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Studies have repeatedly reported that math and science are perceived as male domains,

and scientists as predominantly male. However, the impact of the gender image of school

science subjects on young people’s career choice has not yet been analyzed. This paper

investigates the impact of the masculinity image of three school subjects—chemistry,

mathematics, and physics—on secondary students’ career aspirations in STEM fields.

The data originated from a cross-sectional study among 1’364 Swiss secondary school

students who were close to obtaining their matriculation diploma. By means of a

standardized survey, data on students’ perception of masculinity of science school

subjects were collected using semantic differentials. The results indicate that for both

sexes, math has the strongest masculinity attribution, followed by physics as second,

and, finally, chemistry with the lowest masculinity attribution. With respect to gender

differences, our findings have shown that among female students, the attribution of

masculinity to the three school subjects does not differ significantly, meaning that female

students rated all subjects similarly strongly as masculine. Within the group of male

students however, the attribution of masculinity to math compared to chemistry and

physics differs significantly, whereas the attribution of masculinity to chemistry and

physics does not. Our findings also suggest that gender-science stereotypes of math

and science can potentially influence young women’s and men’s aspirations to enroll in a

STEMmajor at university by showing that a less pronounced masculine image of science

has the potential to increase the likelihood of STEM career aspirations. Finally, the paper

discusses ways of changing the image of math and science in the context of secondary

education in order to overcome the disparities between females and males in STEM.

Keywords: gender, career aspirations, science, mathematics, secondary school students

INTRODUCTION

Gender segregation in the vocational orientation of adolescents has been well documented for
decades in most OECD countries (OECD, 2006, 2012). The persistence of gendered paths in
career choices has recently been reflected in the current Global Gender Gap Report of the
World Economic Forum (WEF), which states that on average men are underrepresented in
the fields of education, health and welfare whereas women are underrepresented in the STEM
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fields (WEF, 2017, p. 31). Moreover, on the basis of
the occupational aspirations of 15-year-old adolescents,
the prognosis for change in gender-based disparities in
occupational and academic choices suggests that gender
segregation in the education and labor market will remain
persistent (OECD, 2017).

The persistence of horizontal gender segregation in
educational and occupational fields contributes decisively to the
spread of gender-stereotypic beliefs about a natural fit of women
in careers in more expressive and human-centered fields and
men in technical and math-intensive fields (Charles and Bradley,
2009). Gender stereotypes are part of a broader belief system
that includes attitudes toward female and male family roles,
female and male occupations, and gender-associated perceptions
of the self. As bipolar constructs, gender stereotypes imply that
what is masculine is not feminine and vice versa (Deaux and
LaFrance, 1998; Worell, 2001; Renfrow and Howard, 2013).
The social role theory (Eagly and Wood, 2012) suggests that
gender roles and their occupants are highly visible in everyday
contexts and that gender stereotypes emerge in response to the
observation of women and men in different social roles and in
role-linked activities related to occupational choices (Koenig
and Eagly, 2014). This theoretical assumption was confirmed
in a study by Miller et al. (2015), which analyzed how women’s
enrollment in science courses relates to the gender-science
stereotype. Based on a survey of about 3,50,000 participants
in 66 nations, this study concluded that explicit and implicit
national gender-science stereotypes were weaker in countries
with a higher female enrollment in tertiary science education.
This study also demonstrated that stereotypes about science were
strongly gendered, even in countries with high overall gender
equity. In addition, a meta-analysis of two major international
data sets—“Trends in International Mathematics and Science
Study” (TIMMS) and the “Programme for International Student
Assessment” (PISA)—has confirmed that gender equity in
education is important not only for girls’ math achievement
but also for girls’ self-confidence and valuing of mathematics
(Else-Quest et al., 2010). Furthermore, a cross-national data
analysis has indicated that gender differences in math are closely
related to cultural variations in opportunity structures for girls
and women, in particular to gender equity in school enrollment,
women’s share of research jobs, and women’s parliamentary
representation (ibid., p. 103). Accordingly, the low proportion
of women in STEM leads to the spread of a gender stereotypical
image of math and science as a male domain and beliefs about
male supremacy in technical and math-intensive fields. In turn,
such beliefs affect young people’s career choices, leading to a
mutual reinforcement of gender stereotypes, and gender gaps in
career related interests and choices (Nosek et al., 2009, p. 10,596).

In Switzerland gender segregation is also persistent and
is especially noticeable in the STEM field (FSO, 2013). In
educational tracks at the universities of applied science, with
only 21.3% of women enrolled in STEM courses in academic
year 2017–2018. However, some STEM fields are more strongly
gender segregated than others. The lowest proportion of women
is in the fields of informatics (10.4%) and technology (8.5%),
whereas in the fields of chemistry and life-sciences the proportion
of women is considerably higher (43.7%) (FSO, 2019a). In

secondary education, gender is almost balanced in chemistry and
biology (girls 18.4% and boys 20.5%) as a subject of specialization,
whereas considerably more boys (18.4%) than girls (4.4%)
decided to specialize in the subjects math and physics (FSO,
2019b). It is, thus, important to distinguish between different
STEM disciplines and subjects when addressing the gender gap
in the STEM field (Rosser, 2012; Ertl et al., 2017).

Following this notion, our study aimed to analyze the gender
stereotype of school science subjects among female and male
students and the impact of gender-science stereotypes on the career
aspirations of young people. The ultimate goal of our study is to
provide a more comprehensive understanding of gender equity
in STEM.

THE GENDER STEREOTYPE OF MATH
AND SCIENCE

The gender stereotype of math and science has been analyzed
via a variety of quantitative and qualitative methods (review
in Makarova and Herzog, 2015). Among those are the Draw-
A-Scientist Test (DAST) (e.g., Chambers, 1983; Finson, 2002;
Scherz and Oren, 2006), the Implicit Association Test (IAT)
(e.g., Greenwald et al., 1998; Nosek et al., 2002, 2009), explicit
stereotype assessments using attitude questionnaires (e.g., Kessels,
2005), semantic differential assessments (e.g., Herzog et al., 1998;
Makarova and Herzog, 2015), and individual or group interviews
(e.g., Archer et al., 2010).

Studies that applied the DAST method reported that students
from kindergarten to high school perceive a scientist as a male
person. The children’s drawings contained very few portrayals of
female scientists and these few drawings were mostly drawn by
female students. For example, in a study among students from
kindergarten through fifth grade there were only 28 pictures
of a female scientist out of 4,807, and all of these 28 drawings
were drawn by girls (Chambers, 1983); in a study surveying
students in grades 2–12 only 135 pictures out of 1,600 displayed
female scientists and only six out of 135 pictures of a female
scientist were drawn by male students (Fort and Varney, 1989);
in a study among students of 9–12 years of age, there were
only 72 pictures of a female scientist out of 223, and of those
72, only 13 pictures were drawn by male students (Huber and
Burton, 1995). The precise way in which a scientist was pictured
by middle school students was reported in a study by Scherz
and Oren (2006, p. 977): “The common image was that of a
scientist as a bespectacled male with unkempt hair in a white
lab-coat.” Moreover, the following quote from a study by Mead
and Metraux (1957) on high-school students’ image of a scientist
highlights how persistent the scientist-stereotype remains over
decades. The image of a scientist is depicted in students’ essays
as “a man who wears a white coat and works in a laboratory.
He is elderly or middle aged and wears glasses . . . He may
wear a beard, may be unshaven and unkempt” (Mead and
Metraux, 1957, p. 386). Finally, the most recent meta-analysis
of five decades of U.S. DAST studies based on 78 studies (N =

20,860) among children grades K-12, shows a growth in children’s
depictions of female scientists in later decades. However, the
more female scientist appeared only in drawings by young
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children, but science was still associated with men among older
children (Miller et al., 2018). The authors conclude that despite
the increase of women’s representation in science over the last
decades, children still observe more male than female scientists
in their social environments (Miller et al., 2018, p. 1,943).

Furthermore, research on gender stereotypes has revealed
that science is not only associated with a male person, but
that masculine traits are also attributed to it. A study by
Archer et al. (2010) suggested that although young children
do not have profound knowledge about science subjects, they
attribute masculine traits to science at an early age. In the
same vein, a study by Cvencek et al. (2011) reported that as
early as second grade children perceive that math is a male
domain, demonstrating the American cultural stereotype. In
addition, a study among high school students reported that
better performance in STEM subjects was attributed to boys,
and masculine traits to a person who works as a scientist
(Hand et al., 2017). Another study among school children
and university students by Weinreich-Haste (1981) assessed the
gender image of different academic subjects using ratings on
a six-point masculine-feminine scale. The study reported that
math, physics and chemistry had the strongest connotation as
masculine academic subjects. Moreover, it showed that science
subjects were not only rated as masculine but also associated with
a set of attributes commonly associated with masculinity such as
being hard, complex, based on thinking rather than on feelings
(Weinreich-Haste, 1981, p. 220f.). In contrast, a study on gender
perception of school subjects among students aged 11–12 years,
which applied a seven-point masculine-feminine scale, reported
that while physics was rated as significantly more masculine,
chemistry and mathematics were rated as neither masculine nor
feminine (Archer and MacRae, 1991).

To summarize, we can state that the male stereotype of
science and of a scientist is persistent and appears as early as
in kindergarten age, while the association of science with men
is especially persistent among older children. Research has also
shown that students predominantly perceive science subjects
(math, physics, and chemistry) as a male domain, although
findings do not provide a clear picture as to which of these
subjects is more strongly associated withmale gender. The reason
is the very broad age-range of students (K-12) across reported
studies, lack of comparison of gender stereotypes of different
school subjects within one study, different methodology (explicit
and implicit assessment) used to assess gender stereotypes of
science, as well as the time span between findings of different
studies. Thus, further research on the perception of masculinity
of chemistry, math, and physics among school students is needed
to gain deeper insight into the impact of the gender stereotypes
of science subjects on STEM-career aspirations.

GENDER DIFFERENCES IN THE
PERCEPTION OF GENDER-SCIENCE
STEREOTYPES

Research on gender-science stereotypes has illustrated differences
between female and male youth with respect to the endorsement

of stereotypic beliefs about STEM. A study among primary school
students illustrated that stereotypical beliefs that STEM school
subjects are more suitable for boys than for girls were more
strongly endorsed by boys than by girls. Moreover, this study
has shown that students with stereotype-consistent interest in
STEM-related school subjects were particularly likely to endorse
gender-science stereotypes. Consequently, especially boys who
were highly interested and girls who were relatively uninterested
in STEM-related school subjects were more likely to believe that
STEM school subjects constitute a male domain (BlaŽev et al.,
2017). In line with this, a study among high school students has
shown that girls reported lower self-efficacy in math and science
compared to boys (Hand et al., 2017). Finally, a study among
first-year university students indicated that negative stereotypes
of women’s engineering and mathematical ability were more
strongly endorsed amongmale students, whereas female students
weremore likely to report higher perceptions of their engineering
abilities (Jones et al., 2013).

With respect to the perception of different STEM disciplines,
studies among adolescent youth have shown that female students
show a more pronounced gender stereotype for math compared
to male students, who are less likely to exhibit implicit gender-
stereotypic associations (Steffens et al., 2010). In line with these
findings, a study by Nosek et al. (2002, p. 44) reported that even
women who had selected math-intensive majors had difficulties
in associating math with themselves because they associated
math with the male gender. Also, studies that analyzed the
gender stereotype of physics found that, among high school
students, being interested in physics was associated with the
male gender (Kessels, 2005; Kessels et al., 2006) and that,
among girls, being interested in physics endangered their self-
identification with the female gender (Kessels et al., 2006).
Furthermore, a typical teacher of mathematics and physics was
imagined to be a man (Kessels and Taconis, 2012). Finally, a
study among secondary school students in Switzerland showed
that, among female students, the semantic profile of math and
physics correlated negatively with the semantic profile of the
female gender, whereas the semantic attributes of chemistry were
significantly related neither to the male nor to the female gender.
From the male students’ point of view the semantic profile
of math correlated negatively with the semantic profile of the
female gender, whereas the semantic attributes of chemistry and
physics were positively related to the semantic profile of the
male gender. Whereas, the female gender was strongly associated
with traits such as soft, playful, soulful, dreamy, lenient, frail,
and flexible, among the semantic traits associated with math
and physics were attributes such as hard, serious, distant, sober,
strict, robust, and rigid. Overall, this study has shown that
among the three school subjects analyzed in the study, math and
physics were either negatively associated with female or positively
associated with male gender. In contrast, chemistry was the least
gender stereotyped because among female students there were no
significant associations of the term chemistry with either gender
term and among male students no negative association with the
term woman (Makarova and Herzog, 2015). These findings are
interesting in light of students’ preference for their subject of
specialization in secondary schools in Switzerland (FSO, 2019b)
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showing that chemistry is chosen almost equally often by boys
and girls, whereas math and physics are largely avoided by girls as
subjects of specialization. Accordingly, students’ gender-related
perception of different science subjects may differently impact
their preferences of STEM subjects at school and vice versa.

To summarize, we can state that female and male students
indicate different patterns of gender-science stereotype. It seems
that male participants show more endorsement of the gender-
science stereotype by regarding STEM subjects as more suitable
for boys and attributing less abilities in the STEM disciplines
to the female gender compared to the male gender. At the
same time, female participants are more likely to associate math
and science more strongly with the male gender and masculine
traits than with the female gender and feminine traits. Finally,
previous research has shown that school science subjects differ
with respect to their gender-related connotation, and indicating
that chemistry has the least pronounced masculine image among
secondary school students.

GENDER-SCIENCE STEREOTYPE AND
CAREER ASPIRATIONS IN STEM

The impact of the gender-science stereotype on students’ interest
in STEM subjects and their aspirations to pursue a career in
STEM fields has been addressed from different perspectives.

Based on Eccles’ expectancy-value model, which highlights
the impact of culturally based stereotypes and identity-related
constructs on educational and occupational choices (Eccles, 1994;
Eccles and Wigfield, 2002), a number of studies have shown that
academic self-concept and subject interests are among the most
relevant determinants in students’ selection of secondary school
majors (Nagy et al., 2008). Similar mechanisms seem to be crucial
for career choice or choice of a major in higher education (Nagy
et al., 2006). A recent study among female students in STEM
subjects with a low proportion of females revealed that gender
stereotypes have a negative impact on students’ STEM-specific
self-concept even among students with good grades in STEM
(Ertl et al., 2017).

According to the theoretical framework of Gottfredson (2002,
2005), occupational aspirations are incorporated in the individual
self-image developed during socialization from early childhood
through adolescence. The process of developing occupational
aspirations is embedded in the comparison of one’s self-image
with the image of an occupation and one’s judgment about the
match between the two. In this process, the gender image of
an occupation is especially crucial for career choice, because
the “wrong” sex type of an occupation is more fundamental to
self-concept than the prestige of an occupation or individual
interests. Applying Gottfredson’s theory, the significant impact
of the gender image of an occupation on the process of career
choice was confirmed in a number of studies (Ratschinski, 2009;
Bubany andHansen, 2011). Moreover, research suggests that girls
are more likely to narrow their occupational choices because they
perceive particular occupations as inappropriate for their gender.
Accordingly, girls tend to shift their occupational aspirations to
gender-typical occupational expectations more strongly than do

boys. At the same time, boys’ perceptions of occupations appear
to be more gender-stereotypical (Hartung et al., 2005).

Research focusing on self-to-prototype similarity suggests that
the lack of similarity between the self and an academic subject is
linked to a lower probability of liking this subject or choosing this
academic subject as a major (Kessels, 2005; Kessels et al., 2006;
Taconis and Kessels, 2009). Moreover, the perceived closeness
between the self and a school subject was predictive for youths’
career choice intentions (Hannover and Kessels, 2004; Kessels
et al., 2006). In the same vein, a study among ninth and tenth-
grade students by Neuhaus and Borowski (2018) investigated
whether the greater self-to-prototype similarity impacts students’
interest in coding courses. This study revealed that, under the
condition that course descriptions were related to communal
goals, girls showed greater interest in learning to code compare
to the agentic-goal condition of the course description (Neuhaus
and Borowski, 2018, p. 233).

Likewise, a study among students and faculty reported that
agentic traits are more strongly associated with success in science
than communal traits, discouraging women from pursuing a
science career (Ramsey, 2017). Another study among first-year
undergraduate students illustrated that implicit stereotypes of
science completely accounted for a gap in male and female
students’ interests to pursue science. Especially the academic
aspirations of women who strongly identified as female were
affected by the gender stereotypic image of science (Lane et al.,
2012). In line with this, a study among first-year women
engineering students reported that engineering identification
was a significant predictor of persistence in engineering, and
that this relationship was stronger for women than men (Jones
et al., 2013). Finally, a study among undergraduate science
majors demonstrated that a stronger gender-science stereotype
has a diminishing effect on identification with science and
science career aspirations among women, whereas, among men,
a stronger gender-science stereotype boosts their identification
with science and their career aspirations in science fields (Cundiff
et al., 2013).

To summarize, we can state that gender-science stereotyping
has been shown to hinder the self-identification of young women
with STEM academic subjects and fields and also to negatively
affect their self-concept and their subject interests. These, in turn,
hinder female students from opting for a science major and
pursuing a career in science. For male students, gender-science
stereotyping seems to have the opposite effect and, thus, boosts
their career aspirations in STEM.

FOCUS OF THE STUDY

Given that previous research has often focused on gender-
science stereotypes of science in general or on stereotypical
beliefs about single STEM disciplines, our study contributes
to previous research by simultaneously analyzing the gender
stereotype of different school science subjects—chemistry, math,
and physics—among female and male students. These three
science subjects were chosen because females are strongly
underrepresented in math and physics within the educational
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sector and career fields, whereas chemistry has a more balanced
gender ratio. This allows us to investigate the impact of gender-
science stereotypes of different science subjects on students’
aspirations to study STEM. In view of the theoretical and
empirical framework of the study, we define the gender
stereotype of three school subjects as the extent of association
of each school subject with masculine traits (see section
Measurements;masculinity index).

In terms of hypotheses, we firstly expected differences with
respect to the degree of masculinity which students attribute to
chemistry, math, and physics. We hypothesized that chemistry
would be ascribed the lowest degree of masculinity compared to
math and physics.

Secondly, we expected gender differences among secondary
school students in the association of chemistry, math, and physics
with male gender. We hypothesized that this association of the
three science subjects with masculine traits would be stronger
among female students.

Thirdly, we expected that the gender stereotype of math
and science would affect female and male secondary school
students’ aspirations to enroll in a STEM major at university.
We hypothesized that to the extent students conceive of STEM-
school subjects as masculine they would be less inclined to aspire
to enroll in a STEMmajor at university. We further hypothesized
that stereotyping science subjects as masculine would have a
greater negative impact on the STEM aspirations of female than
male students.

METHODS

Participants
The study presented was part of the research project Gender
atypical career choices of young women, a project embedded in
the Swiss National Science Foundation’s Research Program on
“Gender Equality” (NRP 60). The study is based on quantitative
data which originated from a standardized survey of 1,364
students in Swiss-German-speaking secondary schools. The
study was carried out following the ethical principles and codes
of the Faculty of Humanities at the University of Bern, which
are based on international ethics codes (e.g., of the American
Sociological Association and of the American Psychological
Association). Accordingly, approval by an ethics authority was
not required. Students were informed about the research project
and participated in the survey voluntarily. Participants? Informed
consent was implied through survey completion; therefore, they
were not required to provide written consent to participate.
Written parental consent was not necessary either, because all
students had reached legal adulthood and could decide for
themselves. After the survey all data were anonymized.

The surveyed students were close to obtaining their
matriculation diploma (i.e., school leaving certificate), which
in Switzerland permits entry into tertiary education. The
participants were on average 19 years old (SD= 1.0). With regard
to sex, the percentage of female students (54.1%) was somewhat
higher than that of male students (45.9%).

Measurements
Masculinity Index
Data on students’ perception of the gender image of the
school subjects chemistry, math, and physics were collected
using semantic differentials (Makarova and Herzog, 2015). The
semantic differential is one of the most popular techniques of
explicit attitude assessment (Millon et al., 2003). An explicit
measurement of the gender stereotype of science subjects was
chosen over an implicit stereotype test, because the study focuses
on the salient gender stereotypes of those subjects (Millon et al.,
2003, p. 356). The semantic differential uses bipolar scales with
contrasting adjectives at each end to measure people’s reactions
to stimulus words and concepts (Heise, 1970, p. 235). The
methodological advantage of the semantic differential scale is
that it highly adaptable in assessing respondents’ connotative
association with any concept (Osgood et al., 1957; Heise, 1970).
The basic assumption of the semantic differential is that attitudes
toward two associated concepts tend to converge and toward two
dissociated (contrasted) constructs tend to diverge (Heise, 1970,
p. 249). In our study attitudes toward gender and science were
measured using semantic differentials consisting of 25 pairs of
adjectives with semantically opposite meanings (e.g., hard—soft,
strong—weak, robust—frail) to assess the connotations of the
four terms man, chemistry, math, and physics on a seven-point
scale (1 = greatly, 2 = fairly, 3 = somewhat, 4 = neither, 5 =

somewhat, 6 = fairly, 7 = greatly). This instrument is based on
the original scale (Osgood et al., 1957) which was initially adapted
to the German language by Hofstätter (1973) and then validated
in Switzerland in two studies on the gender stereotype of school
subjects (Herzog et al., 1998; Makarova and Herzog, 2015).

The student sample was divided into groups, with each
group completing the semantic differential for one subject term
and for the man term: chemistry and man (n = 406), math
and man (n = 512) and physics and man (n = 446). In
order to avoid response bias, the semantic differential of the
subject was introduced at the beginning of the questionnaire
and the semantic differential of the term man at the end of
the questionnaire. On the basis of these data we calculated
a masculinity index by subtracting the 25 items of the man
profile from the corresponding items of each subject profile and
summing them up to a sum score for each student. At the end
of this procedure one value for each student was calculated. For
easier interpretation, this value was reversed; a negative value
was transformed into a positive value and a positive value into
a negative value. Accordingly, the masculinity index expresses
the differentiation between high masculinity (low discrepancy
between the profiles man and subject; max. = +6) and low
masculinity (high discrepancy between the profiles man and
subject; min.=−6). For example, a score of 5 on the masculinity
index, indicates that the semantic profile of the respective subject
(chemistry, math, or physics) and the semantic profile of the term
man are very similar, meaning that the discrepancy between the
two semantic profiles is low. Figure 1 illustrates our calculation.
Moreover, the masculinity index is approximately normally
distributed (Kurtosis = 2.09, SE = 0.13; Skewness = 0.47, SD =

0.07) (George and Mallery, 2016).
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FIGURE 1 | Masculinity index of chemistry, math, and physics.

STEM Field Study Choice
To assess the field of study choice, the secondary school
students were asked about their subject preference for study at a
university or at a university of applied sciences after the successful
completion of secondary school. The answers were coded by the
gender-type of the field of study, based on the gender distribution
of master’s degrees obtained at Swiss universities in the year
2010 (FSO, 2012). A field of study was labeled as female-atypical
(male-typical) when the proportion of women who received a
master’s degree in that field was below 30 per cent. In our sample,
Mathematics, Statistics, IT, the Natural Sciences and Engineering
fall into this category. Since all listed fields of study can be
assigned to the STEM area, the category is henceforth labeled
STEM study choice. All other fields of study were assigned to the
category “non-STEM study choice.” The multivariate analyses
were conducted with the dichotomous variable STEM field study
choice (STEM field study choice = category 1; non-STEM study
choice= reference category 0).

RESULTS

Attribution of Masculinity to Chemistry,
Math, and Physics Among Secondary
School Students
The attribution of masculinity to the three science subjects
among female and male students was subjected to a two-way
ANOVA (school subject and students’ sex). The overall model
yielded an F ratio of F(5, 1,355) = 15.83, p ≤ 0.001. With respect
to the degree of masculinity attributed to the three science
subjects, our analysis of variance indicated significant differences
F(2, 1,355) = 10.76, p ≤ 0.001. Post-hoc comparisons (Bonferroni)
has shown that the attribution of masculinity differs significantly
between math and chemistry (p ≤ 0.001) and between math
and physics (p ≤ 0.05). There were no significant differences
in the attribution of masculinity to chemistry and physics. The

TABLE 1 | Descriptive statistics.

All Female Male

Masculinity of

chemistry (min: −2.4,

max: 4.28)

n = 406

M = 0.13

SD = 0.71

n = 240

M = 0.27

SD = 0.66

n = 166

M = −0.09

SD = 0.72

Masculinity of math

(min: −1.76, max: 2.36)

n = 512

M = 0.29

SD = 0.64

n = 242

M = 0.38

SD = 0.62

n = 267

M = 0.20

SD = 0.64

Masculinity of physics

(min: −2.08, max: 3.08)

n = 446

M = 0.18

SD = 0.63

n = 257

M = 0.31

SD = 0.66

n = 189

M = 0.01

SD = 0.55

M = mean, SD = standard deviation.

mean values indicated that math has the strongest attribution of
masculinity, followed by physics as second, and finally chemistry
with the lowest attribution of masculinity (see Table 1). With
regard to the sex differences in the attribution of masculinity, our
analysis of variance yielded significant differences between female
and male students F(1, 1,355) = 63.20, p≤ 0.001. The ascription of
masculinity to the three science subjects turned out to be stronger
among female than among male students (see Table 1).

The interaction effect between two factors school subject
and students’ sex was non-significant F(2, 1,355) = 2.34, p =

ns. Nevertheless, to explore the interaction term in more detail
we analyzed the attribution of masculinity to the three science
subjects within the group of female and that of male students.
For this purpose, the confidence intervals for the three science
subjects were calculated. Within the group of female students,
the attribution of masculinity to the three school subjects
does not differ significantly, meaning that female students
rated all subjects similarly as strongly masculine [95% CIs:
chemistry [0.19, 0.36], math [0.30, 0.46], and physics [0.23, 0.39]].
Within the group of male students, however, the attribution of
masculinity to math and chemistry [95% CIs [0.12, 0.27], [−0.20,
0.02]] as well as to math and physics [[0.12, 0.27], [−0.07, 0.09]]
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TABLE 2 | Study choice.

All Female Male Interaction

of gender ×

study choice

Study choice N = 1,618 n = 873 n = 742 x2 = 58.26***

STEM choice 16.6% 10.1% 24.3%

NON-STEM choice 83.4% 89.9% 75.7%

The interaction of gender × study choice is significant at the ***p ≤ 0.001 level, x2 =

x2-value (chi-square-test).
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FIGURE 2 | Masculinity index of chemistry and career aspirations.

differs significantly, whereas the attribution of masculinity to
chemistry and physics does not [[−0.20, 0.02], [−0.07, 0.09]].

Gender Stereotype of Chemistry, Math and
Physics and Students’ Study Aspirations
First, we analyzed career aspirations among the secondary school
students by carrying out x2-test (chi-square test) for the binomial
dependent variable STEM study choice (seeTable 2). Overall, one
sixth of all students aspired to having a STEM major (16.6%).
However, aspirations to study STEM subjects were not equally
distributed between men and women. While among men every
fourth student (24.3%) planned to study STEM, among women
only every tenth student (10.1%) was interested in STEM studies.

Second, we analyzed the attribution of masculinity to school
subjects (chemistry, physics, and math) among secondary school
students who had chosen a STEM compared to those students
who had chosen a non-STEMmajor (Figures 2–4).

Our analysis reveals the following findings for each subject:

• Chemistry (Figure 2): With respect to career aspirations of
young women, our results show that female students who
opt for a non-STEM study major connotated chemistry
significantly strongly as masculine compared to young women
with a STEM career choice (p ≤ 0.01). Among young
men there were no significant differences in the attribution

***
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FIGURE 3 | Masculinity index of math and career aspirations.
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FIGURE 4 | Masculinity index of physics and career aspirations.

of masculinity to the subject chemistry between students
who had chosen STEM and those who had chosen another
study field.

• Math (Figure 3): Our results show that among female and
male students who had potentially chosen a non-STEMmajor,
the attribution of masculinity to math was significantly higher
compared to youth with a STEM career choice (female: p ≤

0.05; male: p ≤ 0.001).
• Physics (Figure 4): Considering female students who had

potentially chosen a non-STEM study major, physics was
significantly more highly stereotyped as a masculine subject
compared to young women with a STEM career choice
(p ≤ 0.001). Among young men there were no significant
differences in the attribution of masculinity to the subject
physics between male students who had chosen STEM and
those who had chosen another study field.
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To sum up, young women who aspire to study a STEM major
stereotype the three subjects as less strongly masculine compared
to young women who aspire to study non-STEM subjects.
Among young men, only math was rated as highly masculine
among those students who had chosen a non-STEM study
program. Thus, for young women as well as for young men
with a non-STEM career choice, math has a highly masculine
image. What is interesting is that even young women who opt
for a STEM field rate the subjects—except physics—as masculine,
though only slightly.

Finally, Generalized Linear Models (GzLM) were estimated
(McCullagh and Nelder, 1989) to shed light on the impact
of the gender image of math and science on the likelihood
that female and male students aspire for a STEM field of
study. The procedure modeled the choice of a STEM study
major as the response category, with all other study fields
as the reference category (non-STEM). We aggregated the
masculinity index for math and the two science subjects
for the model of female students, because separate models
showed nearly the same effect for each individual subject,
and therefore we could increase the power of the model in
terms of cases. The model for male students included only
the masculinity index of math as a predictor, since there
was no significant effect for science subjects between young
men who had chosen STEM and non-STEM ones (see also
Figures 2, 4). We report the Exp(β), which indicates the
likelihood of an occurrence of the tested effect. If the value
is below 1, the likelihood decreases; if it is above 1, the
likelihood increases.

Table 3 shows the first model estimated for female students
[Likelihood Ratio x2(1,739) = 17.09, p ≤ 0.001, Pearson-Chi-

Square 60.95 (88, 739) = 0.69]. The findings reveal that a strong
masculine image of math and science decreases the likelihood
of young women choosing a STEM study (Exp(β) = 0.44; p ≤

0.001). In other words, if young women do not perceive math and
science as predominantly masculine, they opt significantly more
often for studying a STEMmajor.

The second model was estimated for male students
[Likelihood Ratio x2(1,267) = 9.22, p ≤ 0.01, Pearson-Chi-
Square 73.90 (66, 267) = 1.12]. The results show that the
masculinity of math is also a predictor of young men’s career
aspirations. The higher the masculinity image, the lower the
likelihood of a STEM study choice (Exp(β)= 0.48; p ≤ 0.01).

To conclude, both models show that the image of chemistry,
math and physics has an impact on students’ career intentions.
If the image of the three subjects has strong masculine
connotations, career choice is unlikely to be within the
STEM field.

DISCUSSION

This study contributes to the line of research on the gender
stereotype of science by analyzing the gender-related image
of three school subjects. It provides, moreover, more refined
knowledge on the impact of gender stereotypical perception of

TABLE 3 | Impact of the masculine image of math and science on secondary

students’ career aspirations.

Parameter β SE Wald-Chi-

Square

Exp(β)

Math and science model for female students

(Intercept) −1.98*** 0.12 253.81 0.14

Masculinity of math and

science

−0.82*** 0.17 24.30 0.44

(Scale) 1a

Math model for male students

(Intercept) −1.17*** 0.15 59.88 0.31

Masculinity of math −0.73** −0.23 9.91 0.48

(Scale) 1a

Generalized LinearModel (binomial/logit). Dependent variable: STEM career (response) vs.

Non-STEM Career (reference); a Fixed at the displayed value; β = regression coefficient;

SE = standard error; ***p ≤ 0.001, **p ≤ 0.01.

math and science on female and male secondary school students’
choice to enroll in a STEM university degree program.

In line with the findings of a study by Weinreich-Haste
(1981), our results reveal that students not only perceive
chemistry, math and physics as masculine, but also that there
is a considerable difference in the strength of the association
of each subject with the male gender. According to our
findings, math is most strongly perceived as a masculine
subject among female and male secondary school students,
followed by physics and then chemistry, which has the weakest
masculine connotations. The weak masculine connotations of
chemistry have also been reported by other studies (Archer
and MacRae, 1991; Makarova and Herzog, 2015). Consequently,
we could confirm the first hypothesis stating that chemistry is
accorded the lowest degree of masculinity compared to math
and physics.

With respect to differences between female and male students
in the gender-stereotypical connotations of science, our findings
illustrate that female secondary school students perceive all three
subjects considerably more strongly as a male domain than do
male students. These findings are consonant with findings of
previous studies on strong associations of math and physics
with the male gender among female adolescents (Nosek et al.,
2002; Kessels, 2005; Kessels et al., 2006; Steffens et al., 2010).
In addition, our results illustrate that male students regard only
math as strongly masculine, whereas physics and chemistry have
a comparably low score on the masculinity index. Thus, our
findings confirm our second hypothesis by showing that the
association of the three science subjects with masculine traits are
stronger among female students.

With regard to the impact of the masculinity image of
math and science on secondary students’ career aspirations, the
findings of our study show that young women who potentially
chose STEM as a field of study at university perceived all
three school subjects—math, physics, and chemistry—as less
masculine than did those young women who chose other majors.
Moreover, our results suggest that among female students a
strong masculine image of math and science decreases the
likelihood of choosing a STEM major at university. These
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findings propose that masculine traits associated with science
subjects at school constitute a major obstacle, particularly
for young women’s self-identification with science (Nosek
et al., 2002; Cundiff et al., 2013) and for their aspirations to
become researchers (Šorgo et al., 2018). Regarding the career
aspirations of young women, our study supports the notion
that stereotypical beliefs about math and science prevent young
women from entering a STEM career (Lane et al., 2012;
Ramsey, 2017).

Finally, our results on the career aspirations of young men
in relation to the stereotypical gender connotations of school
subjects show that young men with non-STEM career aspirations
perceived only math but not science subjects as significantly
more strongly masculine than did young men who chose
a STEM major. Furthermore, a strong association of math
with masculine traits negatively affected male students’ STEM
career aspirations. These findings suggest that young men
who opted for non-STEM majors do not fit the masculinity
stereotype and therefore the strong masculine connotations
of math may have an inhibiting impact on their career
aspirations similar to that on the STEM career aspirations
of young women. A possible interpretation of these findings
is that, among young women as well as among young
men, the lack of similarity between their self-image and the
image of an academic subject not only affects their choice
of specialization in secondary school (Kessels, 2005; Kessels
et al., 2006; Taconis and Kessels, 2009) but also leads to a
lower probability of choosing those subjects in their further
educational career.

Overall, the findings of our study confirm our third hypothesis
by illustrating that the higher the extent of association of STEM-
school subjects with masculine traits, the lower is the likelihood
to enroll in a STEM major at university—both for female and
male students. However, our findings also suggest that gender-
science stereotypes have a stronger negative impact on the
STEM aspirations of female than male students because a strong
masculine image of math and science significantly decrease the
likelihood of choosing a STEM major among female students,
whereas only a strong masculine image of math significantly
decrease the likelihood of enrollment in a STEM major among
male students.

Our findings have some implications for overcoming the
gender disparities in STEM. As the gender-related image of an
academic discipline has a considerable effect on young people’s
career aspirations, a critical evaluation of the school subjects’
image might be one way to break through the gender-image-
driven limitations of the career horizons of female and male
students. For example, a study in Computer Science has shown
that women’s interest in studying Computer Science can be
increased through a change of image of this academic discipline
(Cheryan et al., 2013). The image of a school subject can, for
example, be depicted in school textbooks. An empirical analysis
of science textbooks in secondary education not only illustrated
the overrepresentation of male protagonists but also revealed
stereotypical portrayals of science and scientists (Makarova
et al., 2016a). Since stereotypic representations in textbooks
have an effect on male and female secondary school students’
understanding of and anxiety about science (Good et al., 2010),

an effort needs to be made to overcome stereotypical gender
representations in textbooks at all educational levels. Especially
since decisions to enroll in a field of study or choose a field of
work in vocational education are made relatively late, and since
gender images of school subjects have most likely by then been
internalized and settled, reflections about gender stereotypical
images of math and science subjects should preferably be
encouraged in early childhood. For example, a study by Archer
et al. (2010) suggested that although young children do not
have profound knowledge about science subjects, they attribute
masculine traits to science at an early age. Moreover, gender
stereotypical beliefs should be also tackled among teachers and
other gatekeeperswho are potentially involved in the development
of vocational interests among children and secondary students.
As the study of Thomas (2017) showed, a teacher’s implicit
science-is-male stereotype can contribute to gender differences
in female students’ motivational beliefs and probably also their
gendered educational choices. Finally, Else-Quest et al. (2010)
suggest that proximal factors such as quality of teaching mediate
the effect of gender inequality on math achievement. Thus,
rise in gender equity in education can also promote boys’
academic development.

Our study is subject to a few limitations. Firstly, our study has
a cross sectional design and is, therefore, limited to suggesting
a causal relationship between the masculinity image of science
and youth career aspirations. Secondly, our study assesses the
career aspirations of secondary school students and not their
actual enrollment in particular majors at the university. Although
this operationalization of career choice has been applied by
other studies (Nagy et al., 2006; Watt, 2006), it does not exclude
the possibility that the anticipated choice of a study major
does not necessarily lead to the actual choice of the same
major after enrollment at university. Thirdly, we should note
that our study applies an explicit assessment of masculinity
connotations of school subjects by using a semantic differential
with 25 opposite semantic meanings. Thus, we cannot rule out
that an open-ended questionnaire on masculinity image would
yield different results on the semantic connotations and the
strength of masculinity of the target school subjects. Moreover,
we calculated the masculinity index based on the similarity of
the semantic profiles of the term man and the corresponding
subject term. As the present study does not include measures
of the semantic ratings of the term woman we cannot compare
the attribution of the feminine traits to chemistry, math and
physics and its impact on the STEM study choice. Finally, the
gender-related image of school subjects and their implications
are one of several determinants that affect the career aspirations
of male and female secondary school students. Since we did
not control for other potential determinants in the explanatory
models (e.g., self-image of students, their abilities, or interest
in science), our results are limited to the investigation of the
impact of gender-science stereotype on students’ aspirations.
It has been demonstrated that further school-related factors,
such as the instructional design of science classes (Aeschlimann
et al., 2016), teachers’ support and encouragement (Aeschlimann
et al., 2015) as well as family-related factors, and also peers
can considerably influence the career-choice decisions of young
people (Makarova et al., 2016b).
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