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Abstract

In trying to understand women’s underrepresentation in STEM (Science, Technol-
ogy, Engineering, Mathematics), most existing research focuses on one STEM-field
or collapses across all STEM-fields. However, these fields differ vastly in female rep-
resentation: women tend to be most strongly underrepresented in technological and
computer science university majors and to a lesser extent in mathematics and chem-
istry, while they are less underrepresented in biological sciences. To understand this
variability, we examine how girls in the process of making higher education choices
compare different STEM-fields to each other. We draw upon dimensional com-
parison theory, which argues that educational motivation involves intra-individual
comparisons of achievement across school subjects. However, previous research has
shown that a focus on achievement in STEM is not enough, anticipated belonging
in a STEM-field plays a pivotal role in interest in pursuing that field. Consistent
with this, we examined participants’ comparisons of anticipated belonging across
STEM-fields. A sample of 343 high school girls in STEM-focused university tracks
completed a survey on their anticipated belonging and interest in pursuing differ-
ent STEM majors. Latent Profile Analysis resulted in 3 profiles, showing different
belonging comparison patterns across STEM-fields. Examining these compari-
sons—both within and across profiles—showed how girls felt pushed away from
certain STEM-fields and pulled toward others. The findings suggest that for interest
in pursuing specific STEM-fields it is not just about the level of anticipated belong-
ing within that STEM-field, but just as much about the level of anticipated belonging
in comparison to another STEM-field.
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1 Introduction

Women’s representation in Science, Technology, Engineering, and Mathematics
(STEM) in Western countries has increased over the years. For example, in the US
women now earn 37% of undergraduate STEM degrees (National Science Foun-
dation, 2014), and in Belgium currently 41% of the incoming students at univer-
sity STEM majors are women (STEM monitor, 2020). However, STEM fields dif-
fer vastly in terms of women’s representation. Of the bachelor degrees awarded to
women in the United States, the strongest underrepresentation is found in engineer-
ing, computer science, and physics (<20%), followed by mathematics and chemistry
with a slightly higher percentage of women (+40%), and then by biological sciences
where women are no longer underrepresented at the undergraduate level (+55%;
Cheryan et al., 2017; National Science Foundation, 2014). The context of the pre-
sent study is Belgium, where the distribution is similar even though the percent-
ages of women in bachelors are slightly lower overall (KU Leuven, 2014): the high-
est percentage of women is in biochemistry, biology, and bio-engineering majors
(£50%; in the present study these fields are combined in a category ‘Biological sci-
ences’), followed by a lower percentage of women in mathematics, chemistry, and
geology/geography majors (+35%; in the present study these fields are combined in
a category ‘Mathematics and natural sciences’), followed by the lowest percentage
of women choosing bachelor degrees in computer science, physics, and engineering
(<20%; in the present study these fields are combined in a category ‘Technological,
physical, and computer sciences’).

Although there are these differences in gender-representation between STEM
fields, previous work often collapses these fields and looks at STEM overall (e.g.,
Belanger et al., 2020), or looks at one STEM field specifically (e.g., Cheryan et al.,
2009; Good et al., 2012; see also Cheryan et al., 2017). In the present paper, we
argue that to understand this variability in gender-representation it is key to examine
how high school girls in the process of making higher education choices make com-
parisons between STEM fields in terms of anticipated belonging in the field, and
how these comparisons relate to their interest in pursuing fields. Previous research
has shown that anticipating belonging in a STEM field is key for interest in pursu-
ing that STEM field (Master et al., 2016). By not only looking within fields, but
also across fields, we gain more understanding as to how high school girls compare
different STEM fields to each other, and how this not only pushes them away from
certain STEM fields, but also pulls them towards others. In doing so, this research
gains more understanding of why women are more underrepresented in some STEM
fields than others.

1.1 The influence of comparative processes on educational motivation
and aspirations

Comparative processes have been examined in the educational sciences litera-
ture in terms of ability self-concept and achievement motivation (Marsh et al.,
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2019). One key theory in this domain is dimensional comparison theory (Moller
& Marsh, 2013), an extension of the internal/external frame of reference model
(or I/E model; Marsh, 1986). Dimensional comparisons are individuals’ compari-
son of their abilities in one set of activities (e.g., their math performance) with
another set of activities (e.g., their verbal performance). These dimensional com-
parisons are argued to have an effect on people’s ability self-concepts and aspira-
tions. For example, a dimensional comparison that results in a student concluding
that they are good at math, but not so good in reading, leads them to have a lower
self-perception of their verbal ability compared to a student with identical verbal
ability but lower math ability (and vice versa; Moller & Marsh, 2013). Thus, this
theory argues that students evaluate their ability in a domain or subject not in iso-
lation but in relation to their ability in other domains or subjects (“How good am
I in math compared to language?”), which affects their self-concept, motivational
beliefs, and aspirations.

Previous research has shown the influence of these dimensional comparisons in
different ways. First, the role of dimensional comparisons has been evidenced by
research showing that students’ self-concept and aspirations in a school subject are
influenced by achievement in other subjects. For example, higher achievement in
languages predicted lower motivational beliefs in mathematics (Guo et al., 2015;
Jansen et al., 2015; for a meta-analysis see Moller et al., 2009). Experimental studies
have confirmed the causal process, by showing that providing students with nega-
tive feedback about their performance on mathematical tasks increases their verbal
ability self-concept (Moller & Koller, 2001). Secondly, other studies have looked
at relative differences between domains or subjects, showing that 15-year-old girls
who are good at math are much more likely than 15-year-old boys to be even bet-
ter in reading, and that this comparative advantage in reading achievement partly
explains the gender gap in intentions to pursue math-studies and careers (Breda &
Napp, 2019) and in STEM graduation (Stoet & Geary, 2018). Thirdly, some stud-
ies have taken a more person-focused analytic approach, showing that students with
both high math and verbal skills (who are more likely to be girls than boys) are less
likely to pursue a STEM career compared to students with high math but low verbal
skills (Wang et al., 2013). Combined, this previous research has shown in different
ways that ability self-concept and aspirations are affected by a comparative process
of achievement across different domains or school subjects (specifically, languages
and mathematics). Increasingly, these intra-individual comparisons of achievement
are seen as key to understand educational decisions and why individuals choose one
career or major over another (Breda & Napp, 2019; Wang & Degol, 2013).

However, individuals might use other information available in a domain besides
their achievement when they make dimensional comparisons (Moller et al., 2015,
2016). First research has indeed found support for this by showing that higher levels
of perceived teacher support in one school subject was related to lower motivation
in another subject (Dietrich et al., 2015). Following these findings, it was argued
that any psychologically relevant construct in a domain can be used in dimensional
comparisons (Moller et al., 2015, 2016; see also Wigfield et al., 2020). Furthermore,
dimensional comparison theory has also been expanded to other domains besides
the verbal subject and math, such as physics and chemistry. This expanded version
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of dimensional comparison theory is also called the generalized I/E model (Moller
et al., 2015, 2016).

Following these developments, we argue that this comparative process might also
be happening with different STEM fields, and can help understand variability in
interest between STEM fields. Importantly, previous research has shown that a focus
on achievement, expectancies for success, and ability self-concept is not enough to
understand women’s underrepresentation in STEM (Ceci et al., 2009; Law, 2018;
Master et al., 2016; Wang et al., 2013). Therefore, we focus on dimensional com-
parisons regarding a construct that has shown to be particularly psychologically rel-
evant to understand women’s underrepresentation in STEM, namely belonging.

1.2 Belonging plays a pivotal role in understanding women's
underrepresentation in STEM

Belonging is the most key human motive (Fiske, 2018; Leary & Cox, 2008) — people
have a fundamental need to fit in socially and to feel included, accepted, and at home
(Baumeister & Leary, 1995; Gabriel, 2021; Major & Schmader, 2017; Ryan & Deci,
2000; Vignoles, 2011). This belonging can be threatened in fields in which one’s
ingroup is a minority, in which there are negative stereotypes about one’s ingroup,
and in which characteristics are valued that are more strongly associated with the
outgroup (Van Laar et al., 2019).

Previous research has established that belonging can be threatened for women in
STEM, and that this plays a pivotal role in women’s underrepresentation in STEM.
For example, when undergraduate STEM students were exposed to a video of a
STEM conference in which women were a strong numerical minority (vs. a more
gender-balanced conference), women (and not men) experienced a lower sense of
belonging and less desire to participate in the conference (Murphy et al., 2007).
Furthermore, STEM fields emphasize characteristics such as brilliance, being self-
focused and agentic, and analytic strength (Bian et al., 2017; Cejka & Eagly, 1999;
Leslie et al., 2015; Storage et al., 2020). These characteristics are stereotypically
ascribed more to men than to women (Ellemers, 2018). This emphasis on masculine
characteristics in STEM can make women more uncertain about their belonging in
STEM and can lower their STEM interest. For example, Gaucher and colleagues
(2011) showed that job advertisements with more stereotypically masculine wording
made these jobs less appealing for women, and this was mediated by lower percep-
tions of belonging and not by perceived skills. The physical classroom environment
can also communicate these stereotypes and affect women’s sense of belonging and
interest. Undergraduate women (Cheryan et al., 2009) or high school girls (Mas-
ter et al., 2016) brought to a computer science classroom decorated with primarily
stereotypically masculine objects (e.g., a Star Trek poster) reported a lower sense
of belonging and interest in computer science than those brought to a classroom
with objects not considered stereotypically male (e.g., nature posters). These class-
rooms had no differential effects on men (Cheryan et al., 2009) or high school boys
(Master et al., 2016). More generally, girls’ lower sense of belonging in computer
science helps explain the gender gap in computer science interest, beyond negative
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stereotype concerns, success expectations, and utility value (Master et al., 2016).
Similar results have been found among women in mathematics (Good et al., 2012).
Finally, obtaining a sense of belonging in the field increases STEM motivation for
undergraduate women (Thoman et al., 2014) and for female STEM graduate stu-
dents (Smith et al., 2013). Importantly, this is not specific to women in STEM: hav-
ing a sense of belonging in a field is more generally a strong predictor of interest in
pursuing that field (Belanger et al., 2020; see also Cheryan et al., 2017). Thus, expe-
riences and expectations of low belonging in STEM play a pivotal role in women’s
underrepresentation in STEM.

1.3 The present research: belonging comparisons across STEM fields
to understand variability in STEM interest

As belonging is key to understand interest in pursuing STEM fields and women’s
underrepresentation in these fields, the present research looked at belonging com-
parisons between STEM fields. We argue that the anticipation of belonging varies
across STEM fields. In STEM fields where women are more underrepresented, the
field is more strongly associated with men and masculine characteristics, and neg-
ative stereotypes about women’s abilities are more pervasive (Casad et al., 2019;
Cheryan et al., 2017). Because negative stereotypes and emphasis on masculine
characteristics threaten women’s belonging in STEM, differences between STEM
fields in representation likely lead to differential anticipation of belonging across
STEM fields. In the present study, this would imply that high school girls antici-
pate the lowest belonging in Technological, physical, and computer sciences (<20%
women), followed by higher belonging in Mathematics and the natural sciences
(£35% women), followed by higher belonging in Biological sciences (+50%).
Importantly, although this might be the case on average, this does not mean that
everyone has the same belonging comparisons across STEM fields. For example,
exposure in their education to certain STEM fields, exposure to role models, or hav-
ing had positive experiences in their education regarding specific STEM fields could
increase girls’ anticipated belonging in that STEM field (and, vice versa, nega-
tive experiences could reduce belonging; Cheryan et al., 2017). This could result
in different comparisons across STEM fields, such as anticipating an equal level of
anticipated belonging in Biological sciences as in Mathematics and natural sciences,
rather than lower anticipated belonging in the latter field.

The present study examines these anticipated belonging patterns across STEM
fields among high school girls. We expect that there are different groups that make
different anticipated belonging comparisons across STEM fields, and take a person-
focused approach that enables the identification of these groups. We examine how
the different belonging comparisons are related to girls’ interest in pursuing different
STEM fields, and expect that this provides insight into how girls can feel pushed
away from certain STEM fields and pulled towards other STEM fields. As such, we
expect that examining these belonging comparisons across STEM fields can help us
understand variability in interest between STEM fields.

@ Springer



1368 J.Veldman et al.

We examined this among high school girls, all in STEM-focused academic
tracks, in a crucial stage of decision-making regarding their higher education. Spe-
cifically, these girls were in their fifth year of their six-year secondary education
in Belgium—meaning that they were sampled one year before they have to make
important, high-impact choices regarding higher education. This is a crucial deci-
sion-making stage in this educational context, since the higher education choice they
make is rather fixed. Unlike in the US, where the freshman year can consist of a
broad range of courses from various majors before making a final choice, the major
in Belgium is chosen prior to college entry, the courses taken fit for a very large
part only this major, and changing majors after making this choice is less likely.
Furthermore, research has shown that underrepresentation of women in STEM is
more attributable to a failure to recruit girls into these fields than a failure to con-
vince girls who enter these fields to stay (Ceci et al., 2014; Cheryan et al., 2017).
Therefore, gaining insight into why high school girls are more likely to be interested
in choosing some STEM fields over others is a crucial step in trying to close gender
gaps in STEM.

Participating girls completed a survey on their anticipated belonging and interest
in pursuing different STEM majors. Latent Profile Analysis was conducted to exam-
ine profiles of anticipated belonging patterns across these three STEM fields. This
analysis provides insight into common patterns of belonging comparisons that girls
make across STEM fields, which was in turn compared to their interest in pursuing
these different STEM fields.

2 Methods
2.1 Participants and procedure

The sample consisted of 343 girls with a mean age of 16.38 (SD=0.57). Most par-
ticipants (82.6%) indicated being Belgian and 24.3% (also) selected other groups,
such as Dutch, French, Moroccan, or Algerian. Seven girls did not complete the
belonging concerns measures, so data analyses were completed with N=336. There
were no participant exclusions. Secondary education in Belgium is organized such
that students are in different tracks based on academic level and on content. All par-
ticipants were in an academic track preparing them for university, and in tracks with
a strong focus on mathematics and the natural sciences (i.e., compared with other
tracks they have in these tracks relatively high exposure to mathematics, physics,
chemistry, and biology).

Data was collected in Spring during three consecutive years between 2018 and
2020. The majority of the sample was recruited when they registered with their high
school class for an information event at the university’s Faculty of Science. This
event, called ‘Ladies@Science’, introduces girls who are one year before finishing
high school to the different majors in the Faculty of Science and its possibilities
(through workshops and testimonials of women working in the fields the majors rep-
resent). The organizers of the event are in touch with the high school teachers, who
invite and encourage all fifth-year girls in academic tracks focused on mathematics

@ Springer



“Where will | belong more?”: The role of belonging comparisons... 1369

and natural sciences to participate in this event. When they registered for the event
by completing an online form the girls were also informed that they would be invited
to participate in a study on their interests and choices regarding higher education
(provided their parents did not object). They were told that the researchers were
interested in gaining more insight into the choices they might make and what their
considerations are in the process. In the online form, they gave their name and email
address, and an email address of one of their parents. Parents received an email with
an explanation of the study and were given an opt-out option if they wished their
daughter not to participate. Girls could complete the online survey until the launch
of the Ladies@Science event. As part of this research project, girls were also invited
to complete a survey after the event to assess their experiences during the event, and
whether participation changed their perception of and interest in STEM. The present
study focuses on the survey assessed before the event. In 2020 the event had to be
cancelled due to the COVID-19 pandemic. This cancellation occurred after the event
registration and registered girls were still invited for this study. Of the final sample,
35 girls were recruited not while registering for the Ladies @ Science event, but were
directly invited by their teachers to participate in this study. If they were interested
in participating, they entered in an online form their name and email address, and an
email address of one of their parents. All other aspects were the same for this group.

The first page of the online survey consisted of an informed consent. The proce-
dure of this study was approved by the University of Leuven’s Social and Societal
Ethics Committee (approval number G-2018 03 1170).

2.2 Measures

Measures were scored such that higher scores indicated stronger scores on the con-
cept. As noted, the data reported in this study was part of a larger project. Below we
describe the measures relevant to the present paper. The supplemental material pro-
vides an overview of additional measures not included in this manuscript. Table 1
shows the correlations between measures.

2.2.1 Anticipated belonging concerns

As an introduction to the anticipated belonging concerns measure, participants were
told that “When we do new things we sometimes feel out of place and struggle in
the beginning. At other times we feel comfortable and at ease”. Next, they were
asked to imagine that they follow an education in several fields: Biological sciences
(bio-engineering, biochemistry, biology), Mathematics and natural sciences (math-
ematics, chemistry, geology, geography), and Technological, physical, and computer
sciences (physics, computer science, civil engineering, industrial engineering). For
each of these three STEM fields, participants were asked with two items to indi-
cate on a scale from 1 (not at all concerned) to 7 (very concerned) the extent to
which they would be concerned about experiencing “feeling like you do not belong”
and “feeling excluded” in such a field (based on Good et al., 2012; Master et al.,
2016; Smith et al., 2013). These items were correlated as follows for the three
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STEM fields: Biological sciences: r=0.67, p <0.001; Mathematics and natural sci-
ences: ¥=0.63, p<0.001; Technological, physical, and computer sciences: »r=0.69,
p<0.001.

2.2.2 Higher education interests

To assess interest in pursuing the different higher education fields, girls were asked
to indicate on a scale from 1 (not at all interested) to 7 (very interested) to what
extent they were interested to potentially follow an education in each of the study
fields in a list of 20 fields in total. To be able to compare the belonging profiles
in the different fields with the higher education interests in the same fields, scales
for these education fields were created that match the fields as assessed in belong-
ing concerns: Biological sciences (3 items: bio-engineering, biochemistry, biol-
ogy; a«=0.71); Mathematics and natural sciences (3 items: mathematics, chemistry,
geology/geography; a=0.51); and Technological, physical, and computer sciences
(4 items: physics, computer science, civil engineering, industrial engineering;
oa=0.72).

3 Results
3.1 Overview

The goal of this study was to examine anticipated belonging patterns across STEM
fields. We expected to find different groups of high school girls who make differ-
ent belonging comparisons across STEM fields, and that this could help understand
variability in interest across STEM fields. We started to analyze this by conduct-
ing a Latent Profile Analysis. This person-focused analysis enables the identifica-
tion of groups of individuals who are similar to each other and different from others
in other profile-groups in terms of their anticipated belonging patterns across the
STEM fields (Hickendorff et al., 2018). This implies that individuals are classified
in distinct profiles based on patterns that emerge across several fields. Thus, instead
of comparing the mean anticipated belonging concerns of the STEM fields to each
other to see whether girls experience more concerns in some fields compared to oth-
ers overall—as one would do in a variable-focused approach—this person-focused
approach allows for this belonging pattern not to be the same for all participants, and
gives space for heterogeneity to arise in belonging concerns between STEM fields.

3.2 Latent profile analysis: variability in anticipated belonging concerns
between STEM fields

We performed a Latent Profile Analysis in Mplus 5 (Muthén & Muthén, 1998).
Parameters were estimated using maximum likelihood estimation with robust stand-
ard errors, the Mplus default for mixture models such as LPA. We used the settings
as recommended by Geiser (2013). Five-hundred random starts were used and of
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Table2 Summary of model fit indices for LPA models specified with 2 to 5 profiles

Number of Number of free AIC BIC aBIC VLRT (aLRT) Entropy
profiles parameters

2 10 3614.667 3652.838 3621.117  p=.0136 (.0157) 0.682

3 14 3522.655 3576.094 3531.684  p=.0351 (.0386) 0.771

4 18 3511.684 3580.392 3523294  p=.3063 (.3155) 0.744

5 22 3493.207 3577.183 3507.397  p=.6992 (.7051) 0.774

Table 3 Classification

o N Profile-group 1 2 3
probabilities for profile-group
membership 1 898 043 059
.110 .890 .000
.099 .000 901

the 500 sets of start values in the first step of the optimization, 50 starting values are
picked that show the largest log likelihood values in this first step for the second step
of the optimization process, until a convergence criterion is reached. The number of
iterations was set to 100. These models converged to proper solutions, which repli-
cated many times.

To determine the number of latent profile-groups, we examined groups with
increasing numbers of profiles and compared model fit indices. We most strongly
weighted the decision of group retention based on likelihood ratio tests (VLRT and
alLRT), but also examined other fit indices (AIC, BIC, aBIC). Additionally, we exam-
ined indicators of cohesion (entropy), classification probabilities (i.e., how well the
profiles can be distinguished from each other), and group size (as recommended by
Marsh et al., 2009; see also Smith et al., 2014). Significance of the likelihood ratio
tests indicates that the model being tested provides a better fit with the data than the
model with one fewer groups. Table 2 shows the model fit indices of models with
2 to 5 groups. The improvement of a 3-profile solution was significant according
to the likelihood test (VLRT and alLLRT). The entropy of the 3-profile solution was
also higher compared to the 2-profile solution (indicating that it is better able to dis-
tinguish students with distinct profiles). The 4-profile solution was not a significant
improvement in model fit according to the likelihood tests, and the size of one group
also became relatively small (n=30; in the 5-profile solution there was one group
of n=36). Finally, although the 3-profile solution did not have the highest model fit
according to AIC and aBIC, the improvement in model fit after the 3-profile solution
(to a 4- or 5-profile solution) was much smaller compared to the improvement of the
3- versus the 2-profile solution (for a similar consideration see Smith et al., 2014).
The classification data provided in Table 3 also demonstrates that these 3 profile-
groups are clearly distinguishable with strong classification probabilities (i.e., prob-
abilities above 0.80; Rost, 2006; see Geiser, 2013). Thus, these analyses converge to
indicate that in the present sample of high school girls, belonging concerns profiles
across STEM fields are optimally represented by 3 latent profile-groups.
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Table 4 Estimated means and
standard errors for belonging
concerns in the three STEM
fields by profile-group

Profile-group Group size (n) Belonging Belonging Belonging
concerns ~ concerns  CONcerns
Biological Mathemat- Techno-

sciences ics and logical,
natural physi-
sciences cal, and
computer
sciences

M SE M SE M S.E

179 334 24 373 28 422 .16
75 507 20 577 32 569 .16
82 208 21 1.82 .13 233 .54
6
55 e
5 e
45
4 //
3.5
3
2.5 _
y e
1.5
1
Biological sciences Mathematics & natural — Technological, physical, &
sciences computer sciences
Profile 1 -Profile 2 ——-Profile 3

Fig. 1 Means for belonging concerns in the three STEM fields by profile-group

Next, we examined the group sizes and the estimated means and variances for
belonging concerns in the three STEM fields for each profile-group (see Table 4).
Figure 1 presents the profile plot of these means for the 3-profile solution. Examina-
tion of Fig. 1 suggests that the profile-groups differ quantitatively in terms of profile
level. More important for the present research goal, however, are the qualitative dif-
ferences in profile shape. That is, an inspection of the profile shapes shows, in line
with expectations, that within the profiles there is heterogeneity in belonging con-
cerns across STEM fields — the profiles differ in the anticipated belonging compari-
sons across STEM fields.

To inspect these comparative differences between STEM fields within each pro-
file-group, we conducted paired-samples t-tests for each profile, testing whether
the mean differences in belonging concerns across STEM fields was significant. To
be able to conduct these analyses, we extracted profile-group membership for each
participant from the above models and this profile membership was then used for a
multi-group analysis. The results of these comparative analyses are discussed below
for each profile-group separately.
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3.2.1 Profile 1

This profile (53% of the sample) represents the largest group of high school girls.
Compared to girls in the other profiles, they show average levels of belonging
concerns across fields. Within this profile-group, all STEM fields differ signifi-
cantly from each other in terms of belonging concerns. They report lower belong-
ing concerns in Biological sciences compared to Mathematics and natural sciences
(#(178)=-3.65, p<0.001, d=0.27) and compared to Technological, physical, and
computer sciences (#(178)=-6.37, p<0.001, d=0.47). They also reported rela-
tively lower belonging concerns in the Mathematics and natural sciences compared
to the Technological, physical, and computer sciences, #(178)=-4.24, p<0.001,
d=0.32. Thus, this group of high school girls had higher belonging concerns in a
field the more that women are underrepresented in that field.

3.2.2 Profile2

This profile (22% of the sample) represents girls who, compared to those in other
profiles, have relatively high anticipated belonging concerns across fields. However,
there are differences between STEM fields within the profile. Paired-samples t-tests
showed that they report lower belonging concerns in Biological sciences com-
pared to Mathematics and natural sciences (#(73)=-3.66, p<0.001, d=0.42), and
also compared to Technological, physical, and computer sciences (#(73)=-3.43,
p=0.001, d=0.40). Unlike Profile 1, no significant difference in belonging concerns
was found between Mathematics and natural sciences and Technological, physical,
and computer sciences, #73)=0.91, p=0.367, d=0.10. Thus, this group of high
school girls had overall high belonging concerns, but less so in Biological sciences
(the field with the highest female representation) compared to the other two STEM
fields.

3.2.3 Profile3

The final profile (25% of the sample) represents girls who, compared to those in the
other profiles, have relatively low belonging concerns across fields. Again, there are
differences between STEM fields within the profile, but the belonging comparisons
are different than in the other two profiles. The girls within this profile showed mar-
ginally significantly lower belonging concerns in the Biological sciences compared
to the Technological, physical, and computer sciences (#(81)=-1.76, p=0.082,
d=0.19). In this profile, girls also reported (in contrast to the other two profiles)
higher concerns in Biological sciences compared to Mathematics and natural sci-
ences, #(81)=2.24, p=0.028, d=0.24. Finally, they reported (similarly to the other
two profiles) lower belonging concerns in the Mathematics and natural sciences
compared to the Technological, physical, and computer sciences, #(81)=-3.92,
p<0.001, d=0.43. Thus, girls in this profile-group showed low anticipated belong-
ing concerns overall, and relatively the lowest concerns in Mathematics and natural
sciences and relatively the highest concerns in Technological, physical, and com-
puter sciences (the field with the strongest female underrepresentation).
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Table 5 Means and standard

. . . Profile-group  Group size (n) Biological Mathemat- Techno-
errors for interest in pursuing

sciences ics and logical,
the three STEM fields by natural physi-
profile-group sciences cal, and
computer

sciences

M SE M SE M S.E

179 406 .09 349 .08 290 .08
75 427 .14 347 15 269 .14
3 82 406 .15 383 .13 346 .15

3.3 Comparing variability in belonging concerns to variability in STEM interest

The person-focused Latent Profile Analysis reported above revealed, as expected,
different profiles that made different belonging comparisons across STEM fields.
The next step is to examine whether this comparative focus on belonging concerns
between STEM fields can also help understand variability in interest across STEM
fields. To assess this, we again conducted paired-sample t-tests for each belonging
profile-group, but this time with their interest in pursuing STEM fields. We tested
whether the mean difference in interests (see Table 5) was significant across STEM
fields, and examined how the interest comparisons across STEM fields related to
participants’ anticipated belonging comparisons.

3.3.1 Profile 1

High school girls in this profile showed higher anticipated belonging concerns the
more women are underrepresented in the STEM field. Their interest in pursuing
these fields mapped onto this belonging pattern. They reported being more interested
in Biological sciences compared to Mathematics and natural sciences (#(178)=5.73,
p<0.001, d=0.43) and compared to Technological, physical, and computer sci-
ences (#(178)=10.69, p<0.001, d=0.80). Additionally, they indicated being more
interested in pursuing Mathematics and natural sciences compared to Technologi-
cal, physical, and computer sciences, #(178)=6.67, p<0.001, d=0.51. Thus, for this
profile-group (which contained the majority of participants) the anticipated belong-
ing comparisons across STEM fields matched the comparisons of interest.

3.3.2 Profile 2

The group of high school girls in this profile showed overall high anticipated belong-
ing concerns, but relatively lower concerns in Biological sciences than in the Math-
ematics and natural sciences and than in the Technological, physical, and computer
sciences (which did not differ significantly from each other). In terms of interest
in pursuing these STEM fields, this group had more interest in pursuing Biological
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sciences than Mathematics and natural sciences (#(73)=5.07, p<0.001, d=0.60)
and than Technological, physical, and computer sciences (#(73)=9.54, p<0.001,
d=1.11). However, even though they had equal level belonging concerns in the
Mathematics and natural sciences and the Technological, physical, and computer
sciences, they still showed more interest in pursuing the Mathematics and natural
sciences (#(73)=7.47, p<0.001, d=0.86).

3.3.3 Profile3

The girls in this profile showed overall low anticipated belonging concerns, with
relatively higher belonging concerns in the Technological, physical, and computer
sciences and lower in the Mathematics and natural sciences. Unlike the other two
profiles, this profile did not have significantly more interest in Biological sciences
compared to both other STEM fields. Their interest in Biological sciences and
Mathematics and natural sciences did not differ significantly (#(81)=1.28, p=0.205,
d=0.15), even though they did have more concerns in the former field. Gitls in this
profile did report more interest in pursuing Biological sciences compared to Tech-
nological, physical, and computer sciences, #(81)=3.07, p=0.003, d=0.34 (even
though their concerns in Biological sciences were only marginally significantly
lower). Finally, they also reported more interest in pursuing Mathematics and natural
sciences compared to Technological, physical, and computer sciences (#(81)=2.93,
p=0.004, d=0.32), in line with the difference in anticipated belonging concerns.

3.3.4 Interest differences between profiles

Finally, to get insight into the full picture, we also compared interest in the three dif-
ferent STEM fields between profiles. A Multivariate Analysis of Variance showed
that between the three profile-groups there were significant differences in interest
in the three STEM fields, F(6, 662)=3.78, p=0.001, qp2=0.03. Next, we exam-
ined the ANOVA for differences between the profile-groups for each STEM field
separately.

First, the analysis of variance on interest in pursuing Technological, physi-
cal, and computer sciences showed a significant difference between profiles, F(2,
334)=9.62, p<0.001, qu =0.06. Post-hoc tests (LSD) indicated that Profile 1 and 2
did not differ significantly from each other (d=0.18, p=0.191). Profile 3 did report
more interest in pursuing Technological, physical, and computer sciences than Pro-
file 2 (d=0.64, p<0.001) and Profile 1 (d=0.48, p<0.001). Thus, the profile with
the lowest belonging concerns in Technological, physical, and computer sciences
showed the highest interest in pursuing this field. Additionally, even though Profile
2 had higher belonging concerns in this field than Profile 1, the interest of these two
profile-groups in pursuing the field did not differ significantly.

An analysis of variance on interest in pursuing Mathematics and natural sci-
ences showed a marginally significant difference between profiles, F(2, 334)=2.74,
p=0.066, qp2=0.()2. Post-hoc tests (LSD) showed that Profile 3 (the group of
girls with the lowest belonging concerns across STEM fields overall compared to
the other two profiles) reported more interest in pursuing Mathematics and natural
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sciences compared to Profile 1 (d=0.30, p=0.028) and marginally compared to
Profile 2 (d=0.29, p=0.058). Profile 1 and 2 did not differ significantly from each
other (d=0.02, p=0.936). Although these effects were less strong, again the profile
with the lowest belonging concerns in the field showed the highest interest in pur-
suing the field; and again there was no difference in interest between Profile 1 and
2, even though Profile 1 anticipated lower belonging concerns in Mathematics and
natural sciences compared to Profile 2.

Finally, even though the profiles differed in their level of belonging concerns in
the Biological sciences, an analysis of variance did not show a significant differ-
ence between profiles in interest in pursuing Biological sciences, F(2, 334)=1.25,
p=0.446, qp2=0.01. This might be the case because even though girls in Profile
2 report the highest belonging concerns in Biological sciences compared to girls
in Profile 1 or Profile 3, within their profile they still have lower belonging con-
cerns in Biological sciences compared to the other two STEM fields. This could
explain why girls in Profile 2 do not have lower interest in pursuing Biological sci-
ences compared to the other profiles, but they do have lower interest in pursuing
Technological, physical, and computer sciences and in Mathematics and natural sci-
ences compared to Profile 3 (the profile with low concerns overall). Profile 1 showed
relatively lower concerns in Biological sciences compared to the other two STEM
fields as well, even though they reported more concerns overall than Profile 3; and
this might also explain—just like with Profile 2—why they did not have relatively
lower interest in Biological sciences, but did have relatively lower interest in Tech-
nological, physical, and computer sciences and in Mathematics and natural sciences
compared to Profile 3. Finally, Profile 3 showed relatively low concerns overall, and
particularly low concerns for Mathematics and natural sciences. Interestingly, these
relatively low concerns compared to the other two profiles only translated in rela-
tively more interest in the Mathematics and natural sciences and the Technological,
physical, and computer sciences compared to the other two profiles, and not to more
interest in Biological sciences.

4 Discussion

Although women’s representation differs vastly across STEM fields, most research
to date looks at STEM overall or focuses on one STEM field specifically (Cheryan
et al., 2017). The present study advances our understanding of this variability
between STEM fields by examining how high school girls in the process of mak-
ing important higher education decisions compared STEM fields to each other. We
focused on anticipated belonging across STEM fields because belonging has been
shown to be a pivotal factor for understanding interest in pursuing a field and for
women’s underrepresentation in STEM in general (Master et al., 2016). We expected
and found that anticipated belonging differed across STEM fields, but also that there
were different groups that showed different belonging patterns. Examining these
anticipated belonging patterns helped understand variability in interest to pursue dif-
ferent STEM fields. By not only looking within but also across fields, we saw how
comparisons between fields easily pulled high school girls towards the Biological
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sciences—a field in which women are much less underrepresented compared to
other STEM fields. Thus, to understand variability in women’s underrepresentation
across STEM fields it is key to look at belonging comparisons between STEM fields.

4.1 Variability in belonging patterns across STEM fields and how this helps
to understand variability in STEM interest

First of all, we found that the largest group of high school girls anticipated more
concerns about belonging in a STEM field the more women are underrepresented in
that STEM field. That is, they anticipated the highest belonging concerns in Tech-
nological, physical, and computer sciences, followed by Mathematics and natural
sciences, and followed by lowest concerns in Biological sciences. This is in line
with our argumentation that STEM fields in which women are more strongly under-
represented threaten belonging more because these fields are more strongly asso-
ciated with masculine characteristics and negative gender stereotypes (Cheryan
et al., 2017). This finding in itself already suggests the importance of differentiating
between STEM fields, and supports the idea that key information about differences
between STEM fields is lost when they are collapsed and STEM is examined as a
monolithic category. This is also particularly meaningful given that only very few
papers have compared STEM fields to one another, and these papers compared them
on other dimensions than belonging (e.g., self-efficacy [Deemer et al., 2014] or gen-
der bias [Milkman et al., 2015]; see also Cheryan et al., 2017).

Importantly, the person-focused approach in this paper enabled us to exam-
ine whether the belonging pattern across STEM fields is the same for all girls, or
whether different groups of girls make different comparisons across STEM fields.
The latter turned out to be the case. In addition to the biggest group, the latent pro-
file analysis showed two additional (equally-sized) profiles of belonging patterns
across STEM fields. A second profile had high concerns about belonging overall,
but relatively lower concerns in Biological sciences (the field with the highest rep-
resentation of women) compared to the other two STEM fields. A third profile had
low belonging concerns overall, but relatively the highest in Technological, physi-
cal, and computer sciences (the field with the strongest underrepresentation of
women) and the lowest in Mathematics and natural sciences. The person-focused
analysis is an underutilized approach in vocational research and provided informa-
tion that would have been lost in a variable-focused analysis (Hofmans et al., 2020).
A variable-focused analysis would have only shown that girls anticipate, on aver-
age, higher belonging concerns in the STEM fields where women are more strongly
underrepresented. However, the person-focused analysis showed that this is not the
case for everyone, and that different groups make different comparisons between
STEM fields. Finding these different belonging patterns is important because the
present study showed that for interest in pursuing specific STEM fields it is often
not just about the level of anticipated belonging within that STEM field, but just
as much about the level of anticipated belonging in comparison to another STEM
field. Below, we first discuss these comparative findings within the profiles, and then
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between the profiles. Together, the within and between profile findings show the
importance of this comparative lens.

Within profiles, for the largest profile (in which girls had more belonging con-
cerns the more women are underrepresented in a STEM field, and overall an aver-
age levels of concerns) we found that girls’ belonging comparisons mapped onto
their interest in pursuing these fields: they had lower interest in a STEM field the
more belonging concerns they had. The second profile had high concerns overall
but relatively less in Biological sciences compared to the other two STEM fields.
However, the pattern of interest in pursuing the STEM fields of these girls looked
similar to the previous profile. So even though they had equal level belonging con-
cerns in the Mathematics and natural sciences and the Technological, physical, and
computer sciences, they still showed more interest in pursuing Mathematics and
natural sciences. The third profile had low concerns overall, but relatively the high-
est concerns in Technological, physical, and computer sciences and the lowest in
Mathematics and natural sciences. They also showed the lowest interest in Techno-
logical, physical, and computer sciences compared to the other two STEM fields.
Additionally, unlike the previous two profiles, this profile did not have the highest
interest in pursuing Biological sciences as their interest in Biological sciences and
Mathematics and natural sciences did not differ significantly. That girls in Profile 3
did not have the highest interest in pursuing Biological sciences might be the case
because the other two profiles had the relative lowest belonging concerns in Biologi-
cal sciences, while this profile had the lowest concerns in Mathematics and natural
sciences (compared to the other STEM fields).

Between profiles, the differences were primarily found for interest in pursuing
Technological, physical, and computer sciences. The profile with the lowest belong-
ing concerns overall (Profile 3) had the highest interest in Technological, physical,
and computer sciences compared to the other two profiles. Thus, even though Profile
3 had within profile the highest belonging concerns in Technological, physical, and
computer sciences, they still showed more interest in this field than the other two
profiles potentially because their overall belonging concerns were lower. Profile 3
also had the highest interest in Mathematics and natural sciences compared to the
other two profiles, but the differences there were relatively small. Importantly, there
was no difference between profiles in interest in pursuing Biological sciences. There
were big differences between the three profiles in their anticipated belonging con-
cerns in this STEM field and, based on this, one could for example have expected
that Profile 3 (with the lowest belonging concerns) would be more interested in pur-
suing Biological sciences than the other two profiles (as was found for the other
two STEM fields). However, this lack of difference can be understood by looking at
the comparisons with the other STEM fields within each profile. Although girls in
Profiles 1 and 2 had higher belonging concerns in Biological sciences compared to
Profile 3, they still had comparatively lower concerns in Biological sciences com-
pared to the other two STEM fields (Technological, physical, and computer sciences
and Mathematics and natural sciences). This comparative difference could explain
why girls in these two profiles were still equally interested in Biological sciences
as girls in Profile 3, despite having more concerns in that field compared to Profile
3. Thus, these relatively lower concerns in the Biological sciences compared to the
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other STEM fields in Profiles 1 and 2 seemed to pull girls in these profiles towards
Biological sciences. The comparatively low belonging concerns in Biological sci-
ences in Profile 1 and 2 pulling them towards Biological sciences might also explain
why girls in Profile 1 and 2 did have lower interest in Technological, physical, and
computer sciences and in Mathematics and natural sciences compared to Profile 3.
Finally, it is interesting that for both Technological, physical, and computer sciences
and Mathematics and natural sciences it was only the profile with the lowest belong-
ing concerns (Profile 3) that had more interest in these fields; although Profile 1 had
lower concerns than Profile 2 in these two STEM fields, there was no difference in
interest in pursuing these fields between Profile 1 and 2. Thus, only having really
low belonging concerns in these two STEM fields in which women are most strongly
underrepresented (Technological, physical, and computer sciences and Mathemat-
ics and natural sciences) seemed to make a difference for interest in pursuing these
fields. Having somewhat higher concerns in these two STEM fields together with
within-profile comparatively lower concerns in Biological sciences (Profiles 1 and
2) pulled girls towards the Biological sciences.

4.2 The role of comparative processes in educational aspirations

As discussed in the next section, different samples and educational contexts might
show somewhat different profiles than the ones reported in this paper. However,
a key take-away from the present findings is the importance of comparative pro-
cesses in educational aspirations. The above reported findings indicate that to really
understand women’s underrepresentation in STEM it is key to not just look at how
anticipated belonging within a field affects high school girls’ interest in pursuing
that field. Instead, high school girls compare different STEM fields to each other in
terms of anticipated belonging, and thus taking these comparisons into account is
key to understand their interest in pursuing these different STEM fields. For exam-
ple, it appears that not only anticipating low belonging in Technological, physical,
and computer sciences is related to less interest in pursuing that STEM field, but
also that anticipating relatively more belonging in Biological sciences compared to
Technological, physical, and computer sciences draws girls more to the Biological
sciences. Thus, high school girls do not just feel pushed out of the more underrep-
resented fields (such as Technological, physical, and computer sciences) because of
lower anticipated belonging there, but anticipating relatively more belonging in less
underrepresented fields (such as Biological sciences) pulls them more towards those
fields. As such, examining these belonging comparisons across STEM fields helps
understanding of variability in interest between STEM fields, and why women are
more underrepresented in some STEM fields than others.

The present study also makes a key contribution to the literature on dimensional
comparison theory (Moller & Marsh, 2013). Until now, the literature on dimen-
sional comparisons primarily looked at how individuals use information about their
achievement across different domains or school subjects. In a recent extension of this
theory (the generalized I/E model; Moller et al., 2015, 2016), Moller and colleagues
have proposed that individuals might use any psychologically relevant construct for
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dimensional comparison. Initial support for this was found with teacher support in
school subjects (Dietrich et al., 2015), and more recently subjective task values have
also been argued to be relevant in dimensional comparisons (Wigfield et al., 2020).
The present study focused on anticipated belonging, because this is a particularly
relevant construct to understand women’s underrepresentation in STEM in general,
and because a focus on achievement is not enough to understand women’s underrep-
resentation in STEM (Master et al., 2016; Wang et al., 201 3).1 We showed that these
dimensional comparisons indeed seem to occur for belonging in STEM fields. Thus,
this supports the theory that dimensional comparisons might occur for any psycho-
logically relevant construct.

4.3 Limitations and future research directions

A first limitation of the present study was that the reliability of the higher education
interest measure of the Mathematics and natural sciences category was low. This
is potentially the case because that STEM field category contained a more diverse
combination of majors compared to the other two STEM field categories. The rea-
son that the items were combined in the present study was to make it comparable
to the belonging concerns measure, which asked items about the entire category
of Mathematics and natural sciences (instead of per major). Future research could
address this by looking at the majors in this category separately instead of together.
This could then also test whether the majors in this category indeed fall into the
same categories of STEM fields for belonging concerns and interests. However, this
is also less of a concern for the current paper, which was more focused on the prin-
ciple of belonging comparisons than on any specific differences between the specific
major choices in a specific time and place.

An open question remains what factors influence the found differences between
the belonging patterns across profiles—that is, not just the level of belonging con-
cerns in STEM overall, but the qualitative differences in the patterns. It was beyond
the scope of the present paper to examine this, but previous research has provided
insight into influences on the level of (anticipated) belonging in a STEM field more
generally. These influences could also affect the belonging comparisons across
fields. For example, if a girl had many positive experiences at school regarding
mathematics then this likely increases her anticipated belonging in this STEM field
(Cheryan et al., 2017). An increased anticipation of belonging in this STEM field
(Mathematics and natural sciences) could then also change the comparisons with the
other STEM fields, such as anticipating an equal level of belonging as in Biological
sciences. Future research could examine the consequences of positive experiences

! The present study also contained a measure of anticipated achievement concerns across the three
STEM fields. Although it is not possible to control for achievement concerns in the Latent Profile Anal-
ysis, the supplemental material does report the estimated marginal means for interest in pursuing the
three STEM fields by belonging profile-group, controlled for achievement concerns in each STEM field.
The means and standard errors are almost identical with achievement concerns added as a control. Thus,
the pattern of interest in pursuing the three STEM fields across the three profile-groups of anticipated
belonging cannot be explained by anticipated achievement concerns in the STEM fields.
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in one STEM field—and also other factors that have been shown to increase belong-
ing—for the belonging comparisons girls make across STEM fields (e.g., STEM
exposure via parents and siblings, exposure to role models, and reducing the pres-
ence of stereotypical cues; Cheryan et al., 2009; Van der Vleuten et al., 2018, 2020).
Such research would also provide more causal evidence as to the consequences of
belonging comparisons for their interest in pursuing different STEM fields. This
would address the limitation of the present study that the results were of correla-
tional nature (although previous studies have indeed shown the causal influence of
belonging on interest in pursuing STEM fields; Cheryan et al., 2017).

Another question is to what extent these findings are generalizable to other pop-
ulations. The present study focused on high school girls in STEM-focused tracks.
Because these girls are already in a STEM-focused track, they tend to be oriented
towards higher education in STEM and biomedical fields. The question is whether
we would find the same anticipated belonging patterns across STEM fields with a
sample of girls who are in a high school track not specifically focused on STEM,
or a sample of high school girls in a Humanities or Social sciences-focused school
track. It could for example be the case that differentiating between and comparing
STEM fields is not very relevant for high school girls who are less oriented towards
STEM in the first place; they might lump all STEM fields together more compared
to the girls in the present sample, and perhaps make belonging comparisons between
STEM and Humanities. On the other hand, we might expect that high school girls in
Humanities and Social sciences-focused tracks use such comparative processes for
different Humanities fields (‘“‘do I anticipate more belonging in economics, philoso-
phy, or history?”). Indeed, people may be most likely to use such comparative pro-
cesses for fields that are more self-relevant. This would be an interesting direction
for future research.

Finally, the present research was conducted in a Western-European context. This
educational context might have had an influence on the relevance of comparative
processes. As outlined in the introduction, the participating girls in the present study
were one year removed from having to make decisions regarding higher education,
and in this context this is a crucial decision-making stage. Once made, their result-
ing higher education choice is relatively fixed, especially compared to other edu-
cational systems such as the US. The comparative process of belonging we found
in the Western-European context might be particularly relevant for students when
they are in such crucial decision-making stages. It would be interesting for future
research to examine whether these comparative processes indeed occur more in cru-
cial decision-making stages, and to examine the influence of educational systems on
whether or not students use comparative processes and what types of comparisons
are made in that context.

4.4 Conclusion
The present paper showed that high school girls in the process of making impor-

tant higher education choices compared STEM fields to each other in terms of
the belonging they anticipated in each field. Although most girls anticipated more
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concerns about belonging the more girls are underrepresented in the STEM field,
there were also girls who anticipated only relatively lower concerns in Biological
sciences compared to the other STEM fields, and girls who anticipated relatively
low concerns overall and especially in Mathematics and natural sciences. Examin-
ing these different belonging patterns across STEM fields provided novel insight
into variability in STEM interest by suggesting that for interest in pursuing specific
STEM fields it is not just about the level of anticipated belonging within that STEM
field, but just as much about the level of anticipated belonging in comparison to
another STEM field. We hope that the current paper helps to stimulate a stronger
focus on these comparative processes in research on educational aspirations.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s11218-021-09663-6.
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