
 

Gendered patterns in the construction of physics identity from motivational factors
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Students’ intentions to persevere and their career choices in science, technology, engineering, and math
fields can be impacted by their physics identities. Women are severely underrepresented at all levels in
physics and engineering. Physics in particular has stereotypes about being a discipline for brilliant men.
Therefore, it is particularly difficult for women who do not fit the description of a stereotypical physicist to
develop a physics identity. Thus, understanding the factors underlying physics identity in introductory
physics classrooms is important for creating an equitable and inclusive physics learning environment and
has the potential to at least partly explain the current underrepresentation of women in physics-related
majors and careers. In this study, we examined physics identity and several other motivational constructs of
male and female students by administering a survey in introductory calculus-based physics courses at a large
research university. We found gender differences in how students identify as a physics person and how their
perceived recognition from others, such as their teaching assistants or instructors, peers, or family members
relates to their physics identities. We tested separate models by gender that examined how different
motivational constructs relate to students’ physics identities. We found that the perception of being
recognized by influential others such as the course instructor or teaching assistants was differentially related
to female and male students’ physics self-efficacy and sense of belonging in the physics classroom. These
findings call for improving the physics learning environments to make them equitable so that all students
have a high sense of belonging and self-efficacy and opportunity to develop a strong physics identity.
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I. INTRODUCTION AND GOAL

Among science, technology, engineering, and math
(STEM) degrees awarded in the United States, there is a
pervasive issue of low diversity that signals an alarming lack
of participation, retention, and advancement of women and
underrepresented racial and ethnic minorities [1–4]. Recent
work has identified some of the factors and mechanisms
underlying the lack of diversity in many STEM disciplines,
see a review in Ref. [5], but much remains to be inves-
tigated. These ongoing efforts have shown some progress,
such that the numbers of female students in some STEM
majors (e.g., biology) have dramatically increased in the last
few decades [1]. However, there are still other STEM
domains, such as computer science, math, and physics,
in which women are severely underrepresented [1].
In the physics community, researchers have started to

focus on why certain groups of students, such as women,

are not represented equitably and do not pursue physics or
physics-intensive fields as a career in proportions that are
vital for enhancing the field [6–17]. This research has
included an examination of motivational characteristics,
such as students’ epistemological beliefs about and atti-
tudes toward physics learning [18–35]. Many motivational
factors have been shown to affect students’ engagement,
persistence, and achievement in STEM learning [36–41].
For historically underrepresented student groups such as
women, these motivational characteristics might be com-
promised due to negative societal stereotypes and biases,
lack of encouragement in informal and formal settings from
a very early age, and inadequate prior preparation due to
accumulated disadvantages over the lifetime resulting from
the biases and stereotypes [42–51]. Hence, investigating the
differences in motivational factors within different student
demographics is critical to understanding and addressing
issues related to diversity, equity, and inclusion in the
physics community.
Here, we describe a study of students’ motivational

characteristics in introductory physics courses taught at a
large, public research university. In particular, we examined
the physical science, math, and engineering students’
“physics identity” in the first year of college, a critical
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time during which the majority of them experience college-
level physics for the first time. These calculus-based
physics courses are particularly important to study because
women are consistently numerical minorities (female
students roughly make up 30% of the classes), which
can, in part, contribute to the differences in the develop-
ment of female and male students’ physics identities (over
and above all of the accumulated societal stereotypes that
individuals are exposed to growing up) and can impact their
career choices. Therefore, our primary research interest is
to understand how male and female students construct their
physics identities based on other motivational factors that
are closely relevant to students’ learning experiences. In
particular, we focus on the gendered patterns in students’
physics identities and the ways in which motivational
factors influence the development of students’ physics
identity as STEMmajors in calculus-based physics courses.
Our goal is to investigate variation by gender in the

connections between several key motivational factors
including physics self-efficacy, interest, and value, as well
as having a sense of belonging in the physics classroom. By
using a factor analysis approach, we aim to understand how
these motivational factors relate to students’ internal
(perception about self) and external (perception of others’
recognition) physics identities. Conducting the factor
analysis separately by gender allows us to test the extent
to which different motivational factors (self-efficacy, sense
of belonging, interest, and value) are integrated into female
and male students’ internal and external physics identities.

II. BACKGROUND

A. Student attitudes, beliefs, and identity
related to physics

In a learning environment, a variety of motivational
beliefs and attitudes, such as students’ goal orientations
[52–54], expectations for success, and beliefs and attitudes
in the classroom, have been linked to academic outcomes
[18–25,36,40,51,54–60]. Studentswith positivemotivational
beliefs and attitudes exhibit better use of self-regulated
learning strategies, participate more in class activities, and
show higher-level cognitive processing of the coursematerial
[60]. Students’ attitudes in a classroommay also impact their
other educational achievement or behavior. For instance,
higher interest in a subject can lead to having higher
motivation to engage with related learning opportunities
more often [61]. According to expectancy value theory
(EVT), interest can be shaped by students’ beliefs about
their ability such as self-efficacy [62,63] or their expectation
of the outcome [63]. This relation can also act in the other
direction in that self-efficacy can be influenced by students’
interest [62] and can impact students’ learningoutcomes [60].
Identity in a particular STEM discipline has been

positioned as a particularly central driver of students’
participation, career intentions, and professional choices

in many disciplines [64]. For example, having a strong
science identity was associated with a higher likelihood of
minority students choosing science-related occupations
[65]. In physics, high school experiences were linked to
physics identity formation, which were then linked with
later career intentions [33]. Several other studies extended
these findings to identities in other related STEM disci-
plines, such as mathematics and engineering [66,67]. In one
of these studies, physics identity and math identity were
found to be strong predictors of engineering choices [68].
However, forming a science topical identity, e.g., a

physics identity, can be difficult for women and under-
represented racial and ethnic minorities because they must
negotiate conflicts between a science identity and the
demographic identities of being a woman or a person of
color due to societal stereotypes and biases [69–72]. In
particular, societal stereotypes and biases lead to female
and male students being exposed to different prior expe-
riences from elementary school through high school and
college that can severely disadvantage female students.
These differential gender-based prior learning experiences
can include lack of encouragements from family, mentors,
or advisors pertaining to these fields. Lack of opportunity to
take engaging science courses prior to college can be
responsible for gender differences in students’ STEM
interest and persistence that can relate to students’ identities
in math and science domains [68]. For instance, fewer girls
take advance placement physics classes or tests in high
school than boys [73], which can be an important oppor-
tunity to develop physics and science identity before
students make career-related choices. We note that in prior
research, in general, the challenges women face in devel-
oping physics identities due to societal biases and stereo-
types have been examined through qualitative studies in
middle and high school contexts [74], during the time that
students pursue undergraduate physics degrees [75], and
doctoral degrees in astrophysics [76].
Relatedly, negative societal stereotypes and generaliza-

tions about who can succeed in physics and other STEM
disciplines [42,77,78] can lower women’s sense of belong-
ing and undermine their experiences, so that they may not
form the necessary STEM identities as often as men do.
These preconceptions regarding students’ competence
mostly favor male students over female students [79]. In
general, being a genius or exceptionally smart is attributed
to boys [80], and starting from early ages, boys and girls are
externally exposed to these fixed intelligence views, e.g.,
about physics, in our society and begin to internalize them
[81]. One study found that women are underrepresented in
fields, such as physics, that associate being “brilliant” with
being successful [82]. Furthermore, norms of science
curricula also promote the stereotypical view that science
is for high achievers or naturally gifted students [74], and
women believe that they must achieve at exceptionally high
levels in math and science to compete with men and be
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successful in many STEM professions [45]. Likewise, due
to implicit or explicit bias, instructors more often praise
male students for correct answers, while they overlook
female students’ displays of correct knowledge [83].
Moreover, when instructors praise students’ performance
as a sign of their intelligence rather than their effort,
students can adopt fixed mindset views (i.e., intelligence
is a fixed trait and innate intelligence that only men have is
necessary to become successful in physics) [58]. A recent
study found that STEM faculty, who endorsed fixed
mindset beliefs (i.e., they believed some students have
innate talent and others do not), had larger achievement
gaps and inspired fewer students to succeed in their classes
[84]. Therefore, we believe that gender-based generaliza-
tions can have a substantial differential influence on the
mechanism of identity formation in physics.

B. Motivational factors that are the foundations
of students’ physics identity

In Gee’s foundational theoretical framework, identity is
described as “the ‘kind of person’ one is seeking to be and
enact in the here and now” [71]. Individuals can have
multiple identities that are based upon personality, roles,
interactions with others, and social group memberships,
and these together define the individuals’ core identities
[85,86]. Under this broad definition, domain-specific (e.g.,
physics) identities form a subset. In particular, a domain-
specific identity can be defined as a collection of distinctive
characteristics shared by all members of a particular social
group (e.g., examining students’ STEM identities shared by
the members of STEM community) [86]. Domain-specific
identities can explain why individuals may decide whether
or not to become involved in and progress within the
particular domain. For instance, understanding students’
science identity may act as a lens in explaining their
academic and professional career choices [33,69].
Another important distinction involves internal vs exter-

nal identity. Internal identity pertains to an individual’s own
perception of how they identify themselves within the
domain. External identity, on the other hand, focuses on
perceptions of how other individuals interpret one’s iden-
tity, whether it is based on one’s actions in a given domain
or stereotypes. Since there are many possible others that
may have different perceptions, research has identified
three critical groups of others: family, friends, instructor or
teaching assistant (TA) [33]. Note that in both cases, it is the
individual’s perception (about oneself or others’ perception
of oneself), because the individual’s perception is what
drives personal choices. There is a basic drive to have a
coherent identity in which internal and external identities
agree, and thus each can influence the other [87]. However,
at a given point in time, experiences may lead internal and
external identities to be out of alignment with another (e.g.,
an instructor provides ambiguous comments or comments

based on very limited interactions can impact a student’s
identity in a discipline).
Some studies have found sizable gender differences in

students’ physics identities (i.e., male students in a course,
on average, having stronger physics identities), mirroring
the representation gap in the physics community [33,66].
The open question pertains to why the difference occurs
although the researchers have hypothesized the underlying
role of stereotypes and biases. The shared working theory is
that identity is built upon other motivational factors, and
these other motivational factors are shaped by experiences
in and out of class (e.g., interactions with peers, teaching
assistants, or instructors in different circumstances and
learning environments) [33,66,67]. Thus, the prior liter-
ature typically has three related assumptions: (i) that
women experience stereotype messages, microaggressions,
male-dominated classrooms, male-only role models in
physics; (ii) these gendered experiences influence founda-
tional motivational beliefs and attitudes towards physics;
and (iii) gender differences in these foundational motiva-
tional beliefs and attitudes towards physics due to stereo-
types and biases produce gender differences in physics
identity. In the current study, we expand on the prior
research and investigate the connection between gender and
foundational motivational factors and how these connec-
tions relate to male and female students’ physics identities
in calculus-based introductory physics (see Fig. 1).
Although not tested directly, we hypothesize that if gender
differences in physics identity are found due to stereotypes
and biases regarding physics and physics-related careers,
fewer women will pursue such careers.
What are the foundational motivational factors that

explain the physics identity across gender? The widely
used expectancy value theory proposed by Eccles et al.
integrates three of the foundational motivational factors:
expectations for success, subjective task value, and intrinsic
interest [63]. The first portion of the model—expectancy—
involves individuals’ beliefs about how well they will do in
a task in either the near or distant future and borrows from
Bandura’s concept of self-efficacy [88]. Self-efficacy, in
particular, can thrust a student into a feedback loop which
can impact students’ self-efficacy and performance in a
positive or negative way. As students complete short-term
goals (e.g., complete a physics course requirement for a
STEM major), they obtain certain feedback about their
performance that further shapes their self-efficacy.
Furthermore, prior research has routinely shown large
gender differences in students’ physics self-efficacy with
male students having higher self-efficacy [18,20–
22,30,32,34,35]. Several models have proposed self-effi-
cacy as a foundation of identity [89]. We note that stereo-
types often undermine individuals’ self-efficacy by
increasing their anxiety (which can reduce the level of
engagement and time on task) and can cause them to
perform worse in test-taking situations than they actually
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can due to the limitations on working memory (part of the
working memory is robbed by the anxiety when solving
problems) [90,91]. Research suggests that women who feel
stereotyped have lower science-related aspirations [92].
Students might rely on such stereotypes (whether they are
positive or negative). For instance, ambiguous situations
can be one of the many situations in which stereotype threat
can be activated. In the first semester of university, students
are not familiar with college course sequences, and they
need assurance for their performance as well as their choice
of major [78]. In particular, for underrepresented students
who experience stereotype threat, belonging uncertainties
in a particular setting may become even more heightened in
ambiguous situations [92,93].
The second part of the EVT model—value—actually

involves multiple components. The most commonly dis-
cussed value components are intrinsic value (enjoyment)
and utility value (usefulness). When individuals perceive a
task or domain as intrinsically valuable or extrinsically
valuable to their goals, this can promote better engagement
and motivation [33,63,69,94]. Intrinsic value in the original
model is now often discussed as interest, which is defined
by positive emotions accompanied by curiosity and
engagement in the particular content [95–97]. Relatedly,
Hidi and Renninger investigated several phases of how
to form and increase interest in specific domains. Their
model, in particular, highlights that interest cannot be
maintained unless it is supported by the environment
[96]. For instance, teachers need to encourage students
by providing them useful feedback and providing mentor-
ing and support that can bolster students’ interest in the
subject being taught. Several models have been proposed
regarding both utility value and interest being foundational
to the development of individual’s identity in a domain

[63,95], although other models propose closer connections
mainly to interest [39,95].
Sense of belonging is not part of EVT, but is another

factor that has been proposed as important to the develop-
ment of an individual’s identity in a domain [98,99].
It pertains to making students feel that they belong within
a particular community [99]. The feeling of belongingness
is related to being valued, respected, and accepted in
academic spaces [99]. Studies suggest that women in
STEM fields might have lower levels of sense of belonging
due to societal cues and masculine culture of STEM
[77,100]. Furthermore, implicitly or explicitly biased atti-
tudes of faculty (e.g., academic advisors, instructors, or
graduate teaching assistants) can also make women feel
that they do not belong in the community [78]. Therefore,
developing a strong sense of belonging in science courses
can be a significant factor in whether and when students
start building their identity as a scientist.

C. Theoretical model

In this study, we test a model that physics identity is
developed from four key motivational factors (see Fig. 1):
self-efficacy, interest, value, and sense of belonging in a
physics course. These factors are thought to affect both
whether students view themselves as a physics person and
whether they perceive that others recognize them as a
physics person (these internal and external identities can
interact with each other to form an individual’s identity in a
particular domain as discussed earlier). There are numerous
studies that establish the role of physics identity in career
intentions and choices in the STEM fields [33,66,68,75,76],
but there are very few studies that have attempted to explore
the connection between motivational factors and identity

FIG. 1. Schematic representation of gendered relationships of four motivational factors to the components of physics identity (internal
and external), which has been previously linked to career choices [33]. While “I see myself as a physics person” represents the “internal”
aspect of physics identity, the other three Physics Identity items related to others’ recognition (perception of my family, my friends, and
my TA or instructor’s views) represent students’ “external” physics identity.
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formation [89]. Moreover, no prior studies have examined
whether the connections between the motivational factors
and identity is gender specific in calculus-based physics
courses. These issues are important to investigate in order to
create equitable and inclusive learning environments in
physics, a domain with pervasive stereotypes and biases.
There are multiple ways in which identity in a discipline,

e.g., physics, could be differentially related to motivational
factors. For example, in one proposed model, identity could
be a coherent and independent construct from the other
motivational factors across both genders, but there may be
differential strengths of association between identity and the
motivational factors (e.g., a stronger connection between
physics identity and self-efficacy in women compared to
men). This theoretical model can be tested using factor
analysis and regression. For example, operationally, a factor
analysis would produce a separate factor for identity, and
then regression analysiswould find differential relationships
between the foundational motivational factors and identity
(e.g., significant interaction terms between gender and a
motivational component in the multiple regression).
In a second proposed model, identity could be so closely

aligned with one of the motivational factors that it does not
produce a separate factor, but which factor identity aligns
with varies by gender (e.g., identity aligns with interest in
men but with self-efficacy or competency beliefs in
women). If this model is correct, operationally, a factor
analysis would not produce a separate factor for identity but
generate loadings under one of the motivational constructs
proposed in our model such as interest, self-efficacy, value,
or sense of belonging. Relatedly, the factor analyses done
separately by gender would produce different alignments
for how physics identity items load under different con-
structs. For instance, the identity items can factor under
sense of belonging for female students while they load
under interest for male students. In terms of underlying
mechanisms, the two options could be actually similar, and
the second option is just a derivative case. In other words,
we would find that identity items factor out under a
particular construct for both gender groups or there might
also be differences across gender in terms of the factor
under which the identity components load.
In a third proposed model, the different components of

identity (internal vs external) do not cohere with each other
overall but do so only within each gender (as proposed in
the second model). Although individuals seek to have
coherent identities in which the way they perceive them-
selves is consistent with how others view them, in cases of
pervasive stereotypes and biases, the underrepresented
groups can perceive mismatches between how they think
of themselves and how others think of them. In particular,
internal identity might be closely connected to interest but
external identity, in the case of women, might be closely
connected to self-efficacy or sense of belonging due to the
stereotype about “brilliance” and women’s ability to excel

in physics. The third model adds further dimension to our
interpretation in which the identity components themselves
show differences in how they factor out and there might
also be an interaction effect when we investigate the
connection with gender. For instance, men’s internal and
external identities can factor under one of the motivational
constructs such as interest but there might be differences
between the internal and external identities for women.
In this study, students who take the motivational survey

are in a calculus-based introductory physics course which is
required for many STEM majors (engineering students and
physical science and mathematics majors) and all students
must successfully complete the course with a C grade in
order to continue in their STEM majors. Assessing stu-
dents’ physics identities in this introductory level physics
can be valuable especially in understanding retention issues
of underrepresented groups, e.g., women in STEM. Hazari
et al. [33] showed that students’ physics identities in high
school predict their later physics-related career choices.
Godwin et al. later used this identity framework with a
general population of college students; they found that
students’ physics identity predicted their engineering
choices [68]. In addition to the important role of students’
physics and engineering identities on their STEM (physics
and engineering) career choices, understanding the identity
formation of students across gender (and how different
motivational factors are related to it) can also shed light on
the gender-based differential choices of STEM majors
during their first year in college [37]. Since we focus upon
calculus-based physics—a fundamental course in STEM
curricula, taken by all engineering, physical science, and
math majors—performance in this gateway course predicts
students’ success later in various academic program [101].
Therefore, examining the ways in which the physics
identities of male and female first year students in this
introductory level physics course are related to different
motivational factors is particularly important and central to
our research question. This is a critical issue to investigate
to improve the physics learning environments particularly
because of the gender stereotypes and biases associated
with physics that disadvantage women from a very early
stage. Our primary research question is, “How do different
motivational factors relate to male and female students’
internal and external physics identities in a first-year
calculus-based introductory physics course?” In addressing
this question, we aim to understand how the motivational
survey data relate to each of the three possible models
described earlier.

III. METHODOLOGY

A. Development of motivational survey
and instrument validity

This study used previously validated surveys to measure
students’ physics identity, self-efficacy, interest, and sense
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of belonging for students enrolled in calculus-based phys-
ics courses. All of the motivational constructs were
embedded in the context of physics (e.g., self-efficacy in
physics). The survey instruments were part of a larger
survey that included other motivational constructs (see
Appendix B). The development and validation of these
surveys is reported in prior work [18–22,59]. The surveys
were based upon previous instruments [24,102–106] and
validation of the revised instruments involved iterative use
of exploratory factor analysis (EFA), confirmatory factor
analysis (CFA), inter-item reliability to check consistency
of the items, and one-on-one student interviews both with
introductory undergraduate and graduate students [18,59].
The Physics Identity survey evaluated the extent to which

students see themselves as a physics person and their
perception about whether others see them as a physics
person [33]. The Interest in Physics survey measured
students’ enthusiasm in learning physical laws and their
curiosity about cutting-edge research in physics [102]. The
Value of Physics survey focused on students’ views of
whether learning physics will help them succeed in their
major or later STEM career [102]. The Physics Self-efficacy
survey measured students’ confidence in their ability to
understand and solve physics problems [102–105]. Finally,
the Sense of Belonging survey measured whether students
feel that they belong in the surveyed (introductory physics)
classroom or not [106], and it focused on students’ sense of
being accepted and valued by their peers and instructors or
TAs in the class [99].
The items in the survey were designed on a Likert scale

of 1 (low endorsement) to 4 (high endorsement) (for sense
of belonging, 1 to 5) [107]. The specific rating scales were
purposely varied to provide a more valid overall measure of
intensity by including frequency (e.g., never, once a month,
once a week, every day) and intensity (NO!, no, yes, YES!;
strongly disagree, disagree, agree, strongly agree). While

having a lower score was an indication of negative
endorsement (e.g., lower level of interest, self-efficacy,
value, identity, and sense of belonging), higher scores
corresponded to more positive beliefs (e.g., average self-
efficacy score of 4 referred to the highest confidence level
for a student). Some questions were reverse coded. For
instance, one of the items in the sense of belonging part of
the survey was “Sometimes I worry that I do not belong in
this physics class.” A student responding to this question as
“mostly true” was given a score of 2. We only included 2–3
such reverse-coded questions because too many reverse-
coded questions could create ambiguity for respondents.
Table I shows all the constructs and the observed scale

reliabilities in this dataset (Cronbach’s α) for each motiva-
tional construct [108]. The Cronbach’s α reliabilities were
good (>0.8) or excellent (>0.9) [108]. We calculated mean
scores for each motivational construct that showed roughly
equal separation between levels on the Likert scales.
For example, a student who answered “Yes!” to three of
the self-efficacy questions and “no” to the other two self-
efficacy questions would have an average self-efficacy
score of ð4þ 4þ 4þ 2þ 2Þ=5 ¼ 3:2.

B. Participants

The 559 participants completing the surveys were stu-
dents enrolled in one of four different sections of introduc-
tory calculus-based physics, and each section was taught by
a different instructor. This course is generally taken by
engineering and physical science students in their first year
of undergraduate studies.
Students’ demographic information such as age, gender,

ethnic or racial, and academic major information were
provided by the university using an honest broker process
that linked survey responses with students’ demographics in
a de-identified way. Based on this university data, the survey

TABLE I. For each motivational construct, number of items, sample items, Likert scale range, and observed Cronbach α. The symbol
R at the end of an item corresponds to a reverse coded item.

Measure
No. of
items Sample item Likert scale Cronbachs’ α

Physics identity [33] 4 • I see myself as a physics person (1-4) 0.90
• My friends see me as a physics person

Interest in physics [102] 5 • I wonder about how physics works (1-4) 0.86
• I am curious about the recent discoveries in physics

Physics self-efficacy
[102–105]

5 • If I encounter a setback in a physics exam,
I can overcome it

(1-4) 0.83

• I am able to help my classmates with physics
in the laboratory or in recitation.

Valuing physics [102] 4 • Learning physics will help me succeed in my future career (1-4) 0.90
• Learning physics will help me get a job that I want.

Sense of belonging in physics
classrooms [106]

5 • Sometimes I worry that I do not belong
in this physics class (R)

(1-5) 0.84

• I feel like I can be myself in this class
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participants were 33% female and 67% male students; one
student did not have a reported gender status and was
excluded from further analysis. In terms of ethnic or racial
distribution, students were 77% White, 11% Asian, 4%
Latinx or Hispanic, 3% Black, 4% Multiracial, and 1%
Other. Regarding academic majors, 61% of students were in
the engineering track and 39% of students were in physical
science majors. Also, 90% of the students were in their first
year with an average age of 19.

C. Procedures

The motivational survey was administered in paper
form during the last recitation of the semester by the
graduate teaching assistants. The survey took approxi-
mately 5–10 min for respondents to complete. Course
instructors were encouraged to give students extra credit to
participate in the survey. The survey response rate was 73%
of students enrolled in the course. We have used the current
dataset in a previous study to examine the attitudes that
mediate the relation between gender and students’ views of
the extent to which they see themselves as a physics person
[59]. In this study, we used the same dataset to carry out an
in-depth analysis of the factors that influence the formation
of female and male students’ views of the extent to which
they see themselves as a physics person as well as their
perception about the extent to which others view them as a
physics person.

D. Analysis

MANOVA analysis of gender differences in physics
identity.—We first analyzed the survey data to compare
the mean scores by gender for two components of physics
identity. Multivariate analysis of variance (MANOVA) was
used to test for statistical significance differences between
female and male students on each identity component.
MANOVA is appropriate when multiple correlated depen-
dent measures are being examined in parallel. Based upon
prior research, we selected the first question for physics
identity—“I see myself as a physics person”—as a separate
physics person construct which pertains to internal identity
as discussed in the background [59]. Then we obtained an
average score for three other identity questions that form
students’ external identity by labeling it as perceived
recognition by others (i.e., by family, friends, and TA or
instructor), based on work by Hazari et al. [33]. We also
examined each identity item in the perceived recognition
construct separately since there might be variations in
students’ responses depending on who is recognizing them
as a physics person. For instance, students’ perception
about being recognized by friends vs by a TA or instructor
may vary.
Principle component analysis by gender.—To test for

gender differences in the motivational factors underlying
the physics identity, we performed a principal component
analysis (PCA), which is essentially an exploratory factor

analysis. PCA is a widely used method to extract under-
lying dimensions within large datasets of survey data. Such
a factor analysis is used to investigate how survey items
show similar patterns to form the theoretical constructs
(e.g., self-efficacy) [109]. The main goal of the factor
analysis is to identify groups of items that can explain the
largest variance in coherent underlying constructs [109]. In
order to extract the constructs from a given set of survey
items, we used the PCAmethod which assumes that there is
no unique variance in items (i.e., all the variance in the
items equals the common variance in the latent variables or
factors). The output of the PCA analysis provides several
statistics regarding the total variance explained by the
items, the component matrix, and factor loadings. The
PCA algorithm calculates eigenvalues and eigenvectors for
each component (construct), then multiplies eigenvector of
each item with the principle component eigenvalue. This
calculation is the factor loading for each item (see Table II)
and it represents how well each item in the survey correlates
with the specific component construct in the analysis. In
particular, the square of the factor loading for an item to a
factor is related to the percentage of variance explained.
Separate PCAs were conducted for male student and

female student data in order to understand whether male
and female students’ group identity (both internal and
external) behaves in similar or different ways with other
motivational constructs, both at the overall identity level and
also for the different components of identity separately (see
Fig. 1). With this framework, we tested the extent to which
there were four independent motivational factors (self-
efficacy, sense of belonging, interest, and value) and the
extent to which these motivational factors were integrated
into students’ internal and external physics identities.
We implemented PCA using a Promax rotation with

Kaiser normalization given that we expected the factors
to be correlated with one another. We initially used the
standard criterion of eigenvalues >1 for determining the
number of extracted factors (components). We also exam-
ined the scree plot to observe the relative change in
modeled variance with growing number of generated
factors. The scree plot leveled off with three factors (see
Fig. 3 in Appendix A), and results with more than three
factors did not produce more theoretically coherent factors
nor different patterns of results for the core research
questions than models with three factors. Therefore, we
focus on the PCA analysis results with three output factors.
We then analyzed the component loadings for each

survey item in terms of their connection to each of the
three resulting factors. Higher loading values correspond to
a closer affinity with the particular factor. Researchers
usually suppress the factor loading below 0.3 or 0.4 since
those contribute very little to variance in the factor (which is
the square of the factor loading). Therefore, we discuss
results for 0.4 and above as the primary result, and between
0.3 and 0.4 as the secondary result.
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IV. RESULTS AND DISCUSSION

A. Gender differences in physics identity items

Comparing female and male students’ average physics
identity scores for each item in the survey, we found a
gender gap in students’ perception of both being a physics
person and being recognized by others as a physics person
(see Fig. 2). MANOVA with Wilks’ test revealed that
there is a statistically significant gender difference for all
physics identity items in the survey [Fð1; 556Þ ¼ 11.95,
p < 0.001]. In other words, female students reported
significantly lower identity scores than male students.
We also calculated effect sizes (Cohen’s d values) [110] of

the gender gap in each physics identity item to provide a
standardizedmeasure (see Fig. 2). Effect sizes range from0.4
to ∼0.6 suggesting moderate level effect size, which corre-
spond to approximately 0.5 standard deviation difference
between female and male students’ physics identities [110].
The gender gap becomes especially important when we
consider that the data were collected at the end of first-year
students’ first semester, which is often a critical transition

point for many STEM majors in engineering and physical
sciences in terms of deciding whether to continue within
STEM overall and select particular majors. The gender
differences in identity are similar in size to the ones in
interest (d ¼ 0.63), self-efficacy (d ¼ 0.55), and belonging
(d ¼ 0.51), and larger than the ones in value (d ¼ 0.26).
Mean scores across family or friends’ recognition

were very similar. However, the mean score’s for TA or
instructor’s recognition were lower than means for the other
physics identity items in the survey. Using a paired t test
to contrast responses to Q18 against the mean of Q15-17,
the difference was statistically significant for both female
(t ¼ 2.63, p < 0.01) and male (t ¼ 8.37, p < 0.001)
students. This analysis gives a clear demonstration that
students’ views regarding how others see them as a physics
person might vary depending on the level of recognizer’s
role in students’ learning (e.g., whether the person is a
family member or TA or instructor), which can further
impact how students see themselves as a physics person (as
a result of receiving or not receiving this recognition).

TABLE II. Factor loadings from the principle component analysis results for female and male students. Loadings >0.4 are in bold.
Loadings below 0.3 are suppressed.

Components

Female Male

Questions
Interest

or identity
Self-efficacy
or belonging Value

Interest
or identity

Self-efficacy
or belonging Value

1. I wonder about how physics works 0.85 0.79
2. In general, I find physics 0.81 0.70
3. I want to know everything I can about physics 0.91 0.69
4. I am curious about recent physics discoveries 0.95 0.69
5. I want to know about the current research

that physicists are doing
0.91 0.65

6. I am able to help my classmates with physics
in the laboratory or in recitation

0.67 0.36 0.50

7. I understand concepts I have studied in physics 0.74 0.35 0.51
8. If I wanted to, I could be good at physics research 0.52 0.38 0.40
9. If I study, I will do well on a physics test 0.75 0.65
10. If I encounter a setback in a physics exam, I can overcome it 0.63 0.68
11. Learning physics will help me in courses in my major. 0.79 0.81
12. Learning physics will help me achieve admission

into graduate school and/or medical school.
0.84 0.78

13. Learning physics will help me get a job that I want. 0.98 0.81
14. Learning physics will help me succeed in my future career. 0.88 0.84
15. I see myself as a physics person. 0.64 0.68
16. My family sees me as a physics person. 0.46 0.82
17. My friends see me as a physics person. 0.51 0.33 0.82
18. My physics instructor and/or TA sees me as a physics person. 0.68 0.56 0.34
19. I feel like an outsider in this class. 0.69 0.71
20. I feel comfortable in this class. 0.74 0.74
21. I feel like I can be myself in this class. 0.67 0.59
22. Sometimes I worry that I do not belong in this physics class. 0.89 0.88
23. When I get a poor grade on a physics assignment

or exam, I feel that maybe I don’t belong in physics class
0.98 0.80
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B. Principle component analysis by gender

The separate PCAs by gender resulted in several very
important and intriguing findings (see the rotated factor
matrix by gender in Table II). A commonly accepted but
somewhat conservative analysis approach is to show and
interpret only the factor loadings of 0.4 and above, which
we call the primary results and show with boldface font in
Table II. However, since the community also often inter-
prets the values between 0.3 and 0.4, we include those
loadings in our analysis as secondary results. Items in this
range may reflect items that are cross loaded across two
dimensions or not as consistently interpreted. Viewing such
items may reveal patterns in items just below a more
conservative threshold.
For the primary results (factor loadings 0.4 and above), the

estimated factor loadings or weights are similar for both
gender groups in a number ofways. First, the items associated
with “interest” and “value” dimensions consistently factored
out as two separate constructs from one another for both men
and women. Although more intrinsic and extrinsic motiva-
tional drivers are conceptually distinct within expectancy
value theory, the two are often so highly correlated that it is
hard to separate them within factor analysis [63]. It appears
that within this population of engineering and physical
science majors, interest in and value of physics are strongly
independent components (each one has an average item

factor weighting values greater than 0.7). Thus, the first
component or factor in Table II is labeled as “interest” and the
third component or factor is labeled as “value.”
Second, the component related to self-efficacy, the third

component of expectancy value theory, is a separate factor.
Focusing on factor loadings above 0.4, the self-efficacy
items consistently load on their own factor separate from
interest and value, as predicted by expectancy value theory.
The factor weights are somewhat lower, especially for items
that are also loaded with weights between 0.3 and 0.4 on the
interest scale.
Third, despite our initial hypothesis of having four

separate motivational constructs (interest, value, self-
efficacy, belonging) that might be separate or integrated
with identity, the PCA analysis reveals that for both
genders, sense of belonging and identity were not separate
from the EVT constructs. Instead, sense of belonging was
closely tied to self-efficacy, which was therefore labeled
as “self-efficacy or belonging” component or factor.
Both internal and external identity were closely tied (with
one gendered exception) to interest dimension, which is
therefore labeled “interest/identity.”
There was one main and important difference between

male and female students in the primary results: Q18—“My
TA or instructor see me as a physics person” is one of the
external identities loaded similarly with the other Identity

FIG. 2. Mean scores (with standard error bars) for each physics identity item for female and male students. All of the gender
differences are statistically significant at the level of p < 0.001. “d” denotes Cohen’s d for the gender contrast. Red dotted line indicated
the score of 2.5, which corresponds to neural response for identity.
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items (i.e., with Interest) for male students (with factor
loading 0.56), however, it strongly factored with “self-
efficacy or belonging” for female students (with factor
loading 0.68). In other words, female students’ perception
of being recognized as a “physics person” by their TA or
instructor is intimately related to their sense of belonging
and self-efficacy in a physics classroom. By contrast, for
male students, TA or instructor recognition was closely
aligned with their internal interest in physics.
Next, we discuss the secondary results (weaker effect than

the primary results) given in Table II, which includes factor
loading values between 0.3 and 0.4. For male students,
Q18 pertaining to perceived recognition of their TA or
instructor shows a smaller connection to self-efficacy or
belonging (0.34) unlike female students who have a higher
factor loading for this itemasdiscussed in the primary results.
In particular, students’ perception of getting recognition from
their course instructor or teaching assistant appears to be
generally important aspect for building positive self-efficacy
and sense of belonging for all students, but this aspect of
external identity is particularly strong for female students.
Similarly, Q17 (My friends see me as a physics person) is
another external identity item that also shows a gender
difference in the secondary results. Q17 factors out under
the “interest” component for male students with a high
loading (0.82). For female students, the same itemalso shows
a main contribution to the “interest” component (0.51), but
there is an additional loading (0.33) under the self-efficacy or
belonging component only for female students. In other
words, female students’ self-efficacy or belonging is pos-
itively related to recognition by friends as a physics person
but not for male students, which again shows a distinction
between female and male students’ external identity for-
mation. These results (for both Q17 and Q18) highlight that
the extent to which students’ physics identity integrates with
other motivational factors may vary across gender particu-
larly when they are externally driven identities.
Finally, Q1–Q5 measure students’ interest and curiosity

with discoveries in physics or current research in physics,
and show a higher loading on the “interest” factor for
female students compared to male students. We also note
that the value component did not connect with any aspect of
student’s physics identity, even within the 0.3 to 0.4 factor
loading range, for either gender. This suggests that motiva-
tional factors such as identity are more internal constructs,
whereas utility value that one may derive from physics as
measured by the validated survey is an external construct.

V. SUMMARY AND GENERAL DISCUSSION

This study investigated male and female students’ physics
identities—both internal and external—during an important
transition point in the educational pathways for physical
sciences and engineering: midway during a two-semester
introductory-level calculus-based physics courses. Prior
research has revealed the importance of physics identity

on students’ career intentions and choices in STEM, and
therefore understanding why and how students’ physics
identity formation may differ across gender is critical to
enhancing women’s experiences and participation in physi-
cal science and engineering fields. Our novel results indicate
a moderate level of gender differences in students’ internal
and external physics identities, in both their internal coher-
ence and their relations to othermotivational factors that have
been previously linked to identity formation [89]. Moreover,
while some of the motivational constructs shown in
Fig. 1 such as self-efficacy, interest, and sense of belonging
exhibited some gendered patterns in terms of how they factor
out and relate to students’ identities in physics, value as the
other construct in the framework showed similar patterns
across both genders (and was not related to external or
internal components of physics identity).
In the research discussed here, we found that the compo-

nents of expectancy value theory (interest, self-efficacy,
utility value) were independent of one another but sense of
belonging in physics was so strongly aligned with physics
self-efficacy that it did not factor separately for either gender.
A similar result was found for physics identity (“I see myself
as a physics person”) in that it was very strongly alignedwith
interest and they did not factor out separately for either
gender. This result is consistent with the second proposed
model in which physics identity was not found as a separate
construct but closely related to other motivational constructs
such as interest. Researchers rarely examine the factor
structure of multiple motivational factors together. Our
findings show that it is important to do so. In particular, this
analysis sheds light on how different components of external
and internal physics identity are related to other motivational
factors (e.g., self-efficacy, interest, sense of belonging, and
value) for men and women who were at the end of their first
required calculus-based introductory physics course.
Another interesting finding of the factor analysis is the

relation between the constructs of sense of belonging and
self-efficacy in that theywere found to load on the same factor
instead of two distinct factors. In the literature, while
students’ physics self-efficacy across gender has been exam-
ined in numerous research studies [18,30,32,34,35], little
regard has been given to examining students’ sense of
belonging in physics classes. Our finding suggests that
students’ sense of belonging at least in calculus-based
introductory physics is strongly connected to their physics
self-efficacy (in the exploratory factor analysis, the sense of
belonging items, and self-efficacy items on the survey always
factored under the same factor regardless of the number of
factors considered). This is a very important finding because
there are often large gender differences in self-efficacy
according to prior studies. While the causal direction is
ambiguous with the current data (e.g., self-efficacy causes
sense of belonging or sense of belonging causes self-
efficacy), prior research supports both directions [99,111].
Therefore, creating learning environments in which all
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students have a sense of belonging and feel comfortable to
discuss their opinions and, in return, feel valued by peers and
the instructor or TA is likely to be critical for increasing all
students’ self-efficacy in physics, particularly those who are
underrepresented such as women.
Equally importantly, while there were general similarities

across gender in how identity related to other motivational
factors, especially in the internal identity item, in exploratory
factor analysis there were some differences in students’
external identities. In particular, factor analysis by gender
gave consistent results with the second model in that female
and male students’ factor loadings for the external identity
items that measure student’s perception of how others see
them as a physics person showed differences in terms of the
alignment with the three main factors given in Table II. Q18:
“My TA or instructor sees me as a physics person” factored
with identity or interest for male students but with self-
efficacy or belonging for female students. The primary
results for Q17: “My friends see me as a physics person”
showed a similar pattern. Furthermore, the results are also
consistent with our model 3 in which we proposed that there
might be some differences in how students see themselves as
a physics person (internal identity) and how they think others
see them as a physics person (external identity). This
mismatch between the internal and external identity was
more salient among female students as discussed above. In
other words, for female students, internal identity was
aligned with the interest or identity component (which is a
similar patternwithmale students)while the external identity
such as peers or TA or instructor’s recognition showed
moderate or strong correlation under the self-efficacy or
belonging component, respectively. Again, female students
in calculus-based introductory physics coursemight interpret
how others see them through a self-efficacy belief due to
(implicit or explicit) messages of exclusion they have
received related to societal stereotypes and biases.
Given that achievements and experiences in gateway

courses, such as physics, are an important part of how
students’ STEM identities evolve [37], supporting female
students’ physics identity formation and bolstering their
positive attitudes towards physics by creating equitable and
inclusive learning environments may help sustain women’s
participation and advancement in STEM disciplines. In the
next section, we discuss the possible sources and implica-
tions of physics identity differences across gender so that
education researchers, physics departments, policy makers,
and instructors can develop and implement more inclusive
teaching approaches to address these gender discrepancies
in physics classrooms.

A. Implications for physics instruction

We found that for female students, their peers’ and TA or
instructors’ perceptions, which is part of their external
identity, relate to their sense of belonging and self-efficacy.
Positive or negative classroom experiences and classroom

interactions with peers and course instructors can enhance
or reduce female students’ motivation to engage, as well as
their course performance, persistence in the major and their
identity as STEM major [37]. Our findings underline the
important connection between students’ self-efficacy and
being identified by others as a physics person. Because of
the negative societal stereotypes and biases, female stu-
dents’ self-efficacy may decrease and further negatively
impact their identity in physics if the classroom environ-
ment is not equitable and inclusive.
We found that students’ interest in physics was strongly

connected to perception of oneself as a physics person, for
both female and male students. This result highlights the
importance of engaging students’ interest into instructional
strategies. For example, using relevant examples and class
activities that tap into students’ curiosity as well as tailoring
physics curriculum into all students’ learning goals can be a
stepping stone to enhancing how female and male students
identify themselves with physics. Students are more likely to
develop positive physics identities if the topics they learn
resonate with them. In this sense, our results show that using
students’ interest as a resource can be one way to improve
students’ learning and supporting their physics identity.
One of the other highlights of our results is that receiving

positive recognition by the course instructor and teaching
assistant as someone who is good at physics is particularly
important for women and relates to their sense of belonging
and self-efficacy.While feelings of being recognizedbyothers
can boost female students’ feelings of belonging and external
identities in a physics classroom, lack of recognition fromTAs
and instructors can particularly be detrimental to women’s
sense of belonging and self-efficacy. As an example, women,
as a gender minority in physics courses, might experience
constant fear of confirming the stereotypes about their gender
in first-year physics courses and are more likely to think that
their instructors or peers doubt their skills in physics when
they ask them how to solve a problem and the instructor or TA
respond by saying that the problem is trivial, obvious, or easy
[112]. The ambiguity of what is meant by the instructor or TA
might activate the stereotype threat and female students are
likely to interpret it as being told they are not smart enough to
do those types of problems and excel in the discipline.
Additionally, our results revealed that female students possess
negative beliefs about their TA/instructors’ recognition in
physics courses. Although instructors might intend to treat all
students equally, they might carry subtle biases about stu-
dents’ competence based upon their gender, race or ethnicity,
and they can implicitly or explicitly manifest these biases
when interactingwith students. Professional development can
play an important role in helping TAs and instructorsmaintain
an equitable and inclusive learning environment.
Peer interaction and recognition is also an influential factor

that can moderate women’s classroom experiences. Especi-
ally in active engagement classrooms that incorporate col-
laborative group problem solving and require frequent peer
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interaction [16], it is important to implement classroom
activities in such a way that all students can equally benefit
and feel valued [113]. Our research presented here shows that
female students’ perceived recognition from friends was
related to the self-efficacy or belonging factor (in a similar
way to TA or instructor recognition although with a smaller
factor loading), while there was no such connection for male
students. This result highlights the role of peer interaction
which may be more related to female students’ self-efficacy
beliefs and sense of belonging in physics classes. Prior
research shows that evidence-based, active-engagement
methods help all students do better compared to traditional
lecture courses, but such methods may also increase the
gender gap in performance (instead of decreasing the gap)
[113]. Negative peer interactions in active-engagement
courses can be partially be responsible for such gender gap
increase, especially in these classes where women are a
minority. Such effects would alignwith the results found here
in that peers’ recognition is more strongly tied to women’s
self-efficacy and sense of belonging.
One factor to consider in improving peer interaction in

physics courses is assigning task roles in a way that students
can have equal learning opportunities and feel valued by the
group members. In general, female students are often
assigned to do menial tasks in cooperative activities (e.g.,
notetaking or data recording) and play less active roles, while
male students are more likely assigned to leading roles, such
as explaining materials to others [37,75,76]. In such group
activities, female students might feel that their opinions are
not considered, or they may feel that their contribution to
group work are discounted, which can undermine their self-
efficacy, sense of belonging, their perception of peer’s
recognition and their internal identity as a physics person.
These differential learning experiences between female and
male students can accumulate over time and lead to lack of
gender parity in students’ physics identities and performance
(since these can feed on each other).
Furthermore,Whitten et al. [114] noted the importance of

creating a female-friendly department culture in physics,
particularly with the goal of supporting women’s sense of
belonging and thereby retention in STEM. Some of these
factors include monitoring the student culture, implement-
ing and supporting collaborative work, emphasizing female
and ethnic or racial minorities’ historical accomplishment in
physics, or highlighting practical outcomes of physics to
daily life [114]. Female students are more likely to value
helping others and benefits to society whereas men are more
likely to value financial goals, having power, or becoming
famous [115]. Designing the physics courses in an equitable
manner that serves diverse groups of students’ values can
increase their interest, achievement, and persistence in the
domain and has the potential to further strengthen students’
identity [95]. For instance, an intervention that highlights the
value of biology to the students’ goals closed the large
performance gaps across different race groups in the
introductory biology courses [116].Moreover,Whitten et al.

argue that making physics departments more family friendly
can increase women’s motivation to pursue physics as a
career [114], considering that research shows the important
role of work-family balance on women’s career decisions
[50]. Making these systematic improvements in the culture
of a physics department can alter and enhance the learning
environment for all students. Moreover, research also shows
that these efforts to warm up a department’s chilly environ-
ment benefit all students, but particularly those from
minority groups [117].
Regarding the observed relations between perceived rec-

ognition and self-efficacy or belonging, there are relevant
research-based classroom interventions that can be used to
enhance students’ sense of belonging and self-efficacy in
physics [118–120]. For example, belonging-mindset interven-
tions target removing feelings of uncertainty created when
students ask themselves,Dopeople likemebelonghere? [117–
119]. These types of interventions acknowledge students’
struggle in learning a new subject as normal and inform them
thatmost students have similar difficulties. For this reason, it is
important that instructors tailor these short interventions in
their classes to create an inclusive learning environment and
dispel students’ stereotypical beliefs early on in the semester.
Sinceour results suggest that physics instructors orTAsplay an
important role in female students’ sense of belonging and self-
efficacy, instructors can use classroom interventions in order to
help them see that they are not the only ones struggling in
learning physics. Implementing these classroom interventions
may take some class time but they can have lasting effects in
supporting women’s STEM identities and creating more
diverse and equitable learning spaces [118]. At our institution,
we have conducted belonging-mindset intervention in the
introductory level physics courses and our initial results showa
reduced gender gap in Physics 1 grades for the intervention
group while there still exist grade differences in the control
group [117]. These preliminary results highlight the need for
more inclusive physics learning environments to help all
students learn physics equitably.

B. Implications for STEM diversity

Students with strong physics identities can have better
achievement, engagement, and persistence in physics
courses, which are foundational to their STEM majors
[33,101]. Positive experiences in the first-year college
courses, such as physics, can foster students’ interest and
retention in STEM majors. Research suggests that the most
common dropout points for women from physical science
or engineering pathways are during the first and second
years [121]. Hewitt and Seymour extensively discussed the
underlying reasons for first-year college students’ decision
to leave STEM fields, a majority of whom were women and
underrepresented racial and ethnic minorities [78]. They
found that the noninclusive STEM environments, negative
classroom experiences (e.g., peers’ biased attitudes), and
lack of support and encouragement from instructors are
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some of the primary reasons for switching out of STEM
[78]. Because of these types of factors, women can lose
interest in pursuing STEM majors [100].
Likewise, these experiences in unwelcoming pillar

STEM courses such as physics can adversely impact female
students’ identities in physics and also in other related
STEM domains. When female students do not develop
positive identities in physics courses, they may prefer not to
pursue engineering degrees that use advanced levels of
physics. The currently masculine culture of physics (as
experienced through classroom interactions with peers and
instructor or TA) involves a “chilly environment” which
can lead women to reject physics as a plausible identity.
When we interviewed some first-year female engineer-

ing students during survey validation, these students tended
to bring up their Physics 1 experiences. Some female
students stated that they considered dropping Physics 1
during the semester because they did not like the experi-
ence in the classroom. Note that completion of Physics 1
and Physics 2 is required for all engineering majors.
Another female student stated that she switched from
mechanical engineering to industrial engineering (which
involves a less physics-intensive curriculum) at the end of
first semester because of her experiences in Physics 1.
Furthermore, lack of a sense of belonging in physics or

not identifying oneself with physics can be detrimental in
the long-term even for students who choose to continue in
STEM fields. Female students, who often experience a lack
of sense of belonging from the early years in many STEM
disciplines, may continue to feel less capable than their
male counterparts as they advance to STEM careers. If
women undervalue their skills and develop less strong
identities in STEM due to biases or stereotypes pervasive in
these disciplines [92], they may fail to promote their
strengths especially in the competitive and male-dominated
STEM occupations. Vesturlund et al. found that female
students are less likely to choose to compete against male
students (as opposed to other women) despite their similar
math skills and performance [122]. In our prior study, we
similarly found that there were large self-efficacy gender
gaps between similarly performing female and male stu-
dents in physics courses [22,23].
Considering the possible consequences of identity gaps

(e.g., physics or engineering identity) that develop early in
STEM careers, the STEM culture in general must change in
order to become more welcoming and less chilly for
everyone at all levels; otherwise, the diversity issues in
physics and other related STEM domains will perpetuate.
Even though we did not focus on the ethnic/racial

students’ identities in this study, we hypothesize that there
might be further differences in some of interactions
between the motivational constructs such as sense of
belonging and identity if we carry out an intersectionality
analysis in larger datasets to further uncover the layers of
diversity issues in STEM [77,123].

C. Limitations and future directions

In this study, we focused on the quantitative aspects of
male and female students’ internal and external physics
identities and how they relate to differentmotivational factors
in a calculus-based introductory physics course. However,
examining female students’ experiences inSTEMdisciplines
with a qualitative study can expand our current understand-
ing of how motivational factors impact female students’
identities, performance and decisions in STEM fields.
As illustrated earlier, in ambiguous situations, women are

more likely to be victims of stereotype threat and negatively
interpret what their physics TA or instructor think about
them and whether they see them as a physics person. Our
research presented here suggests that TA or/and instructor’s
views and communications can be extremely influential
particularly for female students’sense of belonging, engage-
ment and their physics identity. However, there might be
some variations in students’ responses to the survey ques-
tions if we had separated TA and instructor recognition as
two separate questions. In particular, instructors teaching
traditionally in large lecture halls have less opportunity to
give students feedback, whereas TAs teach small recitation
classes so that they can more frequently interact with each
student and get to know them at personal level. Therefore, it
would be worth conducting future investigation to inves-
tigate if the students’ perception of TAs and instructors’
recognition vary and play a different role in female students’
sense of belonging and self-efficacy or whether they are
similar. Also, since physics performance and self-efficacy
can operate in a feedback loop, in the future, we aim to look
at the interaction between learning outcome and self-
efficacy at different time points, which can further impact
students’ physics identity.
Future work can further focus on investigating whether

identity formation has a similar gendered patterned in physics
courses that use different pedagogies (e.g., various evidence-
based active-engagement classes) or at institutions that have
different student demographics. One of the strengths and
limitations of that current study is that it was conducted in a
large research institution. It was a strength in that larger
numbers of students were needed to conduct the factor
analyses by gender. But it is a limitation in terms of general-
izability: smaller or more teaching oriented universities may
havedifferent cultural contextswithin the physics classrooms.
Therefore, future studies need to test the replicability of the
current findings in other kinds of institutions.
We also note that our gender data was limited to male vs

female as a binary. However, gender is a multidimensional
social construct and some students can have a nonbinary
gender identity [7]. Therefore, for future data collection, we
recommend collecting data on gender using a multiple
option scale. Relatedly, examining possible interactions
between gender and ethnicity or race can be very valuable
to understand and further unpack equity issues in physics
[114,123]. Collecting more data will allow us to further
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divide our data by ethnic or racial groups and investigate its
relation across gender in students’ physics identity.
Future research will also investigate male and female

students’ identity in algebra-based physics classes. Unlike
calculus-based courses, women are often the majority group
in algebra-based courses, oftenmaking up 60%ormore of the
classroom; the algebra-based physics courses are often
selected by students interested in medicine and health-related
professions, which are more common career goals among
women. Since students’ goals and aspirations are likely to be
different in these courses compared to the calculus-based
courses, there might be differences in students’ motivational
beliefs and attitudes and their relation to their physics
identities. In addition, we intend to expand our research on
this topic to physics courses intended for nonscience majors.

Finally, we note that future work should also focus not
only on making learning environments more welcoming
and inclusive for all students, but also investigate the
implications for how socialization and culture impact the
identity formation of female students in physics or physics-
related majors.
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APPENDIX A: BY GENDER PCA SCREE PLOTS

In Figure 3, we show the PCA Scree plots for female (top plot) and male (bottom plot) students. A scree plot indicates the
eigenvalue from possible extracted factors in a principle component analysis, in order of eigenvalue. A cutoff value of 1 is
often used as a threshold for inclusion of a factor. Another cutoff is at the point in which there is a clear inflection in the
slope of the curve. Both of the figures suggest that three factors are a good choice.
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FIG. 3. The scree plots for the PCA analyses for female students (top) and male students (bottom).
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APPENDIX B: THE COMPLETE SET OF PHYSICS MOTIVATIONAL SURVEY QUESTIONS

The full set of 23 motivational survey items assessing attitudes towards physics included in the current analyses, along
with the response options for each item.

1. I wonder about how physics works
A. Never
B. Once a month
C. Once a week
D. Every day

2. In general, I find physics
A. Very boring
B. boring
C. interesting
D. Very interesting

NO! no yes YES!
3. I want to know everything I can about physics A B C D
4. I am curious about recent discoveries in physics. A B C D
5. I want to know about the current research that physicists are doing. A B C D
6. I am able to help my classmates with physics in the laboratory

or in recitation.
A B C D

7. I understand concepts I have studied in physics. A B C D
8. If I wanted to, I could be good at physics research. A B C D
9. If I study, I will do well on a physics test. A B C D
10. If I encounter a setback in a physics exam, I can overcome it. A B C D

Strongly
Disagree

Disagree Agree Strongly
Agree

11. Learning physics will help me in courses in my major. A B C D
12. Learning physics will help me achieve admission into graduate

school and/or medical school (select E if not applicable).
A B C D

13. Learning physics will help me get a job that I want. A B C D
14. Learning physics will help me succeed in my future career. A B C D
15. I see myself as a physics person. A B C D
16. My family sees me as a physics person. A B C D
17. My friends see me as a physics person. A B C D
18. My physics instructor and/or TA sees me as a physics person. A B C D

Not at
all true

A little
true

Somewhat
true

Mostly
true

Completely
true

19. I feel like an outsider in this class. A B C D E
20. I feel comfortable in this class. A B C D E
21. I feel like I can be myself in this class. A B C D E
22. Sometimes I worry that I do not belong in this physics class. A B C D E
23. When I get a poor grade on a physics assignment or exam, I feel

that maybe I don’t belong in a physics class.
A B C D E
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