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Germany, ?Department of Educational Research and Educational Psychology, Leibniz Institute for
Science and Mathematics Education, Kiel, Germany

The German Physics Olympiad is a science competition in which students
can compete to measure their Physics knowledge and skills with other
students. Female participants are underrepresented and typically drop out
of the competition earlier than their male counterparts. As the cause for
this underrepresentation, social identity threat theory identifies a threat to
women's gender identity in the predominantly male environment. Stereotype
threat theory adds negative stereotypes about women'’s abilities in physics
as a heightening factor. In this study, growth mindset and values affirmation
interventions, as well as a combination of both methods, were integrated into
a weekend seminar of Physics content to protect female participants from
the harmful influences of stereotype and social identity threat. As female and
male students’ sense of belonging and gender identification remained at equal
levels, respectively, after the interventions, the results did not show any effects
of stereotype threat or social identity threat for the female students. The
results suggest that women who are highly interested and talented in physics
and have taken first steps to pursue physics and to engage with the physics
community beyond mandatory school education are not as susceptible to
stereotypes and harmful cues in the environment as might previously have
been assumed. Implications for future research and science competitions are
discussed.
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Introduction

Why are females still a minority in physics? One reason for the underrepresentation of
women that is discussed in the literature is stereotype threat, that is, the phenomenon that
minorities start to unconsciously live up to negatively stereotyped behavior in fields
consisting of a predominant majority (e.g., Steele and Aronson, 1995; Steele et al., 2002;
Hall et al, 2015; Bedynska et al, 2018). Women are affected by this as they are
underrepresented in many science environments and faced with stereotypes of lacking
science talent.
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Previous research introduced various interventions to fight
stereotype threat (e.g., Cheryan et al, 2011; Lin-Siegler et al.,
2016). As the mere presence of negative stereotypes might lead to
stereotype threat effects (e.g., Huguet and Régner, 2009; Marchand
and Taasobshirazi, 2013) and its various negative consequences
(e.g., Schmader and Johns, 2003; Hall et al, 2015, 2018),
interventions aim to shield minority groups from stereotype threat
instead of eliminating stereotypes from the environment.
Especially two short intervention methods showed noticeable
success: First, interventions that aim to reduce the impact of
stereotypes by teaching students about the malleability of the
brain, the use of effort, and struggle to gain success (growth
mindset; e.g., Blackwell et al., 2007; Yeager et al., 2016), and,
second, interventions that affirm participants in their values
(values affirmation; e.g., Cohen et al., 2006, 2009).

However, these interventions have not yet been tested with the
important sample of students who chose to engage in
extracurricular science activities. These students show interest and
intention to engage in the domain by pursuing science outside the
mandatory school curriculum. Nonetheless, female students who
participate in such extracurricular science activities experience
stereotype threat (see Ladewig at al., 2020).

In this study, participants in the German Physics Olympiad, a
physics competition, were invited to physics seminars. In these
seminars, students participated in either an intervention of growth
mindset, an intervention of values affirmation, or a combination
of both. We investigated how the different short interventions
impacted sense of belonging, social identity threat, stereotype
endorsement, perceptions of environmental stereotyping, and
gender identification.

Theoretical background

The German Physics Olympiad presents a science
environment, which students encounter outside of their
mandatory school education. Students decide freely whether they
want to participate in the competition. However, female students
decide to do so not as often as the male students. Which are the

driving influences leading to this gender gap?

Underrepresentation of women in
science

Females in science face stereotypes about women having
supposedly lower talent or not fitting within the male in-group. In
line with the stereotypical association of sciences with the male
gender (see Makarova et al., 2019), only about every fifth academic
in science, technology, engineering, or mathematics fields in
Germany is female (Anger et al., 2019). This underrepresentation
of women begins with decreasing science interest in school for
girls but not for boys (Sadler et al., 2012) and ends with low
numbers of women in science careers (e.g., Kahn and Ginther,
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2015; Miller and Wai, 2015; Su and Rounds, 2015). Although the
gender gap is less pronounced in some domains, it is very distinct
in physics (e.g., Diichs and Mecke, 2019). But why is science such
a hindering environment for females?

Science provides cues that drive many women from the field.
A person remains in an environment if their perception of their
self fit to the person stereotypically expected in the environment
(e.g., Setterlund and Niedenthal, 1993; Hannover and Kessels,
2004). Hannover and Kessels (2004) showed that the prototypical
student who prefers stereotypically female subjects such as
humanities to stereotypically male subjects such as physics is
perceived in a more positive manner than a student who prefers
science subjects. Additionally, perceived similarity to other
members of a field moderates womenss interest in continuing in a
stereotypically male domain (Cheryan and Plaut, 2010). Therefore,
women in science face a high hurdle when intending to stay in this
male environment because science appears rather male and
unpopular. The stereotypes contradict their fit to the field and
encourage women to leave.

Nevertheless, several women master this hurdle and begin to
pursue science. Science competitions provide one opportunity for
interested students to engage in science domains outside of school.
In Germany, 9,065 students participated in in the 2019 Science
Olympiads, which include competitions in several science
domains.

Yet, gender differences are visible and especially pronounced
in the German Physics Olympiad. The German Physics Olympiad
is organized into four consecutive rounds. Each round requires
students to solve physics tasks or do experiments. The initial
registration for the competition is open to any interested student,
who is still in school and within the yearly set age limit. In the first
round, physics teachers receive a best practice solution for the
tasks and judge the participants’ solution according to this. Only
those participants, who solved the tasks best, continue from there
on to the next rounds. Thus, the number of participants
continually decreases. Eventually, the best five students form the
national team for the international competition. The Physics
Olympiad faces two connected problems concerning gender
representation. First, fewer females than males choose to
participate. In 2018, only 28% of all participants were female.
Second, these female participants drop out of the competition in
disproportionally higher numbers than the male participants do.
This often leads to all-male national teams, as was the case in 2019.

Stereotype threat and social identity
threat

What causes this underrepresentation of female participants?
An important factor in the context of science competitions is
stereotypes (Steegh et al., 2019). Stereotype threat theory explains
how stereotypes impact behavior.

Stereotype threat occurs to minority groups that enter a field
in which they are underrepresented and faced with negative
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stereotypes about their groups’ characteristics or abilities (e.g.,
Hall et al,, 2015; Bedynska et al., 2018). It is hypothesized that the
negative stereotypes trigger stereotype threat, which inhibits the
members of the stereotyped group from performing to their full
potential (e.g., Steele and Aronson, 1995; Steele et al., 2002).
Implicit and explicit cues in the environment about the
stereotypes’ eligibility can induce this mechanism (e.g., Spencer
et al., 1999; Marchand and Taasobshirazi, 2013).

Stereotype threat effects have been demonstrated for several
groups, from women in sciences (e.g., Miller et al., 2015; Smyth
and Nosek, 2015), to males in typically female jobs, to older
employees in working life (e.g., Hartley and Sutton, 2013;
Froehlich et al., 2016; Kalokerinos et al., 2017; Rahn et al., 2020).
All of these groups face stereotypes regarding either their abilities
or their lacking fit within their chosen environment, e.g., that
women lack talent for science and are consequently not able to
perform as good as men. Negative stereotypes lead not just to
lower performance levels (Steele and Aronson, 1995; Shih et al.,
1999; Flore and Wicherts, 2015) but also to various other negative
changes such as the minority members’ stronger wishes to leave
the environment (Kalokerinos et al., 2017).

Although women try to counteract the negative stereotypes in
science to prove their falsehood (Jamieson and Harkins, 2011),
they still feel less accepted, more mentally exhausted, and less
competent (Schmader and Johns, 2003; Hall et al, 2015).
Stereotype threat is also connected to heightened anxiety (Ben-
Zeev et al., 2005) and burnout (Hall et al., 2018).

Social identity threat intensifies negative effects even further
(see van Veelen et al., 2019). Stereotype threat is a specific theory
within the theoretical framework of social identity threat
(Schmader et al., 2015). The general feeling of being different from
the majority group because of one’s social identity causes social
identity threat (e.g., Steele et al., 2002; Hall et al., 2018). Schmader
(2002) showed that gender identification can explain performance
differences between males and females in science. Women who
strongly identified with their gender performed tasks worse than
men if the tasks were linked to gender identity. Women with lower
gender identification performed at the same level as men. As
women identify with the negatively stereotyped gender identity
more easily when in science environments (Marx et al., 2005),
gender identification can lead to stereotype threat and,
consequently, lower performance (e.g., Shih et al., 1999; Flore and
Wicherts, 2015). Endorsing negative stereotypes and believing in
their eligibility further heightens these effects (Schmader
et al., 2004).

Sense of belonging

Stereotypes about females in physics also go beyond stereotype
threat. Members of a stereotyped group that enter a situation in
which stereotypes are present then doubt their abilities and are
more likely to interpret lower performance as the result of missing
fit within the environment (Aronson and Inzlicht, 2004). When
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doubting their abilities, individuals perceive features in the
environment that could justify their doubt. Belonging uncertainty
— the feeling of not being sure whether they fit within the group
(Walton and Cohen, 2007) — can lead to individuals distancing
themselves from the group, environment, and tasks. For example,
female students who perceive their environment as negatively
stereotyping women in math feel less belonging within the math
environment (Good et al., 2012). This can lead to negative
performance and, thereby, to the unintentional confirmation of
the negative stereotypes (Steele and Aronson, 1995).

Sense of belonging, which is the feeling of connection,
membership, trust, participation, positive affect, and acceptance
in a group (Good et al., 2012), is closely connected to a wide range
of variables relevant for academic success. Among others, value of
school (Gillen-O’'Neel and Fuligni, 2013), intrinsic motivation
(Freeman et al., 2007), and academic adjustment in college
(Pittman and Richmond, 2007) are linked to belonging.
Consequently, belonging uncertainty is especially disadvantageous
in situations that require high performance and achievements.

Women could benefit from feeling more belonging in science.
Murphy et al. (2007) showed that women had lower sense of
belonging and fewer intentions to participate in science settings
that appeared to be predominantly male than in settings with
equal numbers of male and female participants. Because men
choose science environments more often, they create a
predominantly male environment that is associated with male
characteristics. Thus, as the sense of belonging influences a
woman’s decision to leave science or not (e.g., Good et al.,, 2012;
Banchefsky et al.,, 2019), the association of male characteristics
with science is likely to reduce women’s aspirations to continue in
science fields (e.g., Makarova et al., 2019).

Interventions against stereotype threat

To interrupt the ongoing cycle of stereotype threat and self-
selection out of science, a supportive identity and system of values
need to be formed; these are predictors of persistence in a domain
(Estrada et al., 2011). Especially short psychological interventions
that can be implemented easily in various situations (e.g., Yeager
et al., 2013; Brady et al., 2020) can be valuable because they can
be implemented in school, college and even in physics
competitions. Growth mindset and value affirmation interventions
both fall into this category and have been shown to be beneficial
in protecting participants against stereotype threat and social
identity threat.

Growth mindset

One common stereotype is that females do not have science
talent. Especially in sciences that require a lot of mathematics such
as physics, people endorse the opinion that success is built on
talent (Deiglmayr et al, 2019; see also Archer et al., 2020;
Johansson, 2020). This, however, results in a vicious cycle: Fewer
women in a field are connected to higher beliefs in talent as the
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basis for success in this domain (Bailey et al., 2019). As stereotypes
drive women to leave physics, the predominantly male gender
ratio persists and consequently strengthens the stereotypes about
female talent, which again drives more women to leave.

How can an intervention break this cycle? Aiming to change
implicit theories of intelligence takes away the basis of the
assumption that talent is essential for success.

Implicit theories of intelligence can be divided into two groups:
Entity theories, which assume that characteristics such as cognitive
abilities cannot be changed, and incremental theories, which assume
those characteristics change through effort and work (e.g., Blackwell
etal., 2007; Burnette et al., 2013). Entity theories of intelligence tend
to promote stereotypes about talent in science. Yeager et al. (2016)
tested growth mindset interventions that promoted an incremental
theory of intelligence. These interventions had three successive
steps: First, participants read information on how intelligence can
be enhanced. Second, they found examples in their personal
experience where the learned information applied and, lastly, they
wrote a letter that encouraged other students to handle struggles
based on this information. Students’ belief changed from an entity
theory to an incremental theory of intelligence after the intervention.

Also, stereotypes affected the performance of college students
less after such interventions (e.g., Alter et al., 2010), thus showing
reduced stereotype threat. Students who held an incremental
theory of intelligence also enjoyed and engaged more in academic
work (Aronson et al., 2002).

Values affirmation

Female students who enter a physics environment are
perceived as a minority whose fit and belonging are threatened
and questioned (e.g., Aronson and Inzlicht, 2004). This
uncertainty can be reduced with values affirmation interventions
that heighten the fit of self and situation (e.g., Cohen et al., 2006).
Cohen etal. (2006) asked a stereotypically threatened minority to
participate in a values affirmation intervention that aimed to
achieve self-integrity and an unthreatening environment. Students
received a list of values and were asked to choose the personally
most important one and write about why it was important to
them. Their results showed that the achievement gap, created by
racial stereotypes, went down by 40% after the intervention. The
activation of stereotypes in performance situations was also
lowered. Similar effects were shown by Cohen et al. (2009) along
with the intervention’s long-term positive impact on performance.
Nevertheless, several studies find no effects of the interventions
(de Jong et al., 2016; Bayly and Bumpus, 2019) or even goal
disengagement (Vohs et al, 2013). Still, in physics contexts,
Miyake et al. (2010) found beneficial effects for women, especially
if these endorsed stereotypes about women in science.

The present study

How are females in physics affected by stereotypes and how
can we help them pursue their interest in physics? To address
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these questions, the current study aimed to analyze two different
interventions against stereotype threat in the context of the
German Physics Olympiad. The results of previous research
suggest that brief growth mindset and values affirmation
interventions are useful in combating stereotype threat for school
(e.g., Cohen et al., 2009; Yeager et al., 2016) and college students
(e.g., Aronson et al., 2002; Miyake et al., 2010). However, to the
best of our knowledge, these interventions have not been tested in
science competitions.

The Physics Olympiad presents a typically predominantly
male science environment, while at the same time presenting a
selective sample of participants who have shown ongoing interest
in science by entering the competition and pursuing physics
knowledge beyond school education. Although the competition
does not explicitly broadcast stereotypes about women having
lacking talent for science, previous research has indicated that
stereotype threat has negative effects on female participants of
science competitions (e.g., Steegh et al., 2019; Ladewig et al.,
2020). It seems advisable to implement growth mindset and
values affirmation interventions to protect female participants of
the German Physics Olympiad from the potential damage by
those stereotypes. Implementing the interventions during the
participants’ first encounter with other Physics Olympiad
participants enables the assessment of whether these interventions
prevent stereotype threat because it marks female students’ first
exposure to the predominantly male environment. The encounter
should heighten stereotype threat and social identity threat effects
as here, female participants are first personally entering the
apparently stereotyping and predominantly male environment of
the competition. Researching both participants’ personal
agreement with stereotypes and their perception of other’s beliefs
in stereotypes within the Physics Olympiad seems advisable.

Based on previous research on stereotype threat, social
identity threat, and sense of belonging, we formed several
hypotheses. The first hypothesis focused on the benefits of the
interventions on the variables that stereotype threat and social
identity threat are theorized to impact. We assumed that both
interventions would have equally beneficial effects but that the
best results would be achieved by combining the two interventions.
Those effects were expected to continue after the seminar. As,
however, we do not expect male participants to suffer under any
social identity or stereotype threat effects, which the interventions
aim to counteract, they should also not experience changes by
participating in the interventions.

HIa: We hypothesized that female students would rate sense
of belonging higher and gender identification lower directly
after the interventions as well as several weeks after the
interventions than before the interventions. For male students,
no changes were expected.

H1b: We expected that the combination of both interventions
would have stronger effects, that is, would lead to a stronger

increase in sense of belonging and a stronger decrease in

gender identification.
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Further, we aimed to compare the female and male
participants’ assessments of variables crucial for stereotype
threat and for perceived social identity threat with the study.
Therefore, the second hypothesis can be split into three parts
based on the environment the participants were facing. At the
first measurement point, students had not yet met the other
participants and made their assessments based on previously
experienced physics environments. These perceptions were
expected to be stereotyped on the basis of participants’
experience from school and media. This study used an explicit
measure of stereotype endorsement; it needs to be considered
that the assessments, especially those of the female
participants, might differ from implicit measures (cf. Kessels
etal.,, 2006). Women might feel less inclined to explicitly agree
with negative stereotypes about women in science than male
participants do and might indicate lower beliefs in negative
stereotypes about women. An explicit measure seems,
nevertheless, appropriate as higher stereotype endorsement
was previously shown to predict higher sensitivity to the
consequences of stereotype threat (e.g., Schmader et al., 2004;
Pennington et al., 2016).

H2a: We hypothesized that, before the interventions, females
would endorse negative stereotypes about women in physics
less than males. Here, female should perceive more social
identity threat than males.

When the participants arrived at the seminar, they
encountered a predominantly male group. This again should
present a stereotypical environment. The literature suggests that
in predominantly male science groups, females identify more with
their gender (e.g., Schmader, 2002) while also feeling less
belonging and perceiving the environment to be stereotyping (e.g.,
Good et al., 2012).

H2b: We hypothesized that, after the first meeting with other
participants of the German Physics Olympiad, females would
perceive stronger environmental stereotyping than males.
We expected females to endorse negative stereotypes about
women in physics less than males.

The interventions took place in the seminars. The
interventions aimed to reduce perceptions of stereotyping for the
female participants but not for the male participants and we thus
did not expect women to perceive stereotypical cues in the
environment differently than the male participants.

H2c: We hypothesized that, directly after the interventions,
females would have equal perceptions of environmental
stereotyping and social identity threat to males in the
physics environment. We expected females to endorse
negative stereotypes about women in physics less

than males.
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Materials and methods

To study the hypotheses, we conducted a study within two
successive years of the German Physics Olympiad.

Project “Identiphy — Identity
development in physics!”

The study presented in this paper was part of the larger project
“Identiphy - Identity development in physics!” (see also Ladewig
et al,, 2022). The project included a longitudinal study with two
cohorts of German Physics Olympiad participants. Participation
was voluntary. The study included four measurement points that
took place before and after a weekend-long seminar, which was
advertised to teach additional physics knowledge and give
participants the chance to meet other participants of the German
Physics Olympiad. The study took place directly after the first
competition round, which consisted of solving physics tasks at
home, so students encountered other participants for the first time
at the seminars. Thereby, we aimed to study the regular
competition conditions: Students, most often, encounter other
highly interested and talented students for the first time when
entering the higher competition’s rounds. This was replicated with
our placing of the study after filling in the first tasks at home. Also,
we did not explicitly trigger stereotypes. In a normal competition,
this would also not happen. Students just perceive the regular
broadcasting of the the

stereotypes  in competition

and environment.

Participants

All participants in the German Physics Olympiad received an
invitation to participate in voluntary weekend seminars.
Invitations went out via e-mail or letter, and participants were
informed that declining participation would not lead to any
disadvantages in the competition and that questionnaires would
remain anonymous. All students or, if they were underaged, their
legal guardians provided informed consent before participation.

Overall, 298 students participated. Of these, 82 were
female (age: M=15.87, SD=1.22) and 216 male (age:
M=15.93, SD=1.36). 167 students participated in the first
(age: M=15.87, SD=1.26; 42 female, 125 male) and 131 in
the second cohort (age: M =15.95, SD =1.40; 40 female, 91
male participants). Students could choose one out of six
weekend seminars in the first year and one out of four
weekend seminars in the second year. At the weekend
seminars, participants formed 11 groups in the first and 10
groups in the second year. Each group was randomly assigned
to an intervention approach. In each case, the whole group
was assigned to one approach because each intervention
demanded different amounts of time and could only be easily
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included in the program if all students within one group
participated in the same intervention. Table 1 shows the
numbers of participants in each intervention method for both
years and the overall sample, who were included in the
analyses based on the intervention groups they could
be clearly associated with.

We deferred from separating the cohorts in the analysis
because they did not vary significantly in gender

7 [1]=1.13, p=0.287

or age

1[264]=-0.51, p = 0.609.

Using G*Power 3.1 (Faul et al., 2007, 2009) to calculate a
sensitivity analysis, the sample size of 278 participants, whose
assessments were clearly allotted to the three intervention groups,
has a critical population effect size of 0.08 for comparing two
groups, in this case male and female participants, for an analysis
of variance. The sample size of 278 participants has a critical
population effect size of 0.10 for comparing three groups with a
mixed analysis of variance.

Procedure and intervention methods

Figure 1 gives an overview of the study proceedings and the
scales. Students were able to choose one of the four cities in which
the seminar took place according to their own preferences.
Students registered for the seminar and received further
information on the study as well as informed consent forms.
Following the submission of those forms, students filled in a
questionnaire online and received preparatory materials covering
the physics content of the seminar.

Students arrived at the seminars without having knowledge of
the planned intervention. They were first assigned to groups
before filling in the second questionnaire. Next, the interventions

TABLE 1 Demographic data of the participants, split by intervention
groups.

Cohort1 Cohort Overall
2 sample
Growth Age M (SD) 15.96 (1.29) 16.35(1.23) 16.13 (1.22)
mindset Gender N 50 (37/13)  37(25/12) 87 (63/25)
male/female
Values Age M (SD) 1592 (1.32) 15.73(1.53) 15.84 (1.41)
affirmation Gender N 38 (31/7) 30(22/8)  68(53/15)
male/female
Combination Age M (SD) 15.76 (1.28) 15.85(1.38) 15.80 (1.33)
Gender N 70 (51/19)  53(35/17) 123 (86/36)
male/female
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took place. At the seminar, these questionnaires and interventions
took place on paper under supervision of the seminar staff.

The growth mindset intervention was adapted from Yeager
etal. (2016). Participants read a text that explained how learning
changes the brain, how to improve performance, and how to
handle struggles. Participants repeated the taught information by
answering two questions about the text’s content before writing
about a personal experience where this information could
be or had been used. The writing task was not limited in
length.

The values affirmation intervention was adapted from Cohen
et al. (2006). Participants chose one value from a list of 13 (e.g.,
“my family and friends;,” “being intelligent”) and explained its
importance and meaning for their life and possibly for their
interest in physics. The writing task was not limited in length.

In both interventions, we did not study the students’ results of
the writing task. We wanted the students to feel free to write
anything personal without feeling hindered by knowing someone
else would read it.

Every student participated in an intervention. We thus
assumed stereotype threat in the sample as previous research has
shown that female participants in science competitions suffer
under negative stereotypes (e.g., Steegh et al., 2020). No untreated
group was implemented, which is why we can only compare the
differences between the intervention methods. Thereby, we also
wanted to ensure that every student had the chance to benefit
from an intervention as stereotype threat, based on previous
literature, is to be expected within the whole sample.

At the end of the second seminar day, students again filled in
a questionnaire. Approximately 6 and 12 weeks after the seminar
students were given the chance to do further physics tasks, which
recaptured the seminar contents, and to receive feedback on their
solutions. The feedback was focused on the way the students were
able to apply the seminars’ new physics content on other physics
task. Thereby, the feedback was written as a positive support to
further use the new knowledge, while still pointing out where
mistakes were made and how to further improve in applying the
knowledge. Subsequently, students were asked to fill in the last
questionnaire online.

Measures

The questionnaires included five scales, which were used for
the analyses.

Sense of belonging

Sense of belonging was measured on a scale adapted from
Good et al’s (2012) Math Sense of Belonging scale. All 30 items
were ranked from 1 (strongly disagree) to 5 (strongly agree). In the
first and last questionnaires, all items referenced the group of the
participants’ school physics class (e.g., “When I am in my physics
lessons, I feel that I belong to the group.; first questionnaire:
Cronbach’s a=0.63; last questionnaire: Cronbach’s a=0.94),
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Graphical depiction of the study proceedings including the scales, which were used for the analyses.
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whereas, upon arrival at the weekend seminar, the seminar group
was the reference group for the first impression (e.g., “At the
moment, I feel that I belong to the seminar group.”; Cronbach’s
a=0.91) and at the end of the seminar (e.g., “During the weekend
seminar, I feel that I belong to the group.”; Cronbach’s @ =0.91).

The questionnaire consisted of five subscales measuring trust,
acceptance, negative affect (reverse coded), desire to fade (reverse
coded), and membership. As suggested by the authors of the scale
(Good et al., 2012), we used the scale without splitting it further
into subscales.

Social identity threat

Social identity threat was measured with a scale adapted from
Rattan et al. (2018), which is itself an adapted version of a scale
from Steele and Aronson (1995). The scale consists of four items
(e.g., “My gender influences the perception that others have of my
physics abilities”). The items were assessed on a scale ranging from
1 (Not at all) to 5 (Extremely). High values on this scale indicate
high social identity threat. Cronbach’s alpha was 0.82 in the first
questionnaire, 0.80 at the beginning of the seminar, and 0.76 at the
end of the seminar.

Stereotype endorsement

Stereotype endorsement was measured with a scale by
Schmader et al. (2004) consisting of three items, which were
adapted to physics (e.g., “It is possible that men have greater
physics ability than women do”). Items were ranked from 1
(strongly disagree) to 5 (strongly agree). High values indicate high
stereotype endorsement. Cronbach’s alpha was 0.71 in the first
questionnaire, 0.69 at the beginning of the seminar, and 0.69 at the
end of the seminar.

Perceptions of environmental stereotyping
Perceptions of environmental stereotyping were measured
with a shortened 4-item version of a scale by Good et al. (2012),
which is an adapted version of a scale by Fennema and Sherman
(1976). Items (e.g., “The other students in my seminar group
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believe that men are naturally better in physics than women.”)
were ranked from 1 (I do not agree) to 5 (I agree). Cronbach’s alpha
was 0.81 at the beginning and 0.82 at the end of the seminar.

Gender identification

Gender identification was measured with four items from a
scale by Schmader (2002), which is an adapted version of a scale
by Luhtanen and Crocker (1992). Items (e.g., “Being a male/
female is important for the perception I have of myself”) were
ranked from 1 (strongly disagree) to 5 (strongly agree).
Cronbach’s alpha ranged between 0.80 (first questionnaire), 0.83
(beginning of seminar), 0.83 (end of seminar), and 0.87
(last questionnaire).

Growth mindset

A scale to assess students’ growth mindset was included in the
study but not further for the here mentioned analyses. The scale
was based on a scale by Dweck (2000). The data for the
intervention group, which was supposed to achieve a growth
mindset, showed high values previous to the intervention in the
first questionnaire (M. = 3.68, SD = 0.48; Ms.pa.=3.67, SD=0.47)
and very high values in the last questionnaire after the
interventions (M. =4.16, SD=0.83; M. =4.15, SD=0.76).

Results

The analyses were, first, focusing on the effects of the
interventions, and, second, on the gender differences in stereotype
threat and social identity threat.
Effects of the interventions

With regard to Hypotheses 1a and 1b, a mixed analysis of

variance was calculated in SPSS (version 26, IBM Corp., 2015) for
sense of belonging and gender identity across all four measurement
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points. The means and standard deviations can be found in Table 2
for sense of belonging and in Table 3 for gender identity.

First, a significant main effect of measurement point was
found on belonging, F(3, 471)=379.34, p<0.001, but not on
gender identification, F(3, 471)=0.46, p=0.713. There was no
significant main effect of gender on either belonging, F(1,
157)=1.34, p=0.249, or gender identification, F(1, 157)=0.16,
p=0.695. There was also no significant main effect of the
intervention group on belonging, F(2, 157) =1.36, p=0.259, or on
gender identification, F(2, 157) =0.39, p=0.681. These results only
partly support Hypothesis la by showing changes in sense of
belonging but no gender differential effect on either variables or
changes over time for gender identification.

Hypothesis 1b is also not supported by these results as the
intervention groups did not differ. Looking more closely, the
interaction term gender x intervention group did not have a
significant effect on belonging, F(2, 157)=0.55, p=0.578, or on
gender identification, F(2, 157)=0.036, p=0.965. The further
interaction term measurement point x gender also did not show
a significant effect on belonging, F(3, 471)=1.89, p=0.131, or on
gender identification, F(3, 471)=0.50, p=0.685, indicating no
significant differences between the changes in the groups along
the measurement points. The third interaction term measurement
point x intervention group showed a significant effect on
belonging, F(6, 471)=2.97, p=0.008, but not on gender
identification, F(6, 471)=0.91, p=0.486. The interaction term
measurement point x gender x intervention group did not show a
significant effect on belonging, F(6, 471)=0.467, p=0.828, or on
gender identification, F(6,471)=1.21, p=0.301, indicating that all
groups experienced the study similarly.

Gender differences in stereotype threat
and social identity threat

To test Hypotheses 2a, b, and ¢, analyses of variance were
calculated for each measurement point to compare the assessments
of male and female participants and the assessments between the

10.3389/feduc.2022.957716

intervention groups. The means and standard deviations, split by
gender and intervention group, can be found in Table 4.

Hypothesis 2a focused on the first measurement point. Our
results show a significant main effect of gender on social identity
threat, F(1, 259)=15.53, p<0.001, but not on stereotype
endorsement, F(1, 259) =3.56, p=0.060. The intervention group
did not have a significant main effect on either social identity
threat, F(2,259)=1.49, p=0.227, or stereotype endorsement, F(2,
259)=0.17, p=0.842, nor did the interaction term gender x
intervention group prove significant for social identity threat, F(2,
259)=0.09, p=0.916, or stereotype endorsement, F(2, 259)=1.01,
p=0.367. The results indicate a confirmation of the hypothesis
regarding social identity threat, which was rated significantly
higher by females than males.

Next, Hypothesis 2b targeted the measurement point at the
beginning of the first seminar day. Our results show a significant
main effect of gender on social identity threat, F(1, 268)=9.39,
p=0.002, but not on stereotype endorsement, F(1, 268) =1.56,
p=0.213, or on perceptions of environmental stereotyping, F(1,
268)=2.74, p=0.099. The intervention group did not have a
significant main effect on social identity threat, F(2, 268) =0.76,
p=0.467, stereotype endorsement, F(2, 268) =0.46, p=0.629, or
perceptions of environmental stereotyping, F(2, 268)=0.12,
p=0.988. Lastly, the interaction term gender x intervention group
also did not prove to be significant for social identity threat, F(2,
268)=0.18, p=0.836, stereotype endorsement, F(2, 268) =0.16,
p=0.852, or perceptions of environmental stereotyping, F(2,
268)=0.43, p=0.653. Again, these results mostly contradict the
hypothesis, while the results for social identity threat — with a
higher mean for females — confirm it.

Finally, Hypothesis 2c assumed changes would occur in the
assessment of the variables due to the interventions, which is at
the third measurement point. Again, a significant main effect of
gender was found on social identity threat, F(1, 267)=6.63,
p=0.011, but not stereotype endorsement, F(1, 267)=3.28,
p=0.071, or perceptions of environmental stereotyping, F(1,
267)=0.15, p=0.703. The intervention group did not have a
significant main effect on social identity threat, F(2, 267) =0.53,

TABLE 2 Means and standard deviations of sense of belonging for all measurement points, split by gender and intervention method.

Growth mindset Values affirmation Combination
Boys Girls Boys Girls Boys Girls

M SD M SD M SD M SD M SD M SD
First assessment 3.14 0.19 3.07 0.18 3.07 0.14 3.08 0.21 3.08 0.19 3.07 0.21
point
Second 433 0.42 4.16 0.54 4.13 0.44 413 0.42 4.36 0.4 443 0.29
assessment point
Third assessment  4.52 0.38 441 0.41 4.26 0.59 436 0.39 441 0.39 4.45 045
point
Fourth 43 0.4 4.14 0.54 418 0.6 4.02 0.42 4.13 0.53 3.92 047

assessment point
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TABLE 3 Means and standard deviations of gender identification for all measurement points, split by gender and intervention method.

Growth mindset Values affirmation Combination
Boys Girls Boys Girls Boys Girls
M SD M SD M SD M SD M SD M SD
First assessment 2.88 1.23 2.79 1.03 2.56 0.77 2.85 1.11 2.64 0.91 2.4 0.85
point
Second 2.8 1.14 292 1 2.54 1.07 2.58 0.9 2.5 1.16 2.83 1.19
assessment point
Third assessment 2.59 1.28 2.67 1.02 2.55 1.02 2.6 1.3 2.47 1.07 2.76 1.31
point
Fourth 2.76 1.19 2.78 1.17 2.47 1.34 2.63 1.35 2.69 1.08 2.59 1.07
assessment point
TABLE 4 Means and standard deviations of perceived social identity threat, stereotype endorsement, and perceptions of environmental
stereotyping for the first three measurement points, split by gender and intervention group.
Growth mindset Values affirmation Combination
Boys Girls Boys Girls Boys Girls
M SD M SD M SD M SD M SD M SD
Social identity threat First assessment point 1.7 0.82 2.23 0.85 1.5 0.71 1.92 1.02 1.59 0.74 2.03 1.01
Second assessment point 1.75 0.84 2 0.69 1.58 0.67 1.98 1.01 1.77 0.76 2.11 0.87
Third assessment point 1.77 0.87 2.02 0.61 1.8 0.86 2.14 1.03 1.84 081 2.18 0.92
Stereotype endorse-ment First assessment point 2.19 1.08 1.79 0.81 2.07 0.94 2.11 0.83 2.26 1.02 1.84 0.8
Second assessment point 2.12 1.05 1.85 0.98 2.15 0.99 2.09 0.86 2.22 1 2.03 0.94
Third assessment point 2.18 1.07 1.88 0.96 2.31 112 212 1.05 2.4 1.05 2.04 0.98
Perceptions of environ-  Second assessment point 1.67 0.72 2 0.91 1.75 0.74 1.88 1 1.77 0.78 1.88 0.89
mental stereo-typing Third assessment point 1.68 0.8 2.13 0.88 1.95 0.95 1.7 0.87 1.74 081 1.74 0.89

p=0.589, on stereotype endorsement, F(2, 267) =0.67, p=0.514,
or on perceptions of environmental stereotyping, F(2,
267)=0.55, p=0.580. The same result was found for the
interaction term gender x intervention group, with no significant
effect found on either social identity threat, F(2, 267) =0.14,
p=0.873, stereotype endorsement, F(2, 267)=0.09, p=0.917, or
perceptions of environmental stereotyping, F(2, 267)=1.91,
p=0.150. Whereas the results regarding environmental
stereotyping and stereotype endorsement confirm the
hypothesis, the results regarding social identity threat
contradict it.

Discussion

What can be done to reduce the gender gap in participation
in the German Physics Olympiad? This question was addressed in
the present study. We tested a growth mindset and a values
affirmation intervention as well as a combination of both
interventions regarding their impact on the assumed stereotype
threat and social identity threat for females in the competition.
We assumed that female participants suffered from social identity
threat, which was hypothesized to be expressed in higher
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perceived social identity threat and stereotype endorsement, as
well as from stereotype threat, which was expected to be seen in
higher stereotype endorsement. We, nevertheless, expected
females and males to rate sense of belonging and gender
identification to a similarly high degree after the interventions.
This expectation was partially fulfilled. Females did not appear
to be negatively impacted due to stereotype endorsement or
perceived social identity threat after the interventions: female
contestants rated their perceived social identity threat higher than
male contestants did at the beginning of the study, and this was
still the case after the interventions, even though it had been
expected that the interventions would reduce social identity
threat. Therefore, we did not find any changes in assessments due
to the interventions. Likewise, none of the groups showed higher
impact. Females’ assessment of sense of belonging, gender
identification, stereotype endorsement, and perceptions of
environmental stereotyping did not vary before or directly after
the interventions; several weeks after the interventions, female
contestants’ sense of belonging was lower than that of males. This
contradicts the assumption of both a social identity threat and a
stereotype threat, suggesting that the interventions hindered
these — all in similarly effective ways, with no one type of
intervention being more advantageous than the others.
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Nevertheless, it needs to be mentioned that prior to the
interventions, the highly selective sample of female participants
apparently did not differ from the male participants on the
decisive variables: Females and males who participated in the
study were similar in their assessments of the used scales
Noticeably, female participants did not appear to suffer under
either stereotype threat or social identity threat effects.

No stereotype threat or social identity
threat?

The results of this study seem to indicate that this highly
selective sample is at least not hindered or harmed by stereotype
or social identity threat effects either before or after the
interventions; this contradicts previous findings on stereotypes.
However, we cannot say if these effects would be comparable
without interventions, as we did not include a control group.

First, although we expected females to suffer under threats
while participating in the predominantly male physics
seminars (see, e.g., Marx et al.,, 2005; Good et al., 2012;
Schmader et al., 2015), our results suggest that the
interventions prevented this. Even though we did not find any
reduction in the effects of stereotype threat after the
interventions, the interventions seemed to help the females to
not fall behind in sense of belonging, which could have been
expected without interventions based on social identity and
stereotype threat theory (see, e.g., Aronson and Inzlicht, 2004;
Murphy et al.,, 2007). Participating in the interventions
apparently prevented a split between the genders. Even though
we cannot draw the conclusion that the interventions reduced
any of the negative effects, we can assume that the
interventions prevented the effects from appearing in the
first place.

Second, there could be several different reasons for the results
we found. Female participants in the German Physics Olympiad
are a specific sample. They have mastered several hurdles to
compete in the competition: They have resisted rejecting cues in
a stereotypically male domain and have not shied away from a
competition rarely won by females. Entering the competition can
already be seen as an indicator of high resistance (e.g., Gonsalves
et al., 2021) to negative stereotypes, male predominance, and to
associations of physics with the male gender, which indicate less
fit and reduce sense of belonging and cause women to leave
physics (see, e.g., Cheryan and Plaut, 2010; Makarova et al., 2019).
Nevertheless, several studies showed that females in science
competitions suffer under stereotypes (see, e.g., Steegh et al., 2019).

Why was the sample of this study even
more resilient?

This study was tied to participation in a weekend seminar.
Participants were willing to spend a whole weekend in a group of
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interested and talented students (see Hoffler et al., 2019), solving
physics tasks and conducting experiments. The group thus most
likely consisted of female students who had even more interest and
wanted to deepen their knowledge in physics even more than
other participants of the Physics Olympiad. As all 539 female
participants of the two cohorts of the German Physics Olympiad
could have participated in this study but only 82 did, our sample
possibly was more engaged in the field and, therefore, more
resistant to cues that hinder females from pursuing science.

Further, our sample might vary in motivational profiles and
success expectations for proceeding to the competitions next
round to the overall group of participants (see Steegh et al., 2021).
The weekend seminars took place after the end of the first round
but before the announcement of the participants who would
continue to the next round. It could be assumed that the
participants of our study chose to be in the seminars either in
expected preparation for the continuing competition or just to
engage further in physics (see Hoffler et al., 2019). This would
imply higher interest, higher learning goal orientation, and a
higher self-concept (see Hoffler et al.,, 2017) than the average
participant — factors that could interact with an individuals
susceptibility to stereotype or social identity threat.

Stereotype threat theory apparently does not apply to this
group of participants. Thus, other factors that might account for
the gender ratio and the achievement differences in this field need
to be considered. Previous studies have suggested further starting
points, which can be separated into two main groups with regard
to their implications for science competitions.

First, possible causes might be found in the differences
between the best contestants’ characteristics and characteristics of
females, who are highly interested but not as successful (see also
the competition proceedings; e.g., Petersen and Wulff, 2017): Two
questions are interesting here: First, in which characteristics or
abilities are these contestants especially advanced? Differences
between male and female participants that may cause gender
differences and be relevant for success in the competition might
regard self-concept (see, e.g., Safl and Kampa, 2019; Vinni-Laakso
et al,, 2019), competence (see, e.g., Schorr, 2019), or parental
support (see, e.g., Hoferichter and Raufelder, 2019; Schorr, 2019).
These variables have been found to closely align with gender
differences and the achievement gap. Second, do personal
characteristics vary between the best contestants and the female
participants who drop out of the competition earlier? It appears
useful to look closely at empathy (see Ghazy et al, 2019),
motivation (see, e.g., Watt et al., 2019; Luttenberger et al., 2019a;
Dietrich and Lazarides, 2019), and interest (see, e.g., Ertl and
Hartmann, 2019; Song et al., 2019); these variables are closely
related to persistence in science and to gender differences.
Analyzing differences in these variables between male and female
participants might give insights into the personal characteristics
that hinder talented young women from succeeding to the finale.

Further research should also analyze the competition regarding
success factors that are independent of the contestants’ personal
characteristics: Do tasks and experiments especially favor male

frontiersin.org


https://doi.org/10.3389/feduc.2022.957716
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Ladewig et al.

participants (see, e.g., Sanchis-Segura et al., 2018)? Is the content of
tasks (see, e.g., Wille et al,, 2018; Wheeler and Blanchard, 2019) or
the context of the examination process more disadvantageous for
females (e.g., Sobieraj and Kramer, 2019)? Studying those factors
could help make the competition more equitable for both genders.

However, it might also be a possibility that the general
effect of stereotypes on females in science — in our case
physics — is changing. Younger generations could perceive the
world as being more equal thus suffering less under
stereotypes. The fact that the rates of girls dropping out of the
competition is higher than the boys, could, for example, just
be out of a lack of personal importance of investing into
succeeding in the competition. Which are the personal
advantages that girls gain out of competing — aside from, e.g.,
knowledge and getting to know other interested students? Are
girls and boys perceiving investing time and studying for the
competition as justifiable for their personal outcome? Future
research is thus not just asked to focus on the impact of
changing perceptions of gender and societal issues, which are
likely to impact feelings and perceptions of equality in our
societies, but also on gender difference in the significance
attributed to science.

Limitations

First, all participants in the German Physics Olympiad
received invitations to the study. However, participation was
voluntary and we cannot assume that this sample is representative
of the overall sample of contestants. Rather, we assume the
participants of our study to be more interested, engaged, and more
likely to continue in science than the other contestants. For this
highly selective sample, which is most likely to pursue a career in
physics, the theory of stereotype or social identity threat
apparently does not suffice as an explanation for the gender gap.
Future research should apply new theories to find more useful
explanatory approaches.

Second, stereotype threat was measured explicitly in this
study by measuring stereotype endorsement. Participants were
asked how much they agree with common derogatory
stereotypes about females’” physics abilities. Previous research
showed higher stereotype endorsement as a predictor of
higher susceptibility to stereotype threat (e.g., Schmader et al.,
2004; Pennington et al., 2016). We considered our explicit
method as preferential to activating stereotypes or implicitly
measuring participants’ agreement with stereotypes, as the
weekend seminar depicted the regular environment of the
competition and the measurement was combined within the
questionnaires without drawing any special attention to its
purpose. Nevertheless, explicitly measuring stereotype
endorsement might lead to divergent results, although
previous research is not congruous (see, e.g., Kessels et al,,
2006). As the assessments of stereotype endorsement were
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equally high throughout the study, we do not believe that our
results are biased. Regardless, future research should add an
implicit measure to control for social desirability effects.

Lastly, our study did not use a control group. We can thus only
assume that finding no differences between male and female
participants’ assessments after the interventions indicates
beneficial effects of the interventions on stereotype and social
identity threat. This seems the appropriate conclusion as previous
literature rather consistently showed the existence of stereotype
threat for females in science competitions. Nevertheless, future
research should include a control group to measure the extent of
the interventions’ effects.

Conclusion

This study addressed factors that are potentially responsible
for male predominance in the German Physics Olympiad.
Previous research showed that stereotype and social identity threat
are useful models to explain the underachievement and
consequent underrepresentation of women and females in science.
The results of this study, however, suggest that stereotype threat
and social identity threat are possibly not applicable to the highly
interested and engaged female participants of the German Physics
Olympiad. From the beginning, females who chose to participate
in the competition and in the study’s weekend seminars were not
affected more negatively by stereotypes or social identity threat
than their male counterparts. It thus seems that the commonly
expected harm done by stereotypes did not occur to the extent
expected. Nevertheless, further pursuing to include interventions
against stereotype threat in environments, which are highly likely
to induce the mechanism, seems important. Shielding more young
women from harmful impacts could reduce the gender gap
even further.

Why then are these females still not as successful in the
continuing competition as their male counterparts? The results of
this study suggest that other approaches need to be tested to
examine this question. We suggest looking more closely at new
approaches and concepts that do not focus on stereotypes and
social identity as the reasons for deciding against a career in
science and, instead, focus on examining a combination of the
internal and external factors behind this decision (see, e.g.,
Luttenberger et al., 2019b).

Overall, the results of this study provide a ray of hope for
physics: If the females who are most likely to continue in
science are immune to or not as affected by stereotypes as the
average female student, stereotypes might not be such a big
problem for the domain anymore. Although continuing to
fight stereotypes might encourage more females to proceed to
this level of pursuing physics, how to support those who have
already reached this stage should also receive more attention.
Nevertheless, this study shows that promising starting points
interested females in science could

for supporting
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be interventions that promote resilience and support the
development of abilities and useful characteristics.
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