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Abstract

In recent decades, there have been many campaigns to attract students to STEM study
programs and jobs. However, there is little research on whether the target audiences
are familiar with the STEM acronym, which specific STEM subject areas they asso-
ciate with it, and the impact of these associations. We investigated students’ familiarity
with the STEM acronym and whether their associations of the STEM acronym with dif-
ferent STEM subject areas—mediated by their value beliefs—affected their academic
elective intentions for STEM study programs and activities and their STEM choices of
curriculum profiles at school. In a sample of eighth-grade students (n = 1163; 611 girls;
13.7 years), 72% reported familiarity with the STEM acronym. Students associated
mathematics most strongly with the STEM acronym, followed by physics, computer sci-
ence, chemistry, biology, and engineering. The subject areas students associate with
the STEM acronym affected their academic elective intentions for STEM and their
STEM choices at school. These relations were mediated by students’ value beliefs
and differed for the subject areas associated with the STEM acronym and by gen-
der. The consequences of our findings for tailoring STEM campaigns to ensure their
effectiveness and a more diverse and inclusive STEM community are discussed.
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many countries. For example, Germany recorded a STEM skills gap of
285,800in2023.% The STEM skills gap in the United States is estimated
at around one million.”-8

In many countries, elective intentions for STEM (science, technology,
engineering, and mathematics) and STEM choices are rather low. This
is already evident during the school years.>2 A similar picture emerges
for STEM degree program choices. While the share of new tertiary
graduates in STEM in 2021 was 41% in China® and 37% in Russia,*
the highest share for a country of the Organisation for Economic Co-
operation and Development (OECD) was 35% in Germany.” In the
United States, it was only 24%, and in the OECD country with the low-
est share, Norway, only 16%. As a result, there is a skills gap in STEM in

In response to this challenging situation, attempts have been made
for decades to attract more individuals to STEM fields with the help of
media and political advertising campaigns.? 1 In many cases, STEM
courses, degree programs, and professions are widely advertised
under the STEM acronym. Similar acronyms are used in numerous
languages including French (STIM: science, technologie, ingénierie et
mathématiques), German (MINT: Mathematik, Informatik, Naturwis-
senschaft und Technik), Italian (STIM: scienza, tecnologia, ingegneria e
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matematica), Spanish (CTIM: ciencia, tecnologia, ingenieria y
matemadticas), Turkish (FeTeMM: fen, teknoloji, mihendislik ve
matematik), Urdu (95, ot :f:f"‘l s ’&ﬁm‘.‘),and Mandarin
TR R FAR . TR, $%). Indeed, many well-known current
educational programs or associations have the term STEM directly in
their name, for example: “NASA STEM Engagement”,*2 “STEM Nova
Awards” '3 “STEM Connector”,'* “STEM Education Coalition”,'> or
“STEM Next Opportunity Fund”® Other programs use the acronym
when addressing the public.'7-2% However, using the STEM acronym
poses various problems. For example, it is unclear whether the rele-
vant groups to be addressed know the STEM acronym and with which
subject areas it is associated. A more precise understanding of these
associations seems essential for at least two reasons.

First, the STEM sector is highly differentiated. The absolute par-
ticipation rates for the individual STEM areas differ significantly. For
example, the skills gap in the United States is very pronounced for
some subject areas, such as architecture and engineering. In contrast,
there is even a surplus of qualified professionals in other areas, such
as computer and mathematics-related fields.2! In addition, subgroup-
specific choices can be observed in individual STEM subject areas.
One subgroup that receives much attention in research is women.??
Women are less likely to choose mathematics-intense STEM subject
areas such as mathematics and statistics, computer science, engineer-
ing, or physical and technical sciences. At the same time, they are
overrepresented in other STEM subject areas, such as biological and
biomedical sciences.??

Second, the reasons for the low elective intentions for STEM and
STEM choices are closely linked to the perception of the STEM field
as a whole, but in particular to a different perception of the individual
STEM subject areas. For example, value beliefs for the individual STEM
subject areas sometimes differ significantly.24~2% Since value beliefs
are a significant predictor of elective intentions for STEM and STEM
choices,?”28 it can be assumed that associations of the STEM acronym
with different STEM subject areas, mediated by value beliefs, could
influence elective intentions for STEM and STEM choices. Our study
aims to test this assumption empirically.

The STEM acronym: Familiarity and associations

There is little research on whether individuals are familiar with the
STEM acronym and, if so, with which subject areas they associate it. The
few existing studies suggest that not all individuals are familiar with the
STEM acronym. For instance, Breiner et al.2? found that in a survey of
college faculty members at a research institution, 73% were familiar
with the STEM acronym. However, 9% of those who indicated that they
knew the acronym incorrectly stated that the “M” stands for medicine.
Similarly, Adler et al.3? found that 85% of college students correctly
associated the letters of the STEM acronym with the respective STEM
subject areas, but 4% were not familiar with it at all, 4% could not cor-
rectly identify at least one of the letters, and 2% each incorrectly stated
that “M” stands for medicine instead of mathematics and “E” stands for

electrical/electric instead of engineering. Only among students major-

ing in STEM were all able to identify the acronym correctly. A survey
by the Entertainment Industries Council found that 86% of the 5000
participants did not understand the STEM acronym, with some stating
that it stands for STEM cell research or flower, or broccoli stem.®* A
study by the MINTality Foundation®? asked 1500 Austrian secondary
school students what the acronym STEM (in German: MINT) means.
Only 30% were familiar with the German equivalent of the STEM
acronym.

These results indicate that the STEM acronym is predominantly
unknown to people with little exposure to STEM and that even those
familiar with the STEM acronym sometimes associate the wrong STEM
subject areas with the letters it contains. This appears problematic for
advertising campaigns for STEM learning opportunities, degree pro-
grams, and professions, as such efforts are likely ineffective or less
effective with people unfamiliar with the STEM acronym. Moreover,
some initial hints suggest that even among individuals familiar with the
STEM acronym, campaigns may have different effects and will elicit dif-
ferent decisions for or against STEM depending on the subject areas
with which the individuals associate the STEM acronym. For instance,
Adler et al.®? showed that the values and self-reported interest in a
STEM career of 10th graders in the United States differed depend-
ing on whether they assumed that the STEM acronym also includes
medicine. Self-reported interest in a STEM career was 42% if medicine
was included, but only 13% if not. These results suggest that associa-
tions of the STEM acronym with different STEM subject areas might
influence STEM-related elective intentions and choices. According to
the situated expectancy-value theory,2728 this relationship is likely
mediated by value beliefs.

Value beliefs and their significance for STEM-related
elective intentions and choices

Situated expectancy-value theory?7:28:33

postulates various causes for
task and activity choices in STEM, which operate at different levels and
interact in multiple ways. In addition to macro- and distal aspects at
the socio-historical-cultural level (e.g., stereotypes about abilities and
the nature of abilities), more proximal but still longer-term socialization
experiences (e.g., attitudes and behaviors of parents or teachers) as
well as more direct cognitive processes (e.g., the self-concept of one’s
abilities or goals) affect task and activity choices. Individual expecta-
tions of success and subjective task values (i.e., value beliefs) are the
most proximal psychological determinants of task and activity choices.
Expectations of success and task values are influenced in various ways
by the distal causes.

Individuals choose to engage in tasks, activities, and domains in
which they expect to succeed and that have value for them. Research
findings indicate that value beliefs predict elective intentions and
choices and do so more strongly than competence-related beliefs.134
For example, Jiang et al.% found that adolescents’ math and science
value beliefs at the beginning of high school were positively associated
with STEM achievement and course choices throughout high school

and college major choices 7 years later.
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Value beliefs comprise various facets such as intrinsic value, attain-
ment value, utility value, and cost,28-3¢ which are sometimes classified
into a valence component and a cost component.2>37 Particularly when
considering value beliefs for different STEM subject areas, these two
components should be considered separately.?’ For example, Vinni-
Laakso et al.2* found differences in valence and cost assessments for
mathematics, biology, and physics in Finnish seventh- to ninth-grade
students. While valence was rated highest for mathematics, followed
by biology and then physics, cost was rated highest for mathematics,

1.26 also found dif-

followed by physics and then biology. Gaspard et a
ferences in valence and cost ratings for different STEM subject areas
in German eighth- to 12th-grade students. Gender differences were
also evident. The valence of biology was rated higher by girls than boys,
while boys rated the valence of physics higher than girls. Boys rated the
cost of biology and mathematics higher than girls, while girls rated the
cost of physics higher than boys.

Only a few studies investigated valence and cost assessments for
multiple STEM subject areas. In two studies, value beliefs for languages
were surveyed in addition to value beliefs for three STEM subject areas
(mathematics, biology, and physics). Other studies have either focused
solely on the valence facet®®3? or assessed value beliefs for science
without distinguishing individual subject areas.*®#! There is also a
research gap on whether associations of the STEM acronym with dif-
ferent STEM subject areas relate to different valence and cost beliefs
for STEM. Should this be the case, associations of the STEM acronym
with different STEM subject areas—mediated by value beliefs (and,
here in particular, valence and cost)—could be expected to influence
elective intentions and choices.

Current study

To assess the impact of broad STEM promotional campaigns and
offerings to increase STEM participation, it is essential to understand
whether individuals are familiar with the STEM acronym and with
which subject areas they most strongly associate the STEM acronym.
The latter seems to be important as value beliefs differ for different
STEM subject areas,3%3837 and value beliefs are proximal predictors
of STEM elective intentions and choices.?’-28 |t can, therefore, be
assumed that associations of the STEM acronym with different STEM
subject areas, mediated by value beliefs, are related to STEM elective
intentions and choices.

Our study investigated this question among eighth-grade students,
who had to make a profile choice (study focus on STEM or non-STEM).
In the German school system,*? secondary school students choose a
specific academic focus, a profile. They can select from several options,
including STEM (Science, Technology, Engineering, and Mathematics),
language, music, and others, such as art. This choice of profile is not
based on achievement levels. The selected profile influences the cur-
riculum and determines the number of hours per week students spend
on subjects related to their focus. For instance, students who opt for
the STEM profile receive additional instruction in mathematics and sci-

ence compared to those who choose other profiles. The decision about

which profile to pursue is made at different grade levels depending on
the federal state. In the states we examined, students typically make
this choice in the eighth grade.

Our first aim was to investigate whether students were familiar with
the STEM acronym and which STEM subject areas they most strongly
associated with the STEM acronym. A further aim of our study was
to gain a more detailed understanding of the significance of associ-
ations of the STEM acronym with different STEM subject areas. In
particular, we investigated whether associations of the STEM acronym
with different STEM subject areas relate to academic elective inten-
tions for STEM and STEM-profile choices. The study by Adler et al.%°
suggests that associations of the STEM acronym with different STEM
subject areas are related to value beliefs, and numerous studies show
that value beliefs are related to elective intentions and choices.2”-28
Based on these findings, we assumed that and investigated whether
associations with the STEM acronym with different STEM subject
areas—mediated by value beliefs—are related to elective intentions
for STEM and STEM profile choices. We examined these associations
for the total sample and girls and boys separately. Specifically, we

investigated the following six research questions:

1. Arestudents familiar with the STEM acronym?

2. Which subject areas do students most strongly associate with the
STEM acronym?

3. Are associations of subject areas with the STEM acronym related to
academic elective intentions and STEM-profile choices?

4. Are value beliefs in STEM (valence and cost) related to academic
elective intentions for STEM and STEM-profile choices?

5. Are students’ associations of subject areas with the STEM acronym
related to value beliefs (valence and cost) for STEM?

6. Are students’ associations of subject areas with the STEM acronym
and their relations to elective intentions for STEM and STEM-
profile choices mediated by value beliefs?

METHODS
Sample

The online survey was conducted at 26 German grammar schools
(drawn from eight German states). Participation of schools and stu-
dents was voluntary. This study was approved by the ministries
of participating German states and the principals of participating
schools. Only students who gave informed assent and whose par-
ents gave informed consent participated in the survey. The sur-
vey was part of a larger 5-year longitudinal research project with
two cohorts that started either in the fall of 2022 or 2023,
respectively. Only data from the first measurement point and stu-
dents in the eighth grade are reported here. As the superordinate
project is on STEM education, all participating schools offered spe-
cial STEM activities (e.g., Junior-Ingenieur-Akademie, www.telekom-
stiftung.de/aktivitaeten/junior-ingenieur-akademie). Moreover, most

schools were from larger cities (66% of the students from cities with
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more than a million, and another 15% from cities with more than
100,000 residents). Among the participating schools and classes, 45%
of the students (participation rate) responded to the survey. The per-
centage of girls among respondents (53%) was slightly higher than the
percentage of girls in participating classes (51%), but this difference
was not significant (p = 0.20) as tested by a chi-square test of the
contingency table.

Overall, 1163 students participated in the survey. However, 91
datasets had to be excluded because four students were outside the
age range (12-16 years), 69 students did not respond to the main
questions or showed suspicious response patterns (i.e., straightlining
in multi-item scales even for reverse-coded items) or did not identify
as male or female (18 students). Of the remaining 1072 students, 611
were girls (mean age: 13.7 years, range: 12.1-15.8), and 461 were boys
(mean age: 13.7 years, range: 12.1—15.3). For 60% of the students, at
least one parent had a college-level education, and 10% were born

outside of Germany. See details of the demographics in Table S1.

Procedure

The survey was administered in German online using LimeSurvey
(Limesurvey GmbH, www.limesurvey.org). Only students who received
an individual access code could participate. Access codes were dis-
tributed to students by their teachers contingent on their consent.
Students could interrupt or quit the survey at any time. After success-
ful submission, the individual access code became invalid. As the survey
was part of a larger research project, it also included questions not rel-
evant to the purpose of this study. Overall, the survey took about 40

min to complete.

Measures
Familiarity with the STEM acronym

At the beginning of the survey, students were informed that STEM (in
German: MINT) is an acronym used to refer to the academic disciplines
of Science, Technology, Engineering, and Mathematics. As the survey
was administered in German, the explanation consisted of the German
equivalents: Mathematik, Informatik, Naturwissenschaften (Biologie,
Physik, Chemie), Technik (in English: mathematics, computer science,
natural science [biology, physics, chemistry], engineering). Students
were asked to indicate (with yes or no) whether they knew what this

acronym stands for before reading the explanation.

Association of subject areas with the STEM acronym

To measure students’ associations of subject areas with the STEM
acronym, they were asked the following question: “Which subject area
do you associate most with STEM?”. This question was administered

with the LimeSurvey question type “Ranking.” Below the question,

six boxes containing subject areas (mathematics, physics, computer
science, biology, chemistry, and engineering) were presented in ran-
domized order. Students were asked to rank the subject areas by
dragging the boxes into a new field at the right, whereby the subject
area students associated strongest with the STEM acronym was to be
listed on top, and the subject area they associated least with the STEM
acronym was to be listed at the bottom of the field. The responses were
scored per subject area according to the position in the response list
from 1 (least associated with the STEM acronym) (i.e., at the bottom of
the list) to 6 (most associated with the STEM acronym) (i.e., at the top
of the list). Note that owing to the assessment procedure, the subject
area associations with the STEM acronym were partially statistically

dependent (multicollinear).

Value beliefs for STEM

We measured students’ value beliefs for STEM with 10 items by adapt-
ing a scale by Gaspard and colleagues?®> and Jiang and colleagues.*?

In order to probe several facets of value beliefs, eight items from the

» o« » o«

subscales (two from each), “intrinsic,” “personal importance,” “general
utility (for future life),” and “effort required” were selected from Gas-
pard and colleagues.?> These items were supplemented by two items
from the “cost” subscale of Jiang and colleagues.*® The items (see also
Table S2) included questions such as: “I simply like STEM subjects.”
for the intrinsic facet; “It is important to me to know a lot in STEM
subjects.” for the personal importance facet; “The contents of STEM
subjects will help me in my life.” for the general utility (for future life)
facet; “Dealing with STEM subjects is exhausting to me.” for the effort
required facet; and “It takes too much of effort for me to do well in
STEM subjects.” for the cost facet. All items were rated on a 6-point
Likert scale ranging from 1 (completely disagree) to 6 (completely agree).
Although the scale aimed to probe five facets of value beliefs, our
scale evaluation showed a hierarchical factor structure. A principal
axes factor analysis with five factors (with oblique promax rotation)
showed that the five factors were highly correlated around two rel-
atively independent factors. A factor analysis with two factors (with
oblique promax rotation) showed that the items probing the intrin-
sic, personal importance, general utility (for life) facets highly loaded
(all loadings > 0.658) on one factor (with poor loadings of < 0.300 on
the second factor), and the items probing the effort required and cost
facets highly loaded (> 0.742) on the second factor (with poor loadings
of < 0.080 on the first factor) with a relatively low interfactor corre-
lation (r = —0.344) (see also Table S2). Accordingly, the scale was split
into two parts (subscales). The first subscale comprised six items, which
reflected the intrinsic, personal importance, and general utility (for life)
facets of Gaspard and colleagues.?> As these facets reflect positive val-
ues, we labeled this subscale as “valence” for this study. The second
subscale comprised the remaining four items that reflected the effort
required facet of Gaspard and colleagues?® and the cost facet of Jiang
and colleagues.*> We labeled this subscale “cost” for this study. The

reliability of the combined scale was omega total = 0.917. Cronbach’s
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alphawas a =0.892 for the valence subscale and « = 0.875 for the cost
subscale.

Academic elective intentions for STEM

Students’ academic elective intentions for STEM were measured with
six items adapted from a scale by Stoeger and colleagues.** The six
items examined elective intentions concerning different STEM-related
activities. Sample items are “| can picture myself pursuing a career in
the STEM domain.” and “I can picture myself participating in activi-
ties such as STEM competitions or Olympics.” All items (see also Table
S3) were rated on a 6-point Likert scale ranging from 1 (completely dis-
agree) to 6 (completely agree). Cronbach’s alpha for the total scale was
=0.889.

STEM-profile choices at school

In the German states where we conducted the study, students in
secondary school were asked to make a decision about a particular
academic focus (called a profile) at school. They can choose between
several profiles: a STEM profile, a language profile, a musical profile,
and others (e.g., art). This choice of profile is not based on achievement
levels. The profiles affect the curriculum and determine how much
instruction (lessons per week) students will receive in the subjects of
the focus discipline. For example, students who select the STEM pro-
file receive additional mathematics and science instruction compared
to students who select other profiles. Profile choices occur at different
grade levels, depending on the school and state.*? In our question-
naire, students indicated whether they plan to choose a STEM profile
at their school in the upcoming school year. The question was, “Will
you have to choose between profiles at your school in the upcoming
year?”. Students responded with yes or no. If yes was selected, students
received the question “Which profile(s) will you choose?”. If no was
selected, the question was rephrased as “If you were to choose a profile
at your school in the upcoming year, which profile would you choose?”.
Responses were scored 1 if the STEM profile was selected and O if no
STEM profile was selected.

Analyses

All statistical analyses were performed in R*® using the lavaan,*® psych,
rms, rstatix, and stats packages. Reliability assessments were performed
using the alpha and omega functions. A chi-square test for testing dif-
ferences in familiarity with the STEM acronym was conducted with
the chisg.test function. Analyses of variance (ANOVA), t-tests, effect-
size estimates, and tests for equal variance were conducted by the
anova_test, t.test, cohens_d, and levene_test functions, respectively. Cor-
rections for unequal variances were applied when violations of equal
variance were detected by Levene tests. Huynh—Feldt corrections

were applied when a Mauchly test detected a violation of the spheric-

ity assumption with an epsilon > 0.75. Correlational analyses were
performed with the corr.test and paired.r (with Fisher z-transformed
correlation coefficients) functions, logistic regressions with the Irm
function, and multiple regressions and the mediation analyses with the
sem function. A maximum likelihood estimator was used for scaled vari-
ables, and a diagonally weighted least squares estimator with a mean
and variance-adjusted test statistic was used for categorical variables.
The type-l error was set to 0.05.

Note that our main analyses were primarily based on parametric
procedures, although most of our data had an ordinal level of measure-
ment (e.g., Likert scale responses). This was motivated by two reasons:
first, parametric measures (e.g., mean) are more informative than non-
parametric measures (e.g., median); second, the results of parametric
tests are more comparable across analyses than those of nonpara-
metric tests. Moreover, previous studies have shown that parametric
procedures are acceptable even with Likert-type data if composite
scores or at least five response categories are used.*’ This condi-
tion was met in our study. Nevertheless, we verified our analyses by
additionally performing corresponding nonparametric tests (Friedman
test, Wilcoxon test, Mann—Whitney test, and Spearman correlation
test) using the R functions friedman.test, wilcox.test, and corr.test. As
the results of these additional tests were very similar to those of the

parametric tests, they are not reported.

RESULTS
Familiarity with the STEM acronym

Overall, 776 (72%) students indicated that they knew the STEM
acronym. When girls and boys were considered separately, 485 (79%)
of the girls and 291 (63%) of the boys knew the acronym. A chi-square
test of the contingency table showed that this ratio was significantly
higher in girls than in boys (¥2(1, N = 1072) = 33.9, p < 0.001). For sub-
sequent analyses, data from all students, irrespective of their response
to the familiarity question, were analyzed. Control analyses with data
containing only yes responses did not show substantially different

result patterns (except for reduced power).

Association of subject areas with the STEM acronym

We examined which subject areas were associated most/least with
the STEM acronym. Students were asked to rank order the six sub-
ject areas. Associations were scaled from 1 to 6, whereby 6 reflects the
subject area most associated with the STEM acronym. When girls and
boys were analyzed together, mathematics was rated as most strongly
associated with the STEM acronym, followed by physics, computer sci-
ence, chemistry, biology, and engineering (Figure 1 and Table S4). A
repeated-measures ANOVA (Huynh—Feldt corrected) on the subject
area association with the STEM acronym ranks showed a significant
effect of the within-subjects factor subject area (F(4.0,4054.9) = 62.1,
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FIGURE 1 Association of subject areas with the STEM acronym. Bars show the mean associations of subject areas with the STEM acronym.
Ranks were scaled from 1 (least associated with) to 6 (most associated with). Error bars show the standard error of the mean. The differences
between girls (n = 639) and boys (n = 474) were compared by unpaired t-tests. *p < 0.05; ***p < 0.001.

p < 0.001, ng = 0.058). Subsequent paired-sample t-tests showed that
mathematics was rated higher than physics (t(1014) = 8.0, p < 0.001,
Cohen’s d = 0.252), computer science was rated higher than chemistry
(t(1014) = 2.5, p = 0.011, d = 0.079), and chemistry was rated higher
than biology (t(1014) = 2.0, p = 0.041, d = 0.064). The comparisons
of physics versus computer science (p = 0.13, d = 0.048) and biology
versus engineering (p = 0.11, d = 0.050) were not significant.

When girls and boys were analyzed separately, associations with the
STEM acronym differed across subject areas in both groups but with a
different order. For girls, the ANOVA showed a significant effect of sub-
ject area (F(4.0,2333.3) = 36.6, p < 0.001, 775 = 0.059). Paired-sample
t-tests showed that mathematics was more associated with the STEM
acronym than physics (t(581) = 5.0, p < 0.001, d = 0.206), physics was
more associated than chemistry (t(581) = 4.2, p < 0.001, d = 0.175),
and computer science was more associated than engineering (t(581) =
4.6,p<0.001,d=0.192). The comparisons of chemistry versus biology
(p = 0.62, d = 0.021) and biology versus computer science (p = 0.68,
d = 0.017) were not significant. For boys, the ANOVA also showed a
significant effect of the subject area (F(4.1, 1759.5) = 35.5, p < 0.001,
77% =0.076). Paired-sample t-tests showed that mathematics was more
associated with the STEM acronym than computer science (t(432) =
3.9,p<0.001,d=0.189), computer science more than physics (t(432) =
2.3,p =0.020, d = 0.113), physics more than engineering (t(432) = 3.1,
p=0.002,d = 0.148), and chemistry more than biology (t(432) = 2.6, p
=0.009,d =0.126). The engineering versus chemistry comparison was
not significant (p = 0.89,d = 0.007).

A comparison of girls’ and boys’ associations by independent sam-
ples t-tests showed that boys associated computer science (t(1013) =
4.9, p < 0.001, d = 0.313) and engineering (t(902) = 2.4, p = 0.019, d
= 0.150) more strongly with the STEM acronym than girls, whereas
girls associated physics (£(1013) = 2.1, p = 0.034, d = 0.135), chem-
istry (t(1013) = 2.2, p = 0.028, d = 0.140), and biology (t(1013) = 3.7,
p <0.001, d=0.236) more strongly with the STEM acronym than boys.
Gender differences in mathematics were not significant (p = 0.59, d
=0.034).

In summary, students associated mathematics most strongly with
the STEM acronym, followed by physics, computer science, chemistry,
biology, and engineering. Moreover, boys and girls differed in their
association of subject areas with the STEM acronym. Boys associated
computer science and engineering more with the STEM acronym than
girls, whereas girls associated physics, chemistry, and biology more
with the STEM acronym.

Association of subject areas with the STEM acronym
and their relation to academic elective intentions for
STEM and STEM-profile choices

Next, we wanted to know how students’ associations of subject areas
with the STEM acronym related to academic elective intentions for
STEM and STEM-profile choices at school. As shown in Table 1, the
association of subject areas with the STEM acronym was unrelated to
academic elective intentions for STEM in the combined group (girls
and boys). Simple regressions were calculated that predicted academic
elective intention for STEM scores based on associations of subject
areas with the STEM acronym scores. However, none of the association
ranks of the six school subjects predicted academic elective intentions
for STEM (all p > 0.15). When groups were considered separately, no
significant correlations or regression coefficients (all p > 0.18) were
observed for girls (Table 1). However, for boys, there were two posi-
tive and two negative correlations between the associations of school
subjects with the STEM acronym and the academic elective intention
for STEM (Table 1). Simple regressions showed that academic elec-
tive intentions for STEM were significantly predicted by associations of
mathematics (b = —0.087, t(431) = —2.8, p = 0.005), computer science
(b=0.084,t(431)=2.7,p=0.008), biology (b = —0.072, t(431) = -2.5,p
=0.015), and engineering (b = —0.099, t(431) = 3.1, p = 0.002) with the
STEM acronym suggesting that boys who associated computer science
and engineering more with the STEM acronym had higher academic

elective intentions for STEM and boys who associated mathematics
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TABLE 1 Association of subject areas with the STEM acronym and academic elective intentions for STEM.

Association of subject areas with the STEM acronym

Computer

Mathematics Physics science Chemistry Biology Engineering
Girls and boys -0.034 -0.008 0.043 -0.025 -0.022 0.046

(p=0.28) (p=0.81) (p=0.17) (p=0.44) (p=0.49) (p=0.14)
Girls 0.035 -0.056 -0.018 0.010 0.046 -0.032

(p=0.40) (p=0.18) (p=0.66) (p=0.81) (p=0.27) (p=0.44)
Boys -0.136 0.062 0.128 -0.074 -0.117 0.149

(p=0.005*) (p=0.20) (p=0.008*") (p=0.13) (p=0.015%) (p=0.002*")
Difference 0.171 -0.117 -0.146 0.084 0.163 -0.180

(p=0.007*) (p=0.065°) (p=0.021%) (p=0.19) (p=0.010%) (p=0.004*)

Note: The table lists the correlation coefficients (r) between the association of subject areas with the STEM acronym (ranks of subject area) and the academic
elective intentions for STEM. Correlation coefficients were tested against null (o = 0). The differences between girls (n = 582) and boys (n = 433) were
compared on Fisher z-transformed correlation coefficients. The p values are given in parenthesis (italicized).

2p<0.1;*p<0.05; **p < 0.01.

and biology more with the STEM acronym had lower academic elective
intentions for STEM.

We also examined whether associations of STEM subject areas with
the STEM acronym predicted students’ STEM-profile choices at school
by simple logistic regressions. When girls and boys were analyzed
together, STEM-profile choices were significantly predicted by asso-
ciations of computer science (¥2(1) = 14.0, p < 0.001, R? = 0.02, AUC
=0.565) and chemistry (y2(1) = 6.2, p =.013, R2 = 0.01, AUC = 0.546)
although the effects (as indicated by R? or AUC) were small. When
only girls were analyzed, associations of subject areas with the STEM
acronym did not predict STEM-profile choices at school (all p > 0.071).
However, for boys, association of mathematics (y(1) = 9.1, p = 0.003,
R? =0.03, AUC = 0.590), computer science (y2(1) =4.9,p=0.027,R? =
0.02, AUC = 0.573), and engineering (¥2(1) = 9.0, p = 0.003, RZ = 0.03,
AUC = 0.583) predicted STEM-profile choices although the effects (as
indicated by R2 or AUC) were small.

Insummary, the association of subject areas with the STEM acronym
did not significantly affect girls’ elective intentions for STEM or their
STEM-profile choices at school. However, boys who associated math-
ematics or biology more with STEM had lower academic elective
intentions for STEM, and boys who associated computer science or
engineering more with STEM had higher academic elective intentions
for STEM and were more likely to choose a STEM profile at school.

Value beliefs for STEM and their relation to academic
elective intentions for STEM and STEM-profile
choices at school

We also investigated the relationship between value beliefs for STEM
and academic elective intentions for STEM and STEM-profile choices.
As our scale analysis showed that the scale for value beliefs was
comprised of two subscales (valence and cost), the relationship was
examined for each (Table 2). When girls and boys were analyzed
together, the valence subscale was significantly positively correlated

with academic elective intentions for STEM, suggesting that the more

TABLE 2 Value beliefs and academic elective intentions for STEM.

Value beliefs

Valence Cost
Girls and boys 0.745 -0.364

(b <0.001**) (b <0.001**)
Girls 0.755 -0.466

(p < 0.001**) (p < 0.001***)
Boys 0.735 -0.220

(p <0.001**) (p <0.001**)
Difference 0.020 —0.246

(p=0.49) (p < 0.001**)

Note: The table lists the correlation coefficients (r) between the two sub-
scales of value beliefs (valence and cost) and the scores in academic elective
intentions for STEM. Correlation coefficients were tested against null (o =
0). The differences between girls (n = 585) and boys (n = 437) were com-
pared on Fisher z-transformed correlation coefficients. The p values are
given in parenthesis (italicized).

***p <0.001.

students considered STEM intrinsically valuable, personally important,
or useful, the higher their academic elective intentions for STEM were.
The cost subscale was negatively correlated with academic elective
intentions for STEM, suggesting that students who associated STEM
with lower costs had higher academic elective intentions for STEM.
This pattern was also confirmed by a multiple regression. Academic
elective intention scores for STEM were significantly predicted by
value beliefs (adj-R? = 0.57, F(2, 1019) = 686, p < 0.001). Both sub-
scales, valence (b = 0.781, t = 32.5, p < 0.001) and cost (b = —0.145, t
=-6.7,p <0.001), significantly contributed to the prediction.

Similar relationships were found when girls and boys were analyzed
separately. The valence subscale significantly and positively correlated
with academic elective intentions for STEM in both girls and boys.
Moreover, the cost subscale significantly and negatively correlated
with academic elective intentions for STEM, although this correla-
tion was significantly stronger for girls than boys (Table 2). Multiple

regression analyses also confirmed this pattern. For girls, value beliefs
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FIGURE 2 Value beliefs by STEM-profile choices at school. Bars
show the mean scores of the two subscales of value beliefs (valence
and cost) separately for STEM-profile choices (STEM profile vs.
non-STEM profile) and separately for girls (n = 643) and boys (n =
478). Differences between groups (STEM vs. non-STEM) were
compared by unpaired t-tests. Error bars show the standard error of
the mean. ***p < 0.001.

significantly predicted academic elective intentions for STEM (adj-R2 =
0.59, F(2,582) = 424, p < 0.001), and both the valence (b = 0.776,t =
23.2,p <0.001) and the cost (b =-0.175,t=-5.8,p < 0.001) subscales
contributed significantly to the prediction. For boys, academic elective
intentions for STEM were also predicted by value beliefs (adj-R% = 0.55,
F(2,434) = 271, p < 0.001), and both the valence (b = 0.783, t = 22.3,
p < 0.001) and the cost (b = —=0.125, t = —3.8, p < 0.001) subscales
contributed significantly to the prediction.

Value beliefs also predicted students’ STEM-profile choices at
school. When girls and boys were analyzed together, a multiple logistic
regression showed that students’ STEM-profile choices were signifi-
cantly predicted by value beliefs (y2(2) = 231.8, p < 0.001, RZ = 0.27,
AUC = 0.772) and both subscales, valence (B = 0.93, OR = 2.53,Z =
10.9, p < 0.001) and cost (B = —0.39, OR = 0.68, Z = 5.5, p < 0.001),
contributed to the prediction.

Similar relationships were found when both groups were analyzed
separately (Figure 2). Girls and boys who chose a STEM profile at
school had higher mean scores in the valence subscale and lower mean
scores in the cost subscale than students who chose a different pro-
file. Correspondingly, multiple logistic regressions showed for girls that
STEM-profile choices were predicted by value beliefs (¥2(2) = 132.3,
p < 0.001, RZ = 0.28, AUC = 0.779) and both subscales, valence (B =
1.00,0R=2.72,Z=7.9,p <0.001) and cost (B=-0.31,0R=0.74,7
= 3.0, p = 0.002) contributed to the prediction. For boys, STEM-profile
choices at school were also predicted by value beliefs (y2(2) = 88.6, p
<0.001,R%=0.25, AUC = 0.758) and both subscales, valence (B =0.90,
OR=2.45,Z=7.3,p<0.001) and cost (B=-0.40,0R=0.67,Z=3.9,p
< 0.001) contributed to the prediction.

In summary, value beliefs for STEM were strongly related to stu-

dents’ academic elective intentions for STEM and STEM-profile choices

at school. For both girls and boys, high scores in the valence sub-
scale and low scores in the cost subscale were associated with higher
academic elective intentions for STEM and STEM-profile choices at
school.

Associations of subject areas with the STEM acronym
and their relation to value beliefs for STEM

Next, we examined the relationships between the associations of sub-
ject areas with the STEM acronym and the two subscales of value
beliefs for STEM (Table 3). When girls and boys were analyzed together,
there was one significant positive correlation between associations of
mathematics with the STEM acronym and the cost subscale and one
significant negative correlation between the association of engineering
and the cost subscale. Simple regressions showed that cost scores were
predicted by the association of STEM with mathematics (b = 0.052,
t(1013) = 2.6, p =0.010) and engineering (b = —0.043,t(1013) = -2.0,p
=0.048), suggesting that students who associated STEM most strongly
with mathematics considered STEM more costly, and students who
associated STEM most strongly with engineering considered STEM less
costly. No other associations of school subjects with the STEM acronym
showed a significant relationship (all p > 0.37). No significant correla-
tions or regression coefficients were observed for the valence subscale
(allp>0.07).

However, when both groups were analyzed separately, a more
specific pattern emerged. For girls, a simple regression showed that
associations of biology with the STEM acronym (b = 0.046, t(580) =
2.0, p = 0.047) significantly predicted scores in the valence subscale
suggesting that girls who associated biology with the STEM acronym
assessed STEM as more intrinsically valuable, personally meaning-
ful, or useful. No significant correlation or regression coefficient was
observed for the cost subscale (all p > 0.07).

A different pattern emerged for boys. The valence subscale corre-
lated negatively with associations of biology and positively with associ-
ations of physics or computer science. Simple regressions showed that
associations of biology (b = —0.074, t(431) = —2.7, p = 0.011), physics
(b =0.073, t(431) = 2.2, p = 0.029), and computer science (b = 0.077,
t(431) = 2.7, p = 0.008) with the STEM acronym significantly predicted
scores in the valence subscale. This relationship suggests that the less
boys associated biology with the STEM acronym and the more they
associated physics or computer science with the STEM acronym, the
more they assessed STEM as intrinsically valuable, personally mean-
ingful, and useful. Simple regressions for predicting scores in the cost
subscale showed that they were significantly predicted by associations
of mathematics (b = 0.091, t(431) = 3.0, p = 0.003) and physics (b =
—0.089, t(431) = —2.5, p = 0.013), suggesting that the more boys asso-
ciated mathematics with the STEM acronym and the less with physics,
the more costly they assessed STEM. No other significant correla-
tion or regression coefficient was observed for the cost subscale (all p
>0.41).

In summary, associations of subject areas with the STEM acronym

were related to value beliefs in STEM. Across girls and boys, a strong
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TABLE 3 Association of subject areas with the STEM acronym and value beliefs.

Association of subject areas with the STEM acronym

Computer
Mathematics Physics science Chemistry Biology Engineering
Valence
Girls and boys -0.001 0.020 0.046 -0.056 -0.016 0.005
(p=0.97) (p=0.52) (p=0.14) (p=0.072°) (p=0.61) (p=0.87)
Girls 0.058 -0.034 -0.032 -0.028 0.082 -0.067
(p=0.16) (p=0.41) (p=0.44) (p=0.50) (p=0.047%) (p=0.11)
Boys -0.087 0.105 0.127 -0.084 -0.131 0.085
(p=0.071%) (p=0.029%) (p=0.008") (p=0.079%) (p=0.006*") (p=0.079%)
Difference 0.145 -0.139 -0.159 0.056 0.213 -0.152
(p=0.023%) (p=0.028%) (p=0.012% (p=0.38) (p <0.001**) (p=0.017%)
Cost
Girls and boys 0.081 -0.012 -0.028 0.026 -0.009 -0.062
(p=0.010") (p=0.70) (p=0.37) (p=0.41) (p=0.78) (p=0.048%)
Girls 0.043 0.049 -0.022 0.025 -0.015 -0.077
(p=0.30) (p=0.24) (p=0.59) (p=0.55) (p=0.72) (p=0.065%)
Boys 0.143 -0.119 0.015 0.006 —0.040 -0.021
(p=0.003**) (p=0.013% (p=0.76) (p=0.91) (p=0.41) (p=0.67)
Difference -0.100 0.169 -0.037 0.019 0.025 -0.056
(p=0.11) (p=0.008") (p=0.562) (p=0.77) (p=0.69) (p=0.38)

Note: The table lists the correlation coefficients (r) between the association of subject areas with the STEM acronym ranks and the two subscales of value
beliefs (valence and cost). Correlation coefficients were tested against null (o = 0). The differences between girls (n = 582) and boys (n = 433) were compared
on Fisher z-transformed correlation coefficients. The p values are given in parenthesis (italicized).

9p <0.1; *p < 0.05; **p < 0.01; ***p < 0.001.

association of mathematics with the STEM acronym was related to
assessing STEM as more costly. However, girls and boys also dif-
fered. A strong association of biology with the STEM acronym was
positively related to the valence subscale for girls but negatively for
boys. For boys only, associations of physics with the STEM acronym
were positively related to valence and negatively related to cost,
and associations of computer science were positively related to

valence.

Associations of subject areas with the STEM acronym
and their relation to elective intentions for STEM and
STEM-profile choices, mediated by value beliefs

So far, our analyses showed that associations of subject areas with
the STEM acronym were related to value beliefs for STEM, and value
beliefs for STEM were related to academic elective intentions for
STEM and STEM-profile choices. Hence, it is possible that associations
of subject areas with the STEM acronym indirectly affect academic
elective intentions for STEM and STEM-profile choices at school via
value beliefs rather than directly. This assumption was tested by path
analyses with a mediator model.

First, we tested whether the cost subscale of value beliefs served
as a mediator between students’ associations of subject areas with
the STEM acronym and the outcome variables (i.e., academic elec-
tive intentions for STEM and STEM-profile choices). Because of the

collinearity across the association rankings, the association of each
subject area with the STEM acronym was tested separately. When girls
and boys were analyzed together, there was a significantly negative
indirect (mediated) effect of associations of mathematics on academic
elective intentions for STEM mediated by cost (Figure 3A) (b = -0.016,
Sobel Z = -2.5, p = 0.011). This indirect effect reflects a positive rela-
tionship (b = 0.081) between associations of mathematics with the
STEM acronym and the cost subscale, which in turn was negatively
related (b = —0.357) to academic elective intentions for STEM. No
other school subjects showed a significant mediation effect, but there
was a marginally significant (p = 0.051) positive indirect effect for
engineering (Table S5). No significant direct effects were observed.

The association of mathematics with the STEM acronym also
showed a significant negative indirect effect (via the mediator cost)
in predicting STEM-profile choices (Figure 3B) (b = —0.028, Z = -2.4,
p = 0.014). Again, strong associations of mathematics with the STEM
acronym were associated with higher scores in the cost subscale (b
= 0.081), which in turn were associated with a lower probability for
STEM-profile choices (b = —0.344). No other school subjects showed
a significant mediation effect, but there was a marginally significant
(p = 0.055) positive indirect effect for engineering (Table Sé). In addi-
tion, two direct effects between associations and STEM-profile choices
were observed. There was a negative relationship between associa-
tions of chemistry (b = —0.090, Z = —2.3, p = 0.020) and a positive
relationship between associations of engineering (b = 0.127, Z = 3.3,
p < 0.001) with STEM-profile choices.

25U807 SUOWILIOD AITERID 3[ed1 ke U} Aq PauLeA0B 31 SBPILE YO 98N J0 S3IN1 10} ARG 1T BUIIUO AB|IA UO (SUO1IPUGO-PL-SLLLIBYALIOD" A3 W ARGl PUI O/ /'SAIL) SUOTIPLOD PUE SWS | au) 395 *[5202/80/.2] o Areiqiauiuo Adjim ‘Bingsuebox Be1sioniun Aq 8T00. SeAU/TTTT 0T/10pLI00 Ao v Akeiqjputuo'sgndseAuj/sdy woJ) papeojumoq ‘0 ‘26996721



1o|

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

(A) Elective intentions for STEM

V cost - 357

/

association with -.005 elective
R L .
mathematics intentions
043, W cost W**
association with .055 elective
R e > . .
mathematics intentions

association with -.108* elective
mathematics intentions

Vi

(B) STEM-profile choices at school

V cost - 3447

/

association with| _ -042 | STEM-profile
mathematics choices
043, ¥ cost NZ
association with| 022 __ _ | STEM-profile
mathematics choices

Q
o]
[72]
—_

association with -.144* STEM-profile
mathematics choices

girls and boys

girls

boys

girls and boys

girls

boys

_012_ ¥ cost w“
association with| ~~ -012 > elective
physics intentions

049 ¥ cost W**
association with| ~~ -033 - elective
physics intentions

y cost 204+

/4

association with| 037 > elective
physics intentions
_012_ ¥ cost \'Mﬁ**
associationwith| __ -040 _ _ _ | STEM-profile
physics choices
049, ¥ cost w**
association with| 044 STEM-profile
physics choices

V cost - 268+

association with -.002 STEM-profile
physics choices

V

FIGURE 3 Path models for predicting academic elective intentions for STEM and STEM-profile choices at school, mediated by the cost
subscale of value beliefs. The mediation models tested whether students’ association of subject areas with the STEM acronym predict (A) academic
elective intentions for STEM or (B) STEM-profile choices at school, either directly or mediated (indirectly) via the subscale cost of value beliefs. The
analyses were performed for both groups (girls and boys) together (top row) and separately for girls (middle) and boys (bottom). Path coefficients
(b) were tested by Sobel Z tests. Nonsignificant paths are indicated by dashed gray lines and gray coefficients. Only models with at least one
significant indirect path for at least one group or outcome measure are shown. See also Tables S5 and Sé. *p < 0.05; *p < 0.01; **p < 0.001.

When girls and boys were analyzed separately, no significant indi-
rect effects via the mediator cost were observed in girls for any
outcome variables (academic elective intentions for STEM and STEM-
profile choices). However, there were a marginally significant negative
direct (p = 0.065) and a positive indirect (p = 0.067) effect for associa-
tions of engineering and elective intentions for STEM and a marginally
significant positive indirect (p = 0.067) effect between associations of
engineering and STEM-profile choices (Tables S5 and Sé). For boys,
there were significant indirect effects of associations with the STEM
acronym for mathematics (b = —0.016,Z = —2.4, p = 0.015) and physics

(b =0.017,Z = 2.2, p = 0.031) on academic elective intentions medi-
ated by cost (Figure 3A), indicating that STEM was perceived as more
costly if boys associated mathematics (b = 0.143) and less costly if
they associated physics (b = —.119) with the STEM acronym; and cost
scores were negatively related to elective intentions for STEM. Simi-
larly, STEM-profile choices were indirectly (mediated by cost) affected
by associations with the STEM acronym for mathematics (b = —-0.036, Z
=-2.5,p=0.012) and physics (b =0.032,Z=2.3,p=0.020) (Figure 3B).
Moreover, several direct effects between associations with the STEM

acronym of mathematics (b = —0.062, Z = —2.3, p = 0.022), computer
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science (b = 0.077, Z = 2.8, p = 0.005), biology (b = —0.070, Z = -2.7,
p = 0.007), and engineering (b = 0.087, Z = 3.1, p = 0.002) and elec-
tive intentions for STEM (Table S5) were observed. Similarly, direct
effects were also observed between associations of mathematics (b =
-0.147,Z = -2.5, p = 0.013), computer science (b = 0.139,Z=2.3,p
= 0.020), and engineering (b = 0.176, Z = 3.0, p = 0.003) and STEM-
profile choices (Table S6). These direct effects suggest that the more
boys associated computer science or engineering and the less they
associated mathematics or biology with the STEM acronym, the higher
their academic elective intentions for STEM were, and the more likely
they were to choose a STEM profile.

Next, we tested whether the valence subscale of value beliefs was
a mediator between students’ associations of subject areas with the
STEM acronym and the outcome variables (academic elective inten-
tions for STEM and STEM-profile choices at school). When girls and
boys were analyzed together, there was no significant indirect effect
between associations of subject areas with the STEM acronym and the
two outcome variables (Tables S5 and Sé). There was only a marginally
significant indirect effect between the association of chemistry with
the STEM acronym and academic elective intentions for STEM (p
=0.072) and STEM-profile choices (p = 0.071). Additionally, there were
significant positive direct effects between the association of engineer-
ing and academic elective intentions (b = 0.026, Z = 2.0, p = 0.045) or
STEM-profile choices (b = 0.145, Z = 4.0, p < 0.001). There were also
two marginally significant negative direct effects between associations
of mathematics (p = 0.055) and chemistry (p = 0.058) on STEM-profile
choices. No other indirect or direct effects were significant.

However, when girls and boys were examined separately, there were
distinct mediation effects: For girls, there was a significant positive
indirect effect of associations of biology with the STEM acronym on
academic elective intentions for STEM, mediated by valence (b =0.034,
Z = 2.0, p = 0.047) (Figure 4A). This indirect effect reflects a posi-
tive relationship (b = 0.082) between biology associations with the
STEM acronym and valence, which positively affected academic elec-
tive intentions for STEM (b = 0.754). A similar positive mediation effect
was observed for associations of biology on STEM-profile choices (b
=0.046,Z=2.0,p =0.050) (Figure 4B). The more girls associated biol-
ogy with STEM, the higher their valence ratings (b = 0.082), and the
higher their valence ratings, the more likely they chose a STEM profile
(b = 0.560). Moreover, one positive direct effect between the associa-
tion of engineering with the STEM acronym and STEM-profile choices
(b =0.134, Z = 2.9, p = 0.004) was observed (Table Sé), suggesting
that the more girls associated engineering with STEM, the more likely
they chose a STEM profile. No other direct or indirect effects were
significant.

For boys, the mediation effects differed from those in girls. We
found a significantly negative indirect effect of biology associations
with the STEM acronym on academic elective intentions, mediated by
valence (b = —0.053, Z = -2.7, p = 0.006) (Figure 4A). This indirect
effect reflects a negative relationship (b = —0.131) between biology
associations with the STEM acronym and valence, which affected aca-
demic elective intentions for STEM (b = 0.729). A similar mediation

effect was observed between associations of biology and STEM-profile

choices at school (b = —0.064, Z = -2.4, p = 0.016) (Figure 4B).
Associations of biology with the STEM acronym negatively affected
valence ratings (b = —0.131), which in turn were positively related to
STEM-profile choices (b = 0.484). This suggests that the more boys
associated the STEM acronym with biology, the lower their valence
of STEM ratings, which was associated with lower elective intentions
for STEM and fewer choices of a STEM profile. On the other hand,
there were positive indirect effects between associations of physics
(b = 0.052, Z = 2.2, p = 0.029) or computer science (b = 0.055, Z =
2.7, p = 0.008) with the STEM acronym and academic elective inten-
tions, mediated by valence (Figure 4A). These indirect effects reflect
a positive relationship between associations of physics (b = 0.105)
or computer science (b = 0.127) and the valence ratings, which pos-
itively affected academic elective intentions for STEM. This suggests
that the more boys associated the STEM acronym with physics or
computer science, the higher they assessed the valence of STEM,
which was associated with higher academic elective intentions for
STEM. Very similar mediation effects were observed between associ-
ations of physics (b = 0.051, Z = 2.2, p = 0.030) or computer science
(b = 0.061, Z = 2.6, p = 0.011) and STEM-profile choices at school
(Figure 4B). Associations of physics (b = 0.105) or computer science
(b = 0.128) with the STEM acronym positively affected valence rat-
ings, which in turn were positively related to STEM-profile choices.
Indirect effects for associations of other school subjects, such as math-
ematics, chemistry, or engineering, were only marginally significant
(Tables S5 and S6). However, associations of mathematics with STEM
showed a significant negative direct effect on academic elective inten-
tions for STEM (b = —0.042, Z = —-2.2, p = 0.026) and STEM-profile
choices (b =-0.141,Z =-2.4,p =0.015), and associations of engineer-
ing with STEM showed a positive direct effect on academic elective
intentions for STEM (b = 0.052, Z = 2.7, p = 0.007) and STEM-profile
choices (b = 0.141, Z = 2.5, p = 0.013). No other direct effects were
significant.

In summary, the association of subject areas with the STEM acronym
affected students’ academic elective intentions for STEM and STEM-
profile choices at school primarily indirectly via value beliefs (i.e., the
intrinsic value, personal importance, and utility ascribed to STEM) and
cost beliefs (i.e., the costs or effort ascribed to STEM) rather than
directly. Mediation effects for cost beliefs were observed for associa-
tions of mathematics (girls and boys together) and physics (only boys).
The more students associated mathematics with the STEM acronym
(and the less with physics), the more costly they assessed STEM,
and the lower their academic elective intentions for STEM and the
probability of choosing a STEM profile at school. Mediation effects
involving the valence subscale as a mediator were substantially dif-
ferent for girls and boys. For girls, high biology associations with the
STEM acronym were associated with higher value beliefs for STEM
and, consequently, higher academic elective intentions for STEM and
STEM-profile choices at school. For boys, low associations of biology
with the STEM acronym and high associations of physics or computer
science with the STEM acronym were associated with higher valence
for STEM and, consequently, higher academic elective intentions for
STEM and STEM-profile choices at school.
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(A) Elective intentions for STEM
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FIGURE 4 Path models for predicting academic elective intentions for STEM and STEM-profile choices at school by associations of subject
areas with the acronym STEM, mediated by the subscale valence of value beliefs. The mediation models tested whether the subject area
association ranks with the acronym STEM predicted (A) academic elective intentions for STEM or (B) STEM-profile choices at school, either
directly or mediated (indirectly) via the subscale valence of value beliefs. Data for girls (left) and boys (right) were analyzed separately as the
mediation effects differed between groups (see text). Path coefficients (b) were tested by Sobel Z tests. Nonsignificant paths are indicated by
dashed gray lines and gray coefficients. Only models with at least one significant indirect path for at least one group or outcome measure are

shown. See also Tables S5 and Sé. *p < 0.05; *p <0.01; **p < 0.001.

DISCUSSION

Campaigns to encourage more skilled people and to inspire girls
and women for STEM fields often adopt the STEM acronym to pro-
mote courses, university programs, and careers. However, there is
little research on whether, and under what conditions, such broad-
brushed campaigns can be effective. A minimum requirement is that
the addressed group is familiar with the STEM acronym. However,
even if the target audience is familiar with the STEM acronym, it
can be assumed that campaigns will have different effects depend-
ing on which STEM subject areas the target groups associate with the

STEM acronym. Initial evidence suggests that high school students are

more interested in STEM if they assume that the STEM acronym also
includes medicine.3° However, no study systematically investigates
which STEM subject areas the STEM acronym is most strongly asso-
ciated with, what relevance these associations have for STEM choices,
and their predictors. In our study, we addressed this research gap by
investigating six research questions related to individuals’ awareness
of and associations with the German equivalent of the STEM acronym
(MINT).

Our first research question examined whether eighth graders know
the STEM acronym. Interestingly, more than a quarter of the students
(28%) did not know the STEM acronym. This is concerning, given that
the STEM acronym has been used for decades to advertise STEM
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university degrees, STEM professions, and extracurricular STEM pro-
grams. An essential first step in attracting students to such programs
is, thus, to ensure that they understand what STEM offerings refer
to. Our results are particularly concerning, considering that the STEM
acronym was presented in writing in our study, and all attention was
focused on the acronym. As STEM programs are often advertised
via the spoken word, for example, on podcasts, on the radio, or by
community members, it must be assumed that such approaches reach
even fewer people because comprehension of words can differ when
reading and when listening.*8*? For example, even if the STEM
acronym is known, fewer people will listen attentively when offerings
are being discussed verbally since people may engage in other tasks
while listening, which leads to decreased comprehension compared to
focused reading.”® Future research should investigate the advantages
and disadvantages of different presentation modalities of the STEM
acronym or STEM offerings.

Interestingly, in our study, girls (79%) were more familiar with the
STEM acronym than boys (63%), despite boys having a significantly
higher affinity for STEM.2¢ This finding seems to contradict notions
that girls in Germany avoid STEM because they are unfamiliar with
the concept. Instead, the finding supports ideas described in earlier
studies: Girls are familiar with STEM domains but categorize them as
typically male®! and, therefore, feel a low sense of belonging.>2

Our second research question examined which STEM subject areas
students most strongly associate with the STEM acronym. Our survey
included mathematics, all science subjects taught at school (biology,
chemistry, physics), computer science, and engineering. The students
associated the STEM acronym most strongly with mathematics. The
strongest association of the STEM acronym with mathematics could
be because the German equivalent, MINT, begins with the letter “M,”
which stands for mathematics. This might be different in English, for
example, where the acronym starts with an “S,” which stands for sci-
ence. Another reason might be that eighth-grade students have already
had math classes since elementary school, while other science sub-
jects (e.g., biology, chemistry, and physics) are typically introduced in
later grades. Computer science and engineering are not mandatory
school subjects in Germany, and only some schools offer them. Future
research could investigate the order of the lettersin the STEM acronym
(across countries) and prior exposure of the subjects in the school
curricula.

We also found gender differences in the associations of the STEM
acronym with the different STEM subject areas. Girls associated the
STEM acronym more strongly with natural science subjects (physics,
chemistry, and biology) than boys. By contrast, boys associated the
STEM acronym more strongly with the subject areas known from a
professional context where women are particularly underrepresented
in Germany, namely, computer science and engineering.>® Future
research should examine whether similar patterns can be found in
other countries.

The remaining four research questions addressed how the associa-
tions of the STEM acronym with different subject areas affect students’
career decisions. In Research Question 3, we examined whether stu-

dents’ associations of STEM subject areas with the STEM acronym are

related to academic elective intentions for STEM and STEM-profile
choices. No significant relationships were found for girls. However,
boys who associated mathematics or biology more strongly with the
STEM acronym reported lower academic elective intentions for STEM.
In contrast, boys who associated computer science or engineering
more strongly with the STEM acronym reported higher academic elec-
tive intentions for STEM and were more likely to choose STEM in
school. These results have implications for STEM promotion cam-
paigns, particularly regarding which subjects should be emphasized
and which should not. At the same time, the findings indicate which
subjects’ reputations need to be improved in order to become more
attractive to boys.

Research Question 4 examined the relationships between value
beliefs and academic elective intentions for STEM and STEM-profile
choices at school. Consistent with other studies,343435 we found
strong relationships between these variables. For girls and boys,
high valence and low-cost assessments of STEM were associated
with higher academic elective intentions for STEM and STEM-profile
choices at school. The opposing effects of valence and cost beliefs
suggest that it seems insufficient for advertising campaigns and inter-
ventions to focus solely on increasing the intrinsic value, attainment
value, and utility value of STEM. Our findings show that STEM activi-
ties and tasks have both benefits and costs. So far, only a few studies
have distinguished between these two main components of value
beliefs.2426 Future research should consider and distinguish various
facets of the valence component (intrinsic value, attainment value, and
utility value) and the cost component (effort cost, opportunity cost,
and emotional cost).?” In particular, qualitative studies could provide
insights into which valence and cost facets are essential for STEM
choices.

Research Question 5 addressed the relationships between asso-
ciations of subject areas with the STEM acronym and value beliefs
in STEM. Again, we considered the valence and cost components of
value beliefs separately and found that these relationships differed
across subject areas and between girls and boys. For both girls and
boys, a strong association of mathematics with the STEM acronym
was related to assessing STEM as more costly. Girls who associated
the STEM acronym strongly with biology reported a higher valence of
STEM, whereas for boys, a strong association of the STEM acronym
with biology related to negative valence assessments. Furthermore, a
strong association of the STEM acronym with physics and computer
science related positively to valence assessments and negatively to
cost assessments of STEM for boys but not girls.

Our findings are consistent with other studies examining value
beliefs for different subject areas.26>* However, our study is the first to
comprehensively cover different STEM subject areas and examine rela-
tions between associations of these STEM subject areas with the STEM
acronym and value beliefs. Interestingly, the strength of the association
of the STEM acronym with different STEM subject areas is related to
general STEM value beliefs. In other words, depending on the subject
area with which students most strongly associate the STEM acronym,
the reputation of STEM (operationalized via value beliefs) seems to

be perceived as more or less positive. Similar to other studies,26°%
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biology seems to have a particularly good reputation among girls,
while physics and computer science have a particularly good reputation
among boys. These results suggest that promotional efforts broadly
targeting STEM affect boys and girls differently. It might be essential
to develop targeted campaigns for each group separately (e.g., focusing
on different subject areas). Mathematics requires special attention as
it is associated with high costs for both genders.

In Research Question 6, we investigated whether associations of
subject areas with the STEM acronym and their relations to elective
intentions for STEM and STEM-profile choices are mediated by value
beliefs. In summary, the mediation analyses suggest that the subject
areas that students associate with the STEM acronym affect academic
elective intentions for STEM and STEM choices at school primarily
indirectly via value beliefs (i.e., the intrinsic value, personal impor-
tance, and utility ascribed to STEM) and cost beliefs (i.e., the costs or
effort ascribed to STEM) rather than directly. Mediation effects for
cost beliefs were observed for associations of mathematics (girls and
boys combined) and physics (only boys). The more students associated
mathematics with the STEM acronym (and the less boys associated
it with physics), the more costly they assessed STEM, and the lower
their academic elective intentions for STEM and the probability of
choosing a STEM profile in school. We also found mediation effects
for valence for associations of biology, physics, and computer science
with the STEM acronym. These were substantially different for girls
and boys. For girls, high biology associations with the STEM acronym
were related to higher value beliefs for STEM and consequently
with higher academic elective intentions for STEM and STEM-profile
choices in school. For boys, low associations of biology with the STEM
acronym and high associations of physics or computer science with the
STEM acronym were associated with higher value beliefs for STEM
and, consequently, higher academic elective intentions for STEM and
STEM-profile choices in school.

Although our results do not explain gender differences in STEM,
they reveal which STEM subject areas boys and girls associated with
the STEM acronym and how these associations influence their elec-
tive intentions for STEM and STEM choices directly and indirectly
through value beliefs. This finding substantially exceeds previous stud-
ies on value beliefs, which analyzed individual STEM subject areas.?42¢
Our study highlights the importance of investigating associations of
the STEM acronym with individual STEM subject areas. Our results
raise several further research questions. Future research should fur-
ther distinguish various facets of the cost component. Furthermore,
extensive investigations of the other variables included in the situated
expectancy-value theory?” would be desirable, such as the second
proximal variable (outcome expectancy) that predicts STEM choices in
addition to values. Likewise, other distal variables of the expectancy-
value theory need to be assessed to fully understand the mechanisms
behind associations between subject areas with the STEM acronym
and STEM choices.

Our study has several limitations. As indicated in the Methods sec-
tion, students’ associations with the STEM acronym were assessed by

a forced-ranking procedure (rather than a rating procedure). Although

rankings are only feasible with small item sets, they have several
advantages compared to ratings. Rankings reduce response biases
(e.g., straightlining, center tendency, leniency, stringency), rankings
avoid ties, and rankings tend to have higher discriminating power
and reliability.>> However, rankings also come with special assessment
characteristics. Rankings provide ipsative scores (unlike ratings, which
provide normative scores). As a consequence, the rank measurements
for the various subject areas were partially statistically dependent
(multicollinear). However, we believe this limitation had a negligible
effect on our main findings. Collinearity (if too strong) would have
resulted in findings that each subject area correlated equally with value
beliefs. Our main finding, however, shows distinct differences across
subject areas. These differences cannot be attributed to collinearity.
Finally, rankings (compared to ratings) minimize self-reporting subjec-
tivity as responses are referenced to the provided objective options
(rather than to subjective internal standards).>¢ Although this might be
a desirable characteristic as it reduces interindividual variation (while
preserving intraindividual variation), it also has possibly undesirable
consequences if the self-reporting subjectivity contains meaningful
information. Interindividual differences and group differences (girls vs.
boys) might have been diminished because the mean rank across all
subject areas was identical for all girls and boys. Hence, it is possi-
ble that the observed effects would be stronger if rating (rather than
ranking) procedures were adopted.

We examined a German sample of eighth-graders. It is possible that
our results cannot be transferred to other age groups and countries. On
the one hand, associations of the STEM acronym with different STEM
subject areas could be influenced by the composition and the order of
the letters in the acronym. The German analog of the STEM acronym,
MINT, names domains that are partially different than those in the
English STEM acronym. For example, it includes “Informatik” (com-
puter science), which is not included in the STEM acronym. Moreover, it
begins with an “M” for “Mathematik” (mathematics), which might have
prompted associations with mathematics by a primacy effect. On the
other hand, country-specific school curricula could influence the asso-
ciations. For example, it should make a difference whether STEM is an
integrated school subject or whether individual STEM subject areas are
taught separately. Furthermore, the acronym might be more strongly
associated with subjects already taught at lower grades and thus have
been taught for longer. Finally, it could also be influenced by how well-
known the STEM acronym is and whether countries strongly focus on
individual STEM subject areas (e.g., those with a vast gender gap) in
STEM promotion campaigns. Although it is too early to rule out these
limitations, our findings nevertheless suggest that students’ perception
of the STEM acronym is also relevant in other countries.

Furthermore, our sample shows several biases. Although the partic-
ipation rate was acceptable and the ratio of participating girls to boys
did not differ significantly from the ratio in participating schools, there
was a school selection bias. Our sample was drawn from schools in pri-
marily urban areas with afocus on STEM activities and from students of
educated families. However, we believe that this selection bias does not

compromise our main findings, as we would expect that those schools
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that focus on STEM education show fewer differences across school
subjects. Hence, we would expect that other schools with less STEM
interest would show even stronger differences than those observed in
our sample.

Finally, while our findings suggest that value beliefs mediate the
relationship between associations of the STEM acronym and elective
intentions or STEM-profile choices, it is important to acknowledge
that these are not the only plausible mediators. In particular, self-
efficacy and identity may also drive STEM choices and activities.?”
Self-efficacy or identity is often conceptually and empirically inter-
twined with value beliefs.28 Including additional motivational factors
would likely lead to a redistribution of explained variance across
constructs rather than a linear increase.’® Our choice of mediators
was theory-driven, reflecting a focus on the value components of
expectancy-value theory. Future studies could test broader models to
examine how multiple motivational beliefs jointly contribute to STEM

development.

CONCLUSION

Our results provide the first clear evidence that the STEM acronym is
perceived differently. Associations of the STEM acronym with differ-
ent STEM subject areas are directly related to STEM elective intentions
and STEM choices for boys and mediated by value beliefs for both
boys and girls. Our results provide insights into the optimal design of
advertising campaigns to attract people to STEM subjects. These find-
ings suggest that promotional campaigns for broad audiences that use
the STEM acronym and ignore these relationships likely lack effective-
ness. On the one hand, not everyone is familiar with the acronym. On
the other hand, such campaigns have very different effects depend-
ing on which STEM subjects are most strongly associated with the
acronym. This indicates that advertising campaigns should focus on
specific STEM subject areas instead of taking a broad approach to
STEM.
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