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This study presents findings on the physics identity development of female students in the German Physics
Olympiad who participated in an intervention designed to support their engagement in physics. Enrichment
programs such as the Physics Olympiad have been found to positively impact students’ engagement and
intent to pursue a career in science. However, many enrichment programs, including the Physics Olympiad,
suffer from an underrepresentation of young women. The intervention investigated in this study capitalizes
on gender-related research in physics education in order to explore ways in which gender equity can be raised
in enrichment programs. To this end, we designed an identity-safe learning environment that facilitates
participating young women’s physics identity development. For example, same-sex groupings and
considerately adopted physics contents that particularly acknowledge young women’s interests (e.g., relation
to medical issues and the human body) were utilized. Overall, 30 Olympians took part in a one-day
intervention (13 females, 17 males). Positive effects in two important physics identity constructs, namely,
interest and competence, for young women were found, while at the same time no effects were found for
young men. Furthermore, the young women were more likely to participate in next year’s Physics Olympiad,
compared to the overall female Physics Olympiad population. These results indicate that the careful design
of an intervention based on gender research and science identity theory can support young women’s physics
identity development.
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I. MOTIVATION

Modern societies are driven by ever-accelerating scien-
tific and technological progress [1]. In order to ensure
future wealth, health, and sustainability in a globalized
world, modern societies must strive for excellence in the
fields of science, technology, engineering, and mathematics
(STEM) [2]. Recruiting and retaining students to STEM is a
major goal for modern societies [2,3]. A particular concern,
from this perspective, is that engagement in many STEM
domains is largely patterned by gender. Despite decades
of research on this problem, many industrialized countries
such as Germany and the U.S. show only little growth in
the representation of women in STEM [4]. Young women
are, for example, still underrepresented in many STEM
domains and have disproportionately higher attrition from
more influential positions [5]. The underrepresentation and

attrition of young women from STEM domains point to
mechanisms of gender inequity in STEM that hamper
emancipation of women in technology reliant societies and
impair advancement of STEM domains since potential
remains untapped [6].
In order to attract young students to STEM and promote

their engagement, in addition to formal learning environ-
ments, many countries implement informal science learn-
ing programs such as science enrichment programs [7,8].
Research suggests that these science enrichment programs
can support participating students in the development of
competence beliefs [9]. Also, participants retrospectively
attribute positive experiences in these programs to driving
their motivation for a science career [10]. Examples for
such programs are the science Olympiads in which high
school students from various countries compete once a
year across different science disciplines. In most of these
contests, students compete in multiple rounds against each
other, first through remote problem solving and eventually
through in-person live contests [8]. Students participating
in these competitions report positive effects on their
interest and career decisions [11]. Furthermore, research
on former participants suggests that the vast majority of the
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competitors in the higher rounds pursue a math or science-
related career and exhibit performance above average [12].
However, these programs suffer from underrepresenta-

tion and attrition of young women. Especially for the
Physics Olympiad, the underrepresentation of young
women is well documented. Young women, compared to
young men, are fewer in the initial rounds in most countries
and have higher rates of drop out from the competition at
earlier stages [13]. For example, in many countries typi-
cally around 25% of the participants in the primary stages
are young women. In the international competition, after
the teams have been chosen, only around 7% of the
participants are young women [8,14]. Focusing on the
target country in this study, gender patterns are a particular
concern in the German selection process for the Physics
Olympiad compared to many other countries [13,15].
Around 18% to 27% of the participants in the first stage
in the German Physics Olympiad are young women, while
in the final stage only around 5% are young women [8].
In the past, educators sought to change the young women

in their attitudes towards physics (e.g., through re-attribu-
tional training [16]). More recent research, however, docu-
ments how the social context (e.g., gender representation
[17]) threatens young women in their identity development.
For example, stereotypes might exacerbate feelings of
belongingness for young women or overrepresentation of
young men in physics learning environments might induce
feelings of mismatch with the context. This may establish
barriers to the engagement for young women in physics
[18]. Informal learning programs such as the Physics
Olympiad place young women in particularly threatening
contexts because men outnumber young women by large
proportions and no viable strategies with diverse perspec-
tives are set in place to challenge the underrepresentation
of young women in physics [8]. In order to ameliorate this
situation, it is important to take diverse perspectives into
mind when designing interventions such that the programs
themselves assimilate diverse goals and values that are
more equitable at their core, which eventually encourages
more young women to express their identity within these
programs.
This study seeks to explore ways to alter the social

context of the Physics Olympiad towards a greater align-
ment with the motivations and goals of young women. As a
means to do so we present an intervention with the goal
of establishing an identity-safe physics environment for
physics-interested young women in the context of the
Physics Olympiad in order to support their physics engage-
ment and their physics identity development. Identity-safe
physics environment refers to a context where the female
gender identity is neither salient nor devalued on the basis
of group constellation or stereotypes. The intervention
functions as a proof of concept in order to inform future
interventions aimed at raising gender diversity in the
Physics Olympiad and potentially other physics learning

environments. We chose to implement our study in the
context of the Physics Olympiad because the underrepre-
sentation of women is well documented in these spaces
[19]. Moreover, developing intervention strategies with
physics-interested students is a more practical starting
place for changing social contexts to further support
women who are somewhat interested in the content already.
Engaging students who have no prior experience or interest
requires a different informal science education context—
contexts which equally deserve attention but are not the
focus in this study.

II. THEORETICAL BACKGROUND

Gender issues in math-intensive domains such as physics
have been researched from different perspectives [20]. On
the one hand, research in the tradition of sociological
perspectives embraces rather holistic concepts, like agency
and broadly understood identity (in the sense of social
roles), to address the problem of underrepresentation. For
example, the influence of constraining social structures is
prominently discussed in the ways that certain identities
and social roles are culturally produced and there is a
limitation of agency, understood as the capacity to act
intentionally [21], in physics [22]. These approaches
emphasize that learning is intricately linked to societal
structures such that the sociocultural context plays an
important role for understanding individual learning rather
than mere cognitive abilities of the individual [23]. On the
other hand, research in the tradition of social psychology
capitalizes on individual variables, like stereotype endorse-
ment, interest, motivation, or sense of belonging, in order to
explain the underrepresentation of young women in math-
intensive domains like physics. Here, individual cognition
and individual learning are target constructs [16,24]. For
example, researchers came to understand the detrimental
effects on learning when the students’ gender is salient to
them in a physics classroom setting or when gender
stereotypes are present [25,26]. Both perspectives contrib-
ute to our understanding of female underrepresentation
in physics. A theory that bridges the individual and
environmental (contextual) focus is science identity.
Science identity captures important aspects, such as a more
holistic understanding of individual development and
relates to the underrepresentation of females in STEM
[27,28]. In particular, research with an identity lens has
been considered to be a “missing link” between learning
and its sociocultural context [29].

A. Physics identity

In this work, identity development is defined as the
process of searching for and settling on a set of commit-
ments to personal standards and life roles in different
social contexts [30]. This process entails the negotiation of
multiple identities that a student holds, e.g., social identities
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such as a gender identity, personal identities such as the
association of personality traits with the self, and discipli-
nary identities such as the affiliation with a school subject
for a student [31]. A student typically acts in alignment
with his or her identities in a given setting [18] and ends up
being recognized by others as a certain “kind of person” in
a context [32]. The focus of this research is on specific
disciplinary identity, namely, physics identity. In the
process of developing a physics identity the student comes
to see herself or himself as a physics person and is seen by
others as a physics person [33].
The constructs that are central to a physics identity have

been qualitatively established [27] and replicated in sub-
sequent studies [28,34]. The following constructs were
found to be integral to physics identity formation for
students: interest, recognition, competence, and perfor-
mance (see Fig. 1). Interest is the enjoyment the student has
in dealing with physics. Early interest in physics in middle
and high school was found to be a strong predictor of later
academic choices [35] and particularly dependent upon
stimulating environments [36]. For math interest it was
shown that it was related to taking up of advanced courses
in math [37]. An explanatory link for the relationship
between interest and persistence has been found to be a
student’s identity in a domain, i.e., when students become
more interested, they start to see themselves as that “kind of
person,” and ultimately choose to persist. Recognition is
the students’ perception of how much others see her or him
as a physics person. Recognition is particularly linked to
social cues. For example, the recognition by meaningful
others (parents, peers, and teachers) as a “physics person”
is strongly related to having a positive perception of the
domain [38]. Recognition by others as a “physics person”
in high school has been established to correlate with

physics identity and intended physics career [28].
Furthermore, the lack of recognition can lead to disrupted
identities [27]. Competence entails the students’ belief in
their ability to be good at the required tasks and understand
physics. Competence has been established to be important at
the outset of engagement in a domain [39]. Self-efficacy in a
domain, which is similar to competence beliefs, although
more task specific, was found to be predictive of students’
performance and later educational outcomes, and vice versa
[40]. The feeling of competence can also vary in relation to
what social context a student faces (e.g., social compar-
isons). In particular, in gifted and talented programs the
perceived competence can drop [41]. Performance refers to
educational outcomes, where it was shown that good
performance is a prerequisite to build a positive self-concept
[42]. When performance is operationalized as a performance
belief (i.e., the belief to be able to perform well in physics), it
was shown that competence and performance form one
construct for students [43].
In sum, interest, recognition, and competence or perfor-

mance (from here on competence) facilitate students’ identity
development in physics. Integrating these constructs into one
framework (Fig. 1) enables researchers to better understand
students’ academic participation and persistence in physics,
and its relation to the social context (e.g., the Physics
Olympiad) and students’ experiences in learning environ-
ments (e.g., interventions). It has been shown that this identity
configuration holds empirical strength in explaining and
predicting academic choices in STEM [28,34].

B. Gender and physics identity

When considering gender-related patterns in physics
enrollment, on average, boys and young men, compared
to girls and young women, more readily identify with

FIG. 1. Physics Identity Framework (adapted from Refs. [28,44]).
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math-intensive domains like physics and place a higher
personal value on these domains [45]. The reasons for this
are explained, at least in part, when considering the identity
constructs of interest, recognition, and competence. Boys
have been found to express an interest to deal with physics
stuff, in both school and leisure time, more than girls
[46,47]. Girls have been found to lose their interest in
physics at early ages [46,48]. Some of the disengagement is
accounted for by early childhood play. For example, boys
have more exposure and experience with toys and objects
that align with the traditional physics curriculum than girls
do [49,50]. In particular, a lack of real-world connections
and personally relevant content have been found to result in
young women disliking physics [28,49].
Considering recognition, even successful women in

science were found to lack support in their surroundings
that would lend to feelings of recognition [27]. Brickhouse
and Potter highlight that girls in physics classrooms often
express a feeling of isolation and experience a chilly
climate [51]. Similarly, other studies have found that
physics classrooms are often dominated by boys [52]
making it more difficult for girls to perform and be
recognized for what they know and can do. Furthermore,
the female gender identity is particularly threatened when it
comes to performance situations in physics [25]. Persistent
social stereotypes frame math-intensive domains like phys-
ics as something for (male) geniuses and brilliant people
[53]. Such stereotypes about women not being as com-
petent in certain domains, such as physics, can impair
performance [54]. Physics environments can even be seen
as “hazardous” by the young women who experience them
[55]. Such conflicts with ones’ gender identity eventually
lead to disengagement with the domain [24,56]. Gender
stereotypes in physics are particularly problematic for
young women [57], because they limit what female
students believe they can do in the field of physics, in
addition to their disinterest when their goals do not match
physics-related careers to begin with [58].
Abundant gender-linked research exists specifically

relating to competence beliefs. With regards to achieve-
ment, which is correlated with competence, male students
in college tend to outperform females on conceptual
understanding assessments [59]. Yet, this is not due to
innate differences in cognitive ability [20,60]. Prior
research has found that boys have an advantage in physics
experiences outside of school and that these experiences
can account for perceptions of higher competence as well
as higher performance in physics [61]. Young women
hesitate to fully engage with physics. They tend to perceive
physics knowledge in schools as heteronomous and more
difficult than other subjects [62], as well as objective and
valid for all time [63]. As indicated earlier, ability stereo-
types for young women in physics learning settings can
hamper their performance [25,64]. Consequently, in the
course of their schooling, young women, compared to

young men, acquire depressed beliefs in their ability to
perform well in physics [65].
Many researchers have sought to intervene and empower

young women to pursue physics. Carefully designed,
evidence-based intervention studies that consider the phys-
ics identity constructs were able to produce positive results
with regards to interest and engagement for young women.
For example, Häußler and Hoffmann showed that the
adaptation of the curriculum in physics classrooms to
the specific interests of girls had positive effects on physics
self-concept, a construct related to physics identity (com-
petence) [66]. Berger adopted a novel physics curriculum
with contextualized materials (x ray in medicine) and
compared students’ interest and performance to a tradi-
tional curriculum [67]. Particularly the young women who
lacked an initial interest were found to benefit the most
from the new curriculum in terms of interest and perfor-
mance gains. Also, an active physics classroom (e.g.,
through hands-on experiments) had positive effects on
engagement [68]. Small-scale interventions can also have
positive effects for students that identify with groups that
are historically marginalized in physics learning settings
[69]. Such small-scale interventions account for the poten-
tially threatening nature of certain situational cues in social
learning settings by providing strategies to the students
that better protect the targeted students from identity
threats. An important message from these interventions
is that even small-scale interventions that target processes
of identity threat can show abiding effects even after years
for students that identify with marginalized groups [70]. An
integrated approach that brings together approaches from
multiple interventions to facilitate engagement for young
women in physics settings and promote their physics
identity development may be most beneficial, and thus
provide strategies for the physics community to tackle the
problem of female underrepresentation in a more holistic
and meaningful way.

III. RESEARCH QUESTIONS

In order to explore ways for altering the social context of
the Physics Olympiad towards more gender equity and thus
facilitating physics identity development for young women
through such informal science programs, we designed a
research-based intervention in the context of the selection
process of the Physics Olympiad in Germany. This inter-
vention is meant to facilitate physics identity development
for participants of all sexes in the Physics Olympiad with a
particular focus on young women in the competition. In
order to do so, the intervention strives to provide an identity-
safe context for the young women who already participate in
the Physics Olympiad where they experience themselves as
competent problem solvers. Overall, the students were given
a one day in-person intervention where they came together
and worked on physics problems in a carefully designed
learning environment. The intervention’s target population
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is adolescent students, in particular young women who
participated in the Physics Olympiad. Researchers have
argued that high school, which is the time period in which
the Olympiads occur, is an important moment for engaging
young women with physics and tackling the problem of
underrepresentation [71]. These young students are in their
adolescence and thus move through a developmental period
where they discover and develop their (gendered) identities
[72,73]. In this developmental stage, adolescents consolidate
their commitments to life plans and projects [73,74], and
young women build their motivation to become physicists
[75]. Besides the academic strength of the young women in
the intervention and their potential to excel in physics, these
students tend to be affected by messages from the social
environment (e.g., ability stereotypes) [76]. It has been
argued that young women with an academic strength in
science or mathematics might be especially responsive to
STEM-related interventions [77] with regards to their
identity. The physics identity constructs informed the design
for the intervention and the research questions are tailored to
the physics identity constructs and to indicators of engage-
ment in the Physics Olympiad.
RQ 1: How does the physics identity of young women and

men who participate in the intervention develop where the
intervention was designed to specifically address the physics
identity constructs interest, recognition, and competence?
Besides the measures for identity constructs, we were

interested whether the students changed their attitudes
towards the Physics Olympiad itself since this would
indicate important effects of the intervention. In other words,
the intervention will be considered a proxy for the Physics
Olympiad, such that a positive experience in the intervention
might translate into a more positive (negative) attitude
towards further participation in the Physics Olympiad itself.
Ultimately, we also tracked whether the students enrolled in
the next year’s Physics Olympiad as an indicator for the
students’ affiliation with the Physics Olympiad.
RQ 2: To what extent do participating young women

and men change their participation (intended and actual
participation) in the Physics Olympiad?

IV. METHODOLOGY

A. Setting

Approximately 1000 students from more than 300
schools in Germany participate each year in the German
Physics Olympiad in four subsequent rounds that tax,
amongst others, the students’ physics problem solving
skills. In this process, we implemented the one-day
intervention between the first and second round of the
2015’s Physics Olympiad, because at this point the par-
ticipants are most amenable regarding their potential future
engagement in the Physics Olympiad. For example, only
approximately half the students who are young enough to
participate in the next year’s Physics Olympiad do so.

Three different locations (high schools and research sites)
were chosen where the students received the intervention
in three separate groups, each at one of the locations in
November 2015. The intervention took approximately six
hours on a single day. First, a small introductory game to
get to know each other was played and same-sex groups
were formed. These groups were seated at group tables and
a discussion session was available for phases in which the
whole group discussions took place (e.g., when results to
the problems were compared). The students then worked
through topics in radiation physics as an essential topic in
the curriculum of the Physics Olympiad: waves and
oscillations, light as electromagnetic wave, properties of
waves, and an experiment on light diffraction. In order to
test the effects for the physics identity constructs (RQ 1),
the participants took pre- and postsurveys with all relevant
measures before and after the intervention, as will be
detailed later. The presurvey took approximately 50 min
and the post survey took approximately 30 min, additional
to the 6 h of the intervention time. The surveys were ad-
ministered right before and after the instruction took place.
We furthermore tracked the students’ participation in the
next year’s Physics Olympiad that started in April 2016.
Typically, around 40%–45% of the students who are young
enough in the population of the Physics Olympiad also
participate in the next year’s Physics Olympiads.

B. Design of the Intervention

Steele noted that it is important to “render[] onto the right
students the right interventions” [76]. In order to design the
right intervention we reflected upon the findings of prior
research. We identified studies with findings that relate to
the physics identity constructs interest, recognition, and
competence. The integration of appealing and relevant
physics content, a careful consideration of the social
environment (e.g., constellation of groups), and the instruc-
tional strategies are each closely linked to the identity
constructs. These different design aspects of the interven-
tion will be considered in detail in the remainder of this
section. See Fig. 2 for an overview of the particular design
elements that were adopted in the intervention. We do not
assume single paths from the design elements to certain
constructs of physics identity. For example, in referencing
self-determination theory, Krapp points to the interrelated-
ness of competence beliefs in a setting and the resulting
interest to deal with content in this domain [78]. Similarly,
same-sex groupings during an intervention might affect
recognition by the community and competence beliefs at
the same time.
Motivating and relevant physics content.—Young

women and men differ in their motives to pursue physics
and in their particular interests in different physics content.
For example, Seymour and Hewitt show that a consistent
motive for young women to switch STEM subjects away
from physics was that they want to help other people [79].
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Young women preferably choose biological science and
medicine from amongst the STEM fields [80]. These
insights into occupational motives are well replicated with
interest studies in physics. Hoffmann et al. [49] and the
ROSE study across multiple countries [81] are just two
examples. Young women particularly show an interest in
medical-biological contexts such as “cancer—and how we
can treat it” [82]. Stadler et al. remind us that many contexts
that are particularly interesting to females are also interesting
to male students [83]. For example, young men have been
found to rate medicine as equally high in terms of interest
compared to technical contexts [84]. For this intervention we
focused on structural analysis using diffraction and particu-
larly tied in the context of the use of x-ray diffraction in
uncovering the structure of human DNA. This emphasizes
the social relevance of physics knowledge and it is a context
that is directly linked to biology, medicine, and the human
body. Rosalind Franklin was introduced to the students as
the scientist who paved the way to the structural analysis of
human DNA with her famous diffraction picture of DNA
(“Photo 51”). In order to realize an experimental setup that
the students could safely use, rather than x ray, we used
visible light. Our content was guided by research and the
International Physics Olympiad 2015 problems that utilized
an experimental problem related to this content [85]. For
example, a laser-pointer was used to model the radiation and
thin gauge wire for the structure of DNA. As such, this
experiment directly relates to important life-science aspects
that are part of physics as well.
Critical mass and same-sex groupings: In order to

facilitate more opportunities for recognition, same-sex
small group work was utilized since men in mixed-gender
groups have been found to dominate and the intellectual

contributions of female students suffer in these constella-
tions [26,86]. Having same-sex groupings was proposed to
allow women in the small group work to be able to
recognize each other and ensure that they had a voice in
the activities [17,86]. The small groups ultimately came
together to collectively share ideas and findings with the
whole seminar group providing further opportunities for
being recognized. Furthermore, research suggests that the
male-to-female ratio is an important feature to limit identity
threats and facilitate recognition [86]. The male-to-female
ratio in groups has been found to make one’s gender salient
which leads to more gender-stereotypical behavior, i.e.,
men dominating the discussion with women receiving less
recognition for their ideas [26]. When gender becomes
salient for young women in physics settings their perfor-
mance is negatively affected [25]. Young women in same-
sex classes, for example, were also shown to have a greater
interest in science than those in mixed-sex classes [87]. In
order to lower the salience of the students’ gender identity,
we sought to bring together young women and men in
equal ratios (50∶50) for the entire intervention, although
our sample was slightly unbalanced (13 female, 16 male).
Ratios of 50∶50 have been found to be as effective as ratios
in which young women were in the majority [17]. Having
50∶50 ratios instead of a single-sex intervention also
enabled us to make the environment a little more authentic
to what students would experience in terms of the male
gender representation in the Olympiad (e.g., in the later
rounds of the Olympiad, female representation is usually
less than 15%). The intervention group consisted of enough
young women to form more of a critical mass, i.e., a
sufficient representation such that a student’s gender does
not become salient and impair her engagement.

FIG. 2. Design elements of the intervention.
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Cooperative methods.—Potvin and Hasni, in their review
of empirical research on cooperative learning (i.e., “learners
interacting and working together to facilitate acquisition or
problem solving, by sometimes sharing experiences and
knowledge”, p. 104), established that cooperative learning
has a positive effect on interest, motivation, and attitude
[88]. In particular, female students have been found to
appreciate cooperative learning methods [89]. For example,
especially for young women in early adolescence, contacts
with friends occur more frequently compared to young
men [90] and young women, on average, have a strong
inclination towards social aspects, e.g., communication
[91]. Also, women tend to place a stronger focus on
interpersonal relations in their developing identities [92].
In the intervention, the students were encouraged through
instruction to work together in pairs and with four students
interchangeably.
Positionality of instructor.—Reflecting on positionality

is a crucial aspect when considering engagement for
marginalized groups in physics. According to Davies
and Harré, positionality accounts for the allocation of
responsibility and status in local social settings [93].
While the instructor in our intervention might be seen as
a prototypical representative for the competition context
(white male Ph.D. student), he was also reflective of his
positioning and conscious of relevant issues that were
found to depress young women’s physics identity develop-
ment. Drury et al. encourage the idea that males should
function as well as role models and mentors so that
diversification is not seen as a female issue but rather a
societal issue [94]. As such, a representative of the
competition context can also be seen as a mentor [53,95].
Active physics and hands-on-experiments.—In the inter-

vention the physics concepts that were dealt with (focusing
on light diffraction) were divided into coherent learning
sequences. The students were provided materials and
experiments in order to give them the opportunity to
meaningfully engage with learning the concepts. Phases
of cooperative work were usually followed by a coming
together of students in bigger groups in order to share the
results. It was emphasized for students to draw their own
conclusions and generate insight (active physics classroom
[96]). As suggested in active physics instruction, qualitative
understanding of concepts was given considerable attention
throughout the intervention [97]. The role of the instructor
was to support the students in their learning process [66].
For women, compared to men, a known challenge is the
often documented difference in prior experiences and
background knowledge in physics [48,98]. This lack of
prior experience with physics seems to be one reason that
young women particularly benefit from carefully con-
structed active learning scenarios and hands-on experiences
[99]. This is because active learning can particularly reduce
the reliance on prior-knowledge and enable the learners
with first-hand experiences in the course of the learning

activity. Thus, all participants were provided with oppor-
tunities to experience and engage with the physics phe-
nomena as well as share their results. For those who were
quick to understand the concepts and carry out experi-
ments, additional activities were provided.

V. INSTRUMENTS

In order to test the effectiveness of the intervention, a
host of constructs was surveyed. In order to do so instru-
ments were utilized from science education, in particular
science identity research. These instruments were adapted
to the Physics Olympiad context, since, to our knowledge,
no prior interventions in informal science settings have
been designed to analyze the development of the identity
constructs. Table I gives an overview of the constructs
surveyed together with additional information such as
the time the instrument was administered, the number of
items (No.), the internal consistency as measured through
Cronbach’s α (or Spearman-Brown for 2-item scales), and
one sample item.

A. Interest

Interest is not a monolithic construct [100], but rather
conceptualized on the basis of different aspects that might
be concealed in aggregated scales [49]. As indicated in
Table I the different interest scales are Content interest in
physics, Physics class interest, and Situational interest
(post). A general physics interest (scale: Content interest in
physics) was used in order to measure baseline physics
interest [101]. Since we did not expect a single intervention
to change the students’ content interest in physics, this was
measured only prior to the intervention as a baseline
comparison for participants. Such broad measures change
in the course of schooling, but not due to one-time
interventions [78]. The corresponding items were measured
on a 4-point Likert scale (1: “disagree” to 4: “agree”). The
internal consistencies are satisfactory for these scales (see
Table I). Finally, we measured interest for physics class
(scale: Physics class interest) with an item where the
students rated how interesting they find their physics class.
The item is displayed in Table I. The responses for this item
were measured on a 5-point Likert scale (1: “do not like it”
to 5: “enjoy it very much”). The interest for school physics
classes is a confounding variable and is included to rule out
group differences between students with respect to their
interest for their physics class. It has been argued that
content interest and course interest in physics are distinct
from each other [49]. In order to check how interested the
students were in the intervention topic, a scale by Fechner
[102] that measures situational topic related interest was
used as a post measure and we called it Situational interest
(post). See a sample item in Table I (as for all other scales).
The items were measured on a 5-point Likert scale (1: “not
true” to 5: “true”).
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B. Recognition

For recognition we came up with separate measures for
the contexts of the Physics Olympiad and physics class,
since recognition in the one context might differ from the
other context. Recognition was measured pre and post on a
4-point Likert scale (1: “untrue” to 4: “true”). The physics
class recognition items were similar to the items for the
Physics Olympiad, just replacing Physics Olympiad with
physics class, and Physics Olympiad team with physics
teacher. The Spearman-Brown formula was used to calcu-
late the internal reliability, since it more appropriately
measures two-item reliability than Cronbach’s α [103].
The reliabilities for recognition are rather unsatisfactory
(see Table I) as will be discussed later.

C. Competence

As with recognition, the competence beliefs measures
were tailored to the competition context (Table I) since we
did not expect the students to develop broader physics
competence beliefs as a result of a single intervention. It has
been argued elsewhere that scales such as self-concept
(which is similar to competence) should be conceptualized
with regards to the context [104]. Furthermore, it is
different for a student to feel competent in a physics

competition context as compared to a physics classroom
context, since the Olympiad context comprises physics-
interested students that eventually compete with each other
[104]. We adopted items that closely fit the descriptions
of the constructs within the science identity literature [28]
(see Table I). Competence was measured pre and post on a
4-point Likert scale (1: “untrue” to 4: “true”). The reli-
abilities are satisfactory. Additionally, we measured com-
petence beliefs for physics class. Only one item addressed
competence in physics class. One item scales are compa-
rable to multiple item scales when the construct is simple,
and has a single-meaning attribute (e.g., liking) [105].
Usually competence items fulfill these requirements and
show very high internal reliability [105]. The item reads
“I feel competent to solve problems in my physics class.”
It is measured on a 4-point Likert scale (1: “untrue” to 4:
“true”).

D. Engagement in Physics Olympiad

To measure intentions to persist in the Physics
Olympiad, students placed a cross on a continuous scale
that indicated how likely they thought they were to
participate in the next-year’s Physics Olympiad. The
anchors on the scale were “not likely” and “very likely.”

TABLE I. Overview of instruments that were measured in the intervention.

Construct Scale Time No. α Sample item

Identity constructs:
Interest Content interest physics 1 5 0.84 “In general I enjoy doing physics.”

Physics class interest 1 1 “How much do you enjoy your physics
classes in school.”

Situational interest (post) 2 6 0.83 “The topic of the seminar was very
interesting to me.”

Recognition Recognition in Physics Olympiad 1,2 2 0.45, 0.59 “I feel that the IPhO-team recognizes my
engagement in the Physics Olympiad.”

Recognition in physics class 1,2 2 0.59, 0.60 “I feel that my physics teacher recognizes
my engagement in the physics class.”

Competence Competence belief in Physics
Olympiad

1,2 2 0.80, 0.96 “I feel competent to solve the tasks in the
Physics Olympiad.”

Competence belief in physics class 1,2 1 “I feel competent to solve the tasks in the
physics class.”

Further engagement: Intent of further participation 1,2 1 “How likely will you participate in the
next year’s Physics Olympiad?”

Actual participation in next year’s
Physics Olympiad

3

Covariates Self-reported gender 1 1
School Subjects
(grades and interest)

1 “How much do you like [subject]?”

Parental background 2 “What is the highest educational degree
of your mother?”

Support by teachers, parents,
and peers

1 4 0.66, 0.69, 0.69 “My teacher (parents, peers) actively
support(s) me in my physics
engagement”

Performance in Physics Olympiad 1 4
Content knowledge (CK) 1,2 14
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The item was scored based on the distance from the “not
likely” anchor divided by the total length of the scale. In
order to account for the measurement uncertainty of the
subjective choice the responses were binned. In order to do
so the scale was cut into 8 equidistant intervals and each
response was classified accordingly based on its measure-
ment for its position on the line. Students’ intentions to
persist were measured pre and post. Furthermore, in order
to see whether students further engaged in the competition,
we tracked the students’ enrollment in the next year’s
Physics Olympiad.

E. Covariates

Several background variables were used in order to
ascertain comparability of male and female subgroups.
Demographic indicators (such as self-identified gender,
education of parents [101], support by meaningful others)
were used to control for differences since such measures
have been linked to educational outcomes [106]. Note that
all the students in this study self-identified as male or
female and gender fluid identities were not self-identified.
Students’ grades1 in school subjects (physics, math, chem-
istry, biology, German, English) were collected to ensure
that no differences in academic achievement were present.
Also, interest in school subjects was measured with a single
item (“How much do you like [subject]?”). This item had a
5-point Likert scale (1: “not at all” to 5: “very much”).
Interest in school subjects is an important indicator which
accounts for motivational issues and is used here to
characterize and compare the sample with respect to gender
differences. Performance in the Physics Olympiad was
collected as a baseline comparison for prior engagement in
the competition. This measure is a number score given by
the teacher on the basis of a solution sheet for four
homework problems in the Physics Olympiad’s first round
(maximum is 40 points). Another important covariate was
the support by teachers, parents, and peers with reference to
the Physics Olympiad. Especially with respect to gender,
consistent differences can be found in the support by
teachers and parents [49,107]. Based on prior research
where these differences have been found, we developed
scales to measure the support by teachers, parents, and
peers. Each scale contained 4 items and is measured on a
4-point Likert scale (1: “agree” to 4: “disagree”) with
satisfying internal consistencies (see Table I).
In order to teach meaningful content, a content analysis

was carried out for the physics curricula of the federal states
in Germany as collected from the respective ministries
of education. Additionally, the content coverage for the
International Physics Olympiad was consulted.2 These
documents were reviewed with regards to content that

relates to electromagnetic radiation, and more concretely,
the content of the intervention. A learning sequence for
radiation physics emerged from this. The learning sequence
was as follows: waves and oscillations, light as electro-
magnetic wave, properties of waves, and an experiment on
light diffraction. These contents formed the basis for the
tasks in the content knowledge (CK) test that was admin-
istered pre and post in order to check if there were gender
differential effects for learning gains (performance) from
the intervention. Though administering tests in informal
learning environments is contested [108], we considered
that the Physics Olympiad in itself is particularly focused
on problem solving performance such that acceptance
amongst students will be high and important information
would have been lost had we not included a content
knowledge test. For item development in this test, a physics
book [109] and an online resource (www.leifiphysik.de)
were consulted. These tasks were transformed into a
multiple-choice assessment with 14 items. Each multiple-
choice item had four alternatives, one correct answer and
three distractors based on commonly held preconceptions.
Most importantly, the items specifically covered the content
that was the focus of the intervention. Right after each
content item the students were given a confidence scale
where they indicated how confident they felt about their
answer on a 4-point Likert-scale from “very uncertain” to
“very certain.”

VI. SAMPLE

All young women (N ¼ 31) that could participate in the
next year’s Physics Olympiad (2016) and reached the
second round of the 2015’s Physics Olympiad were
solicited for participation. Young men were matched with
regard to similar performance in the first round of the
German Physics Olympiad and were also solicited for
participation. However, four of the participants (3 female,
1 male) were invited despite the fact that they did not
participate in the German Physics Olympiad prior to the
intervention. They were nominated by their respective
teachers and were all familiar with the Physics Olympiad.
In total, 42% of the invited female students and 50% of the
invited male students participated in the intervention.
Overall, 30 students took part in this intervention (13 female,
17 males). Data for one student is missing because he was
not able to participate in the first survey administration.
Thus, complete data are available for 29 students (13 female,
16 males3). The students came from various places in
Germany, and the majority did not know each other. All
the students who participated in the Physics Olympiad had
successfully passed the first round and were working on the

1Note that in the German school system a grade of 1 is best,
whereas a grade of 6 is worst.

2see: http://ipho.org/syllabus.html, 12 December 2016.

3Note that the students self-identified as females and males in
the Olympiad’s online platform and in the questionnaires admin-
istered in the intervention study. Thus, only female and male
gender identities are considered in the following.
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second rounds’ physics problems at the time when the
intervention occurred.
Since young women and men differ in the population

with regards to background variables such as interest in
school subjects or physics performance, we first assessed
whether such differences appeared in our sample. This is
important because, for example, a different baseline interest
might affect the experiences that students make in the
intervention and thus limit the conclusions of our analyses.
Therefore, the means and standard deviations for young
women and men in the background variables are displayed
in Table II. Since young men function as a control condition
for the effects of young women, both of these groups are
contrasted with t tests. No significant gender differences
were found in the sample in all but one of the background
variables (Table II). The age of the participants was
different with respect to gender, an effect that cannot be
controlled for in the statistical analysis.4 This will be
discussed later on.

VII. ANALYSIS

In order to explore possible effects, the data were
analyzed with statistical hypothesis tests that detect mean-
ingful effects against their likelihood of occurring by mere
chance. We emphasize that our data are not meant to test the
science identity theory, but rather to explore possible effects
that can be expected to be observed when considering the
identity constructs in an intervention in an informal science
setting. To address parts of RQ 1 and RQ 2 analysis of
variance (ANOVA) was used. The ANOVA compares
several means of groups and is robust against violations
for the normality assumption. In order to account for the
dependent measures over time, a factorial repeated mea-
sures ANOVAwas used with time and gender as within and
between factors, respectively. We used the statistics soft-
ware R with the package “ez” (version 4.4-0) to perform

this analysis [110]. Mainly type II sums of squares were
used [111]. To report effect sizes a generalized eta squared
(η2) was used that is comparable with the well-known eta
squared (η2) from ANOVA [112]. When we used t tests, an
effect size r was calculated. The effect size measure r can
be used to characterize the strength of an effect. If r is
bigger than 0.30 the effect size is considered of medium
size. An effect size of r > 0.50 is considered a large effect
[110]. Even though the ANOVA is robust against violations
of the normality assumption, nonparametric tests were
included at times (RQ 1) in order to test the effects without
making the normality assumption [110]. Wilcox rank sum
test compares group means and can be used for repeated
measures as well. When the dependent variable was not
measued pre and post (RQ 1a), ANCOVA was used to
account for other influencing variables. In order to check
whether the predictors were independent of the focal
categorical predictor variable, i.e., gender, a MANOVA
was used. A MANOVA can accommodate for multiple
dependent variables and assess the association of a pre-
dictor variable with the dependent variables.
Overall, amongst the dependent variables, 9% had

missing values. Regression random imputation [113] was
used as a means to retain these values for the analyses.
In order to impute the values, regression models were fit
with gender, age, and competence beliefs in physics as
predictors.

VIII. RESULTS

The results section is arranged alongside the RQs: how
does physics identity develop for students that participated
in the intervention (RQ1), and to what extent does the
intervention affect young women’s and men’s intended and
future participation in the Physics Olympiad (RQ2). RQ1 is
subdivided into the different identity constructs: interest
(RQ 1a), recognition (RQ 1b), and competence (RQ 1c).
A similar division is done for RQ 2. Here, the intention
for future participation in the Physics Olympiad (RQ 2a),
and the actual future participation (RQ 2b) are presented

TABLE II. Sample differences in background variables with respect to students’ gender.

Variable men MðSDÞ women MðSDÞ t statistic p value

Age 16.80 (0.73) a 15.80 (0.96) a tð18.23Þ ¼ 2.78 <0.05

Support
Teachers 3.48 (0.48) 3.45 (0.56) tð26.88Þ ¼ 0:17 0.87
Parents 2.71 (0.82) 2.60 (0.63) tð22.33Þ ¼ 0.41 0.69
Peers 2.31 (0.62) 2.24 (0.76) tð27Þ ¼ 0.26 0.79

Grades 1.38 (0.39) 1.55 (0.26) tð18.09Þ ¼ −1.27 0.22
Performance in Physics Olympiad 28.75 (5.61) 25.65 (9.33) tð13.1Þ ¼ 0.95 0.36
Interest in school subjects 3.98 (0.58) 3.66 (0.35) tð19.34Þ ¼ 1.75 0.10
Intent of further participation in Physics Olympiad (pre) 6.50 (1.90) 6.31 (1.93) tð25.60Þ ¼ 0.27 0.79

* p < 0.05; **: p < 0.01; ***: p < 0.001.

4Note that the significance disappears when the p-value is
adjusted for multiple comparisons, e.g., through Bonferroni
correction.
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separately. Finally, we also examined gains in content
knowledge as a result of the intervention.

A. Interest (RQ 1a)

Figure 3 presents an overview of the interest scales. Note
the variables are z scored (around grand mean of each
variable) in order to highlight differences between the
gender groups and account for different response formats
of the interest scales. The effects of gender on situational
interest (post) is assessed through an ANCOVA. In order to
ensure that gender was independent of the other predictors
(i.e., content interest in physics and physics class interest)
prior to running the ANCOVA, a MANOVA was imple-
mented. The results indicated that the predictors do not
depend on gender, Fð2; 27Þ ¼ 1.69, p ¼ 0.202. In order to
better understand the influence of gender on situational
interest (post), with physics class interest and content
interest in physics controlled for, an ANCOVA was
calculated with situational interest (post) as the dependent
variable. The model explained 21% (R2

adj ¼ 0.21) of the
variance in situational interest (post). Gender had a sig-
nificant main effect, β ¼ 0.66, se ¼ 0.21, t ¼ 3.18,
p < 0.01, after controlling for the other influences. No
other effects were significant.

B. Recognition (RQ 1b)

For recognition there was a main effect for gender in the
repeated measures ANOVA, Fð1; 28Þ ¼ 8.17, p < 0.01,
with a medium effect size of η2 ¼ 0.15 (see Fig. 4). The
young women reported higher recognition in the Physics
Olympiad than the young men across both time points. For
recognition in physics class the effect for gender was not

significant, Fð1; 28Þ ¼ 3.54, p ¼ 0.070. The effect for
time was also not significant.

C. Competence (RQ 1c)

A repeated-measures ANOVA was used to examine
whether competence in the Physics Olympiad was signifi-
cantly different for women and men before and after the
intervention (see Fig. 5). The time main effect was not
significant. However, there was a significant interaction
effect between gender and time, Fð1; 28Þ ¼ 5.23,
p < 0.05, with a small effect size η2 ¼ 0.02. This means
that young women improved their competence belief
within the Physics Olympiad over time compared to young
men. Even though ANOVA is robust with respect to the
normality assumption for large samples [114], nonpara-
metrical tests were also used since the variables were not
normally distributed and our sample was small. TheWilcox
signed rank sum test was used to test effects [110]. The
change over time for the female students is significant,
V ¼ 45, p < 0.01, with a large effect r ¼ 1.00, whereas for
the males this effect is nonsignificant, V ¼ 30, p ¼ 0.82.
For competence in physics class, no main effects were

significant. As with competence in the Physics Olympiad,
a significant interaction between gender and time was
found, Fð1; 28Þ ¼ 4.87, p < 0.05, with a small effect size
of η2 ¼ 0.07. Similar to feelings of competence with respect
to the Physics Olympiad, the young women, compared to
young men, showed a significant increase in their feeling of
competence for their physics class after the intervention.

D. Engagement in Physics Olympiad (RQ 2a and 2b)

The participants in the interventionwere asked pre and post
how likely they would participate in the next year’s Physics
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FIG. 3. Means and standard errors for interest measures with regards to gender differences (note that the variables are standardized).
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Olympiad (RQ2a). In the postmeasurement themale students
had a mean of 6.46 (SD ¼ 1.85) on the 8-interval scale. The
mean thus falls in the interval that indicated a 75% to 87.5%
likelihood of participating again in the next year’s Physics
Olympiad. The female students had a mean of 6.25
(SD ¼ 1.66) which falls into the same interval, 75% to
87.5% likelihood of returning to the next year’s Physics
Olympiad. No significant effects for time, gender, or the
interaction of both appear in the repeated measures ANOVA.
Considering RQ 2b, in the overall population of com-

petition participants in the Physics Olympiad 2015–2016,
39% of the males and 28% of the females (who were not in
their final grade in high school) participated again in the

competition. For the participants in the intervention that
also participated in the earlier Physics Olympiad, 62%
(10 out of 16) of the young men and 60% (6 out of 10) of
the young women participated in the next year’s Physics
Olympiad. For the students that did not initially participate
in the Physics Olympiad, 33% (1 out of 3) of the young
women and none of the young men (0 out of 1) participated
in the next year’s Physics Olympiad.

E. Content knowledge

Using the 14 item content knowledge test specific to the
intervention topics, we examined whether young women
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FIG. 4. Means and standard errors for recognition over time with regard to gender.
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and men had comparable gains in content knowledge and
confidence after the intervention. The effects for content
knowledge were examined over time and between gender
groups with a two-way repeated measures ANOVA.
The items in the CK test were solved postintervention
both more accurately and with more confidence. The
effect for time is significant and large for CK and
confidence, Fð1; 23Þ ¼ 55.41, p < 0.001, η2 ¼ 0.24 and
Fð1; 23Þ ¼ 121.18, p < 0.001, η2 ¼ 0.48, respectively. No
gender differences appeared either in confidence or per-
formance over the intervention.

IX. DISCUSSION

As a means to increase gender equity in informal science
learning programs such as the Physics Olympiad, the
intervention presented here allowed us to explore the
effects that we can expect when designing an intervention
in this context grounded in physics identity theory. The
intervention aimed to support engagement and physics
identity development for young women who participate in
the Physics Olympiad in Germany. The results are sugges-
tive of the conclusion that young women were positively
affected with regards to physics identity by this intervention
while no detrimental effects appeared for young men. For
example, young women and men equally gained content
knowledge and confidence in their responses in the content
knowledge test. This gives us confidence that no gender
was at a disadvantage with respect to the content that was
taught. Both genders learned equally in terms of conceptual
and factual knowledge. With regards to the identity con-
struct interest (RQ 1a) it was shown that the young women
were particularly interested in the intervention contents
reversing the traditional gender difference observed in the
literature of male students being more interested in physics
than female students [115] and is consistent with studies
that indicate that targeted interventions can enhance young
women’s interest in physics [67]. Young men were not
negatively affected by the intervention with respect to
interest. Although it cannot be seen in Fig. 3, the young
men expressed a high situational interest (post). For exam-
ple, the unscaled mean of the males is 3.78 (SD ¼ 0.58),
which is significantly larger than the mean of the scale
(i.e., 3.00), tð16Þ ¼ 5.54, p < 0.001. Furthermore, young
women responded more positive on the identity construct
recognition (RQ 1b) in the Physics Olympiad than young
men. We did not expect this pattern to emerge, however, a
possible explanation would be that the young women were
more affected that they were subject to an intervention in the
context of the Physics Olympiad compared to the young men
and thus felt more recognized by the Physics Olympiad.
Another explanation would be that young women in general
need a higher feeling of recognition by the community in
order to subscribe to a program such as the Physics
Olympiad. This aligns with the finding by Lock, Hazari,
and Potvin, namely, that women require a greater recognition

in physics in order to persist [116]. On the other hand, this
result resonates with the finding that young women, com-
pared to young men, were sometimes found to score higher
in school aspiration and attitudes, such as recognition by
others [117]. Recognition does not change for either young
women or men. However, the low internal consistency of the
scale reduces the validity of any such conclusion. The low
internal consistency might stem from the fact that the
constructs of “IPhO-team” and “other” are very different
for students (see items in Table I). With regards to the third
identity construct, competence, the young women improved
their competence beliefs towards the Physics Olympiad and
the physics classroom throughout the intervention (RQ 1c).
The values for competence for young men remained
unchanged, MðpreÞ ¼ 3.74, SD ¼ 0.89; MðpostÞ ¼ 3.64,
SD ¼ 0.97; tð31.73Þ ¼ 0.29, p ¼ 0.777, r ¼ 0.05.
To back up these findings, we included further measures

that relate to positive affiliation with the Physics Olympiad
(RQ 2). While there were no gender effects for the reported
intent of future participation in the Physics Olympiad (RQ
2a), this can be interpreted as a promising result given the
typically high attrition rate of women in the Physics
Olympiad. Furthermore, we tracked students’ participation
in the next year’s Physics Olympiad and found an overall
higher return rate of the participants in this sample
compared to the population (RQ 2b). The return rate for
young women in the intervention group was 60% while the
return rate for young women in the overall Olympian
population was 28%. For the young men, this return rate
was also higher for the intervention group (62%) than for
the general population of male Olympians (39%).
Given the sample and the size of the intervention the

results have to be interpreted cautiously with regard to
inferences for the Physics Olympiad population and
beyond. First, the high initial motivation of these students
points to a potential shortcoming of the intervention design
and conclusions, i.e., these students are already more
motivated towards physics and the Physics Olympiad than
most other students. However, the performance of the
participants in the intervention turns out to be not signifi-
cantly different compared to the performance of the
general Olympian population [MðinterventionÞ ¼ 27.56,
SD ¼ 7.25; MðOlympiadÞ¼24.76, SD¼10.4; tð33.75Þ ¼
1.82, p ¼ 0.077] which indicates that the intervention
sample is in some respects similar to the overall
Olympian population. Another important aspect to consider
is the significant difference in age between females and
males. Such effects cannot be ruled out in the repeated
measures ANCOVA [118] or any other statistical technique
[119] since no information for older females is available.
The fact that the young women were younger than young
men fuels our hope that such carefully designed interven-
tions yield positive effects for young women, since the age
difference likely sets the young women at a disadvantage in
terms of initial physics knowledge and experience with
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physics. Such a disadvantage did not appear in the
intervention. Furthermore, possible effects that the test-
taking situation had on students’ responses could not be
disentangled from the data. Finally, the small sample size
results in low statistical power and a potential inflation of
type II error rate. Despite this limitation, we still observed
significant effects in this study. Our results also align well
with prior research and none of the reported effects is
contradictory to prior findings. However, it would be
beneficial if future research focuses on confirming these
results with larger samples.

X. CONCLUSION

We are ultimately interested in adapting the social
context of informal science learning programs such as
the Physics Olympiad in order to raise gender equity in
these programs. The reported results point to some impor-
tant aspects for further efforts in the Physics Olympiad (and
probably other informal science environments) that par-
ticularly facilitate physics identity development for young
women. The results are in line with findings that indicate
that topics which are particularly interesting to female
students do not depress the interest of male students [120].
The fact that young women report a significantly higher
intervention topic interest is an important finding to further
our understanding of how to better address specific issues
that concern young women. The learning materials on the
case study of Rosalind Franklin and the DNA structural
analysis appeared to be particularly motivating for the
young women in the sample. However, this one-time
intervention seemed to have no effect on the important
recognition construct for physics identity as it relates to the
Physics Olympiad. The low reliability of the scale suggests
adopting better measures for this construct, possibly as in
the study in the math context by Cribbs et al. [34].
Improving the design to enhance recognition may be
fruitful for improving the intervention since recognition
has been found to be a key aspect to support young women
in physics [27] and was more predictive for math identity

than interest [34]. As such, intervention strategies, such as
self-to-prototype matching, can play an important role to
improve students’ perceived recognition by the physics
community [53].
On the basis of the results it can be suggested that science

identity theory is a useful framework for designing inter-
ventions that increase gender equity in STEM. The pre-post
assessment of science identity and the external criterion
(i.e., enrollment in next Physics Olympiad) enabled us
to explore effects of such an intervention. The results
indicate that the participants are more likely to enroll in the
next Physics Olympiad compared to the overall Physics
Olympiad population, and that some identity constructs
(interest, competence, performance) can be affected with
such a targeted small-scale intervention. Further qualitative
research is necessary in order to understand the effects of
the science identity constructs on enrollment and engage-
ment measures to better reveal the mechanisms that lead to
identity development in the context of informal science
environments. However, we also submit that potential
mechanisms for underrepresentation of young women in
these programs might remain undetected in the identity
framework. Some studies point to differences in underlying
motives for participation in such programs, e.g., competi-
tiveness [121], for young women and young men such that
the overall framing of these programs might differentially
appeal to young women and men. The identity lens enabled
us to design an intervention considering multiple facets of
physics engagement and explore possibilities for changing
the competition environment (in its due constraints set by
the international competition).
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