing this
row, they received a practice row with the rules being switched for all nine stimuli. Finally,
participants received a row where the rule switched. During the practice rows, participants
received visual feedback on their performance (see Figure 1B). To provide all participants
with comparable prerequisites before starting the real test, each time they committed more
than three mistakes per practice row, they would be presented with another practice row.
This process was repeated up to three times. Once the real test started, no more feedback
was provided, and participants were required to work on the task for three minutes as fast
and conscientiously as possible. In order to constantly remind participants of the time limit,
a progress bar was presented at the upper border of the screen, indicating how much time
had passed already. Reactions to each item were collected as one of four categories (i.e., hits,
omissions, mistakes, and dismissals). For further analyses, a measure of sustained attention
was computed by subtracting the number of mistakes and omissions from the hits. This
score was used to correct for correct responses that resulted from inattentive guessing. Due
to the novelty of this test instrument, there are no norming samples yet, and the resulting
score has to be interpreted relative to the study sample. In order to estimate the reliability
of sustained attention, the split-half reliability has been used. To avoid overestimation, this
split was carried out by separating the items at the 90 s mark (i.e., after half of the test time
has passed), resulting in a reliability of r = 0.86.

Figure 1. Stimuli and Practice Row of the AST. Note. In (A), all possible combinations of stimuli
can be seen. The stimuli vary by the shape in the center and the number of colored petals. For each
stimulus, four variants exist to prevent participants from memorizing and thus relying too much
on visual comparison. In (B), an example from a practice trial is presented. The rule was to move
stimuli with a circle and two-colored petals as well as stimuli with a square and three colored petals
to the upper part of the screen. The first seven stimuli were categorized correctly and have thus
been highlighted with a green box. The eighth stimulus should have also been moved to the upper
part; thus, it has been marked red and the participant is required to correct their response before
continuing with the last stimulus.
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3.3. Statistical Analysis

While gender-specific basic correlational analyses on the study variables, descriptive
statistics, and t-tests between female and male students were run on IBM© SPSS© Statistics
Version 27, we used R-4.0.2 for data compilation and all other analyses. The multiple group
path analyses and regressions were conducted with the package ‘lavaan’ version 0.6-7 [93].
In order to protect against potential errors due to not normally distributed variables,
maximum likelihood estimation with robust standard errors and a Satorra-Bentler scaled
test statistic were used. In the main analysis, both cognitive and behavioral engagement
were regressed on perceived autonomy support, perceived competence support, and
perceived social relatedness. Math performance was regressed on cognitive and behavioral
engagement as well as on perceived autonomy support, perceived competence support,
and perceived social relatedness. We also calculated the indirect paths from perceived
autonomy support, perceived competence support, and perceived social relatedness via
cognitive or behavioral engagement on math performance. The model was estimated
separately for female and male students. The model with gender-specific estimates was
compared to a joint model that did not distinguish between male and female students to
test for an overall effect of gender. Differences in terms of coefficients between females and
males were tested by comparing the model with all parameters estimated freely for each
gender to nested models with single coefficients being constrained to be equal between
female and male students. The nested models’ fit to the data was contrasted using the
scaled chi-squared difference test [94]. A significant chi-square indicates a significant
gender difference on the coefficient set to be equal between female and male students.

3.4. Transparency and Openness

We report how we collected our sample, all data exclusions, and all measures in the
study. All data and analysis code are available by emailing the corresponding author.
Research materials are available at https://doi.org/10.1007 /s10212-021-00590-w (accessed
on 1 October 2022). This study’s design and its analysis were not pre-registered.

4. Results

In the following section, we first present the results of gender-specific basic correla-
tional analyses on the study variables, descriptive statistics, and t-tests between female
and male students. The results of the main multiple group path analysis based on the full
sample are summarized next, before we focus on the extended analysis including sustained
attention based on the reduced sample of N = 149 students.

4.1. Basic Gender Differences

Table 1 contains the correlations between all study variables separately for girls and
boys. Gender-specific descriptive statistics are presented in Table 2, together with the
results of the t-tests.

When looking at the correlations in Table 1, we recognize gender differences in the
correlations of the different study variables with math performance and, albeit to a smaller
extent, with sustained attention—with less significant bivariate correlations on the part of
the girls. Significant gender mean-differences exist only in terms of competence support
with higher perceived support on the part of male students and in terms of behavioral
engagement with girls indicating higher manifestations (Table 2). For cognitive engagement,
the same tendency was evident but not significant. The girls’ sustained attention also
appeared to be slightly higher, however, again not reaching significance based on an «-level
of 0.05.
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Table 1. Correlations between all Study Variables for Girls and Boys.

1 2 3 4 5 6 7
Girls (n = 115)
1. Autonomy support -
2. Competence support 0.45 *** -
3. Social relatedness 0.54 *** 0.46 *** -
4. Cognitive engagement 0.45 *** 0.31** 0.34 *** -
5. Behavioral engagement 0.38 *** 0.25** 0.32 *** 0.75 *** -
6. Math performance 0.18 —0.03 0.15 0.51 *** 0.33 *** -
7. Sustained attention ? 0.06 0.02 0.09 0.19 0.18 0.28* -
Boys (n = 106)
1. Autonomy support -
2. Competence support 0.53 ** -
3. Social relatedness 0.65** 0.58 ** -
4. Cognitive engagement 0.47 ** 0.34 ** 0.43 ** -
5. Behavioral engagement 0.48 ** 0.34 ** 0.50 ** 0.76 ** -
6. Math performance 0.39 ** 0.38 ** 0.53 ** 0.54 ** 0.56 ** -
7. Sustained attention ? 0.30 % 0.20 0.48 ** 0.50 ** 0.48 ** 0.70 ** -

? Sample size for sustained attention is 1 = 77 for girls and n = 72 for boys. * p < 0.05. ** p < 0.01. *** p < 0.001.

Table 2. Gender-specific Descriptive Statistics and t-Test Results.

Girls (n = 115) Boys (1 = 106) 95% CI

Variables t

Range M SD M SD [LL; UL]
Autonomy support 1-4 2.80 0.46 2.83 0.53 —0.47 [—0.16; 0.10]
Competence support 1-4 2.97 0.50 3.14 0.60 —2.25*% [—0.31; —0.02]
Social relatedness 1-4 3.04 0.55 3.03 0.66 0.10 [—0.15; 0.17]
Cognitive engagement 1-4 3.15 0.49 3.02 0.53 1.90 [—0.01; 0.27]
Behavioral engagement 14 3.08 0.50 2.94 0.53 2.09 % [0.01; 0.28]
Math performance 0-12 8.75 3.34 8.53 3.80 0.46 [—0.73;1.17]
Sustained attention ? - 12.45 23.89 4.07 28.53 1.94 [-0.17; 16.94]

Note. LL = lower limit; UL = upper limit.  Sample size for sustained attention is n = 77 for girls and n = 72 for
boys. * p < 0.05.

4.2. Main Multiple Group Path Analysis

In order to test for an overall effect of gender, the model with gender-specific esti-
mates was compared to a joint model that did not distinguish between male and female
students. The latter fitted the data significantly worse (chi-squared difference = 36.27,
p < 0.001), indicating overall gender differences. The results of the main multiple group
path analysis are summarized in Table 3. Perceived autonomy support was a significant
predictor for both cognitive and behavioral engagement for female and male students.
Perceived social relatedness was the only other significant predictor and only for behav-
ioral engagement for male students—although this coefficient did not differ significantly
between male and female students (see Table 3). To conclude, there were no considerable
gender differences in the prediction of cognitive and behavioral engagement based on the
three self-determination variables.

Cognitive engagement, in turn, predicted math performance for both girls and boys.
The predictor, however, was significantly stronger for female students. Behavioral engage-
ment, by contrast, was no significant predictor for girls’ math performance at all, whereas
boys” math performance could be regressed on behavioral engagement, indicating a signifi-
cant difference between female and male students. Social relatedness again appeared to be
slightly more important for boys than for girls, being a significant predictor of only boys’
math performance (but no significant gender differences). Importantly, perceived compe-
tence support turned out to be a significant negative predictor of female students” math
performance, while showing no significant association with male students” performance,
reflecting a significant effect of gender. Among the indirect paths to math performance,
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the path from autonomy support via cognitive engagement to math performance was the
only one reaching significance—and only for female students (male students: p = 0.055).
The path coefficient, however, did not significantly differ between gender. For female stu-
dents, the model explained 36.77%, and for male students, 39.51% of the variance in math
performance. To sum up, despite a similar proportion of variance in math performance
explained, the paths to math performance showed considerable differences between female
and male students. Figure 2 depicts all significant paths for female (left panel) and male
(right panel) students.

Table 3. Results of the Main Multiple Group Path Analysis.

Main Model
Girls (n = 115) Boys (n = 106) Gender Differences
Model Path B SE z 4 B SE z 4 Achi? 4
Aut. sup. — Cog. eng. 0.37 0.11 3.34 <0.001 0.31 0.11 277 0.006 0.14 0.713
Comp. sup. — Cog. eng. 0.1 0.09 1.13 0.26 0.06 0.1 0.63 0.53 - -
Soc. relat. — Cog. eng. 0.09 0.09 1.02 0.31 0.15 0.11 1.46 0.143 - -
Aut. sup. — Beh. eng. 0.29 0.12 234 0.019 0.26 0.1 2.5 0.013 0.03 0.866
Comp. sup. — Beh. eng. 0.07 0.09 0.74 0.461 0.02 0.09 0.16 0.872 - -
Soc. relat. — Beh. eng. 0.13 0.12 112 0.262 0.26 0.08 3.07 0.002 0.72 0.395
Cog. eng. — Math 4.52 0.63 7.22 <0.001 1.77 0.65 2.74 0.006 4.49 0.034
Beh. eng. — Math —0.85 0.57 —-149 0135 1.62 0.64 2.53 0.011 423 0.04
Aut. sup. — Math —0.11 0.79 —-0.13  0.893 —0.64 0.73 —0.88 0.38 - -
Comp. sup. — Math —1.50 0.6 —-249 0.013 0.49 0.59 0.83 0.405 5.65 0.017
Soc. relat. — Math 0.43 0.71 0.61 0.539 1.85 0.68 2.71 0.007 2,11 0.146
Aut. sup. — Cog. eng. — Math 1.67 0.57 294 0.003 0.55 0.29 1.92 0.055 4.99 0.083
Comp. sup. — Cog. eng. — Math 0.44 0.41 1.09 0.277 0.11 0.17 0.63 0.527 - -
Soc. relat. — Cog. eng. — Math 0.42 0.41 1.02 0.305 0.27 0.23 12 0.232 - -
Aut. sup. — Beh. eng. — Math —0.24 0.17 —143  0.154 0.42 0.24 1.73 0.084 - -
Comp. sup. — Beh. eng. — Math —0.06 0.08 —0.69 0.49 0.02 0.15 0.16 0.872 - -
Soc. relat. — Beh. eng. — Math —0.11 0.14 —0.79 0429 0.42 0.22 1.88 0.059 - -
R2
Cognitive engagement 0.23 0.25
Behavioral engagement 0.16 0.29
Math performance 0.37 0.4

Female students:

Note. Achi? is based on scaled chi-squared difference tests; the test was performed only for significant predictors.

Male students:

Cognitive
engagement

Cognitive
. engagement

Autonomy support 4

Competenee
support

., R -037
Autonomy support

Math performance

26" i ’_/_,__-a Math performance

Social relatedness

Behavioral
engagement

Behavioral
engagement

Figure 2. Significant Paths for Female (Left Panel) and Male (Right Panel) Students Based on the
Main Model in the Full Sample. Note. Bold values and paths indicate significant gender differences.
Dashed lines represent indirect paths and indirect path coefficients are shown in dashed boxes.
*p <0.05. ** p <0.01. *** p < 0.001.

4.3. Extended Multiple Group Path Analysis including Sustained Attention Based on
Reduced Sample

In the following section, we refer to the reduced sample of only those students who
also completed the sustained attention test that can be considered as an objective, behavioral
measure of students’ cognitive potential to engage in the math classroom. We added this
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predictor to the multiple group path analysis described in the previous part. To be able to
estimate the effect of the reduced sample and disentangle it from the effect of including
sustained attention as a predictor, we ran the main multiple group path analysis without
sustained attention (described in the previous section) on the reduced sample. These
results are listed in Table 4, together with the results of the extended multiple group path
analysis described in the next paragraph. Importantly, the coefficients resulting from the
main multiple group path analysis on the reduced sample did not differ significantly
from those reported in Table 3 (i.e., we set each coefficient in the reduced sample-model
to the corresponding value obtained with the full sample and compared the restricted
and unrestricted reduced sample-models using scaled chi-squared difference tests; all
p>0.126). Although these findings suggest rather negligible distorting effects of the
reduced sample, they still must be considered when interpreting the results reported in the
following paragraph.

Table 4. Results of the Extended Multiple Group Path Analysis and the Main Multiple Group Path
Analysis on the Reduced Sample.

Extended Model (Reduced Sample) Main Model (Reduced Sample)
Girls (1 = 77) Boys (1 = 72) GS‘;;” Girls (1 = 77) Boys (1 =72)
Model Path B SE z 4 B SE z P Achi? p B SE z 4 B SE z 4
Aut.sup. - Cog.eng. 032 012 261 0009 036 011 332 <0001 008 0774 032 012 256 0010 037 012 325 0.001
ecn"énp' sup. — Cog. 013 009 145 0146 014 011 122 0223 - - 013 009 137 0169 007 011 067 0500
Soc. relat. — Cog. eng.  0.14 009 159 0112 —0.07 014 —049 0623 - - 016 009 173 0083 012 013 089 0376
i;‘;" attent.  Cog. 0003 0002 160 0109 001 0002 395 <0.001 284 0092 - - - - - .
Aut. sup. — Beh. eng. 018 012 149 0136 036 010 352 <0001 127 0260 018 012 148 0140 037 011 339 0.001
Comp. sup. — Beh. 011 009 113 0258 —0002 013 —0.02 098 - - 010 009 1.05 0294 —006 013 —046 0.645

eng.
Soc. relat. — Beh. eng. 023 010 224 0025 006 011 .54 0591 105 0306 024 011 224 0.025 022 011 192 0.055

Sust. attent. = Beh. 0003 0002 150 0134 001 0002 281 0005 164 0200 - - - - - - - -

eﬂgA

Cog. eng. — Math 296 076 392 <0001 —071 057 —126 0206 937 0002 318 081 394 <0001 047 073 065 0518
Beh. eng. — Math ~120 083 —144 0149 181 065 280 0005 525 0022 —108 087 —1240214 228 076 3.00 0.003
Aut. sup. — Math 009 074 012 0904 —033 074 —045 0655 - - 003 077 004 0972 —086 092 —093 0351
Comp. sup. — Math 158 071 -223 002 099 060 167 009 789 0005 —169 072 -2340019 035 073 048 0.630
Soc. relat. — Math 122 056 218 0029 100 067 149 0136 006 0801 128 056 230 0022 241 072 336 0.001
Sust. attent. — Math 003 001 195 0051 007 002 419 <0001 435 0037 - - - - - - - -
i“&;‘éf‘ — Cog. eng. 094 044 212 0034 —026 021 —123 0220 938 0009 101 047 214 0032 018 028 063 0530
Comp. sup. = Cog. 039 028 140 0162 010 011 —087 038 - - 040 031 129 0197 003 006 053 0598
eng. — Math

Sjclg/[r:tlﬁt' —Cogeng 4 030 143 0154 005 011 046 0642 - - 050 033 152 0129 006 012 048 0.633
Sust. attent. — Cog.

ang, > Math 001 001 145 0148 —001 0005 —1.18 0237 - - - - - - - - - -
i“&iﬁf‘ﬁBeh' N8 _021 021 -100 0317 .66 032 206 0040 691 0032 —019 021 —0920359 085 043 198 0.048
Comp. sup. — Beh. —0.13 015 —083 0408 —0.004 024 —002 098 - - —0.11 014 —-0760446 —0.13 030 —044 0.663
eng. — Math

Sjchtlﬁ"‘ﬂBEh' N8 027 022 -124 0214 011 020 054 0591 - - 026 023 —1110267 050 032 157 0117
Sust. attent. — Beh. 0003 0003 —114 0254 001 001 179 0073 - - - . - . - -
eng. — Math

RZ

Cognitive engagement 0.33 0.42 0.30 0.30

Behavioral engagement ~ 0.28 0.38 0.26 0.30

Math performance 0.33 0.62 0.29 0.43

Note. Achi? is based on scaled chi-squared difference tests; the test was performed only for significant predictors.

For the extended model in the reduced sample, we again found a significant overall
effect of gender (chi-squared difference = 38.86, p = 0.002). The new variable sustained
attention was a significant predictor for cognitive and behavioral engagement as well as
for math performance—but only for male students (with p = 0.051 for the prediction of
girls” math performance). While the coefficients did not significantly differ between boys
and girls when predicting both engagement variables, the path from sustained attention to
math performance differed significantly between genders.
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Female students:

Cognitive Cognitive
- engagement s engagement
v \.Qz.yn“‘

Autonomy support

Competence
support

Social relatedness

Similar to the main analysis, perceived autonomy support significantly predicted
cognitive engagement for both boys and girls. Within the group of the girls, however,
autonomy support did no longer predict behavioral engagement, but social relatedness did,
while in the group of the boys, social relatedness was no longer a significant predictor of
behavioral engagement. These slight differences to the results of the main multiple group
path analysis based on the full sample might at least partly reflect the effects of the more
selective sample, since they are also recognizable when looking at the results of the reduced
sample-model without sustained attention (right part of Table 4). In line with the results of
the main multiple group path analysis based on the full sample, there were no considerable
gender differences in the prediction of cognitive and behavioral engagement.

The results on the prediction of math performance also strongly resembled the results
of the main analysis. Cognitive engagement predicted math performance only for girls,
representing a significant gender difference. Behavioral engagement, by contrast, was
no significant predictor for girls’ math performance, whereas boys” math performance
could be regressed on behavioral engagement, indicating a significant difference between
female and male students. Perceived social relatedness was a significant predictor of only
female students” math performance, but we found no significant gender differences on this
coefficient. Again, perceived competence support turned out to be a significant negative
predictor of female students” math performance, while showing no significant association
with male students’ performance, reflecting a significant effect of gender.

Among the indirect paths to math performance, the path from perceived autonomy
support via cognitive engagement to math performance was the only one reaching signifi-
cance for female students and significantly differed between boys and girls. In the group
of male students, the indirect path from autonomy support via behavioral engagement
to math performance was significant and significantly differed between boys and girls.
For female students, the extended model explained 32.50%, and for male students, 61.89%
of the variance in math performance. To sum up, with sustained attention included, the
prediction of male students” math performance improved considerably, while this behav-
ioral measure of students’ basic cognitive potential seemed to be less relevant for girls’
performance. Figure 3 depicts all significant paths for female (left panel) and male (right
panel) students.

——— Male students:
1ose 4

R*-0.62

Autonomy support

Math performance Math performance

Sustained attention

. Bchavioral
Behavioral engagement

engagement

Figure 3. Significant Paths for Female (Left Panel) and Male (Right Panel) Students Based on the
Extended Model in the Reduced Sample. Note. Bold values and paths indicate significant gender
differences. Dashed lines represent indirect paths and indirect path coefficients are shown in dashed
boxes. * p < 0.05. ** p < 0.01. *** p <0.001.

5. Discussion

While there is now widespread agreement that boys and girls do not consistently differ
in their math proficiency, several studies document gender differences in math motivation
as well as persistent gender-STEM stereotypes at the societal level. Thus, the question

132



Educ. Sci. 2022, 12,775

arises if different mechanisms contribute to girls” and boys’ knowledge development in
math. How do female and male students’ (potentially different) perceptions of support
in the math classroom influence their engagement and math performance and how does
engagement itself affect math performance when controlling for sustained attention as a
basic cognitive prerequisite? As expected, we did not find a gender difference in math
performance. Regarding the motivational variables, the only significant gender difference
consists of a male advantage in perceived competence support. Moreover, in line with
the literature, female students reported significantly higher behavioral engagement than
male students. Aside from these mean-level differences, however, what matters for math
performance indeed seems to differ markedly between female and male students. Whereas
perceived competence support in the math classroom and cognitive engagement seem to
play a more important role for girls, behavioral engagement and, in particular, sustained
attention explain a considerable part of boys” math performance. We propose that these
disparate prediction paths epitomize the core of the pertaining mismatch between girls
and math. In the following sections, we mainly focus on those paths that turned out to be
consistent predictors in the models in both the full and the reduced sample and introduce
our idea of underlying mechanisms.

5.1. The Paths Predicting Math Performance

In this study, we only look at influences on math performance that directly refer to
what happens during math instruction in the classroom, thereby excluding all variables
with diffuse reference and origin (e.g., self-concept, interest, anxiety). This narrow focus
allows us to derive assumptions that can be tested on the classroom level (as further
illustrated in the next section). We accordingly expected autonomy support, competence
support and social relatedness as experienced in the math classroom to influence students’
cognitive and behavioral engagement in the math classroom as well as math performance
directly. Both types of engagement, in turn, were assumed to affect math performance.
Sustained attention, as an objective behavioral measure of students’ capacity to engage in
learning during math instruction was hence hypothesized to predict both cognitive and
behavioral engagement and math performance directly.

In line with existing research emphasizing the role of autonomy for learning [33,38,39,42,95],
perceived autonomy support was the most consistent predictor of cognitive and behavioral
engagement. There were no significant gender differences in their prediction. The extent
to which male and female students are given the freedom to explore content and to work
according to their own needs (autonomy support) seems to stimulate them to deeply engage
with, elaborate and reflect on the content (cognitive engagement) and perseveringly and
diligently participate in learning activities (behavioral engagement). Because we analyzed
cross-sectional data, we cannot preclude inverse influences: The higher the students’
engagement during class, the more autonomy a teacher may be able and willing to grant.
However, there is existing research supporting our interpretation [42,79]. Interestingly,
autonomy support indeed seems to take effect on performance via engagement. While it
did not affect math performance directly, we found significant indirect effects via cognitive
engagement for girls (in both the main and the extended model) and via behavioral
engagement for boys (in the extended model only)—with significant gender differences.

These two divergent indirect paths reflect pronounced gender differences in the direct
paths from engagement to performance, with much stronger effects of cognitive engage-
ment on performance for girls and of behavioral engagement on performance for boys.
Female students, on the mean-level, indicated higher behavioral engagement than male
students, suggesting that, for girls, behavioral engagement is more the rule rather than
game-changing [24,58,62]. However, the more female students reported to deeply engage
with, elaborate on, and reflect on the content addressed in math classes (cognitive engage-
ment), the higher their performance. This relation holds for boys in the main model as
well, but cognitive engagement ceases to predict performance in the extended model with
sustained attention included. This might suggest that the part of cognitive engagement
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that predicted the boys’ performance in the main model largely reflected their level of
sustained attention during math classes. The part of cognitive engagement that predicted
the girls” performance, by contrast, showed less overlap with the basic cognitive prerequi-
site of sustained attention that was no significant predictor for female students at all. For
them, strategic knowledge about cognitive elaboration, as well as control and reflection
strategies, which can be considered to be less strongly dependent on sustained attention,
seems to be of central importance. While some studies, focusing on learning strategy use
do not find differences between girls and boys in science classes, language, or math [96,97],
Ruffing et al. [98], investigating college students, found females to apply most learning
strategies more frequently than males. These strategies could be related to learning disci-
pline and conscientiousness. However, they incrementally predicted academic performance
beyond general cognitive ability independent of students’ gender. Our results might have
resembled Ruffing et al.’s [98] findings if we had not distinguished between cognitive and
behavioral engagement.

Sustained attention turned out to be a strong predictor of cognitive engagement,
behavioral engagement, and math performance, but only for male students (AR? = 0.19 for
the comparison between the main and the extended model with sustained attention for boys
in the reduced sample). The path from sustained attention to math performance showed
a significant gender effect (stronger effect for male students). While it is perfectly in line
with our expectations that students” ability to concentrate on a task and stay focused for a
longer period of time predicts both engagement in a learning situation and its outcome (i.e.,
performance; [28,65]), the relative irrelevance of sustained attention in the female sample
(which is presumably also reflected in the considerably lower proportion of variance
explained, R?=0.33, as compared to R? = 0.62 for male students) is surprising. In line with
the female advantage in terms of behavioral engagement and the more important role of
cognitive engagement for girls’ math performance, boys’, on the average, less conscientious
and disciplined behavior and strategy use might increase the importance of sustained
attention for learning. At the same time, it seems that something in the math classroom
keeps female students from relying on their cognitive potential and investing it in learning
(for similar results in physics, see [99])—as explicated in the next section.

This is the right moment to turn to another unexpected finding: the negative path from
perceived competence support to math performance for girls (representing a significant
gender difference). Since it is highly unlikely that higher competence support leads to
lower math performance, we assume a bidirectional or even inverse relationship in this
case: Female students with lower performance might receive more competence support
from their math teachers—they get more time to practice, are praised more often, are more
often informed about their progress and what they still can improve and are more often
given credit for difficult tasks. Overall, female students seem to receive less competence
support than male students, as indicated by the significant mean-level difference, and
while the bivariate correlation between competence support and performance is significant
and positive for male students, it is negative, albeit not significant, for female students.
Girls hence seem to experience this kind of care in the math classroom less often than boys
and if they do, it tends to be in response to low performance—rather than to encourage
high competence and nurture talent. Such experiences in the math classroom might
be the product of gender-STEM stereotypes that associate math proficiency with innate
ability or brilliance that you either have or do not have and that, in turn, is more strongly
associated with male than female students [12-14] and teachers, probably unintentionally,
acting accordingly [100-103]. Relatively independent of female students’ level of sustained
attention, they might consequently not feel encouraged to invest their cognitive potential in
math [19,44,45] and highly capable girls might lack chances to exploit their potential. This
mechanism might partly explain the weak connection between sustained attention and
math performance for girls. To build math knowledge, female students acquire and apply
helpful cognitive learning strategies, while naturally behaving conscientiously and putting
in the work, which seem both to be easier in autonomy-supportive classrooms [79]. Figure 4
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Behavioral
engagement

summarizes our findings including underlying assumptions that have to be examined in
future studies.

Although perceived social relatedness appeared to be positively associated with
both girls” and boys” math performance and behavioral engagement, the significance
of these relations varied across the different samples and models analyzed. We found
no evidence of significant gender differences regarding this variable. Nevertheless, our
findings are compatible with existing research that has demonstrated the importance of
social relatedness in the math classroom, especially for behavioral engagement and female
students [24], as well as its direct and indirect—via engagement—association with academic
achievement [77,78].
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Figure 4. Gendered Pathways to Math Performance.

5.2. Limitations and Implications for Research

In particular, the hypothesized relations on the right half of Figure 4 are not derived
from the present data and have to be evaluated in future studies. The idea that female
students do not exploit their cognitive potential in math classrooms, which is empirically
mainly based on the weaker direct and indirect influence of sustained attention on math per-
formance among girls compared to boys, should be substantiated using other measures of
cognitive potential, including intelligence measures. In addition, given the cross-sectional
design of this study and the exploratory nature of our research questions on gender-specific
relations, we are aware that all interpretations in terms of causality and directed effects
must be considered with caution. Longitudinal studies with several measurement points of
the same variables would be suited to substantiate the present findings based on the path
analyses. Although we deliberately focus on students” perceptions of support in math class-
rooms, instead of assessing more objective instructional indicators, it would be worthwhile to
contrast girls’ and boys’ subjective evaluations of teacher support with an objective assessment.
Based on the present study, we do not know whether girls and boys are treated differently
by their math teachers or whether they might interpret similar teacher behavior in different
ways, maybe based on their expectations [104,105] and attributional tendencies [106,107]. In
addition, experimental designs that vary the level of teacher support over a specific period of
time or that implement motivational-affective interventions such as attributional retraining
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(for a meta-analysis on this topic, see [108,109]) could help to better understand underlying
mechanisms. In the present study, we used a math performance test that is closely tied
to the topics covered in the German secondary school curriculum and based on problem
types typically encountered during math instruction and exams. Despite this test’s high
ecological validity, the present findings should be confirmed in more controlled pre-posttest
design learning settings that allow direct relationships to be established between perceived
support for self-determination, engagement, and performance (i.e., learning).

Finally, participants in our study could opt in or out on a voluntary basis. Accordingly,
we must assume selection bias in our sample: Students completing the survey might differ
systematically from other students, presumably, especially in terms of higher manifestations
on variables positively associated with perseverance and compliance [110,111]. Our mean-
level findings and gender-specific relations between variables may hence only apply to
this specific sample and look different in a less committed group of students. However, a
comparison between the overall sample and the even more selective sample of students
who completed the sustained attention test revealed no substantial differences in model
results—which could be interpreted as the first indication of robust effects that still need to
be verified in further samples.

6. Conclusions

For researchers and practitioners alike, knowing more about the correlates of engage-
ment and performance in the math classroom and the extent of gender differences in that
regard is instrumental [76]. One central finding of this study that applies to both female and
male students, is the importance of autonomy supportive instruction for student engage-
ment. Although perceived autonomy support does not seem to affect math performance
directly, we provide evidence for its indirect influence via engagement. If students are
allowed to make autonomous decisions (at least to some degree) and are supported to
explore content and to work according to their own needs, they seem to be more likely
to deeply engage with, elaborate and reflect on the content (cognitive engagement) and
perseveringly and diligently participate in learning activities (behavioral engagement).

Because behavioral engagement seems to be particularly important for boys” math
performance and boys tend to show lower behavioral engagement than girls, math teachers
might especially focus on creating calm and distraction-free learning environments to help
increase their male students’ perseverance and diligence.

The finding that girls perceive less competence support than boys together with its
negative relation with math performance only in the group of female students, suggests
either considerable gender differences in the perception of teacher behavior or considerable
differences in teacher behavior dependent on student gender (or a mixture of both). Al-
though we cannot disentangle the underlying mechanisms based on the existing data, we
assume that lower-performing girls receive more time to practice, are praised more often,
are more often informed about their progress and what they can still improve and are more
often given credit for difficult tasks, while this kind of competence support might often be
withheld from higher-performing female students. This does not seem to be the case in
the group of the male students. Making math teachers aware of the risk of discriminative
behavior involving missing out on nurturing female students with high cognitive potential
(i.e., sustained attention as a proxy) and the implicit confirmation of math-gender stereo-
types, could be one possible way to intervene. In addition to helping more female students
to perform at a high level in math, such interventions could also be key to changing girls’
self-perceptions, motivation, and attitudes toward this fundamental subject.
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Abstract: Various factors may be important while individuals develop vocational aspirations. Al-
though occupations that fit one’s personal interests appear to be attractive, contextual factors may
repel groups, such as young girls, to develop towards areas such as STEM. Especially, the sextype
of STEM occupations, that is often considered as male, could limit STEM career choice of young
girls. This study investigates career profiles of n = 9277 German university freshmen based on
interests, prestige, and sextype. Eleven latent profiles were found. Five profiles can be characterized
by their prestige levels and two further by their sextype. Certain profiles are significantly associ-
ated with study outcomes and study satisfaction, which allows to identify at-risk profiles. Of note,
especially female students in STEM subjects with a low proportion of females distributed widely
across the 11 profiles. The implications of this study suggest that career choice profiles according to
Gottfredson’s framework can help to identify at-risk students.

Keywords: occupational aspirations; career profiles; latent profile analysis; STEM; higher education

1. Introduction

Although an individual’s career decision may depend on different factors, several
theories emphasize the impact of an individual’s interests in this context, e.g., [1-3]. Often,
concepts such as expectancies, values, and prior experiences are further considered for
explaining career decisions, e.g., [4,5]. Such theories primarily focus on the individual and
implicitly describe the “pull” factors that are important for the decision for developing
towards a specific career path. If we, however, consider females” decisions for or against
STEM (science, technology, engineering, and mathematics), we see that many of them rule
out such study areas because of occupational aspects, especially because they consider it as
too male [5]. Thus, the sextype of occupations, as pointed out by Gottfredson (1981), seems to
be an important obstacle for female students that prevents them from developing towards
STEM careers. Another factor working simultaneously may be the prestige of an occupation:
it may be considered as too low and thereby serve as an obstacle for students choosing
an occupation, although more in the context of male students” decision against social
occupations rather than in STEM. Such occupational aspects, that often serve as “repel”
factors that set boundaries for individuals for not going into a specific career, received
less attention in research, besides in research building on Gottfredson’s [6] theory that
considers interests, prestige, and sextype as dimensions for career decisions. However, these
boundary conditions that repel individuals from some occupational areas may not affect
all students similarly: several females choose a STEM career path despite such occupations
being considered as “male”. This means that there are groups of individuals that may rather
follow their interests while ignoring the sextype of an occupation (or perceiving the sextype
differently). In other words, Gottfredson’s boundary dimensions do not have the same effect
on career choices for everyone. Rather, there are different groups of individuals who deal
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differently with repellent factors in the sense of Gottfredson. This paper aims to focus such
groups and therefore distinguishes latent profiles according to the dimensions proposed
by Gottfredson [6]: interest, prestige, and sextype. It focuses on university freshmen as
they just made the first step from a rather general education in school towards a narrower
and more occupation-specific one at university. After identifying latent profiles, the paper
analyzes how far a respective profile membership can be characterized by background
variables at study entry, either by study subject choice or individual orientations for getting
a better idea of the students in the respective profiles. In a third step, the study focuses on
study outcomes of the students in the different profiles to validate how far students that
find themselves in at-risk profiles according to [1,2] and how far they show disadvantages
with respect to study outcomes and satisfaction. Using data from a large-scale panel study
allows to longitudinally compare students’ outcomes and to focus on six different fields
of study for comparison, including STEM fields with a medium (STEM-M) and a low
proportion of females (STEM-L). Of particular interest is the question of the extent to which
female STEM students form their own profile or are distributed across different profiles.

1.1. Gottfredson’s Theory and Related Constructs

A student’s vocational interests are an important predictor of their later vocational be-
haviour and, according to Holland’s [2] person-environment fit theory, students should as-
pire to an occupation that matches their interests. Holland’s recommendation is supported
by a huge body of research that indicates favourable outcomes for interest congruence
(fit) in relation to satisfaction, performance, and persistence [7-11]. Vocational interests,
however, develop through the repeated interactions of the person and their occupational
perceptions of the environment, including their perceptions about their outcomes, with
their eventual performance or achievements [3,4]. Gottfredson’s [6,12,13] theory postulated
two perceptions of an occupational environment that are fundamental to the development
of interest, namely prestige and sextype.

Gottfredson’s Theory. Gottfredson’s [6,12,13] developmental theory of occupational
aspirations expands on [2] person-environment fit by positing that, along with their field
of interest, students also base their career choices on their aspired occupation’s level of
prestige and its perceived masculine-feminine traits, known as sextype. Both dimensions
have shown evidence of shaping student’s efficacy expectations, their interest development,
and their career choices, both in the early stages of development and shortly before a
career decision is required [14,15]. These three strongly interrelated dimensions [16] are
emphasized in the latter of the four-stage process of circumscription which emphasizes
the development of both a person’s self-concept and their cognitive map of occupations
and causes them ultimately to develop an occupational aspiration by successively elim-
inating occupations that they do not find compatible. While children in the first stage
(3-5 years) simply recognize what an occupation is, the second stage (6-8 years) empha-
sizes the morally central aspects of sex roles and produces rigid vocational preferences for
same-sex adult behavior and the rejection of cross-sextyped activities, depending on their
development. In the third stage (9-13 years), young students make social evaluations of both
unacceptably low status occupations as well as high prestige careers and the amount of
effort attaining one would require. Finally, as adolescents (stage four, 14+ years), students
explore their internal and unique self to a greater degree in order to identify what types of
work are compatible to their field of interest. By the end of the circumscription process,
a student’s occupational choice is grounded within its social space, which is a bounded
area on the cognitive map of occupations according to two axes—prestige level (high vs.
low) and sextype (masculinity vs. femininity)—within which a person can discover where
their interests fit into the world of work. Once an individual is inclined towards going to a
specific occupation, then the reality whether this occupation is accessible or not comes to
the fore. This outlines strategic and sometimes difficult choices during a compromise process
which are, according to Gottfredson [13], based on the field of interest, prestige level, and
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sextype of each career alternative. The following outlines each of these dimensions in
greater depth.

Field of Interest. Gottfredson [6] (p. 548) made parallels with her assessment of com-
patibility and Holland’s [2] person—environment fit (P-E fit) called interest congruence,
although she notes the indirect nature of such kind of measure. Holland [2] defines vo-
cational interests as trait-like characteristics that can best be described using six different
interest dimensions (RIASEC): Realistic interests, Investigative interests, Artistic interests,
Social interests, Enterprising interests, and Conventional interests. The RIASEC types can
be used to describe the interest profiles of individuals and their academic or occupational
environments. As a result, a match can be determined by comparing the individual and
environmental RIASEC profiles. Holland's [2] congruence hypothesis claims that the fit be-
tween a person and his or her environment predicts academic and occupational outcomes
such as performance and persistence [9-11]. Holland [2] proposes a hexagonal structure
of the six interest types and this arrangement is basis for many algorithms for calculating
congruence. Although this hexagonal structure has been shown to be particularly evident
in U.S. samples [17], it can be taken as given and gender invariant for German univer-
sity samples [18]. Appropriately, RIASEC interests have been and still are extensively
investigated in Germany (e.g., [19-21]).

Prestige. Although definitions differ, prestige, or social status, is a complex and multi-
faceted concept associated with an occupation’s socioeconomic status, level of education,
difficultly, responsibility [17], as well as the aspects of the effort and skill required from the
occupation [22]. Despite its complex nature, people in developed countries have remarkably
similar interpretations of prestige [13] (p. 91), evidenced by various standardized prestige
and social status scales that strongly correlate [23,24]. In principle, an occupation with a
higher prestige is regarded as more desirable due to the social recognition and financial
rewards that they provide, but they also may require a greater amount of effort and ability
to attain [13], which is an aspect that is also taken up by rational choice theory [25]. A less
challenging but still desirable aspect to prestige is to minimize the risk of downward social
mobility by, at minimum, aspiring to return to the same status as their parents [26]. The
choice of university degree has shown to be greatly influenced by parents, particularly their
socio-economic status, which also significantly interacts with the student’s gender [27].

Sextype. The perceived gender identity of an occupation or study area influences
young children’s perceptions about sex-typical vocational behaviour [13]. It is, however,
noteworthy to point out that distinguishing and measuring the sextype of a wide range
of occupations is less straightforward than it seems. Technology-related subjects such as
engineering, computer sciences, and physics are obviously perceived as prototypically
male areas [5] that persistently present a traditional gender gap [28]. They show a strong
over-representation of males with usually more than three males for every one female,
and for some engineering areas, the ratio is even as low as six to one [29]. Consequently,
such areas are widely perceived as having a male gender identity that is also coherent
with their male-over-represented sex proportion. Even though some STEM areas present
balanced sex proportions (between 30% and 70% female students), such as mathematics,
chemistry, and geography, they are still perceived as belonging to a male stereotyped science
area [30]. Study programs in the life sciences have progressively shifted to a proportion
of female students around 70% or more [31]. These observable shifts in sex proportion
in the life sciences over time may also be reshaping societal perceptions of sextype in
related areas. In this line, the proportion of females in technical areas raises if these include
an aspect of life sciences. For example, typical computer science studies present around
an 18% proportion of female students, but medical and bioinformatics present 46% and
48% female proportions, respectively. This effect, however, may interact with student’s
attitudes towards stereotypically traditional gender roles, whether masculine or feminine,
or more balanced egalitarian roles [32]. Nonetheless, career choices appear to be particularly
affected if the sex proportion in the occupation exceeds the 30-70% balance [33], which in
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our study specifically relates to specific STEM-related study clusters with a low female
proportion [19].

Of note, Gottfredson [13] discussed different configurations of these three dimensions.
Furthermore, such configurations imply that there may be different manifest or latent
profiles of students’ career choices. Since people do not always have the opportunity to
choose an occupation that perfectly fits with regard to all three dimensions, they may
have to compromise regarding one or more occupational characteristics. According to
Gottfredson [12], a severe threat of the ‘right” sextype is related to higher costs than a
severe threat to the desired level of prestige or to the fulfillment of one’s interests. How-
ever, previous studies revealed mixed results regarding the compromise behavior and the
weighting of the three dimensions. For example, Armstrong und Crombie [34] confirmed
Gottfredson’s compromise hypothesis, while the study by Hesketh et al. [35] indicates that,
under compromise condition, interests were more important for the attractiveness of a
job than prestige or sextype. In fact, and of course, there are women who enter typically
male domains. One reason for this may be that there are some individuals who weight the
fulfillment of their interests or a prestigious position more strongly than the ‘right’ sextype
when choosing a career.

1.2. A Person-Centered Approach to Career Choice

An appropriate method to reveal groups of individuals that deal differently with the
dimensions of sextype, prestige, and interests when aspiring a career is a person-centered
approach, such as a latent profile analysis. A person-centered approach distinguishes itself
from a variable-centered approach which suggests that all members of a population show
a similar configuration regarding a set of variables, usually applied in factor analyses or
structural equation modelling [36]. In the context of our study, a variable-centered approach
would assume that the whole population of students would be more concerned about, e.g.,
their gender-identity than about their prestige or interests. Such approaches correspond
to some previous studies who found results that rank prestige as more important in
conditions where it was not theoretically expected, e.g., [37-39]. This is different when
a person-centered approach is used. Here, the assumption of a homogenous population is
relaxed by suggesting that there can be different subpopulations of students with distinct
profiles [40,41]. As a result, a person-centered approach could allow the possibility that
some students are less concerned about the gender typicality and more concerned with
a higher prestige occupation, while other groups could prioritize interests over gender
typicality and/or prestige.

We found two studies that applied a person-centered approach to examine career
choices based on Gottfredson’s theory [42,43]. Both studies found four types of career
profiles; however, neither study assessed an empirical measure of vocational interest.
Furthermore, Ryu and Jeong [43], also excluded sextype from their investigation because of
contextual reasons. Our study expands this work by including all three of Gottfredson’s
career choice dimensions within a large-scale sample with the goal of analyzing the extent
to which different subpopulations of students differentially prioritize the three career choice
dimensions in the context of their study decision.

While there is a lack of person-centered research, this study does contribute to previous
research that aimed at investigating career choices using vocational interests, especially
regarding fields with unbalanced gender distributions (e.g., [19,44-48]).

1.3. Characteristics of Study Outcomes Related to Gottfredson’s Dimensions

Focusing on the interest dimension, students with a poor person—environment fit
should show lower persistence, performance, and satisfaction according to Holland [2] and
the supporting literature [8-11]; they may therefore be considered as at-risk students. If
these findings are extrapolated onto a sample of university freshmen, this would imply
that latent profiles that are characterized by a notably lower orientation to their field of
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interest may show poorer study outcomes such as lower completion rates, lower grades,
less satisfaction with their studies [7], and furthermore higher intentions to dropout.

Students characterized by a prestige orientation may be characterized by a greater
importance for status maintenance [26] to reach the same prestige level their parents
already have. As discussed in [13,22,25], there is a relationship between effort and prestige.
Students who aspire to prestigious careers may therefore experience consequences related
to high effort requirements, such as challenges with study load or higher chances of failure.
Prestige is also already reflected in different study subjects that can be characterized by
differences in prestige such as occupations [49]; they may inherently distinguish the prestige
of some of the latent profiles.

Finally, profiles that indicate a high sextype orientation may be characterized by a
strongly traditional gender role attitude as opposed to an egalitarian one [50]. As sextype-
oriented profiles may indicate a high level of compromise [1], they may show indications
of lower study outcomes.

2. Research Questions

As summarized above, previous research on Gottfredson’s [6,12,13] career choice
dimensions revealed mixed results: while some results suggest that people weigh matching
sextype most heavily in career choices, other findings suggest that interests may play a more
important role. In general, mixed results can be an indicator that different subpopulations
exist. In the current study, this would mean that there are different groups of students
who use different career choice strategies that may be related to different study outcomes.
Therefore, the current study aims to investigate the following research questions:

RQ1: How Far Can Different Profiles of Career Choice Based on Gottfredson’s Dimensions Be
Distinguished within a Population of University Freshmen?

To examine RQ1, we use a person-centered approach, which is exploratory in nature
and does not allow for the formulation of precise hypotheses. However, this approach
still leaves some room for theoretically framed expectations [40,51]. For example, there
may be students who do not prioritize their interests in order to pursue a prestigious or
gender-typical career [6,12,13], while other students may focus on finding a job that fit their
interests [2].

While the latent profile may reflect Gottfredson’s career choice dimensions, it is not a
given that they will be distinctive in relation to aspects relevant at study entry. For making
the latent profiles better identifiable, research question 2 analyzes how far further variables
important at study entry may characterize the latent profiles:

RQ2: How Far Are Different Career Profiles Related to Background and Early Study Variables?

Due to the exploratory nature of RQ1, and an a priori unknown characteristic about
the latent profiles, our study cannot make any explicit hypotheses regarding what different
background or early study variables might characterize a specific latent profile. We can,
however, derive assumptions for specific profile characteristics and therefore assume
students with a higher aspirational prestige to expect poorer study outcomes because of
the greater efforts that will likely be required to attain a high prestige occupation ([13];
assumption A. 1). In addition, we assume students in profiles with a higher prestige to
find it more important to maintain their parents’ status than those with a lower prestige
([26]; A. 2). For students that aspire to occupations with a lower prestige, we would also
assume a lower rating of the chances for getting a good job (A. 3) according to rational
choice theory [25].

In the framework of RQ2, it is examined how students from different study subjects
distribute across different profiles. Of special interest in the current study is the question to
what extent female STEM-L students constitute own profiles or in which profiles they can
be found. In light of Gottfredson’s theory, female STEM-L students can be seen as a group
of individuals who overcome the ‘wrong’ sextype, which may be grounded in especially
strong interests in STEM fields and/or a particularly pronounced striving for a prestigious
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position. This may either lead to a distinct latent profile or these females are intermixed
with individuals of other latent profiles.

RQ2 already raises aspects such as the study outcome expectation at study entry that
may characterize several profiles. RQ3 now takes a longitudinal perspective and analyzes
study outcomes and study satisfaction longitudinally to validate how far profiles that show
pattern of at-risk students are indeed characterized by lower outcomes.

RQ3: How Far Are the Different Career Profiles Related to Different Aspects of Study Outcomes?

Several meta-studies indicate that interest congruence predicts favourable outcomes
such as satisfaction ([8]; A. 4), performance ([9-11]; A. 5), and persistence ([9-11]; A. 6),
which suggests that profiles that are characterized by interest congruence will likely have
better study outcomes. Regarding students who aspire a gender-atypical career, because
it is more congruent to his or her interests, there is, however, the question if they are more
likely to successfully complete their degree [9] or if they are affected by phenomena that
incur with having an untypical sextype ([1]; A. 7a/b). Regarding prestige-characterized
profiles, we assume students with high prestige to have poorer study outcomes due to
increased difficulty required to attain their aspired occupation ([6,17]; A. 8). Furthermore, we
assume students who aspire to high same-sex occupations to show more traditional gender
role attitudes while those who aspire to low same-sex occupations are more egalitarian
([50]; A.9).

3. Method
3.1. Sample

A sample of n = 9277 German university students from the National Education Panel
Study (NEPS; SC5:15.0.0; [52]) was analyzed. Their age was between 18 and 27 years
at study entry with a mean of 20.1 years (sd = 1.8). These students started in winter
semester 2010/2011 and were from six study clusters, namely STEM-L, STEM-M, education,
language, medicine, and economics [19]. Moreover, 61% of the 9277 students were female.
It is noteworthy to point out that NEPS oversampled teaching education students [53]
(p. 13), and therefore the data set comprises of an oversample of female students.

3.2. Measures

As NEPS is a longitudinal panel study, the measures may come from different time
points. Variables for generating the latent profiles (RQ1) and for characterizing profiles
(RQ2) were surveyed directly at study entry, while validation variables (RQ3) were sur-
veyed later in the course of study. For RQ3, episode data of the first study program in
which a student was enrolled were analyzed with respect to its study outcome. If a student,
e.g., enrolled for electrical engineering, the episode data indicate if the student finished this
program successfully as well as the final grade of this program.

3.2.1. Variables for Defining the Latent Profiles

The three career choice dimensions were generated in relation to each student’s
occupational aspiration at the study entry (wave 1). Occupational aspirations are acquired
by NEPS by asking the open-ended question: “Regardless of how your degree course is going,
what job would you most like to have at some point?”. The open text answers were codified
by NEPS into different occupational classification systems, such as ISCO-08 [54] and
KldB2010 [55], and furthermore classified according to standardized prestige scales such as
the Standard International Occupational Prestige Scale (SIOPS, [56]) and the Magnitude
Prestige Scale (MPS, [24]).

Interest congruence builds on Holland’s [2] RIASEC dimensions, as measured using the
18-item adult version of the Interest Inventory Life Span (IILS-II; [57]), and the O*net [58]
interest classification of the student’s occupational aspiration. A congruency measure
based on the Euclidean distance between the individual and the occupational interest
vectors was generated as described in [19]. It should be noted that shorter vectors indicate
higher congruence.
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Occupational Prestige of students” aspirations is already classified in NEPS, and this
study uses the classification using the German-based Magnitude Prestige Scale (MPS; [24]).

Sextype is estimated by the Same-Sex Proportion (SSP), which is generated using the
proportion of each sex employed within their aspired occupation as classified within a
taxonomy of occupations, similar to Beavis’ [59] concept of “sex composition”. Therefore,
the 5-digit German system to classify occupations [55] is used to match female proportions
from the Federal Statistical Office [60] onto the occupational aspirations available in NEPS.
The study specifically applies SSP from the year 2010 as it corresponds with the start of
university for the NEPS SC5 cohort.

3.2.2. Variables for Characterizing the Latent Profiles
Two types of variables are used to characterize profile membership:

1. Demographic variables, consisting of sex and six study clusters (namely STEM-L, STEM-
M, education, language, medicine, and economics; [19], as well as information about
whether their studies are teaching orientated [61].

2. Background variables available at study entry; these include study outcome expectations
(wave 1), chances for getting a good job (wave 1), and the importance of status
maintenance of parents (wave 1).

The descriptive statistics, exemplary items, as well as references for the respective
scales can be found in Supplementary Table S1.

3.2.3. Variables for Validating the Latent Profiles

For validating how far latent profile membership provides higher risks for a student,
his or her study outcomes were analyzed longitudinally. This comprises of variables that
were surveyed in later waves of the panel as well as episode data that refer to the outcomes
of the first study program for which a student enrolled.

1. Longitudinal variables that were available in later waves include the intention to dropout
(wave 2), three dimensions of study satisfaction (wave 3; related to study content,
study conditions, and coping with study burdens), and gender role attitudes (wave 4).
Their descriptive statistics, exemplary items, and references for the respective scales
can also be found in Supplementary Table S1.

2. Study episode data. The NEPS dataset provides information about study episodes [53].
For example, a student can indicate the start and end dates of any study episode, e.g.,
a start date for his or her initial bachelor studies. Such episodes are sometimes open,
which means without an end date, e.g., if a student is part of the panel attrition group.

Study Outcomes will focus on the successful completion or the failure of the first study
episode up to eight years after the start, specifically up to wave 14. A very small number
of students indicated that they ended their studies in the first term, or that they explicitly
indicated that they did not finish their studies. Due to the marginal number of such cases,
these two outcomes were not observed in the analysis.

Final Grades. If students successfully reach the end of a study episode then a fi-
nal grade for this episode is usually provided. To ensure comparability, grades are z-
standardized within each study subject. Our study therefore compares the z-scores for
students who successfully completed their first study episode in their respective subject,
i.e., engineering. It should be noted that the German grading system indicates better grades
as lower values.

3.3. Analyses and Procedure
3.3.1. Description of Profiles: Latent Profile Analysis

A latent profile analysis (LPA) is a person-centered approach that assumes that it
is possible to identity distinct latent subgroups based on their shared scores on certain
indicators [36]. This study refers to the analysis as an LPA and not a latent class analysis
(LCA) because of the continuous nature of the indicator variables [36] (p. 7). The three
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career choice dimensions, namely the (1) interest congruence, (2) occupational prestige,
and (3) SSP within the aspired occupation, are used as input variables for the LPA. For
calculating the LPA, the three input variables were z-standardized. In addition, interest
congruence was inverted so that higher values indicate a higher congruence. Of note, all
the charts and descriptions of the LPA in this paper use the raw values of the dimensions
to allow readers to have a better estimation of the profile characteristics.

The latent profile analysis was run using MPlus version 8.2 [62] to derive alternative
latent profile solutions ranging from three to twenty profiles (see Supplementary Table S2).
The choice of latent profile configurations is guided by several statistical characteristics,
especially by the replication of the best log-likelihood value in combination with testing
improvements of the model fit over the k-1 model using the Vuong-Lo-Mendell-Rubin
likelihood ratio test (LRT) and the bootstrapped likelihood ratio test (BLRT) [63]. In addition
to statistical comparisons of alternative latent profile configurations, a review of each latent
profile configuration helped to decide on the final solution. Based on the gender distribution
in the sample, we furthermore validated the results of the gender inclusive latent profile
analysis with two further latent profiles analyses that were separated for male and female
students and comprised the same number of latent profiles like the gender inclusive one.

3.3.2. Characterization and Validation of the Profiles

Demographic and background variables, listed in Section 3.2.2, are used to explore
assumptions that characterize members of a specific career profile. Career profiles are
validated using variables listed in Section 3.2.3. Although some of the validation variables
have a substantial percentage of missing responses due to the longitudinal panel attrition,
their inclusion provides valuable evidence of each profile’s characteristics. Means and
confidence intervals were used to analyze continuous variables for significant differences
for all the validation variables except for successful and failed study outcomes, which are
analyzed using a chi-square test.

4. Results

Before answering the research questions, we will first refer to the descriptive statistics
(see Supplementary Tables S1 and S3-S5) and the correlations between the variables. A
correlation matrix amongst interest congruence, prestige, and female proportions in their
aspired occupations (adapted to generate the SSP), as well as other characterizing variables,
can be found in Supplementary Table S3. The three career choice dimensions present
significant but small correlations with one another. Furthermore, the sample distribution
by study cluster and sex can be found in Supplementary Table Sé6.

4.1. Latent Profile Analysis

As a result of the LPA, an eleven-profile solution was chosen because of the LRT
based on the k-1 model test, a satisfactory entropy, and a sound replication of the best log-
likelihood value that indicates a stable solution (see Supplementary Table S2). Upon further
inspection, the eleven-profile solution remained superior based on its well-differentiated
profiles and evenly distributed sample.

To further validate the eleven career profiles, this study investigates whether LPAs
using sex-separated samples, which are set to find the same number of profiles (eleven) in
order to correspond with the latent profiles from the whole sample, come to similar results.
Crosstabulations reveal that most profiles share 100% of their cases, while three female
and four male profiles share upwards of 90% of their cases with whole sample profiles.
Only one profile from either sex, related to sextype-characterized profiles, shares around
80% of their cases with a corresponding profile from the whole sample. This suggests that
other than the sextype characterized profiles, the majority of the eleven profiles could be
interpreted without undue concern for sex differences (See Supplementary Tables S7-5S9).

Due to the comparably high number of profiles and the large sample sizes that al-
low even small differences to be significant, and because furthermore the LPA aims at
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revealing homogenous classes (with small standard deviations) that lead to high effect
sizes of the profile differences, we added a gray range around the sample mean to indicate
less distinguished profiles for a better interpretation of the differences in Figure 1. For
congruence and prestige, the gray area indicates values within +/— 1 SD of the sample
mean (congruence 0.49/1.14; prestige 163/109). For SSP, the gray neutral area is defined the-
oretically [33] as a male/female sex proportion between 30 and 70% which centers around
a balanced 50% value [33]. Of note, one must keep in mind that the SSP of an occupation
and the proportion of females in a profile are different measures. Each profile’s mean score
was used to characterize it as either low or high if it falls outside of the gray range (see
Supplementary Figure S1 for a zoomed-in version). The following section describes the
latent profiles by the most characterizing aspects; more detailed information can be found
in Supplementary Table S10. All profiles were within one standard deviation of the mean
with respect to congruence.
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Figure 1. The means and confidence intervals of career profiles across the three career choice
dimensions. Note: n = 9277. Each dimension is displayed in its full and unstandardized scale.
Congruence ranges from 0 (perfect) to ~4 (poor), prestige ranges from ~20 (low) to ~187 (high), SSP
in the aspired occupation ranges from 0 (low) to 1 (high).

The largest profile (P9; Teaching Aspirations; n = 4021) accounts for 43% of the sample
and consists of 78% female students. The means of all three career choice dimensions
(interests, prestige, and sextype) are within the less distinguishable gray range (see Figure 1
and Supplementary Table S10 for the values; see Supplementary Tables S11-513 for effect
sizes). Looking into students’ occupational aspirations, we found that more than 80% of P9
profile aspire to become teachers (see Supplementary Table S14).

4.1.1. Prestige Characterized Profiles

While all profiles were within one standard deviation from the sample mean with
respect to interest congruence, we see five profiles that are clearly distinguished by their
prestige: one with a distinctly high prestige, one with a distinctly low prestige, and three
further profiles that can also be distinguished by their low prestige but require further
distinguishing criterion.
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The P8 profile (High Prestige Medical Aspirations; n = 718, 8%) consists of 68% females.
Besides their high prestige, P8 also present above average congruence and a neutral SSP.
Participants of this profile mainly aspire to work in medical occupations.

In contrast, students of the P7 profile (Low Prestige High Same-Sex Proportion Aspirations;
n =157; 2%) are characterized by a very low prestige. The profile consists of 26% female
students and is further characterized by a high SSP and a congruence that is clearly below
average. As their SSP factor suggests, these students aspire to gender-typical professions.
Male students mainly aspire to become machine operators and work in mechatronics, while
the females aim towards business organization and strategy supervisors.

The P1 profile (Low Prestige Technical Aspirations; n = 149, 2%) is one of the three low
prestige profiles which need to be distinguished in more detail. Although their prestige
is quite low, it is not as low as P7. It consists of 38% female students and is further
characterized by an interest congruence clearly below average and an SSP that tends to
be high. This profile mainly aspires toward technical professions either in the domain
of engineering or machine operations for males, or medical technicians and other skilled
technical professions for females.

The P3 profile (Low Prestige Economic Aspirations; n = 288; 3%) consists of 58% fe-
male students. The SSP of this group is slightly tending towards high and the interest
congruence slightly below average. This profile aspires to rather economics-oriented
occupations such as media designing and advertising, technical design, banking, and
business administration.

The P5 profile (Low Prestige Social Aspirations; n = 652; 7%) consists of 73% female
students. The SSP of this group’s aspiration is clearly towards the higher range and their
interest congruence slightly above average. Participants of this group mainly aspire to
become social workers.

4.1.2. SSP Characterized Profiles

Besides these, the LPA also revealed two SSP characterized profiles.

The P4 profile (Low Same-sex Proportion Aspirations; n = 414, 4%) consists of 88% female
students. Both their prestige and congruence are slightly below average, but their highly
atypical SSP distinguishes their aspirations. Female students mainly aspire to work in
technical and economic occupations such as construction and business consulting, while
male students aspire to become primary school teachers.

The P10 profile (High Same-Sex Proportion Aspirations; n = 1565; 17%) consists of
31% females. The congruence of this group’s participants is slightly above average while
their prestige slightly below. In this profile, female students mainly aspire to become
primary school teachers, while males aspire to technical occupations such as machine
building and operation.

4.1.3. Profiles with Less Distinguishable Career Choice Dimensions

Like the P9 profile, the remaining profiles are within the gray range on all three
career choice dimensions and therefore are only distinguished by their profile’s main
occupational aspirations.

The P2 profile (Natural Science Aspirations; n = 397; 4%) consists of 53% female students.
Both males and female students of this profile mainly aspire to occupations related to the
natural sciences such as chemistry, physics, and biology.

The P11 profile (Academic/Research Aspirations; n = 308; 3%) consists of 50% female stu-
dents. Participants of this profile mainly aspire to become university researchers/lecturers,
with some aspiring to be dentists or veterinarians.

The P6 profile (Less Distinguished Aspirations; n = 608, 7%) consists of 43% female
students. The aspirations are partially of two career paths related to computer sciences
and language. Males mainly aspire to computer sciences-related occupations with a small
portion aspiring to journalism, while the females aspire to work in language-related oc-
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cupations such as journalism, copy editors, and translators and a small portion aspire to
become computer scientists.

4.2. Characterization of the Profiles

The demographic and background variables that characterize the profiles include
gender, study cluster, teaching orientation, as well as the importance of maintaining their
parent’s status. In addition, two outcome-related characterizing variables are also included,
namely study outcome expectations and chances of getting a good job.

4.2.1. Sex

The chi-square test found a significant and moderate effect size for sex in associa-
tion with the career profiles (x> (10) = 1301.216, p < 0.001, Contingency Coeff = 0.351,
Cramer’s V = 0.375). Specifically, males were significantly associated with six profiles,
namely P10 (High SSP), P6 (Less Distinguished), P7 (Low Prestige High SSP), P1 (Low Prestige
Technical), P11 (Academic/Research), and P2 (Natural Science), in order of the highest signifi-
cant standardized residuals (see Supplementary Figure S2 and Supplementary Table S15).
Conversely, females were significantly associated with P9 (Teaching), P4 (Low SSP), P5 (Low
Prestige Social), and P8 (High Prestige Medical) profiles.

4.2.2. Study Clusters

The chi-square test results indicate a significant association between study clusters and
career profiles (x? (50) = 12,267.61, p < 0.001). Due to the larger number of levels involved in
the analysis, an effect size cannot be calculated. In addition, several cells have less than five
cases per cell. This, however, does not violate the expected frequency assumption because
the minimum expected frequency of 9.96 well exceeds the recommended number [64]
(p- 935). The results suggest that students in STEM-L are significantly and positively
associated with several profiles including P10 (High SSP), P7 (Low Prestige High SSP), P6
(Less Distinguished), P1 (Low Prestige Technical), P4 (Low SSP), P3 (Low Prestige Economic),
P11 (Academic/Research), and P2 (Natural Science), while STEM-M students are significantly
associated with P2 (Natural Science), P9 (Teaching), and P11 (Academic/Research). The results
further indicated that medicine students are particularly associated with P8 (High Prestige
Medical) and to a lesser extent P11 (Academic/Research), some of whom aspire to be dentists
(see Figure 2 and Supplementary Table S516). Economics students are significantly associated
with P3 (Low Prestige Economic), P4 (Low SSP), and P5 (Low Prestige Social), while education
students are significantly associated with P5 (Low Prestige Social) and P9 (Teaching). Finally,
language students are significantly associated with P9 (Teaching).

4.2.3. Study Orientation Teaching

The chi-square test indicates a strong and significant effect size for teaching vs. non-
teaching orientation in association with the different career profiles (x% (10) = 4635.636,
p < 0.001. Contingency Coeff = 0.578, Cramer’s V = 0.707). Students that are teaching
orientated are significantly associated with the P9 (Teaching) profile which consists of 43%
of the sample (see Supplementary Table S17).

4.2.4. Outcome Expectation at Study Entry

Two profiles indicate better study outcome expectations, namely P8 (High Prestige Med-
ical) and P11 (Academic/Research), while, by contrast, P1 (Low Prestige Technical), P3 (Low Pres-
tige Economic), and P7 (Low Prestige High Same-Sex) indicate lower study outcome expecta-
tions that are significantly below the sample mean (see Figure 3a, Supplementary Figure S3a,
and Supplementary Table S18).
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Figure 2. Bar graph of the study cluster distribution amongst career profiles with significance based
of chi-square test z-scores. Note: n = 9277; X2 (50) = 12,267.61, p < 0.001. Minimum expected frequency:
9.957961; positive and significant standardized residuals, measured in z-scores, are indicated adjacent
to the corresponding group. Significant standardized residuals are indicated as * p < 0.05 if z > £1.96;
**p <0.01if z> £2.58; ** p < 0.001 if z > +3.29.STEM-L = STEM studies with a female proportion
less than 30%; STEM-M = STEM studies with a sex proportion between 30 and 70%; Med = medicine;
Eco = economics; Edu = education; Lang = language.

4.2.5. Chances for Getting a Good Job

Most notably, P8 (High Prestige Medical) indicates significantly and above average
career prospects from studying their degree, followed by P1 (Low Prestige Technical), P3 (Low
Prestige Economic), P7 (Low Prestige High SSP), P10 (High SSP), and P11 (Academic/Research),
who all indicate chances that are significantly above the sample mean. By contrast, P5
(Low Prestige Social), P9 (Teaching), and P6 (Less Distinguished) rate their career prospects as
significantly below that of the sample mean (see Figure 3b, Supplementary Figure S3b, and
Supplementary Table S18).

4.2.6. Status Maintenance of Parents

The results indicated that P2 (Natural Science), P3 (Low Prestige Economic), P4 (Low SSP),
P6 (Less Distinguished), and P11 (Academic/Research) care more about maintaining the status
of their parents than the sample mean, while P8 (High Prestige Medical) and P9 (Teaching)
take a view of maintaining their parents’ status that is below that of the sample mean (see
Figure 3¢, Supplementary Figure S3c and Supplementary Table 518).

4.3. Validation of the Profiles

In the following, we investigate the profiles in relation to variables that indicate study
outcomes longitudinally and that therefore allow to estimate how far a specific profile could
be considered as an at-risk profile. Therefore, we will first focus on the study outcomes
from episode data (Figure 4) before we investigate variables of later survey waves that may
already have been indicators for success and failure (Figure 5; see Supplementary Figure S4
for a zoomed-in version of Figure 5 and Supplementary Table S19 for means and standard
deviations of each validation variable). For a comprehensive comparison of the effect sizes
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for each validation variable amongst the career profiles, see Supplementary Tables 520-525.
For an overview of the significance of both characterization and validation variables across
the career profiles, see Table 1.
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Figure 3. Variables for the characterization of the career profiles (full-scale version). Note: sample sizes
vary according to availability in the NEPS dataset. Sample means are illustrated as the dotted red line.
The effect size (Cohen’s d) is illustrating the range between the highest and the lowest mean score
across the career profiles for each variable. For the zoomed-in version, see Supplementary Figure S3.
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Figure 4. Study outcomes of career profiles with significance based on chi-square test z-scores
(n=9144). Note: x2 (20) = 138.297, p < 0.001. Contingency Coeff = 0.122, Cramer’s V = 0.087;
*p <0.05if z> +1.96; ** p < 0.01 if z > +2.58; *** p < 0.001 if z > +3.29.
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Figure 5. Variables for the validation of the career profiles (full-scale version). Note: sample sizes
vary according to availability in the NEPS dataset. Sample means are illustrated as the dotted red
line. The effect size (Cohen’s d) is illustrated by the range between the highest and the lowest mean
score across the career profiles for each variable. For (5e), lower values indicate better grades. For
(5f), lower values indicate traditional gender role attitudes while higher values indicate egalitarian
gender role attitudes (see Supplementary Figure S4 for a zoomed-in version).

Regarding study outcomes (see Figure 4; Supplementary Table 526 for the chi-square
test contingency table), the chi-square analysis presents a significant x> (20) = 138.297,
p <0.001, but a small effect size (Contingency Coeff = 0.122, Cramer’s V = 0.087), suggesting
that the results should be cautiously interpreted due to weak associations. Nonetheless,
significant differences in study outcomes were observed.

In the following, we will present the most salient results of Figures 4 and 5 as well as
results that relate to our assumptions regarding the research questions.

The Teaching Aspirations (P9) profile is both more likely to fail and less likely to suc-
cessfully finish their degree, which indicates poor study outcomes (see Figure 4). This is
reflected in the satisfaction with the study conditions value that is observably the lowest
while other variables were located around the sample mean (see Figure 5¢c and Supplemen-
tary Figure S4c). The second profile less likely to reach a successful study outcome is P6
(Less Distinguished) that, however, indicates a high satisfaction with study conditions and a
good coping with study burden.
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If we now look to the prestige-characterized profiles, students in the High Prestige Med-
ical (P8) are less likely to fail and more likely to successfully finish their studies. Although
they show a low intention to dropout and a high satisfaction with the study content, this
profile is characterized by the worst coping with the study conditions. This is contrasted
by the Low Prestige Social (P5) profile that has the same study outcome pattern but shows
the best coping with the study conditions, although with the lowest grades at the end of
the study. The other three prestige-characterized profiles do not show significant effects
regarding study outcomes, although P1 (Low Prestige Technical) shows the highest intention
to drop out and the lowest satisfaction with the study content. P3 (Low Prestige Economic)
shows the second highest intention to dropout but with a quite high satisfaction with the
study conditions, and P7 (Low Prestige High SSP) also one of the lower coping strategies.

Both sextype characterized profiles (P4-Low SSP and P10-High SSP) are significantly
less likely to fail their studies, with P4 showing comparably the best grades at the end of
the study.

Students of the Natural Science (P2) profile are significantly more likely to successfully
finish their studies and less likely to have open study outcomes; they show a high satisfac-
tion with their study content but are the second lowest group with respect to coping with
their study burdens. Students of P11 (Academic/Research) also are less likely to show open
study outcomes. They are comparably satisfied with the study content and are receiving
comparably good grades.

Finally, we look at gender roles attitudes. While we conceptually would have preferred
to discuss gender role attitudes as an early background variable, this was not possible
due to its collection in the later waves. Its inclusion can indicate if students of a profile
are more or less inclined to traditional gender roles. Like Figure 5f shows, students with
High SSP (P10) and Low Prestige Economic (P3) profiles indicate more traditional gender role
attitudes while the Low SSP (P4), the Low Prestige Social (P5), and High Prestige Medical (P8)
all indicate higher egalitarian gender role attitudes.

5. Summary and Discussion
5.1. Distinguishing Latent Profiles according to Gottfredson’s Theory

Reflecting on Gottfredson’s theory [6,12,13] and looking overarchingly onto the latent
profiles that we found, we can hardly see profiles that are distinguished by their interests.
Although there were significant differences between the profiles on the interest dimension,
all of them centered +/— 1 SD from the sample mean on a relatively high level. This
indicates that the individual interests were an important factor for their career choices and
that a major compromise [6,12,13], i.e., compromising interests for a higher sextype, did
not take place within this sample of students. Of note, students already possess the highest
level of school leaving degree and therefore may have not been in need to compromise their
interests so much. Additionally, the prestige of the occupations that students aspired was
relatively high, but here, we could see one profile with an even higher prestige (P8, High
Prestige Medical) and four profiles with a clearly lower prestige. We want to emphasize
that all low prestige profiles either were related to a lower study outcome expectation
(P1 Low Prestige Technical, P3 Low Prestige Economic, and P7 Low Prestige High SSP),
a lower estimation of their chances for getting a good job (P5 Low Prestige Social), or a
higher intention to dropout (P1 Low Prestige Technical, P3 Low Prestige Economic), which
indicates that students within these profiles made some moderate compromises [6,12,13]
and might therefore be at-risk students, especially students of P7 (Low Prestige High SSP)
who also showed lower values regarding coping with study burdens (Table 1 gives an
overview on the respective profile characteristics). Regarding sextype, most profiles were
within a neutral range between 30 and 70% SSP with one profile (P4 Low SSP) indicating a
lower SSP and two profiles, P7 (Low Prestige High SSP) and P10 (High SSP), indicating
a higher SSP. While P4 (Low SSP) students showed a quite positive pattern including
better grades, students of P7 (Low Prestige High SSP) were already characterized as at-risk
students with a moderate level of compromise.
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5.2. Identifying At-Risk Students

Combining these observations with the results about study outcomes, we see that two
of the potential at-risk profiles (P3 Low Prestige Economic, P7 Low Prestige High SSP)
show, although not significant, below average study success rates, with students of P7 (Low
Prestige High SSP) showing the lowest proportion of successfully finished study episodes.
This highlights how Gottfredson’s dimensions and the estimated compromises [6,12,13] can
point towards at-risk students that, however, must be validated in a broader context as only
two of the four profiles actually show lower study outcomes. Furthermore, two profiles,
P6 (Less Distinguished) and P9 (Teaching), also show lower success rates, although they
are inconspicuous with respect to Gottfredson’s dimensions. For them, a lower estimation
of their chances for getting a good job (for both P6 Less Distinguished and P9 Teaching)
together with a low satisfaction with the study conditions (P9 Teaching) rather point to
effects of expectancy value theories [4] and the socio-cognitive career theory [3] to explain
their study outcomes. Consequently, Gottfredson’s [6,12,13] concept of compromise can
help to identify some groups of at-risk students, but several groups of at-risk students
cannot be discovered by compromise pattern, at least in this study.

5.3. Occupational Characteristics

Moving now the focus from the Gottfredson dimensions to the underlying occupa-
tional aspirations of the latent profiles, we see that most profiles can be characterized by
quite narrow ranges of prestige and SSP of these occupations. Some profiles comprised
of students who mostly aspire to the same occupation, e.g., P9 (Teaching) with respect
to teaching profiles (about 80%), or P8 (High Prestige Medical) regarding medical pro-
fessions (also over 80% when including specializations). Furthermore, three of the four
low prestige profiles can be distinguished by broad occupational categories, e.g., P1 (Low
Prestige Technical), P3 (Low Prestige Economic), and P5 (Low Prestige Social). While such
distinction seems theoretically as well as empirically meaningful, it points towards framing
conditions of the underlying concepts of Gottfredson’s theory [6,12,13]: interest, prestige,
and sextype, all three which relate to the same occupation or occupational aspiration. All
three have the challenge of measurement with the respective consequences. Using an
individual’s self-rated estimation of prestige and sextype may be biased and therefore
unreliable, especially for individuals who aspire to low prestige occupations, because
low socioeconomic status individuals show evidence of systematically rating low prestige
occupations as higher when compared to individuals from a higher status background [65]
(p. 270). Using, in contrast, a standardized scale of prestige, such as the MPS [24], and the
proportions of males and females in an occupation for sextype, e.g., according to official
labor statistics data [29], may cause deviations between the calculated and the perceived
occurrence. We already discussed this with respect to science domains with a balanced
SSP that is still often perceived as male ([30]; see also the introductory part). However,
this phenomenon may also apply to life science subjects such as medicine and biology.
Although they usually are less perceived as male domains, the corresponding scientist jobs
such as medical doctor or biologist may still have a male connotation. This may result from
media portrayals, and we can exemplify that by the coverage of virology, epidemiology,
and infection biology researchers in the beginning of the COVID-19 pandemic in Ger-
many (https://www.spiegel.de/gesundheit/corona-virus-christian-drosten-ist-nummer-
eins-bei-medienpraesenz-von-virologen-a-e3d97148-06db-4b9d-bb5d-511543f7cf43 (ac-
cessed on 19 March 2023)): Although the proportion of female students in this area is about
70%, the top five researchers that were mentioned in press reports about COVID-19 were
male and their coverage had a proportion of about 85% of all reports. Furthermore, just
2 female researchers could be found in the top 10 (on position 6 and 9) with a coverage of
4% and 2%, respectively. This biased media coverage may show impacts on the perceived
sextype of occupations and the respective tolerable boundary [6,12,13]. Such phenomena
may also explain mixed results from previous research that arose when researchers tried to
test Gottfredson’s theory with respect to compromise [37-39]. Of note, the proportion of
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female students that earned a university access degree raised dramatically during the last
decades [66], and consequently, the proportion of females in high prestige occupations is
changing. Thus, one must generally acknowledge interaction between occupations and
prestige and sextype, also for areas outside STEM.

5.4. Teaching Aspirations

The largest profile (P9, Teaching, 43%) is characterized by teaching aspirations with
students of almost each of the six study areas. Although this profile was inconspicuous
with respect to most additional analyses, students of this profile showed the lowest sat-
isfaction with their study conditions, a significantly lower success and a higher failure
rate, lower estimation of their chances for getting a good job, and a lower importance of
maintaining their parents’ status. Focusing subject areas, the teaching profile comprised of
comparably few STEM and especially few STEM-L students, which highlights the STEM
teacher congruence dilemma [61] that suggests that recruiting teachers in STEM is difficult
because the type of interest profiles that STEM teachers would benefit from (i.e., high social
for teaching and high realistic for STEM) are rare in society.

5.5. Female STEM-L Students

In the theoretical part, we raised the question whether females in STEM-L constitute
their own profile since they have to overcome the ‘wrong’ sextype, which may be grounded
in especially strong interests (i.e., a high congruence) and/or a particularly pronounced
striving for prestigious occupations. However, the results indicate that women in STEM-L
are relatively broadly distributed across the 11 profiles and that the largest proportion
of female STEM-L students (36%) are assigned to profile 4 (see Supplementary Table S6).
This profile is characterized neither by particularly high congruence nor by particularly
high prestige. In addition, 13% of female STEM-L students can be found in P9 (Teaching),
while the other half of them is scattered across all profiles with more than 5% of them
being present in 8 out of 11 profiles. This finding may indicate that female students in
STEM-L, although studying a subject area with a low SSP, rather prefer occupations with
a more balanced SSP, which may refer to the tolerable boundary for sextype according to
Gottfredson [6]. Considering furthermore that the Low SSP (P4) profile is comprised of a
small number of male students of any subject area, while more than 5% of the economics
and more than 35% of the STEM-L students in this profile are female, we can support
Gottfredson’s [13] (p. 105) observation that “women are more willing to perform cross-
sextyped work than are men”, i.e., sextype is less a barrier for female students than it is for
male students.

5.6. Further Characteristics of the Study Areas

In contrast to the P9 (Teaching) profile that includes students of all study areas (besides
medicine), most profiles show rather clear study area characteristics (see Supplementary
Table S6). This is most obvious for medical students as most fall into P8 (High Prestige
Medical) with a small number, between 5% and 10%, of female students going into P11
(Academic/Research). All other profiles were just populated marginally (<5%) by medicine
students. This is similar for students of education who, besides being present in P9
(Teaching), could mainly be found in P5 (Low Prestige Social), for students of the languages
who could be found in P6 (Less Distinguished) besides in P9 (Teaching) with a considerable
number of female students also being in P10 (High SSP), and for STEM-M with students
being present in P2 (Natural Science) besides P9 (Teaching) with several students also being
present in P10 (High SSP). As with STEM-L, we see quite scattered distributions across the
profiles for economics. The P11 (Academic/Research) profile is a sparsely populated one
which may reflect the small numbers of students who intend to stay in academia. Such
sparse populations can also be found in three of the four low prestige profiles P1 (Low
Prestige Technical), P3 (Low Prestige Economics), and P7(Low Prestige High SSP), which
indicates that university students usually aspire higher prestige occupations, but this is
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different for P5 (Low Prestige Social), which may indicate that social aspirations usually
show lower prestige levels.

5.7. Evaluation of our Assumptions

After providing a general view on our results, we will now focus on the assumptions
that we stated in the context of our research questions. We raised several assumptions about
interest characterized profiles, especially a higher satisfaction (A. 4), performance (A. 5),
and persistence (A. 6). The profiles in this study, however, showed quite similar levels
of interest congruence and can hardly be defined by an outstanding interest congruence,
although there are significant differences between some of them. Comparing now the three
profiles with the highest congruence level (P8, High Prestige Medical; P5, Low Prestige
Social; P6, Less Distinguished) and the two with the lowest (P1, Low Prestige Technical; P7,
Low Prestige High SSP), we see a higher satisfaction with the study contents for P8 and
lower satisfactions for P1 and P7, all with at least medium effect sizes, while for P5 and
P6, the results are less distinguishable. Regarding satisfaction with study conditions, all
profiles stand out against P9 (Teaching), while there are only small and indifferent effects
with respect to the other profiles. Moreover, for coping with study burden, we see that
the high interest profile P8 (High Prestige Medical) shows worse coping, while the other
two high interest profile (P5, Low Prestige Social; P6, Less Distinguished) show better
coping. Consequently, we just have vague evidence for assumption 4 and this is primarily
with respect to the satisfaction study content—this, however, seems to fit the connection to
interests. Regarding performance (A. 5), we do not find evidence for assumption 5 with the
high interest P5 (Low Prestige Social) showing the worst grades of all profiles. Regarding
persistence (A. 6), we see the high congruence profiles (P8, High Prestige Medical; P5, Low
Prestige Social) with higher success and lower failure rates, but the third high interest
profile (P6, Less Distinguished) showed lower success rates similarly to P7 (Low Prestige
High SSP). P1 (Low Prestige Technical) was inconspicuous. Thus, for the interest related
profiles, these assumptions cannot be confirmed convincingly. Considering previous work
of [7,9] that found effects of interest congruence with variable centered approaches, we like
to emphasize the observation that all profiles share a narrow range of interests, and the
effects of interest congruence may be moderated by prestige- and sextype-related effects
that were much more distinguishable in our latent profile analysis. In this context, we want
to point towards findings on differences in interest congruence of different subject areas
like in [19] and thus we assume that the inconsistencies regarding the assumptions 4-6 may
further result of subject- and profile-specific differences.

Regarding prestige profiles, assumptions 1, 3, and 8 proposed poorer outcomes of
students in high prestige profiles with A. 1 targeting students’ outcome expectations,
A. 3 targeting the chances for getting a good job, and A. 8 targeting study success and
failure. If we now look at profiles with the higher prestige, we just see a higher outcome
expectation for P11 (Academic/Research) and P8 (High Prestige Medical), while for the
low prestige profiles P1 (Low Prestige Technical), P3 (Low Prestige Economic) and P7 (Low
Prestige High SSP), we see a lower study outcome expectation. If we would discuss this
finding in the context of Gottfredson’s theory about tolerable effort boundaries [6,13], we
would rather have expected students in the lower prestige profiles to show a comparable or
higher outcome expectation. Focusing on these results from the perspective of expectancy—
value theories [4], however, we would argue that students with a lower outcome expectation
aspire to lower prestige occupations. Thus, we must emphasize that expectancy—value
theory [4] seems to be more appropriate to model an outcome-expectation—prestige relation
than Gottfredson’s theory about effort boundaries [6] like we proposed in A. 1. Regarding
the chances of getting a good job (A. 3), the profile with the highest prestige (P8, High
Prestige Medical) and the one low prestige profile (P5, Low Prestige Social) were able to
support this assumption. The other low prestige profiles (P1, Low Prestige Technical, P3,
Low Prestige Economic, and P7, Low Prestige High SSP) also presented above average
ratings on their chances of getting a good job, while a profile with an above average prestige
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occupation such as teaching rated their chances as below the sample mean. These mixed
results may point to job-specific characteristics which none of the theories that we have
discussed are able to coherently explain [4,6,13,25]. Focusing on A. 8, we see that the high
prestige profile P8 (High Prestige Medical) shows higher chances of success as well as
lower chances of failure, however combined with the lowest value for coping with study
burden that might indicate the high efforts required for highly prestigious jobs according to
Gottfredson [6]. It should be noted that studying medicine in Germany requires excellent
grades in the school leaving examination, and it may be possible that a considerable effort
is required to attain those grades as well as for passing exams in the medicine studies
which can be experienced as a heavy burden. This could provide partial evidence for
A. 8. Regarding our assumption in A. 2, that students in profiles with higher prestige
emphasize the importance of status maintenance, we found a diverse set of prestige profiles
that found maintaining their parent’s status as important, while the profile who did not
find maintaining their parent’s status as important were of a high prestige i.e., P8 (High
Prestige Medical). Of note, students of P8 (High Prestige Medical) already have parents
in high prestige professions (see Supplementary Figure S5 and Supplementary Table 527).
This gives the impression that status maintenance is not a factor that is directly related to
aspirational prestige.

Finally, regarding the sextype characterized profiles, we discussed how far this is
associated with a higher or lower chance for successful study outcomes (A. 7a/b) and
gender role attitudes (A. 9). Here, we see that the high (P10, High SSP) and low SSP (P4,
Low SSP) aspiration profiles show significant lower rates of failing. We could assume that
the effects of an atypical career choice relate to (A. 7a), although they are not above average
in the congruence dimension, while for the typical career choice, the “right sextype” factor
may apply (A. 7b). Finally, we can confirm A. 9 with Low SSP profiles (P4, Low SSP)
comprising of more egalitarian gender role attitudes than the High SSP Profiles (P7, Low
prestige High SSP; P10 High SSP). Of note, also P5 (Low prestige Social) shows a rather
egalitarian gender role attitude, while P3 (Low prestige Economic) rather a traditional one.

5.8. Limitations

We already discussed several limitations of the study above, such as that interest,
prestige, and sextype relate to the same aspiration and therefore somehow depend on each
other, which is most obvious for the sextype—prestige combinations. This dependence is a
side condition of Gottfredson’s theory [1] and especially applies if the prestige and sextype
scores are estimated from established scales [23,24] or labor market data [60]. Sextype
was originally measured as a self-reported masculine—feminine rating of occupations [6],
but this is neither available in our data nor conceptually practical to generate for such a
large set of occupations like for the ISCO-08 that comprises of 436 Unit Groups [54]. As
already discussed before, using ratings of the participants may rather provide further bias
than better estimations for inter-individual comparisons, especially as sex proportions in
occupations were changing over time.

While Gottfredson [1] was introducing the concept of the sextype of an occupation
as male and female, this sextype per se is less a factor than the relation between the
sextype and the sex of the individual. Thus, sextype-oriented vocational choices mean
occupations with a high same sex proportion. This implicated for the latent profile analysis
to include either the sextype variable in a mixed sex sample that might inform about male
and female occupations, to split the sample into males and females for the profile analysis,
which would reveal profiles for male and female students, or to use the SSP for the profile
analysis. We consider the SSP variable as conceptually similar to Gottfredson’s [6] original
sextype variable and the respective consequences that it produces similar to previous
research [16,59]. However, we also provided a comparison to split male/female LPAs for
comparison that, however, revealed quite similar profiles for most of the students.

Another limitation relates to the generalizability of the results outside of Germany.
Since previous studies found evidence that the structural validity of the RIASEC interests
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may depend on the cultural context of an investigation [17], the results of the current study
may not be readily transferable to other countries or cultures. This may be reinforced by
cultural differences in the prestige of occupations or in (the strength of) gender stereotypes
(see, e.g., [67,68]).

A fourth limitation relates to the large sample of teachers in the study. Although NEPS
intentionally oversampled teachers [53], the large teacher profile P9 (43% of the sample)
indicates challenges for the prestige/sextype analyses of Gottfredson [1]: as both are quite
homogeneous for the teachers in this profile, this may have suppressed differences in
the interest congruence that were found, e.g., by [61]. Considering phenomena such as
the teacher congruence dilemma for STEM teachers, it becomes clear that much greater
differentiation between and within occupations may be desirable, but this may provide
obstacles for valid estimations of prestige and sextype of such distinguished occupations,
especially regarding secondary education teachers who are distinguished by just one
category in classifications such as the ISCO-08 [54].

Finally, the study is subject to all phenomena that incur with large-scale panel studies
such as panel attrition and missing values in variables of later waves like those that are
discussed in [69].

6. Conclusions

The focus of our study was on career profiles of university freshmen, and we applied
Gottfredson’s [6,12,13] dimensions to create latent profiles. The analysis disclosed several
profiles that were distinguished by prestige and/or sextype and some of them could also
be classified as at-risk profiles. Yet, the analysis showed that many profiles also represent a
latent structure of occupational clusters. Consequently, we see that students from several
study areas, especially medicine, education, and languages, only distribute to few profiles.
This is different for students of economics and STEM and especially for female students in
STEM-L that distribute over 8 of the 11 profiles with more than 5% of the subsample size
each. Furthermore, we can observe that only about a third of the female STEM-L students
can be found in the low SSP profile and almost two thirds divert to other profiles. This is
different for male students of whom more than half stays in the respective two high SSP
profiles. Of note, only a marginal number of male students (smaller than 5% of each subject
sample) was found in the Low SSP (P4) profile. Thus, regarding the topic of the special issue
“Sticking with STEM: Who Comes, Who Stays, Who Goes, and Why?” we can conclude that
female students in STEM-L, although studying a subject with a male sextype according to
Gottfredson [6,12,13], rather seem to estimate this sextype as inappropriate and turn away
towards occupations with a more appropriate sextype. Previous studies have made various
conclusions which suggest that a good fit in STEM is particularly relevant (e.g., [19,44-48]),
which leads us to hypothesize that STEM-L studies might just be seen as a vehicle for
female students to come to a more sex-balanced profession.

The latter is an important side condition when looking into the at-risk profiles. Here,
we identified two low-prestige profiles, one with a high SSP, as being at-risk together with
two others that are inconspicuous with respect to interests, prestige, or sextype. For the
sample of university students, we would therefore conclude that the identification of at-risk
students may be more straightforward in the context of expectancy—value [4] or rational
choice theory [25] rather than the interaction of interests, prestige, and sextype as proposed
by Gottfredson [13] (p. 103). It seems that if students have crossed the barrier of choosing
a low SSP study area, they do this purposefully and consequently show a lower chance
of failing.

Sometimes, there is the claim that female students experience disadvantages because
they do not go into prestigious STEM professions, e.g., [70]. Although STEM professions
may provide higher incomes than others (what we did not analyze in this paper), we see
the three high prestige profiles P8 (High Prestige Medical), P11 (Academic research), or
P9 (Teaching) neither as STEM specific nor with a male over-representation. P2 (Natural
Science), the top-prestige STEM profile, is ranked 4th in prestige and shows a quite balanced
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proportion of male and female students. Thus, if we focus on prestige as a career driver,
we would conclude that there are more prestigious options than following a STEM career
and consequently, we would consider the claim that women avoid prestigious careers as a
myth, at least in the context of university students.

Our study focuses on university students that comprise of a school leaving degree
that enables them almost all career options. Future research might refine our approach
with respect to two directions: One direction may be to look into the labor market and
analyze how far such profiles can be replicated in a population of working people; the other
direction might look into schools before career decisions are made and analyze respective
career profiles there. Considering three points of measurement, e.g., at the ages of 15, 25,
and 35 by growth curve modelling or latent transition analyses, could model changes in
aspirations over time amongst the three career choice dimensions [71].
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Abstract: Though adults tend to endorse the stereotype that boys are better than girls in math, children
tend to favor their own gender or be gender egalitarian. When do individuals start endorsing the
traditional stereotype that boys are better? Using two longitudinal U.S. datasets that span 1993
to 2011, we examined three questions: (1) What are the developmental changes in adolescents’
gender stereotypes about math abilities from early to late adolescence? (2) Do the developmental
changes vary based on gender and race/ethnicity? (3) Are adolescents’ stereotypes related to their
math motivational beliefs? Finally, (4) do these patterns replicate across two datasets that vary in
historical time? Adolescents in grades 8/9 and 11 were asked whether girls or boys are better at
math (n’s = 1186 and 23,340, 49-53% girls, 30-54% White, 13-60% Black, 1-22% Latinx, and 2% to
4% Asian). Early adolescents were more likely to be gender egalitarian or favor their own gender.
By late adolescence, adolescents’ stereotypes typically shifted towards the traditional stereotype
that boys are better. In terms of race/ethnicity, White and Asian adolescents significantly favored
boys, whereas Black and Latinx adolescents were more likely to endorse gender egalitarian beliefs.
Adolescents’ stereotypes were significantly related to their expectancy beliefs, negatively for girls
and positively for boys.

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

1. Introduction

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

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

’

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

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

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

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

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

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

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

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

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

1.3. Adolescents” Math Gender Stereotypes and Motivational Beliefs

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

1.4. Current Study

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

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

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

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

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

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

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

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

2. Method
2.1. Datasets

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

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

Table 1. Participants by dataset.

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

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

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

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

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

2.2. Measures

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

2.2.1. Adolescents” Math Ability Gender Stereotypes

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

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

2.2.2. Adolescents” Math Expectancy and Value Beliefs

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

2.2.3. Background and Covariates

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

2.3. Plan of Analysis

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

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

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

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

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

Finally, we examined the extent to which the analyses in the first two parts, namely
the MANCOVA and one-sample t-tests, were replicated across the two datasets. After cal-
culating the means, standard deviations, and effect sizes within each dataset separately, we
used random-effects models to estimate the combined effect, or an average effect size across
the datasets adjusted for sample sizes using Comprehensive Meta-Analysis, version 3.3
(CMA, [54]). In addition to the combined effect size, we obtained two statistics (Cochran’s
Q and I?) that describe the heterogeneity of the effect sizes across the datasets. A signifi-
cant Cochran’s Q statistic indicates that there is significant heterogeneity across datasets,
whereas the 2 indicates the percentage of variance that differs between datasets [55,56].

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

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

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

We hypothesized that adolescents” math gender stereotypes would significantly relate
to their motivational beliefs (positively for boys, negatively for girls). Regressions con-
trolling for parent education and income were run by grade and gender for adolescents’
stereotypes and math motivational beliefs. Parent education and income were controlled for,
given they are related to adolescents” motivational beliefs [57]. A regression was estimated
separately at each grade level and for each gender in each dataset, and by race/ethnicity.
We did not test if the regression coefficients replicated across the two datasets, as it is
not appropriate to compute the relevant statistics (Cochran’s Q and I12) across regression
coefficients [58]. Instead, to compare whether the effects were similar across datasets, gen-
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der, and race/ethnicity, we plotted the unstandardized B coefficients with 95% confidence
intervals (using unstandardized coefficients is recommended when the predictor variable
is easy to understand, which is the case with a single item predictor; [59]). This approach
has been recommended to compare the effects [60].

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

We anticipated that early adolescents would hold more gender egalitarian beliefs
(i.e., endorse the belief that both genders are equal), and late adolescents would report
more traditional stereotypes (i.e., the belief that boys are better than girls at math). To
test this, we investigated age-related changes through repeated measures MANCOVAs
(see Supplementary Materials for the results where we controlled for family income and
parent education; the results were largely similar with one exception: in MADICS, the
time by gender stereotypes main effect was no longer significant). As expected, boys” and
girls’ stereotypes significantly became more traditional from the eighth to eleventh grades
in MADICS [F(1) = 9.68, p = 0.002, 7p* = 0.014] and from the ninth to eleventh grades in
HSLS [F(1) = 510.77, p = < 0.001, p? = 0.022]. Overall, the longitudinal data supported our
hypothesis that gender stereotypes would become more traditional by late adolescence,
which was replicated in both datasets.

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

3.1.2. Prevalence in Early Adolescence

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

Additionally, favoring their own gender seemed more pronounced for girls than boys.
Girls evidenced small effect sizes, ranging from —0.25 among eighth graders in MADICS
to —0.15 among ninth graders in HSLS, with a combined effect size of —0.19 (Figure 1).
The size of this effect significantly varied across the two datasets [Q(1) = 4.537, p = 0.033,
I? = 77.958], with the effect of girls’ favoring their own gender being more pronounced in
MADICS than HSLS. The effect sizes for boys were negligible, ranging from 0.00 in the
eighth grade in MADICS to 0.05 in the ninth grade in HSLS, with a combined effect size
of 0.05; the size of the effect was similar across the two datasets [Q(1) = 2.716, p = 0.099,
I = 63.180]. Despite the differences in the t-tests, many early adolescents endorsed gender
egalitarian beliefs. Seventy-nine percent (79%) of early adolescents in MADICS (eighth
grade) and 58% of early adolescents in HSLS (ninth grade) endorsed the belief that females
and males are equally good at math (see Figure 2a,b).
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Table 2. Math gender stereotypes by race and gender: One-sample t-tests investigating whether the
means for boys and girls significantly differ from egalitarianism (0).

Boys Girls
Dataset N M (SD) t d N M (SD) t d
Overall
Early adolescence
MADICS 601 0.00 (0.71) 0.055 0.00 585 —0.16 (0.63)  —6.664 *** —0.25
HSLS 11,750 0.05 (0.98) 5.175 *** 0.05 11,750 —0.13(0.87) —17.070 *** —0.15
Combined 0.05 -0.19
Late adolescence
MADICS 601 0.06 (0.81) 2.216* 0.09 585 —0.07 (0.77) —2.742 % —0.09
HSLS 11,750 0.15 (0.98) 17.833 *** 0.16 11,750 0.08 (0.87) 10.617 *** 0.10
Combined 0.11 0.01
Black adolescents
Early adolescence
MADICS 378 —0.01 (0.74) —0.409 —0.02 330 —0.21(0.69)  —5.969 *** —0.30
HSLS 1520 0.02 (1.07) 0.754 0.02 1520 —0.31(1.02) —10.412 *** —0.30
Combined -- -- -- 0.01 - -- -- —0.30
Late adolescence
MADICS 378 0.03 (0.88) 0.911 .05 330 —0.10 (0.76) —2.631* —0.15
HSLS 1520 0.06 (1.03) 2.190 * 0.06 1520 —0.07 (1.05) —2.562* —0.08
Combined - -- -- 0.06 -- -- - —0.08
White adolescents
Early adolescence
MADICS 166 0.04 (0.68) 0.776 0.06 184 —0.06 (0.45) —2.129* —0.16
HSLS 5840 0.05 (1.02) 4.455 *** 0.06 5840 —0.08 (0.85)  —7.952 *#** —0.10
Combined - -- -- 0.06 -- -- - —0.10
Late adolescence
MADICS 166 0.14 (0.79) 2.564 * 0.19 184 0.00 (0.69) 0.099 0.01
HSLS 5840 0.18 (1.00) 15.104 *** 0.19 5840 0.13 (0.84) 11.960 *** 0.16
Combined - -- -- 0.19 - - - 0.10
Asian adolescents
Early adolescence
HSLS 470 0.17 (0.94) 6.248 *** 0.20 470 —0.12(0.83)  —4.656 *** —0.15
Late adolescence
HSLS 470 0.28 (0.91) 10.217 *** 0.33 470 0.09 (0.90) 3.321 ** 0.11
Latinx adolescents
Early adolescence
HSLS 2570 0.03 (0.98) 2.291* 0.04 2570 —0.19(0.87)  —9.715 *** —0.23
Late adolescence
HSLS 2570 0.04 (1.41) 2113 * 0.05 2570 0.02 (0.95) 1.112 0.03

0 = both genders equally good at math. 1 = Boys better, —1 = Girls better. All 5p? effects were small (0.01-0.13).
Gender and race/ethnicity were significant among subject’s factors. Pairwise comparisons indicated boys had
significantly more traditional math gender stereotypes than girls across race/ethnicity. Additionally, when
compared to Black and Latinx adolescents, White and Asian adolescents had significantly more traditional math
gender stereotypes. Furthermore, grade level was significant within subject’s factor among adolescents (eleventh
grade higher than eighth or ninth grades). HSLS SOURCE: U.S. Department of Education, Institute of Education
Sciences, National Center for Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year
and First Year Follow-Up. n’s rounded to the nearest tens place. * p < 0.05. ** p < 0.01. ** p < 0.001.
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Figure 1. Adolescents’ math gender stereotypes: effect sizes (Cohen’s d) by grade and gender. Effect
sizes to the left indicate bias towards girls/females, and effect sizes to the right indicate bias towards
boys/males. HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences, National
Center for Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and
First Year Follow-Up.

3.1.3. Prevalence in Late Adolescence

In late adolescence, we expected both genders to endorse the more traditional beliefs
that boys are better at math compared to girls. We found evidence for this trend among
boys and partial evidence among girls. In both MADICS and HSLS, boys in the eleventh
grade were significantly more likely to endorse the traditional gender stereotype (Table 2),
with 28% saying boys are better than girls (Figure S1a). The size of these effects for boys
was a negligible to small bias towards boys in both datasets, ranging from 0.09 in MADICS
and 0.16 in HSLS, with a combined effect size of 0.11 (Figure 1); this effect was significantly
larger in HSLS than MADICS [Q(1) = 6.903, p = 0.009, I? = 85.513]. The pattern for girls in
the eleventh grade varied by dataset. In MADICS, girls still favored their own gender. In
HSLS, girls were significantly more likely to say that boys are better than girls at math, with
24% of girls saying boys are better than girls (Figure S1b). Among girls in late adolescence,
the effect sizes were negligible, ranging from a slight bias towards girls (d = —0.09) in
MADICS to a slight bias towards boys (d = 0.10) in HSLS, with a combined effect size of
0.01 (Figure 1); these effects significantly varied across the two datasets [Q(1) = 20.874,
p <0.001, 1?2 = 95.209]. In sum, late adolescent boys in both datasets and girls in HSLS
were significantly more likely to favor the traditional beliefs that boys are better at math
than girls; however, the effect sizes were less than small and did not replicate across the
two datasets.
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Figure 2. (a) Boys’ math gender stereotypes frequencies. (b) Girls’ math gender stereotypes fre-
quencies. Frequency of answers to the question “Who’s better at math?” by gender and grade.
HSLS SOURCE: U.S. Department of Education, Institute of Education Sciences, National Center for
Education Statistics, High School Longitudinal Study of 2009 (HSLS:09), Base Year and First Year
Follow-Up.

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

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

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

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

Using the MANCOVA, we also examined whether these racial/ethnic differences
emerged for boys and girls through the race/ethnicity by gender interaction term. The
interaction term was not statistically significant in MADICS [F(1) = 0.08, p = 0.774], but
was in HSLS [F(3) = 10.53, p < 0.001, 7p? = 0.002]. Pairwise comparisons suggest that
the racial/ethnic differences varied across boys and girls. Parallel to the racial/ethnic
main effect described earlier, Asian boys had the most traditional stereotypes (ninth grade:
ps < 0.001; eleventh grade: ps = 0.003 to < 0.001), followed by White boys (ninth grade:
ps = 0.134-0.579; eleventh grade: ps < 0.001), followed by Black and Latino boys (who did
not significantly differ from each other; ninth and eleventh grades: ps = 0.791-1.000). In
contrast, White girls had more traditional stereotypes than Black and Latina girls (ninth
and eleventh grades: ps < 0.001), and Asian and Latina girls had more traditional math
gender stereotypes than Black girls (ninth grade: ps < 0.001; eleventh grade: ps = 0.019 to
<0.001). Asian girls did not significantly differ from Latina and White girls at either grade
level (ps = 0.182 to 0.796). The racial/ethnic differences among boys largely parallel the
differences found overall, whereas the racial/ethnic differences among girls varied from
the overall findings, with White girls having the most traditional beliefs and no differences
among Asian and Latina girls.

Next, we examined the prevalence of adolescent gender stereotypes within each
racial/ethnic group (see Table 2). As expected, White and Asian boys had the most
traditional gender stereotypes in early and late adolescence (Asian boys: d = 0.20 to 0.33;
White boys: d = 0.06 to 0.19). In contrast, early adolescent Black and Latina girls had the
most non-traditional stereotypes, favoring girls (Black girls combined effect: d=—-0.30;
Latina girls: d = —0.23). By late adolescence, Black girls still held non-traditional stereotypes,
favoring girls, but with negligible effect sizes (combined effect: d= —0.08), and Latina girls
were gender egalitarian (4 = 0.03). Thus, as expected, Asian and White boys were the most
traditional, particularly in late adolescence, whereas Black and Latina girls were the least
traditional, particularly in early adolescence. Both groups became more traditional across
adolescence but did not switch from favoring one gender to the other.

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

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

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

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

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

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

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

Predictor

Expectancy Beliefs Predicted by Stereotypes

Value Beliefs Predicted by Stereotypes
Boys Girls Boys Girls
B (SE) B (SE) B (SE) B (SE)

Early adolescence

MADICS
HSLS

Late adolescence

MADICS
HSLS

All adolescents

0.23 (0.08) ** —0.16 (0.10) + 0.12 (0.08) —0.06 (0.11)
0.26 (0.02) *** —0.17 (0.03) *** 0.10 (0.01) *** —0.10 (0.02) ***
0.25 (0.11) * —0.28 (0.14) * 0.13 (0.11) —0.23(0.09) *
0.27 (0.03) *** —0.22 (0.03) *** 0.20 (0.02) *** —0.15 (0.02) ***

Early adolescence

MADICS
HSLS

Late adolescence

MADICS
HSLS

Black adolescents

0.18 (0.14) —0.20 (0.16) 0.06 (0.14) 0.07 (0.20)

0.04 (0.06) —0.11 (0.07) 0.05 (0.05) —0.06 (0.06)

0.07 (0.12) —0.21(0.17) 0.00 (0.13) —0.37(0.17) *
0.23 (0.07) **+* —0.29 (0.07) *** 0.16 (0.06) ** —0.01 (0.06)

Early adolescence

MADICS
HSLS

Late adolescence

MADICS
HSLS

White adolescents

0.36 (0.16) * —0.16 (0.20) —0.12(0.13) —0.18 (0.21)
0.22 (0.03) *** —0.18 (0.04) *** 0.14 (0.03) ** —0.10 (0.03) **
0.35 (0.14) * —0.12 (0.20) 0.21 (0.21) —0.16 (0.31)
0.33 (0.03) *** —0.23 (0.04) *** 0.21 (0.03) *** —0.16 (0.03) ***

Early adolescence

HSLS

Late adolescence

HSLS

Asian adolescents
0.24 (0.11) * —0.11 (0.09) 0.03 (0.09) 0.05 (0.08)
0.48 (0.12) ***

—0.49 (0.08) *** 0.29 (0.09) *** —0.24 (0.06) ***

Early adolescence

HSLS

Late adolescence

HSLS

Latinx adolescents
0.23 (0.06) *** —0.14 (0.06) * —0.03 (0.05) —0.10 (0.05) *

0.14 (0.07) * —0.04 (0.07) 0.18 (0.05) *** —0.09 (0.05)

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

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

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

4. Discussion

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

4.1. The Prevalence and Changes in Gender Stereotypes

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

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

Racial/Ethnic and Gender Comparisons

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

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

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

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

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

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

4.3. Practical Implications

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

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

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

4.4. Future Directions and Limitations

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

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

5. Conclusions

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