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Abstract

In Germany, there is a shortage of skilled workers in the fields of science, technology,
engineering, and mathematics (STEM) and especially in technology with declining inter-
est in technology and with supposedly fewer teachers in technology education in the next
20 years. The present study examined whether students’ interest in STEM is dependent on
their career choices (i.e., their degree program), their technical socialization, their person-
ality, and gender. A survey in Germany, Baden-Wuerttemberg (N =350) examined gender-
specific differences in teacher training students with and without technology and engineer-
ing students via structural equation modelling with the mediators personality, technical
socialization, and degree program. Results show that interest in STEM by gender is fully
mediated by technical socialization and degree program. Solutions for the reduction of the
staff shortage and gender gap in the technical domain are discussed and it is suggested that
an integration of technology lessons in the school curriculum and a reduction of gender
normatives may help.

Keywords Gender and technology - Choice of vocation - General technology education -
Teacher training - Interest in STEM

Introduction

The use of technical artefacts is of increasing importance for everyday life, e.g., when
checking on the weather app or the cruise control app in the car (Baaser, 2021). However,
students’ interest in technology is continuously declining (acatech, 2011; acatech & Korber
Stiftung, 2021; Tenberg, 2016). Therefore, proficient teachers of technology education are
needed to act as experienced role models in order to inspire and spark students’ interest for
technical content and act as multiplicators of future STEM careers.

Females are highly underrepresented in STEM fields and career choices are strongly
gendered (Salchegger et al., 2019; Statistisches Landesamt Baden-Wiirttemberg, 2019).
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Technical socialization (e.g., family background and education) determines career choices,
e.g., in the domain of education, female teacher trainer’s choice for or against a STEM
subject is determined by the student’s contact with technical aspects in their socialization.
In the past, males were socialized closer to technical aspects than females and the teachers’
implicit gender stereotypes lead to tracking recommendations that perpetuate the existing
gender gap (Niirnberger et al., 2016).

Gender

Gender is defined as gender identity, e.g., cisgender, transgender, gender fluid, agender;
gender is also defined as gender expression, i.e., gender-conforming or non-conforming
appearance, behavior or activities (Leaper & Brown, 2018), e.g., dressing up or playing
soccer. Gender refers to social sex and is not to be understood in biological terms, but
rather to ascribed social and cultural expectations (Rendtorff, 2017; Wirtz, 2013), includ-
ing activities linked to technology education. Parents, siblings, peers and teachers encour-
age gender-normative activities and discourage non-normative activities by, e.g., rejection
or bullying (Leaper & Brown, 2018). Consequently, sexism is present as implicit preju-
dices, subtle reinforcements of stereotypical behaviors or self-socialization to peer group
norms (Leaper & Brown, 2018).

Technology education

Technology education is a curriculum subject in which students learn about the knowl-
edge and processes that are needed to manipulate materials and tools, thereby extending
the human’s ability to shape and change the physical world (ITEA, 2006). In primary and
secondary school, technology education (U.S.) or design and technology (U.K.) are cur-
riculum subjects and are part of the STEM education. However, they are marginalized, i.e.,
perceived to be of less value than their STEM counterparts science and mathematics (Bell
et al., 2017). While science and mathematics stand for academic knowledge, the fields of
design, technology, and engineering cover vocational skills (Bell et al., 2017).

Currently, due to technological progress, the gap between a wide usage of digital tools
in the general population and the lack of knowledge about their technical components lar-
gens (ITEA, 2006; U.S. Department of Education, 2017). This societal dependency on
technology requires more engagement in technology education (Baaser, 2021). The goal
of technology education in a world shaped by technology must therefore be to develop
responsible citizens (Theuerkauf, 2013).

In the German-speaking countries (Austria, Germany, and Switzerland), there are dif-
ferent curriculum subjects covering technology, e.g., science and technology [Naturwis-
senschaft und Technik], handicrafts [Werken], textile and technical design [Textiles und
Technisches Gestalten], and technology [Technik]. Technology education must always be
understood as compulsory education in primary and secondary education (Ropohl, 2009)
and must not be oriented towards boys only, as shown, for example, by the way in which
students make choices regarding high school electives in Baden-Wiirttemberg (Statis-
tisches Landesamt Baden-Wiirttemberg, 2019) and in Austria (Sutterliiti, 2013). Therefore,
compulsory technology education with its link to vocational training (Landesinstitut fiir
Schulentwicklung, 2016) is an important task in order to pick up as many children and
young people as possible and to educate them as responsible citizens of the future. The
curriculum subject technology education is distinct from media education, often referred
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to as technological knowledge (Schmidt et al., 2009) and vocational technology, e.g.,
engineering.

The present study

The aim of the present study was to examine the influence of gender, students’ personal-
ity, their technical socialization, and study subject choice on their interest in STEM. It is
assumed that a student’s personality, technical socialization and the enrolled degree pro-
gram act as mediators for the relation between gender and interest in STEM and therefore
strengthen or weaken the correlation of gender and interest in STEM. The present study
therefore conducted a quantitative survey among students in Baden-Wuerttemberg, Ger-
many (N=350) and compared four degree programs: teacher training with a major in tech-
nology, teacher training with a minor in technology, teacher training without the subject
technology, and engineering. The mediation hypotheses were tested in a structural equation
model (SEM).

Research question

There is a gender gap in technology education teachers with more male than female teach-
ers. The present study examines the origins of this gender gap by analyzing whether stu-
dents’ interest in STEM is dependent on their career choices, their technical socialization,
personality, and gender.

Theoretical background
The skill shortage in technology education and engineering
Shortage in engineering

A shortage of skilled workers in the technical context, e.g., in the form of unfilled appren-
ticeship positions (DIHK, 2019) and field-specific high dropout rates have already been
drawing media attention to the issue for several years. More than 30% of vocational train-
ing contracts are abandoned before completion (e.g., 36% in metal construction; acatech &
Korber Stiftung, 2021) and the number of vocational training contracts was decreasing by
12% in 2020 with only 3% as a result of the COVID-19 pandemic (acatech & Korber Stif-
tung, 2021). The number of STEM students in tertiary education is high (acatech & Korber
Stiftung, 2021), however, 35% of bachelor students in engineering abandon their studies
before completion (Heublein & Schmelzer, 2018).

Shortage in STEM teachers

There is a considerable lack of STEM teachers, e.g., at vocational colleges (Zinn, 2018).
Although the German numbers of first-year teacher training students in STEM subjects is
increasing since 2015, the increase is insufficient and the STEM fields are short on teach-
ers, especially in the subject of technology education (acatech & Korber Stiftung, 2020,
2021). Correspondingly, the majority of pupils are not offered the possibility to choose
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technology as a standalone subject and the percentage of pupils choosing a STEM major in
secondary education is decreasing since 2014 (acatech & Korber Stiftung, 2021). Technol-
ogy education in Germany, also as a link to vocational training (Landesinstitut fiir Schu-
lentwicklung, 2016) should play a more important role in order to better prepare students
for STEM careers.

Interest in STEM

Hill et al. (2010) cite barriers within STEM careers: Aptitude for the career field and the
perceived superiority of men in mathematics, perceived disinterest of girls/women and
work-life balance (problems at the workplace). The interest of technology and design teach-
ers in different content areas and, related to this, their self-assessed level of knowledge in
these areas is strongly gendered (Goreth, 2021). Gender differences in, for example, atti-
tudes or motivation toward technology are repeatedly demonstrated (Sansone, 2017; Vir-
tanen et al., 2015) and as summed up in a recent review, girls share more negative views
towards STEM and are more reluctant to participate in STEM fields than boys (Sultan
et al., 2019). The gender gap in interest in STEM has also been monitored in teacher train-
ing students with males reporting higher interest in STEM than females (Marth & Bogner,
2019). These individual differences in interest in STEM are linked to personality, socializa-
tion and have consequences for career choices (Wang & Degol, 2013).

The gender gap in technology education and engineering

Gender today mostly refers to social sex and combines ascribed characteristics (e.g., per-
sonality traits) and expected behaviors (Schmader & Block, 2015). Thus, current defini-
tions of gender are determined by socially shaped roles with male and female attributes
and distinguish themselves from those of years past, which refer to sex in purely biological
terms (Biihrer & Schraudner, 2006).

Gender gap in engineering

The gender gap in engineering existed in the past (acatech & VDI, 2009; Sachs, 1987) and
still prevails with males dominating in technology (BMBF, 2018) and only 11% of voca-
tional training contracts taken by females (acatech & Korber Stiftung, 2021). Significant
gender differences within physics competencies are visible in several countries (Salchegger
et al., 2019). Especially when biology is not included, there is a clear gap in the proportion
of female first-year students planning to pursue a degree in engineering, computer science
or physics, both in the USA (Foley, 2009; Foley et al., 2019) and in Germany (Aeschli-
mann et al., 2015; Augustin-Dittmann & Gotzmann, 2015). When females choose to study
STEM, their preference is mathematics or biology, while they are underrepresented in
engineering (Gomez Soler et al., 2020). While the number of females is increasing in some
domains of STEM, this is not the case in engineering with only 25% females in this sec-
tor of tertiary education (acatech & Korber Stiftung, 2021). Gender-specific career choices
in the context of STEM are the focus of major research institutions predominantly due to
an economically induced growing shortage of skilled workers (acatech & Korber Stiftung,
2021). However, previous model projects for the promotion of girls in STEM do not bring
the overriding success (acatech, 2011). Moreover, if they do study engineering, females
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share different values than males: females engineering students emphasize altruistic val-
ues, e.g., contributing to a better society and environment, while male engineering students
emphasize practical and technical aspects of the profession (Engstrom, 2018).

Gender gap in STEM teachers

About two out of three teacher training students are female (acatech & Korber Stiftung,
2020). However, less female teacher training students choose technology as a major or
minor subject. Female teachers could act as a role model to foster girls’ interest in STEM
careers (Swafford & Anderson, 2020). Strikingly, in the field of technology teacher train-
ing, gender research is strongly underrepresented. As a consequence of these preconditions,
girls do not have female role models and come to the conclusion that STEM is not for them
because school science is perceived as hard, encounters with real STEM experiences and
opportunities of practice play are scarce at school and at home (Aschbacher et al., 2010), or
the differently designed nature of a conservative family planning can be stated against the
choice for a STEM career (Sassler et al., 2017).

Hypothesis 1 Following these findings, we hypothesize that the degree program has an
impact on the relation between gender and interest in STEM: Interest in STEM by gender
is mediated by degree program (Fig. 1). We suppose that choosing a technical degree pro-
gram is dependent on the student’s gender and that technical degree programs reinforce
interest in STEM.

Looking for answers: personality and socialization
Personality

The gender gap in STEM is explained by gendered occupational preferences rooted in per-
sonality. Within STEM education, girls and boys differ in their self-concept in practical
technical work with girls acting more insecure than boys (acatech, 2011; Briamer, 2019),
reporting lower self-efficacy (Aguillon et al., 2020), and boys being more self-confident
and enthusiastic about crafts and tools (Virtanen et al., 2015). While gender differences
in personality play a role, these results also depend on actual skill levels (Jann & Hupka-
Brunner, 2020) and have a clear influence on the choice of a technical career or degree
program. Boys are more likely than girls to attribute their successes to their abilities
(internal stability), whereas girls attribute failures to their perceived lower abilities (Fin-
sterwald et al., 2012; McClure et al., 2011; Solga & Pfahl, 2009). Male students act more

Hypothesis 3

/ pechoicalecciaization \

GeNder IR i e e > |Interest in STEM
\ Personality Degree program /
Hypothesis 2 Hypothesis 1

Fig. 1 Theoretical path diagram — facilitators of students’ interest in STEM
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dominantly in their practical learning activities in STEM courses (Aguillon et al., 2020).
A central aspect of professional identity of the subject technology education is problem-
solving. The selection of the respective strategies for solving a problem allows recourse
to already known tools and methods. In this context, the concept of creativity is often
included in addition to technical expertise (Haas et al., 2018). The enjoyment and engage-
ment in problem or thinking tasks (Cacioppo & Petty, 1982) can be considered an essential
basis. Besides GPA and math skills, conscientiousness is related to retention in engineering
students (Hall et al., 2015).

Hypothesis 2 We therefore hypothesize that the relationship between gender and interest in
STEM is mediated by personality: Interest in STEM by gender is mediated by personality
(Fig. 1). In detail, we hypothesize that females with higher interest in STEM are more con-
scientious and have a higher need for cognition than females with lower interest in STEM.

Technical socialization

Students use a wide range of in-school and out-of-school information to make career
choices (Schuhen & Schiirkmann, 2015). Career choices are influenced by gender identity,
a gender-normative environment of parents, siblings and friends acting as gatekeepers or
facilitators (Bramer, 2019; van Tuijl & van der Molen, 2016).. Technology-related gen-
der stereotypes already exist in kindergarten and become more entrenched with increasing
age (Freeman, 2007; Hallstrom et al., 2015). Females prefer STEM majors only when they
have an older sister with interest in STEM or male siblings in general (Gabay-Egozi et al.,
2022). Gender-normative ideas in their peer circle prevents girls from pursuing STEM
careers (van der Vleuten et al., 2018). Boys are more likely than girls to be encouraged by
parents, educators, and teachers to engage with technology (Finsterwald et al., 2012; Hall-
strom et al., 2015; Mawson, 2007). Gender-normative ideas are present in primary school,
e.g., when participating in technical education (Sultan et al., 2020) and in secondary school
with a normative male preference for STEM (Beckmann, 2021). Female students within
engineering have to fight against these stereotypes in order to make this decision (Gorlov,
2009). Moreover, it can be shown that women with STEM degrees prefer spatial toys in
childhood more than women in non-STEM degrees (Mo¢ et al., 2018). Therefore, inter-
est in STEM as well as STEM-related self-efficacy and resulting career choices — which
reinforce the interest in STEM — are deeply rooted in the childhood (van Tuijl & van der
Molen, 2016). Thus, individual differences in interest in STEM may be explained by a
child’s socialization with different exposure to technology and different social expectations
for girls and boys (Sultan et al., 2019).

The decision for a STEM career becomes even more challenging because females tend
to have a greater salience of gender identity, that is, they adhere more closely to their
gender role than males (Aguillon et al., 2020). The gender segregation in extracurricular
activities and the high school STEM curriculum have a significant impact on plans to pur-
sue STEM (Legewie & DiPrete, 2014). Boys, on the other hand, experience a greater con-
nection to engaging with technology than girls (Finsterwald et al., 2012; Hallstrom et al.,
2015; Mawson, 2007), and these gender differences in interest in, e.g., computer science,
engineering, and physics become evident before college (Cheryan et al., 2017) and lead to
active avoidance of activities that are in conflict with gender identity (Schmader & Block,
2015), e.g. hands-on engagement in technology for females. Therefore, the early gender
specific technical socializations in the close circle of family and friends plays a role.
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Hypothesis 3 Thus, we assume that the technical socialization plays a mediating role in the
relation between gender and interest in STEM: Interest in STEM by gender is mediated by
technical socialization (Fig. 1).

The three hypotheses are illustrated in Fig. 1. Since this theoretical path diagram is a
simplification, aside from these relations, other relationships are possible and plausible:
The relationship of gender and degree program may be mediated by personality traits,
e.g., females need to be more conscientious than males when choosing a degree pro-
gram with a technological content (teacher training with technology major, technology
minor, or engineering). Also, a mediation of the relationship of technical socialization
and interest in STEM by the degree program could be possible. The present study not
only examines the three hypotheses, but all possible relationships in the model (Fig. 1)
are tested via structural equation modelling.

Materials and methods
The sample

The sample consists of teacher training students from university colleges of teacher
education in Karlsruhe, Heidelberg, Ludwigsburg, and Schwibisch Gmiind as well as
mechanical engineering students from the Karlsruhe Institute of Technology (a techni-
cal university) and the University of Stuttgart, all located in the South-West of Germany
in the federal state of Baden-Wiirttemberg. The total sample size was N=350 students
(34% females, 65% males, 1% non-binary). The participants were on average in the 4th
semester (M =4.12, SD=2.41) and studied in the following degree programs:

e Teacher training, technology major: Semester, M =4.05, SD=2.91, n=63; 49 males,
12 females,

e Teacher training, technology minor: Semester, M =4.56, SD=2.62, n=155; 107
males, 48 females,

e Teacher training without technology: Semester, M=3.45, SD=1.70, n=69; 21
males, 48 females,

e Mechanical engineering: Semester, M =3.87, SD=1.25, n=>54; 48 males, 6 females.

All students in these degree programs in a radius of 100 km around the University of
Education Ludwigsburg were eligible for participation. Thus, about 25% of the popu-
lation “teacher training students with technology major/minor” participated. The other
two groups served as control groups.

The questionnaire
The following scales were used to operationalize the constructs mentioned in the

hypotheses: BIG-Five personality, need for cognition, technical socialization, and inter-
estin STEM.
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BIG-Five personality (BFI-S)

The psychological concept of the BIG Five approach captures personality traits. Five cen-
tral personality dimensions (neuroticism, extraversion, openness to experience, agreeable-
ness, conscientiousness) subdivide the construct. The individual expression can be very
different (Gerlitz & Schupp, 2005). The instrument, which has been replicated in many
languages, was modified by the authors on the basis of various criteria (1. framework con-
ditions as well as restrictions in the questionnaire; 2. content balance of the items of a
scale; 3. internal consistency of the scales; 4. dimensionality of the item battery; 5. repre-
sentation of the BFI-25) to 15 items with a test time of 2 min (Gerlitz & Schupp, 2005).
The response format of the test scale used was adapted (Likert-scaled: 1="*“Strongly disa-
gree” to 5="“Strongly agree”, Cronbach’s a, conscientiousness =0.45, extraversion=0.73,
agreeableness =0.49, openness =0.55, neuroticism=0.68).

Need for cognition (NFC)

This scale measures enjoyment of and engagement in problem or thinking tasks and was
developed by Cacioppo and Petty (1982), German version by Preckel (2014). The tendency
for the individual positive perception of conscious analytic activities is delimited from
cognitive abilities and shows a unidimensional structure. The test, which was adapted into
German, contains 19 items on a 5-point Likert scale (1 ="do not agree at all” to 5 =*agree
completely”’; Cronbach’s a=0.85).

Technical socialization

To measure technical socialization, items from the MINT-Nachwuchsbarometer (acatech &
VDI, 2009) were combined with newly developed items. From the broad question areas of
the MINT-Nachwuchsbarometer, these technology-oriented items were included: Techni-
cal and scientific play and object references (“How often did you deal with these things?
(1) remote-controlled models, (2) model railway, (3) unscrewing devices, (4) electrical cir-
cuits/soldering, (5) handicrafts, (6) self-made repairs, and (7) helping with repairs” (acat-
ech & VDI, 2009). Further, parental encouragement of interest in technology was measured
with two items "My interest in (8) science/(9) technology was encouraged by my family
(acatech & VDI, 2009). Moreover, pre-professional technical activity was measured with 6
newly developed items: “During my school years ... (10) ...I often had technology-related
sideline activities (e.g., mini-job in a workshop), (11) ...I often visited technical museums
with my parents/friends (e.g., Experimenta), (12) ...I worked a lot on motor vehicles (e.g.
on a moped), (13) ...I mainly did repair work at home together with (one of) my parents,
(14) ...I mainly did self-made repairs at home alone, and (15) ...I often attended extracur-
ricular technology events (e.g. technology club)”. Thus, the newly developed items were
also focused on technical activity in adolescence. The resulting index of Section “technical
socialization” consists of 15 items (1 “never” to 6 “very often”, Cronbach’s a=0.90).

Interest in STEM

To measure interest in STEM, items from the MINT-Nachwuchsbarometer (acatech &
VDI, 2009) were used. “How is your current interest in ... Mathematics, Physics, Biology,
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Chemistry, Computer Science, Computer Technology, Electrical Engineering, Civil Engi-
neering, Production Engineering, and Renewable Energy?” (10 items, 1 “very low” to 6
“very high”, Cronbach’s a=0.75).

Gender was measured with three response categories (male, female, non-binary). In
addition, the several control variables were included in the questionnaire: age (in years),
technology education in school (“Did you have technology as a school subject?” — 0=no
technology, 1 =technology as part of science, 2=standalone technology), school leaving
grades (baccalaureate, 1 =D grade to 4=A grade, higher values indicating better grades),
vocational training in technology (“Before you started your studies, did you complete a
vocational training in technology?” — O=no/not completed 1=yes, completed), degree
program (1 =teacher training with technology major, 2 =teacher training with technology
minor, 3 =teacher training without technology, 4 =engineering).

Moreover, the teacher training students answered questions on their study motivation
(Pohlmann & Mboller, 2010) and on their self-concept (Retelsdorf et al., 2014). However,
preliminary analyses revealed no significant differences by degree program (teacher train-
ing students) and therefore these variables were not included in the analyses.

Data analysis strategy

For the visual display on the x-axis in Figs. 1, 2 and 3, the continuous variables of con-
scientiousness and technical socialization were categorized (33% low, 33% medium, 33%
high). Regarding gender, the category “non-binary” was not included in the analyses
because of the low sample size. After bivariate analyses, calculated in SPSS 26 (IBM Corp,
2019), a structural equation model (SEM) including all study variables was implemented in
Mplus 7 (Muthén & Muthén, 1998-2012). The SEM examined direct and indirect effects
(mediation analyses with bias-corrected bootstrapping) of gender, personality (BIG-5 and
need for cognition), technical socialization and field of study on interest in STEM. The
results were visualized using Adobe Illustrator (Adobe Systems, 2012).

Results

Most of the students were between 21 and 26 years old (M =24.5, SD=4.4, with a range
from 19 to 54 years). A total of 81 students (23.1%) stated that they had completed voca-
tional training in an industrial/technical field (e.g., mechatronics technician, carpenter, etc.)
prior to their studies. The baccalaureate grade was M =2.48 (SD=0.52) on average.

Conscientiousness, agreeableness, and neuroticism were higher in females while techni-
cal socialization and interest in STEM were higher in males (Table 1). The gender differ-
ence was strong for technical socialization and medium for interest in STEM. When com-
paring the degree programmes, teacher training students without technology scored higher
on neuroticism, lower on need for cognition, lower on technical socialization, and lower on
interest in STEM than the other degree programs while engineering students scored lower
on extraversion, agreeableness, and openness. The degree program effects were strong in
technical socialization and interest in STEM (Table 1).

The differences in technical socialization by gender varied consistently with low,
medium and high conscientiousness (Fig. 2) and an ANOVA revealed no interaction effect.
Interest in STEM was associated with technical socialization: the higher the technical
socialization, the higher the interest in STEM. This relation seems to be consistent when
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Gender
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[Hfemale
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Conscientiousness
Error bars: 95% Cl

Fig.2 Technical socialization by conscientiousness and gender Note: Technical socialization, 1 ="‘never” to
6="very often”

Degree program
[E Teacher training, technology major
[ Teacher training, technology minor
[JTeacher training without technology
5 D Engineering

Interest in STEM

low medium high
Technical socialisation

Error bars: 95% Cl

Fig. 3 Interest in STEM by technical socialization and degree program Note: Interest in STEM, 1="very
low” to 6="‘very high”

the degree programs are inspected separately (Fig. 3) and an ANOVA also revealed no
interaction effect. From visual inspection, the association of gender and interest in STEM
seems to be mediated by technical socialization (Fig. 4). While in males, the associa-
tion between technical socialization and interest in STEM was weak, this association was
stronger in females. ANOVA analysis revealed an interaction effect (p <0.001).

Technical socialization was highly correlated with interest in STEM (Table 2). There
were weak correlations for the personality dimensions with technical socialization
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Gender

Omale
Mfemale

H

Interest in STEM
H

low medium high
Technical socialisation

Error bars: 95% Cl

Fig.4 Interest in STEM by technical socialization and gender Note: Interest in STEM, 1="very low” to
6="very high”

except for agreeableness. Interest in STEM was associated with need for cognition; the
correlation coefficient was medium in size. There was no relation between the BIG-5
personality dimensions and interest in STEM (Table 2).

The SEM (Fig. 5) explained 48.7% of the variance in interest in STEM, 33.5% of
the variance in the teacher training students without a major/minor in technology)
and 27.4% of the variance in technical socialization. The strong bivariate association
between technical socialization and interest in STEM (r=0.538) was partially medi-
ated by the degree programs (Fig. 5).

Summed up, the model revealed the following relations of partial and full media-
tion (mediation analyses with bias-corrected bootstrapping; CI=2.5% upper and 2.5%
lower confidence interval):

e The relationship of gender and interest in STEM was fully mediated by the degree
program teacher training without technology (confirming hypothesis 1).

e Hypothesis 2 (interest in STEM by gender is mediated by personality) was not con-
firmed.

e The relationship of gender and interest in STEM was fully mediated by technical
socialization (confirming hypothesis 3).

e Furthermore, the relationship of gender and technical socialization was partially
mediated by conscientiousness.

e The relationship of technical socialization and interest in STEM was partially
mediated by subject teacher training without technology.

e The relationship of conscientiousness and subject (engineering) was partially medi-
ated by school leaving grades (Fig. 5).
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Interest in STEM by gender is fully
mediated by technical socialization
=-.093, p <.001 (CI -.140, -.048)
Interest in STEM by technical socialization is partially

mediated by the subject teacher training without technology.
r=.211, p<.001 (Cl .150, .286)

Technical socialization
R?=.274

:222%4y

Interest in STEM
R? = .487

Gender (female)

Interest in STEM by gender

is fully mediated by the subject
out technology.

(c1-.144, -,035)

Consgjentiousnes:
Rz .029

R? = 307

Teacher training,
technology ryfajor

Agreeableness

R?=.012 x  R=051
¥
f
Ci
Neuroticism ~
R?=.030 Age

R?=.126
Extraversion raining
lo

8y R*=.138

Engineering by conscientiousness

is partially mediated by baccalaureate grades.
r=.070,p<.001 (C1.039, 112)

Baccalaureate grades
R?=.065

Fig.5 Path diagram of interest in STEM Note: Structural equation model calculated in Mplus 7; N=343;
standardized regression coefficients of significant effects are shown, *p <0.05, **p <0.01, ***p <0.001; fit-
indices: y%/df=2.52, RMSEA =0.067, CFI=0.869, TLI=0.810, SRMR =0.065

Discussion

Hypotheses 1 and 3 were fully confirmed since the relationship between gender and inter-
est in STEM was fully mediated by technical socialization and degree program, respec-
tively. Hypothesis 2 was not confirmed, but the SEM found another triangle of mediation
which was not considered by our model: The relation between gender and technical sociali-
zation was partly mediated by conscientiousness. However, interest in STEM was not asso-
ciated with conscientiousness but the medium strength bivariate correlation between need
for cognition and interest in STEM persisted in the SEM. Another very interesting finding
of the SEM is that the relationship between conscientiousness and the choice of the degree
program engineering, which was non-significant in the bivariate correlation, becomes a
significantly negative one and is mediated by baccalaureate grades. That is, less consci-
entious students with better grades are more likely to choose engineering as a subject of
study.

Discussion of hypothesis 1

The correlation between technical socialization and interest in STEM was partially medi-
ated by the choice of degree program. This adds to previous work that showed that technol-
ogy lessons in school are correlated with interest in MINT (acatech & VDI, 2009). Further-
more, there was a correlation between the attendance of a technology class at school and a
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subsequent technical vocational training. In German federal states, there is no compulsory
technology education. Thus, implementing technology education as a school subject for all
pupils would increase the number of adolescents starting an apprenticeship. Contrary to previ-
ous research which found a positive relation of conscientiousness and persistence in studying
engineering (Hall et al., 2015), in the present study, conscientiousness was negatively related
to studying engineering and this negative relation was partially mediated by the baccalaure-
ate grades, suggesting that students with better grades and lower conscientiousness are more
likely to study engineering.

Discussion of hypothesis 2

Regarding gender and personality, especially the BIG-5-dimension openness is interesting,
because it conveys ideas that are in opposition to the prevailing gender norms. The results
show that openness was related to higher technical socialization; teacher training students
scored lower on openness. Openness was not related to gender, which is in accordance with
the literature (Weisberg et al., 2011). In line with Weisberg et al. (2011), females scored higher
on agreeableness and neuroticism but also scored higher on conscientiousness.

Discussion of hypothesis 3

In line with previous research, gender was related to technical socialization (acatech & Korber
Stiftung, 2014) and interest in STEM (Marth & Bogner, 2019; Sansone, 2017; Virtanen et al.,
2015) with higher values for males, e.g., in a previous study (Cheryan et al., 2017), males
had higher interest in computer science, engineering, and physics. However, this association
of gender and interest in STEM with females scoring lower on interest in STEM disappears
when controlling for technical socialization. Therefore, the present study adds to the previous
ones but also contradicts previous findings by adding that the females are equally interested
in STEM as boys are when their technical socialization is similar. Gender also was related to
the choice of degree program with fewer females enrolling in technology subjects than males.

Females share better grades in STEM subject than males but are later underrepresented
as STEM teachers. The shortage in STEM teachers could easily be solved when obstacles
in career choices, i.e., the sexism, is abandoned. Further research is needed to investigate the
study choice motives — here, as shown by Engstrom (2018), females share different values
than males: female engineering students emphasize altruistic values, e.g., contributing to a
better society and environment, while male engineering students emphasize practical and
technical aspects of the profession (Engstrom, 2018) and it is yet unclear how these value
orientations are related to technical socialization. Technical socialization was strongly gender-
dependent, also in line with previous research (Aguillon et al., 2020; Bramer, 2019; Gorlov,
2009; van der Vleuten et al., 2018). The “missing women phenomenon” of women in STEM
subjects in China is attributed to women’s lower STEM achievement motivation (Yang & Gao,
2021). However, to our best knowledge, there was no previous study highlighting the relation
of technical socialization and interest in STEM.
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Limitations

Currently, the prevailing gender norms are rather reinforced than challenged (Leaper
& Brown, 2018), and these norms are the major obstacle to gender equity in interest in
STEM. Sexism is present from childhood to adulthood (Dasgupta & Stout, 2014). There-
fore, sexism may also be at work in the present research and the respondents’ answers are
influenced by these prevailing gender norms, because these norms are incorporated in the
individuals’ gender identity. However, the authors’ intention was to present their research
in a way that does not reinforce sexism but gives way to gender equity. Our approach is
reducing the gender gap through action. At this point, however, it is important to note that
there is always a risk that this will reinforce rather than challenge prevailing gender norms
and stereotypes.

The present study implemented a quantitative design with multiple study groups. How-
ever, there are some limitations for the methods used. The sample sizes were different for
each of the four degree programs and the gender composition differed. This speaks for the
ecological validity of the data, because the engineering, females are scarce. However, the
design could have profited from a more balanced sample regarding gender. Further, this is
a cross-sectional study. A longitudinal study would provide valuable causal information
in order to draw more reliable conclusions. Moreover, the survey implemented self-report
questions and the information provided by students may deviate. No claim of non-bias can
be made at this point.

Structural inequities are challenging and women are familiar with these challenges
throughout their educational and career pathways, as identified by Petroff et al. (2021) via
in-depth interviews. While other researchers have taken a qualitative approach to focus on
the multi-faceted challenges, this would have been interesting to pursuit, but was not the
aim of the present quantitative study.

Finally, the results may not easily be transferred to other German federal states or other
countries, because, in Germany, technology education is only fragmentarily implemented.
The results shown here can only be transferred to other school settings after cautious
inspection of the curriculum subject technology education. There are also different ideas
about what technology is and which technical activities are important. Historically, tech-
nology has often been associated with a male domain, so the respondents may also have
been influenced by prevailing gender norms when answering the questions.

Outlook

The present study suggests ways to reduce the gender gap in technology education and
engineering. Most importantly, the present study found that it is not the students’ gender,
but the different technical socialization of females and males which hinders that more
females take on a STEM career. This information could be used for attracting more stu-
dents and especially more female students to a technical profession. However, this is not an
easy task because different agents in a child’s life, e.g., parents, siblings, peers, and teach-
ers, need to change their views on the present normative roles for females and males.

The present study also found that the choice of degree program has an influence on
the student’s subsequent interest in STEM. The research findings could therefore help to
counteract gender-dependent study choice behavior. In detail, factors that promote the

@ Springer



Gender does not make the difference: interest in STEM by gender... 1693

choice of study are technical socialization, the choice of technology as school subject
and previous experience in the industrial/technical occupational field (vocational train-
ing). The gender gap in technology skills in Germany as well as in the rest of the world
can therefore not be reduced with individual model projects for the partial promotion of
girls, but rather with technical socialization for every child with binary or non-binary
gender identity and compulsory technology education for all children. The implemen-
tation of technology education as a nationwide school subject in Germany from pri-
mary to secondary level could certainly reduce individual differences. Such approaches,
raising awareness for technology education at an early stage, are a logical option. This
action could promote more technology teachers of every gender. In addition, parents and
people in the education sector should be sensitized to the topic in order to strengthen the
self-concept of girls in the field of STEM and thus lower the barriers. Moreover, profes-
sionals should be made aware of the glass ceiling in technical careers for females and
offered ways to mitigate it (Fernandez & Campero, 2017).

In German-speaking countries, there are a number of career choice projects “Girls’
Day” (https://www.girls-day.de/), “Girls and Technology” (MUT — Midchen und Tech-
nik; www.mut.co.at), “Women and Technology” (FiT — Frauen in Technik; www.ams.at/
fit), “Girls Digital Camps” (https://girls-dc-es.de/). These projects still fail to eradicate
the sexism in STEM. Out-of-school learning can be effective in increasing interest in
female students because is a novel approach to reduce the gender gap (Wiinschmann
et al., 2017). Pupils with no technical socialization need hands-on experiences in tech-
nology. When their teachers are non-specialists, outreach labs can somewhat substitute
these first-hand experiences and may spark interest for technology and thus may make
teacher training students more likely to choose a minor (major) subject in technology.
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