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In the field of physics education research, numerous studies have been dedicated to investigating the
relationship between gender identity and physics learning. However, these studies have predominantly
employed binary gender measurement methods, which may limit the range of research questions that can
be explored and impede the discovery of crucial insights. In this study, we adapted gradational measures
from prior research to investigate students’ self-identified femininity, masculinity, and androgyny, as well
as their reflected appraisal of femininity, masculinity, and androgyny (i.e., perceptions of how others
perceive them) in both algebra-based and calculus-based introductory physics courses. The use of
gradational measures revealed significant variation in students’ self-identified femininity, masculinity, and
androgyny within the binary categories of women and men, providing new insights into gender dynamics in
physics. We found that self-identified women in the calculus-based courses, where they are under-
represented, tend to perceive themselves as more masculine and less feminine than how they believe others
perceive them. Similarly, students of color are also more likely than White students to perceive themselves
as more masculine than they believe others perceive them. Using structural equation modeling, we found
that students’ gender stigma consciousness plays an important role in mediating the effects of identifying as
women and students of color on the observed discrepancies. Additionally, we found that women also
exhibit a tendency to perceive themselves as more androgynous than they believe others perceive them in
both algebra-based and calculus-based physics courses, and this phenomenon is also related to gender
stigma consciousness. Moreover, our analyses revealed that students in the calculus-based courses tend to
have a higher level of gender stigma consciousness even after controlling for gender and race. Our findings
underscore the potential of gradational gender measurements in deepening our understanding of gender-
related issues in physics education, shedding light on the complex interplay between students’ gender

identity, perceptions from others, and their educational experiences in the field.

DOI: 10.1103/PhysRevPhysEducRes.20.010110

I. INTRODUCTION

Physics has long been a field predominantly occupied by
men. For instance, in 2020, women earned approximately
65% of all bachelor’s degrees in the U.S., while only 25%
of physics undergraduate degrees were earned by women
[1,2]. The underrepresentation of women persists in higher
levels of academia, where they earned 21% of doctoral
degrees in physics, 18% of postdoctoral positions, and
constituted 14% of faculty members in the U.S. [2,3]. In the
field of physics education research, numerous studies have
explored the challenges faced by women in physics and
have sought to promote inclusiveness, equity, and diversity
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within the field [4-15]. One important objective of these
studies is to bridge the gender gaps disadvantaging women
observed in various areas, such as students’ academic
performance and motivational beliefs [6,10,14,16-23].
Researchers have investigated diverse potential factors
contributing to these gender gaps, such as stereotype threat
[12,24], lack of role models and recognition [4,25,26], and
other systemic biases [27,28]. Furthermore, prior studies
have explored a range of approaches to reduce the gender
gaps, such as implementing psychological interventions
[19,29], adopting active learning strategies [16,30], and
revising assessment methods [31,32]. These endeavors aim
to create more inclusive learning environments and foster
equality and diversity in physics.

While previous studies have provided valuable insights
into the gender related issues in physics education, most of
them have relied on binary gender measures [4,33-39].
Considering that gender is a social construct that exists
along a spectrum rather than a rigid binary [40,41], the use
of binary measures may have inadvertently constrained the
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scope of research questions and limited the interpretation of
findings in these previous studies. To contribute to a more
comprehensive understanding of gender related issues in
physics education, we employed gradational gender mea-
sures to investigate students’ femininity, masculinity, and
androgyny in introductory physics courses; such measures
ask students to report their gender identity and expression
along a 7-point Likert scale. Specifically, we compared
students’ response to the gradational gender measure and
their response to the traditional binary gender measure, and
we also examined the relationship between students’ self-
identified femininity, masculinity, and androgyny and their
perception of how others perceive their femininity, mas-
culinity, and androgyny. This study represents our initial
step in exploring gender related issues in physics education
using a more nuanced gender measurement framework. By
embracing this framework, we aim to uncover novel
perspectives and valuable findings that may have remained
unexplored in previous studies.

In the next section of this paper (Sec. II), we will provide
areview of the background of this study, including a review
of prior studies on gender related issues in physics
education and a discussion of the potential limitations
associated with the use of a binary gender measurement. In
Sec. III, we will introduce the theoretical framework
employed in this study and the gradational gender measure
utilized. Before delving into these sections, it is crucial to
clarify the terminology used in this study and the reviewed
studies. The following definitions will be used:

e Gender is a social construct that encompasses the
roles, behaviors, expectations, and identities associ-
ated with femininity or masculinity within a particular
society or culture. Gender exists along a spectrum
rather than being binary and can vary across cultures
and evolve over time.

e Gender binary is the classification of gender into two
distinct and opposite forms of masculine and femi-
nine, typically based on societal norms or cultural
beliefs. In many cultures, a binary gender system is
used, categorizing individuals as either men or women
[42-44].

e Femininity is a set of attributes, behaviors, and roles
generally associated with women and girls. Feminin-
ity can be understood as socially constructed.

e Masculinity is a set of attributes, behaviors, and roles
generally associated with men and boys. Masculinity
can be understood as socially constructed.

e Androgyny describes an individual who possesses
similar (high) levels of femininity and masculin-
ity [45,46].

o Self-identified femininity, masculinity, or androgyny
refers to an individual’s self-perception of their own
degree of femininity, masculinity, or androgyny.

e Reflected appraisal of femininity or masculinity refers
to how individuals perceive their femininity, mascu-
linity, or androgyny to be viewed by others [47,48].

II. BACKGROUND

Numerous studies in the field of physics education have
investigated the relationship between gender and physics
learning. For example, some studies have shown women
often reported a lower level of physics motivational beliefs,
such as physics self-efficacy and identity [4,11,33,34,49,50].
Additionally, other studies have revealed gender differences
in students’ performance on some physics concept invento-
ries [35-39]. Previous studies have demonstrated that these
gender gaps in physics are closely related to lack of
inclusiveness in physics learning environment, lack of
women role models, and the pervasive societal stereotypes
and biases about who belongs to and can succeed in physics
[51-54]. These stereotypes can negatively influence wom-
en’s learning experiences, lower their physics identity, and
lead to withdrawal from physics [55-57]. Considerable
research efforts have been dedicated to reducing gender
gaps and supporting women in physics by examining and
intervening in various factors, such as students’ academic
preparation, teaching methods, inclusiveness of the learning
environment, stereotype threats, and assessment methods
[6,19,58-63].

These prior studies offer valuable insights into the gender
disparities in physics and make significant contributions to
enhancing inclusion and equity in the field. However, we
note that most of prior studies have relied solely on the
traditional binary gender measure, which may have limited
the scope of research questions that could be asked and
potentially restricted the findings that could be obtained.
For example, it is not known how a person who identifies as
a woman, but may feel more masculine, perceives the
learning environment compared to a woman who identifies
as more feminine. In the following sections, we will discuss
some potential limitations associated with the use of a
binary gender measure and review several nonbinary
gender measures proposed by prior studies.

A. Limitations of binary gender measurement

Prior studies in psychological and educational research
have explored the potential limitations of using a binary
gender measure [64—68]. These studies highlight several
key issues that arise from relying solely on a binary
framework. First, the binary gender measure cannot
account for individuals who identify outside of the tradi-
tional men or women categories. Nonbinary, gender queer,
and other gender identities are disregarded or marginalized
when using a binary framework, resulting in the erasure of
their experiences and perspectives in research [64—66].
Second, relying solely on a binary gender measure may
perpetuate and reinforce societal norms and stereotypes that
emphasize inherent and fixed differences between gender
categories [67], neglecting the influence of social and
cultural factors on the construction of gender roles and
expectations [67]. By overlooking the fluid and variable
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nature of gender, the binary gender measure cannot
accommodate individuals whose gender identities change
cross contexts or evolve over time, thereby misrepresenting
their experiences [68]. Furthermore, in the context of
physics education, another concern with using the binary
gender measure, as pointed out by Traxler et al., is that
when a disparity is observed between men and women, the
focus tends be on how to help women attain the same level
of performance as men. This approach implicitly assumes
that the men’s experience serves as the ideal standard and
overlooks the need to challenge and reshape the culture that
privileges specific groups.

To address these limitations, researchers emphasize the
significance of adopting more inclusive approaches to
understand and measure gender. This involves acknowl-
edging the fluidity and variability of gender experiences
[66,68], incorporating alternative gender measurements
that extend beyond the binary framework [69,70], and
adopting intersectional perspectives that consider the inter-
actions between gender and other social identities [71]. In
the next section, we will review several nonbinary gender
measures proposed by prior studies.

B. Nonbinary gender measurement

Previous studies have proposed various alternative mea-
sures to capture gender diversity beyond the traditional
binary categorization. One common alternative measure is
to include responses beyond the binary categories of
women and men, such as transgender, gender queer, and
“a gender not listed here” [72—74]. However, simply adding
more categories alone cannot fully address the complex
challenges of representing population diversity. Analysts
may face difficulties when dealing with a small number of
respondents in specific gender categories, which may lead
to the exclusion of certain populations from analysis or
aggregate them under a single umbrella category, such as
transgender [75]. In addition, it is important to note that
nontraditional gender practices are not limited to trans-
gender people [76], so relying solely on a categorical
measure, regardless of the number of options provided,
cannot adequately capture the overlap between gender
categories.

Compared to categorical gender measures, gradational
gender measures are suggested to offer more analytic
potential. Early psychological studies utilizing gradational
measures scored femininity and masculinity along a single,
bipolar scale [77,78]. In the 1970s, the assumption that
femininity and masculinity were mutually exclusive and
opposite started to be questioned [79], leading to a shift in
later studies that treated masculinity and femininity as
separate entities. Moreover, the androgyny construct was
first formulated and introduced by Sandra Bem to describe
an individual who possesses similarly high levels of
femininity and masculinity. Bem also developed a widely
used inventory, the Bem Sex Role Inventory (BSRI), to

measure femininity, masculinity, and androgyny. The BSRI
consisted of a 60-item index assigning feminine, mascu-
line, and androgynous scores based on gendered trait
ratings [80]. Later, this inventory was abbreviated to the
30-item BSRI. However, it is important to note that these
measures are based on identification with stereotypically
feminine and masculine traits [80]. For example, if a person
reports on the BSRI that they are “often” or “always or
almost always” gentle or compassionate, their femininity
score increases, while reporting that one is “often” or
“always or almost always” assertive or analytical increases
a respondent’s masculinity score. Therefore, the resulting
scores from these measurements may not necessarily reflect
a person’s gendered sense of self but rather the extent to
which they conform to a set of stereotypes. Additionally,
the length of these measures can pose challenges when
incorporating them into large-scale surveys, which are
important sources of data for social science research.

To overcome the limitations of the aforementioned
measurements, a recent sociological study introduced a
gradational measure that allows individuals to rate their
own level of femininity, masculinity, or androgyny on a
7-point Likert scale [69]. This approach enables individuals
to consider the various factors that contribute to their
gendered sense of self when providing their responses.
By giving respondents control over their gender identifi-
cation instead of imposing rigid criteria, this measure
recognizes that people construct complex gender identities
and modes of expression as they navigate a system of
gendered expectations and institutions [69,81,82]. In addi-
tion to the measure of self-identified femininity, masculin-
ity, or androgyny, this recent study also proposed a measure
of reflected appraisal of femininity, masculinity, or
androgyny, which is how individuals perceive their femi-
ninity, masculinity, or androgyny to be viewed by others
[47,48]. In our study presented here, we adapted these
measures to investigate students’ self-identified and
reflected appraisals of femininity, masculinity, and
androgyny in introductory physics courses.

III. THEORETICAL FRAMEWORK

A. The theory of gender performativity

Our study is grounded in the theory of gender perform-
ativity, which was developed by feminist philosopher
Judith Butler and challenges the conventional understand-
ing of gender as a fixed and inherent characteristic [83].
According to Butler, gender is not an individual’s essential
nature, but rather a social and cultural construct that is
created and maintained through repeated acts and perfor-
mances. Butler argues that gender is performative, meaning
that it is constituted through a series of actions, gestures,
and speech acts. These performances are not simply
individual choices or expressions of an underlying essence;
instead, they are shaped by societal norms, expectations,
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and discourses. Gender, therefore, is an ongoing process of
“doing” and “repeating” certain behaviors and expressions
that are recognized as masculine or feminine within a
specific cultural context.

The theory of gender performativity challenges the
notion of a stable and binary gender system, suggesting
that gender is fluid and constantly being negotiated and
constructed. This perspective sheds light on how gender
norms and expectations are imposed upon individuals,
limiting their freedom to express themselves outside of
these norms. By deconstructing the binary gender system,
the theory of gender performativity provides space for
embracing gender diversity and nonconformity.

In addition to the performative aspects of gender, prior
studies have also emphasized the interactive nature of
gender. Individuals “do” their gender by enacting patterns
of behavior that are socially understood to be feminine or
masculine, and their gender is simultaneously “determined”
by others who perceive and interpret those enactments [84].
Research has revealed that while there is a connection
between how individuals perform their gender and how
others perceive it, discrepancies can arise between indi-
viduals’ self-perception of their gender and how others
interpret it [85], and these discrepancies have been shown
to associate with worse health outcomes among both
cisgender and transgender people [70,85]. While some
studies have compared individuals’ self-identified feminin-
ity, masculinity, or androgyny with their perceptions of how
others see them [69,70], to our knowledge, no prior studies
have investigated the discrepancies between individuals’
self-identified and reflected appraisal of femininity, mas-
culinity, or androgyny and how these discrepancies might
correlate with other characteristics of the individual. In this
study, we will focus on this issue in the context of college
introductory physics courses.

B. Potential influential factors on self-identified and
reflected appraisal of femininity, masculinity,
and androgyny

Based on the theory of gender performativity, which
emphasizes the socially constructed nature of gender,
individuals’ sense of femininity, masculinity, and
androgyny can be influenced by the environment and
context they are in. Previous studies have provided evi-
dence supporting this notion. For instance, a study dem-
onstrated that engaging in care work resulted in all
participants perceiving themselves as more feminine.
Similarly, research has shown that women who engage
in farm work tend to perceive themselves as more mascu-
line [86,87]. Additionally, it has been shown that societal
norms and ideals can also influence individuals’ perception
of their own femininity and masculinity. For example, in
one study, women tend to rate themselves as more
masculine when asked to consider society’s ideal man

and woman [88]. Given that androgyny is a combination of
high levels of both femininity and masculinity, the factors
influencing masculinity and femininity could also influence
androgyny.

Considering that physics is a male-dominated field with
pervasive stereotypes and biases about who belong and can
excel in physics, students’ self-identified femininity, mas-
culinity, or androgyny may be influenced by the physics
culture. However, to our knowledge, there is no prior
quantitative research exploring students’ femininity, mascu-
linity, or androgyny using gradational measures in introduc-
tory physics courses. Furthermore, while previous research
has shown that individuals’ self-identified gender may differ
from how others perceive their gender, which has been linked
to negative health outcomes [70,85], very few studies have
explored the alignment between students’ self-identified
femininity, masculinity, or androgyny and their perception
of how others view their femininity, masculinity, or
androgyny (i.e., reflected appraisal of femininity, masculin-
ity, or androgyny). Therefore, our study aims to fill these
knowledge gaps by quantitatively investigating students’
femininity, masculinity, and androgyny in introductory
physics courses.

In addition to investigating students’ self-identified and
reflected appraisal of femininity, masculinity, and
androgyny, our study also aims to explore potential factors
that can influence these constructs. Previous studies have
indicated that women in science and technology often
distance themselves from traditional femininity to fit into
male-dominated disciplines [89,90]. Therefore, students’
sense of belonging may play a role in shaping their self-
identified and reflected appraisal of femininity, masculinity,
and androgyny. In addition, gender stigma consciousness,
which refers to individuals’ awareness and recognition of
the stigmatization and negative stereotypes associated with
gender, has been found to positively correlate with iden-
tifying as women after being informed about gender
differences in math performance [91]. Thus, gender stigma
consciousness may also relate to students’ self-identified
and reflected appraisal of femininity, masculinity, and
androgyny. In addition, prior studies have shown that the
gender composition of a professional or academic envi-
ronment can also impact participants’ experiences and
perceptions [92,93]. For example, Murphy and colleagues
found that when women were exposed to a conference
video where men far outnumbered women, they reported
greater stress, a diminished sense of belonging, and lower
interest in the conference compared to women who
watched a video with a balanced gender ratio [92].
Considering that women are underrepresented in calcu-
lus-based introductory physics courses while being over-
represented in algebra-based introductory physics courses,
we also include the course type factor in our analyses of
students’ self-identified and reflected appraisal of feminin-
ity, masculinity, and androgyny.
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IV. THE PRESENT STUDY

In this study, we investigated students’ self-identified
and reflected appraisal of femininity, masculinity, and
androgyny in introductory physics courses. Specifically,
we examined the relationships between students’ responses
to the gradational measure of femininity, masculinity,
or androgyny and their responses to the binary gender
measure. Additionally, we compared students’ self-
identified femininity, masculinity, or androgyny and their
reflected appraisal of femininity, masculinity, or androgyny.
In instances where discrepancies were observed between
students’ self-identified and reflected appraisal femininity,
masculinity, or androgyny, we delved into potential factors
contributing to these differences. Moreover, we compared
the results of the analyses in the calculus-based and algebra-
based introductory physics courses. In summary, our study
aimed to answer the following research questions:

RQ1. To what extent do individuals self-identified as
women and men (on a binary scale) in introductory
physics courses perceive their femininity, masculinity,
and androgyny on a gradational scale?

RQ2. What are the correlations between students’
responses to the binary gender measure and the
gradational measures of self-identified femininity,
masculinity, and androgyny? Additionally, what are
the correlations among students’ self-identified femi-
ninity, masculinity, and androgyny?

RQ3. Are there discrepancies between students’ self-
identified and reflected appraisal of femininity, mas-
culinity, or androgyny? If so, what factors may
contribute to these differences?

RQ4. How do the answers to the above research
questions differ in the calculus-based and algebra-
based introductory physics courses?

V. METHODOLOGY

A. Participants and data collection

The data used in this study were collected from college
level algebra-based and calculus-based introductory phys-
ics courses at a large public research university in the US
over two consecutive school semesters (Fall 2022 and
Spring 2023). The algebra-based courses are generally
taken by biomedical science majors, while the calculus-
based courses are generally taken by engineering and
physical science majors. Both the algebra-based and
calculus-based sequence consist of two physics courses:
physics 1, focusing on mechanics, and physics 2, covering
electricity, magnetism, and optics. Physics 1 and physics 2
were offered in both the fall and spring semesters. The
courses are four credit-hour courses which include 2.5 h of
lecture per week, and a 3-h combined recitation and
laboratory led by a teaching assistant that meets once
per week. The laboratory sections have 20-24 students
working in groups of 3-4, whereas the lecture sections

typically have 100-200 students. The recitation periods are
typically used for brief weekly quizzes, and the laboratories
are standard cookbook-type physics labs [94]. Some
faculty include small amounts of group work in the
lectures, but the courses are predominantly traditional.

Data collection took place during the first recitation class
of each semester for each course. In the semesters studied,
there were 889 students taking the algebra-based courses,
and 760 (445 women and 315 men) of them participated in
our study. There were 1541 students taking the calculus-
based course in the semesters studied, and 1284 (279
women and 1005 men) of them participated in our study.
Some reasons for nonparticipation include not giving
consent to use their responses as research data, not attend-
ing the recitations when the survey was implemented, or
adding the course after the survey was implemented (the
add-drop period is the first few weeks of the course). The
students surveyed in the Fall 2022 and Spring 2023
semesters are from two different cohorts. There were 28
students in the sample who repeated the course they took in
the fall again in the spring, and 183 students who took
physics 1 in the fall and physics 2 in the spring. We have
kept the data of these students for both semesters in the
analyses because we hypothesized that their survey
responses might be related to the classroom environment
(e.g., instructor, peers, etc.). Future studies will investigate
how individuals may change their responses over time.

Students’ demographic data were provided by the uni-
versity. Most students in the calculus-based courses were
18-20 years old, and the average age was 19.0 years old
with a standard deviation of 1.85. In the algebra-based
course, students were primarily aged 18 to 21, with an
average age of 19.8 years and a standard deviation of 1.59.
The majority of students were White (80%), with the
remainder identifying as Asian (5%), Hispanic (5%),
African American (4%), Multiracial (3%), or Other (3%).
Additionally, 12% of the students were first-generation
college students. The demographics are relatively even
across different lecture sections, with around 18%—-25%
self-identified women in the calculus-based courses, and
around 60%—-65% self-identified women in the algebra-
based courses. Similarly, there are around 15%-25%
non-White students across different sections in both the
calculus-based and algebra-based courses. The binary
gender information was collected by the university, which
did not offer any alternative options to man or woman at the
time of data collection.

B. Measurements

1. Gradational measures of femininity,
masculinity, and androgyny

In this study, we adapted the gradational measures
developed in the previous study [69], as discussed in the
introduction section, to assess students’ self-identified
and reflected appraisal of femininity, masculinity, and
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androgyny. The survey items and the corresponding Likert
scales are shown in Fig. 1. The first question, “In general,
how do you see yourself?” asks students to rate their own
self-identified femininity, masculinity, and androgyny on a
7-point Likert scale, ranging from “not at all” (coded as 0) to
“very” (coded as 6). The second question, “In general, how
do most people see you?” prompts students to evaluate how
they believe others perceive their femininity, masculinity, and
androgyny, also using the 7-point Likert scale from not at all
to very. These survey questions pertaining to self-identified
and reflected appraisal of femininity, masculinity, and
androgyny were placed after the psychological questions
concerning students’ experiences and attitudes toward phys-
ics. However, we did not provide a specific prompt asking
students to answer the gender-related questions in the context
of the physics classroom.

2. Psychological survey

As discussed earlier in the theoretical framework section,
we intended to investigate the roles of psychological
constructs such as gender stigma consciousness and the
sense of belonging in students’ self-identified and reflected
appraisal of femininity, masculinity, and androgyny.
To measure these psychological constructs, we employed
a 7-point Likert scale survey consisting of validated items
adapted from prior studies [95,96]. The psychological
survey was administered alongside the gradational femi-
ninity, masculinity, or androgyny scales during the first
recitation class of each semester.

We revalidated the survey items using methods such as
exploratory factor analysis, confirmatory factor analysis,

and Cronbach’s alpha [97,98]. Table I presents the survey
items for each psychological construct and the correspond-
ing Cronbach’s alpha and CFA factor loadings. Table I
shows that both constructs have Cronbach’s alpha values
higher than 0.8, indicating a high level of internal con-
sistency among the survey items [97]. In addition, all factor
loadings are higher than 0.4 and most of them are higher
than 0.6, indicating that our constructs extract sufficient
variance from the items [99]. A student’s score for each
construct is the average score of all items within that
construct, and the score range for both gender stigma
consciousness and sense of belonging is 1-7.

C. Data analysis

In this study, we first examined the distribution of self-
identified femininity, masculinity, and androgyny among
students within each binary gender category. Specifically,
we calculated the percentages of women identified in the
university data who rated themselves at different levels of
femininity, masculinity, and androgyny on the 7-point
Likert scale, and we conducted the same analysis for
students who identified as men in the university data. In
addition, to further investigate the relationship between the
binary gender measure and the gradational measures of
self-identified femininity, masculinity, and androgyny, we
calculated the correlations between students’ responses to
these measures.

Next, we compared students’ self-identified femininity,
masculinity, and androgyny with their reflected appraisal of
femininity, masculinity, and androgyny. Specifically, we
calculated the difference between students’ self-identified

(a) In general, how do you see yourself? (Please answer all three scales).

Not at
all 1
Feminine O O
Masculine @) @)
Androgynous @) @)

Very
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O O O @«
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(b) In general, how do most people see you? (Please answer all three scales).

Not at
all 1
Feminine O O
Masculine O @)
Androgynous @) O

FIG. 1.
masculinity, or androgyny.

2 3 4 5 Very
@) O O O @)
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Survey questions for (a) self-identified femininity, masculinity, or androgyny and (b) reflected appraisal of femininity,
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TABLE L.

Survey items for gender stigma consciousness and sense of belonging and the corresponding Cronbach’s alphas and CFA

factor loadings (Lambda and p values of the significance test for each item loading). "The second and fifth belonging items were reverse
coded to ensure that a higher score in these two items represents a higher sense of belonging.

Construct and item Lambda p value
Gender stigma consciousness (Cronbach’s alpha = 0.92)

My gender affects how my peers interact with me 0.931 <0.001
Most people judge me on the basis of my gender 0.946 <0.001
Physics sense of belonging (Cronbach’s alpha = 0.85)

I feel like I belong in this class. 0.790 <0.001
I feel like an outsider in this class’ 0.710 <0.001
I feel comfortable in this class. 0.849 <0.001
I feel like I can be myself in this class. 0.651 <0.001
Sometimes I worry that I do not belong in this physics classT 0.700 <0.001
I am comfortable making a comment or asking a question during class discussion 0.468 <0.001

femininity, masculinity, or androgyny and their reflected
appraisal of femininity, masculinity, or androgyny. For
example, if a student rated their self-identified masculinity
as 2 and their reflected appraisal of masculinity as 4, the
difference would be coded as —2. Conversely, if the
difference is positive, it means that the student perceives
themselves as more masculine than how they believe others
view them. To investigate whether the differences between
students’ self-identified and reflected appraisal of feminin-
ity, masculinity, or androgyny are statistically significant,
we used the Wilcoxon signed-rank test. The Wilcoxon
signed-rank test is a nonparametric statistical test com-
monly used to compare two matched samples when the
normality assumption is not satisfied or when the data are
ordinal [100]. Considering that women are underrepre-
sented in the calculus-based courses and overrepresented in
the algebra-based courses, we conducted the above analy-
ses for these two course types separately and compared the
results between them.

If statistically significant discrepancies between stu-
dents’ self-identified and reflected appraisal of femininity,
masculinity, or androgyny were observed, we then explored
potential factors that may contribute to these differences.
Specifically, we considered demographic factors, such as
gender on a binary scale (women vs men), race (non-White
vs White), and first-generation status (first generation vs
not first generation), as well as course-level factors, such as
course type (calculus based vs algebra based) and semester
(fall vs spring—corresponding to on-sequence or off-
sequence course taking). Additionally, we investigated
potential psychological factors, such as sense of belonging
and gender stigma consciousness, which are previously
discussed in the theoretical framework section.

We identified several factors that are either significantly
correlated with the observed discrepancies or show the
potential of associating with these discrepancies based on
literature and our theoretical framework. Subsequently, we
conducted logistic regression analyses to examine the
effects of each factor on the likelihood of a discrepancy

existing between self-identified and reflected appraisal of
femininity, masculinity, or androgyny. In our logistic
regression models, each psychological construct was rep-
resented by the mean score of the items comprising that
construct, while the demographic and course level factors
were coded as binary variables. For example, self-identified
women were coded as 1 and men as 0, non-White students
were coded as 1 and White students as O, and calculus-
based courses were coded as 1 and algebra-based courses
as 0. In addition to logistic regression, we used structural
equation modeling (SEM) to investigate the chains of
relationships among the studied constructs. SEM includes
two parts: confirmatory factor analysis (CFA) and path
analysis [98]. As discussed in the measurements section,
the confirmatory factor analysis results indicate that our
constructs extract sufficient variance from the survey items,
which allowed us to perform path analysis using these
constructs. The path analysis part of SEM provided
standardized regression coefficients (f) for the paths con-
necting each pair of constructs, offering a measure of the
strength of these relationships.

VI. RESULTS

A. Distribution of self-identified femininity,
masculinity, and androgyny within
binary gender categories

In Table II, we present the percentages of men and women
who indicated their levels of femininity and masculinity as “0
(notatall)” or “6 (very)”. The dataillustrates that only 34% of
men identified themselves as purely masculine (i.e.,
femininity = 0 and masculinity = 6), and only 32% of
women identified themselves as purely feminine (i.e.,
femininity = 6 and masculinity = 0). We also observed that
5% of respondents indicated an equal level of femininity and
masculinity. Furthermore, among the respondents, 19
women perceived themselves as more masculine than
feminine, and 6 men perceived themselves as more feminine
than masculine.
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TABLE IL

Percentages of men and women who indicated their level of femininity and masculinity as O (not at all) or 6 (very),

along with the results of two-sample proportion z tests to compare the percentages in the algebra-based and calculus-based courses.
Cohen suggested that typically values of 0.2, 0.5, and 0.8 represent small, medium, and large effect sizes for two sample proportion z

tests [101].

Overall Algebra based  Calculus based Statistics

Binary measure Gradational measure (N =2044) (N = 1760) (N = 1284) p value  Effect size
Men Femininity = 0 62% 62% 62% 1.000 0.00
Masculinity = 6 40% 41% 40% 0.656 0.02
Femininity = 0 and Masculinity = 6 34% 33% 34% 0.644 0.02
Women Femininity = 6 45% 49% 39% <0.001 0.20
Masculinity = 0 44% 49% 38% <0.001 0.22
Femininity = 6 and Masculinity = 0 32% 38% 27% <0.001 0.24

When comparing the distribution of self-identified femi-
ninity and masculinity between algebra-based and calculus-
based courses, we note that fewer women in calculus-based
courses chose high levels of femininity or low levels of
masculinity compared to algebra-based courses, whereas
there is almost no difference in the percentages of men
between algebra-based and calculus-based courses who

(a) Self-identified femininity
70%
60%
50%
40%
30%

20%
10%
0%

B _ |
2 3

indicated their level of femininity as not at all and
masculinity as very. These findings are supported by the
results of two-sample proportion z tests [101]. For example,
as shown in Table II, 38% of women in algebra-based
courses identified themselves as purely feminine (i.e.,
femininity = 6 and masculinity = 0), while only 27% of
women in calculus-based courses did so. The two-sample

(b) Self-identified masculinity
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3 4 5
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(c) Self-identified androgyny
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FIG. 2. Distribution of self-identified (a) femininity, (b) masculinity, and (c) androgyny of self-identified women and men.
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TABLE IIL

Correlations between students’ responses to the binary gender measure and the gradational measures of self-identified

femininity, masculinity, and androgyny, along with the results of Fisher’s z tests comparing these correlations in the algebra-based and

and ™ for p > 0.05 (not statistically significant).

calculus-based courses. p values for the correlations are indicated by ™ for p < 0.001, * for 0.001 < p < 0.01, " for 0.01 < p < 0.05,

Statistics
Correlations Overall Algebra-based Calculus-based p value Effect size
Gender ~ Femininity 087" 0.89"" 0.84" <0.001 0.20
Gender ~ Masculinity —0.84"" —0.89"" —0.76 " <0.001 —0.43
Femininity ~ Masculinity —0.85" —0.90"" —0.77" <0.001 —0.45
Androgyny ~ Gender 0.05 —0.03"™ 0.11 0.001 -0.14
Androgyny ~ Femininity 0.09" -0.09 0.23° i <0.001 —0.32
Androgyny ~ Masculinity 0.01™ 0.18"" —0.10" <0.001 0.28

proportion z test indicates a statistically significant differ-
ence between these two percentages (p < 0.001), with the
effect size being 0.24.

To visually represent the data, Fig. 2 displays the
distribution of women’s and men’s self-identified feminin-
ity, masculinity, and androgyny on the 7-point Likert scale.
We note that respondents utilized the full range of the
Likert scale to indicate their levels of femininity and
masculinity, with overlap between the scale responses of
women and men. In addition, Fig. 2 shows that around 25%
of women and 22% of men indicated a nonzero level of
androgyny.

B. Correlations between students’ responses to the
binary gender measure and the gradational measures of
self-identified femininity, masculinity, and androgyny

In this section, we examined the correlations between
students’ responses to the binary gender measure (with
women coded as 1 and men as 0) and the 7-point Likert
scale measures of self-identified femininity, masculinity,
and androgyny. As shown in the Table III, while there are
correlations between students’ responses to the binary
gender and self-identified femininity and masculinity, the
correlations are not 1 or —1, indicating that the Likert scale
measures are not entirely equivalent to the binary measure.
Moreover, the correlation between self-identified feminin-
ity and masculinity is not —1, suggesting that they are not
mutually exclusive and opposite, which is consistent with
prior studies [79,80]. Additionally, we note that the
absolute correlations among the binary gender measure-
ment and the gradational measurements of femininity and
masculinity are slightly higher for students in algebra-based
courses compared to those in calculus-based courses. For
example, the correlation between the binary gender meas-
urement and self-identified femininity is —0.89 in algebra-
based courses and —0.76 in calculus-based courses. The
difference between these two correlations is statistically
significant, as determined by Fisher’s z test (p < 0.001,
effect size = —0.43). Similarly, the correlation between
self-identified femininity and masculinity is stronger in

algebra-based courses than in calculus-based courses
(p < 0.001, effect size = —0.45).

In addition, Table III shows that the correlations between
students’ self-identified androgyny and their response to the
binary gender measure as well as their self-identified
femininity and masculinity are small. We note there are
statistically significant correlations between self-identified
androgyny and femininity in calculus-based physics courses
(r =0.23), and between self-identified androgyny and
masculinity in algebra-based physics courses (r = 0.18).

C. Comparison between students’ self-identified and
reflected appraisal of masculinity,
femininity, or androgyny

In this section, we calculated the difference between
students’  self-identified masculinity, femininity, or
androgyny and their reflected appraisal of masculinity,
femininity, or androgyny (i.e., their perceptions of how
others view them in terms of masculinity, femininity, or
androgyny) for women and men in the algebra-based and
calculus-based courses. The results are presented in
Tables 1V, V, and VI for masculinity, femininity, and
androgyny, respectively. In the tables, positive differences
(e.g.,+1,+2,and +3) indicate that the self-identified level of
masculinity, femininity, or androgyny is higher than the
reflected appraisal of masculinity, femininity, or androgyny,
while negative differences (e.g., —1, —2, and —3) indicate
that the self-identified level is lower than the reflected
appraisal. A value of 0 indicates that the self-identified level
of masculinity, femininity, or androgyny matches the
reflected appraisal of masculinity, femininity, or androgyny.
In addition, we conducted Wilcoxon signed-rank tests to
examine whether there are statistically significant differences
between students’ self-identified masculinity, femininity, or
androgyny and their reflected appraisal of masculinity,
femininity, or androgyny. The results of the Wilcoxon
signed-rank tests are also shown in Tables IV, V, and VI.

Table IV shows that 70% of women and 78% of men in
calculus-based courses identified their level of masculinity
as consistent with how they perceive others see them.
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TABLE IV. Differences between students’ self-identified and reflected appraisals of masculinity in the algebra-based and calculus-
based courses, along with the results of Wilcoxon signed-rank tests to assess the statistical significance of these differences. Cohen
suggested that values of 0.1, 0.3, and 0.5 typically represent small, medium, and large effect sizes, respectively, for Wilcoxon signed-
rank tests [101].

Difference between self-identified and reflected appraisal of masculinity

—3 and lower -2 -1 0 +1 +2 +3 and higher  p value  Effect size
Calculus based Women 0% 1% 8% 70% 18% 3% 0% 0.001 0.16
Men 0% 1% 6% 78% 12% 2% 1% <0.001 0.11
Algebra based Women 0% 2% 9% 73% 12% 3% 1% 0.088 0.07
Men 0% 0% 5% 82% 12% 1% 0% 0.004 0.12

TABLE V. Differences between students’ self-identified and reflected appraisals of femininity in the algebra-based and calculus-based
courses, along with the results of Wilcoxon signed-rank tests to assess the statistical significance of these differences. Cohen suggested
that values of 0.1, 0.3, and 0.5 typically represent small, medium, and large effect sizes, respectively, for Wilcoxon signed-rank
tests [101].

Difference between self-identified and reflected appraisal of femininity

—3 and lower -2 -1 0 +1 +2 43 and higher  p value  Effect size
Calculus based ~ Women 1% 2% 12% 76% 8% 1% 0% 0.027 —0.10
Men 1% 1% 7% 82% 8% 1% 0% 0.568 0.01
Algebra based Women 1% 1% 8% 8%  11% 1% 0% 0.221 0.04
Men 1% 1% 7% 82% 8% 1% 0% 0.960 —0.00

TABLE VI. Differences between students’ self-identified and reflected appraisals of androgyny in the algebra-based and calculus-
based courses, along with the results of Wilcoxon signed-rank tests to assess the statistical significance of these differences. Cohen
suggested that values of 0.1, 0.3, and 0.5 typically represent small, medium, and large effect sizes, respectively, for Wilcoxon signed-
rank tests [101].

Difference between self-identified and reflected appraisal of androgyny

—3 and lower -2 —1 0 +1 +2 +3 and higher p value Effect size
Calculus based ~ Women 0% 1% 1% 83% 10% 3% 2% <0.001 0.20
Men 1% 0% 3% 90% 3% 1% 1% 0.343 0.02
Algebra based Women 1% 1% 2% 86% 7% 2% 1% 0.002 0.13
Men 0% 1% 4% 90% 4% 1% 0% 0.999 0.00

However, a sizable percentage of women (21%) and men  16% of women and 13% of men in the algebra-based courses
(15%) perceive themselves as more masculine than how  perceive themselves as more masculine than how they
they believe others perceive them, while only a small  believe others perceive them, while only 11% percent of
proportion of women (9%) and men (7%) perceive them-  women and 5% of men perceive themselves as less masculine
selves as less masculine than how they believe others  than how they believe others perceive them. Wilcoxon
perceive them. The results of Wilcoxon signed-rank tests signed-rank tests results indicate that only men in the
support our findings, indicating that in the calculus-based  algebra-based courses exhibit a statistically significant ten-
courses, both men and women exhibit statistically signifi-  dency to perceive themselves as more masculine than they
cant tendencies to perceive themselves as more masculine  believe others perceive them (p = 0.004), while this differ-
than they believe others perceive them (p = 0.001 for  ence is not statistically significant for women (p = 0.088).
women and p < 0.001 for men). Moreover, the effect size Additionally, we compared students’ self-identified and
of this discrepancy is larger for women (effect size = 0.16)  reflected appraisal of femininity. The results are shown in
than for men (effect size = 0.11). Table IV also shows that Table V. Wilcoxon signed-rank tests results indicate no
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statistically significant difference between these two mea-
surements for men in either calculus-based or algebra-
based courses. However, for women, there is a statistically
significant tendency to perceive themselves as less femi-
nine than they believe others perceive them (p = 0.027,
effect size = —0.10) in the calculus-based courses,
although such a trend was not observed in the algebra-
based course.

Regarding androgyny (Table VI), Wilcoxon signed-
rank tests results suggest no statistically significant differ-
ence between men’s self-identified androgyny and their
reflected appraisal of androgyny in either algebra-based or
calculus-based courses. However, among women in the
calculus-based courses, 15% perceive themselves as more
androgynous than they believe others perceive them,
whereas only 2% perceive themselves as less androgynous
than they believe others perceive them. This tendency among
women to perceive themselves as more androgynous than how
they believe others perceive them holds statistical signifi-
cance based on the Wilcoxon signed-rank test (p < 0.001,
effect size = 0.20). Similarly, women also exhibit a sta-
tistically significant tendency to perceive themselves as more
androgynous than they believe others perceive them
(p = 0.002, effect size = 0.13) in the algebra-based courses.

D. Potential factors associated with the discrepancies
between students’ self-identified and reflected appraisal
of masculinity, femininity, or androgyny

In the previous section, we observed that both self-
identified women and men in the calculus-based courses
have a tendency to perceive themselves as more masculine
than they believe others perceive them. For self-identified
women, there is also a tendency to perceive themselves as
more androgynous than they believe others perceive them in
both calculus-based and algebra-based courses. Moreover,
self-identified women also tend to view themselves as less
feminine than they believe others perceive them in the
calculus-based courses.

Since prior studies have shown that individual’s sense
of femininity, masculinity, or androgyny can be influenced
by the environment and context they are in [86,87], we
hypothesize that discrepancies observed in the previous
section are also associated with various of factors.
To explore the potential factors associated with the
discrepancies observed, we create a binary variable
(self-identified masculinity > reflected appraisal mascu-
linity) coded as 1 if students’ self-identified level of
masculinity was higher than reflected appraisal of mas-
culinity, and 0 otherwise. We also created a binary
variable (self-identified androgyny > reflected appraisal
androgyny) coded as 1 if students’ self-identified level of
androgyny was higher than reflected appraisal of
androgyny, and O otherwise. Similarly, we created a
binary variable (self-identified femininity < reflected
appraisal femininity) coded as 1 if students’ self-identified

level of femininity was lower than reflected appraisal of
femininity, and O otherwise. The factors we focus on in this
study include students’ demographic factors and psycho-
logical factors as well as course-level factors. The demo-
graphic variables available in our data include gender on a
binary scale (women vs men), race (non-White vs White),
and first-generation status (first generation vs not first
generation). The psychological variables available in our
data include physics interest, mindset belief, sense of
belonging in the class, and gender stigma consciousness,
etc. The course-level variables include course type (calculus
based vs algebra based), semester (fall vs spring), and course
content (Physics 1 vs Physics 2). The criteria we used
for selecting potential factors for further investigations
include statistically significantly correlated with any
of the three discrepancy binary variables (Self-identified
masculinity > reflected appraisal masculinity, self-identi-
fied femininity < reflected appraisal femininity, and Self-
identified androgyny > reflected appraisal androgyny),
supported by literature, and demonstrated significant interest
in our previous analyses. The above factors satisfying one or
more of the three criteria were identified as potential factors
for further investigations. In particular, we found that gender
and race are statistically significantly correlated with the
discrepancy binary variables. The psychological factor
gender stigma consciousness and sense of belonging are
statistically correlated with at least one of the three discrep-
ancy binary variables and are also supported by literature as
discussed in the theoretical framework section. The course
type (calculus based vs algebra based) statistically signifi-
cantly correlates with the discrepancy in androgyny (self-
identified androgyny > reflected appraisal androgyny), and
we found statistically significant differences between the two
types of courses in the analyses discussed earlier. Therefore,
we included the following variables as potential factors for
further study: Gender on a binary scale (women coded as 1 vs
men coded as 0), race (non-White coded as 1 vs White coded
as 0), course type (calculus-based coded as 1 vs algebra-
based coded as 0), sense of belonging, and gender stigma
consciousness. The other factors that were not included in
further analyses did not show significant interest based on our
criteria.

Table VII shows the correlation coefficients between the
discrepancy binary variables and the potential factors
discussed above. As shown in the table, the masculinity
discrepancy binary variable is positively correlated with
self-identifying as women (gender) and non-White (race) as
well as gender stigma consciousness. Similarly, the femi-
ninity discrepancy binary variable is positively correlated
with gender and gender stigma consciousness while neg-
atively correlated with sense of belonging. In addition, the
androgyny discrepancy binary variable is positively corre-
lated with gender, race, and gender stigma consciousness
while negatively correlated with being in the calculus-
based courses. Moreover, Table VII shows that gender
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TABLE VIIL

Correlation coefficients between potential predictors of the discrepancy between self-identified and reflected appraisal of

masculinity. p values for the correlations are indicated by~ for p < 0.001,  for 0.001 < p < 0.01, " for 0.01 < p < 0.05, and ™ for

p > 0.05 (not statistically significant).

Observed variable 1 3 4 5 6 7 8
1. Self-identified > reflected appraisal masculinity .

2. Self-identified < reflected appraisal femininity 0.12%‘* -

3. Self-identified > reflected appraisal androgyny 029" —0.05" .

4. Gender 0.05" 007" 007" :

5. Race 005" —0.02™ 006  0.02™ e

6. Calculus based 0.02™ 001" -006" —037 0.03" _—

7. Sense of belonging —-0.03" -0.08"" —0.13" 025 -0.08 018" -

8. Gender stigma consciousness 0117 0.08™ 006" 0257 0117 —0.01™ —017"

negatively correlates with calculus-based and sense of
belonging, while positively correlates with gender stigma
consciousness. These results indicate that there were fewer
women in the calculus-based courses than in the algebra-
based courses, and women had a lower average sense of
belonging and a higher average gender stigma conscious-
ness. In addition, race negatively correlates with sense of
belonging and positively correlates with gender stigma
consciousness, which means that non-White students had a
lower average sense of belonging and a higher average
gender stigma consciousness. Additionally, calculus-based
is positively correlated with sense of belonging, which
means that students in the calculus-based physics courses
had a higher average sense of belonging than students in the
algebra-based physics courses. In addition, sense of
belonging is negatively correlated with gender stigma
consciousness, which means that students who had a higher
level of gender stigma consciousness are likely to have a
lower level of sense of belonging.

Table VII shows how students’ sense of belonging in the
class and their gender stigma consciousness are correlated
with self-identified gender, race, and the type of courses
they are enrolled in. However, it remains unclear what
specific effect each demographic and course factor has on
sense of belonging and gender stigma consciousness after
controlling for the other factors. To address this, we

TABLE VIII. Unstandardized regression coefficients of two
linear regression models with gender stigma consciousness
and sense of belonging being the predicted variable, respectively.
p values for the regression coefficients are indicated by ~ for
p < 0.001.

Predicted variable

Sense of
belonging

Gender stigma
consciousness

Predictive variable
Gender

Race
Calculus-based

—0.49 (0.05)i**
—0.22 (0.06)""
0.24 (0.05)"

0.99 (0.08)""
0.47 (0.09)""
0.32 (0.08)"

conducted multiple linear regression analyses, with gender
stigma consciousness and sense of belonging as the predicted
variables, respectively. The unstandardized regression coef-
ficients for each linear regression model are presented in
Table VIII. Unstandardized regression coefficients for binary
indicators can be interpreted as the mean difference in the
dependent variable between the two groups defined by the
binary predictor while holding the other predictors constant.
For instance, the unstandardized regression coefficient for
gender is 0.99. This indicates that, on average, the gender
stigma consciousness for self-identified women is 0.99
higher than that for self-identified men, even after accounting
for the effects of race and course type. Similarly, non-White
students exhibited 0.47 higher gender stigma consciousness
than White students, even after controlling for gender and
course type. Additionally, students in calculus-based courses
had, on average, 0.32 higher gender stigma consciousness
than those in algebra-based courses, even after accounting for
the effects of gender and race. On the other hand, Table VIII
illustrates that gender and non-White status are negatively
correlated with sense of belonging, while being enrolled in
calculus-based courses is positively correlated with sense of
belonging. These effects persist even after controlling for
other predictors.

E. The effect of different factors on the
discrepancies between students’ self-identified
and reflected appraisal of masculinity

In the previous sections, we identified various potential
factors associated with the difference between students’
self-identified and reflected appraisal of masculinity, as
well as the relationships between these factors. In this
section, we conducted logistic regression analysis to
examine the effect of each potential factor on the difference
between students’ self-identified and reflected appraisal of
masculinity. As mentioned earlier, we utilized a binary
dependent variable (self-identified masculinity > reflected
appraisal masculinity) in the logistic regression, coding it
as 1 if students’ self-identified level of masculinity was
higher than their reflected appraisal of masculinity and 0
otherwise. To better investigate the effect of each factor,
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we initially tested a model with only demographic factors
(gender and race), then we added the course-level factor
(calculus based) to the model, and finally we included the
psychological factors (sense of belonging and gender
stigma consciousness). We assessed changes in the model
fit and how the addition of predictors influences the
coefficients of the other predictors. Specifically, we used
AIC (Akaike information criterion) value to compare
different models, and smaller values of AIC indicate a
better balance between goodness of fit and model complex-
ity. Therefore, the model with the lowest AIC is often
considered the best among the models compared [102].

We first tested a model (model 1) to investigate the
effects of the demographic factors on the discrepancy
between students’ self-identified and reflected appraisal
of masculinity. The demographic factors include gender on
a binary scale (women coded as 1 v. men coded as 0) and
race (non-White coded as 1 vs White coded as 0). The
results of model 1 are presented in Table IX. As shown in
the table, both gender and race are statistically significant
predictors. The odds ratio (OR) in logistic regression
represents the multiplicative change in the odds of the
event occurring associated with a one-unit change in the
predictor variable, while holding other variables constant.
In the context of model 1, the odds ratio is 1.32 for gender,
indicating that women were 1.32 times more likely than
men to perceive themselves as more masculine than how
they believe others view them after controlling for race.
Likewise, with an odds ratio of 1.38, non-White students
were 1.38 times more likely than White students to perceive
themselves as more masculine than how they believe others
view them after controlling for gender.

Then, we added the course level factor (calculus based) to
the model (model 2). As shown in Table IX, the effect of
calculus-based is not statistically significant, which is con-
sistent with the correlation coefficients in Table VII. In addi-
tion, we note that the effect of race becomes not statistically
significant even though the odds ratio (OR = 1.36) forrace is
almost the same as that (OR = 1.38) in model 1. Moreover,
we note that after adding the predictor calculus-based, the
AIC value almost does not change compared with model 1.

Finally, we added the psychological factors (sense of
belonging and gender stigma consciousness) to the model
(model 4). Model 4 shows that sense of belonging is not a
statistically significant predictor of the discrepancy
between students’ self-identified and reflected appraisal of
masculinity, while gender stigma consciousness is a sta-
tistically significant predictor. In particular, the odds ratio for
gender stigma consciousness is 1.15, indicating that a one-
unit increase in gender stigma consciousness is associated
with 1.15 times higher (or 15% increase in) odds of
perceiving oneself as more masculine than one believes
others see them. In addition, we note that model 3 has a
significantly lower AIC value compared with models 1 and 2,
making it a more favorable choice for capturing the under-
lying patterns in the dataset [ 102]. Furthermore, we observed
that after adding gender stigma consciousness to the model,
the effect of gender is no longer statistically significant and
the odds ratio for race significantly decreases, indicating that
the effect of gender and race on the discrepancy between
students’ self-identified and reflected appraisal of masculin-
ity might be mediated by gender stigma consciousness.

To test our hypothesis, we conducted structural equation
modeling (SEM) analyses to further investigate the rela-
tionships between gender, race, gender stigma conscious-
ness, and the discrepancy between students’ self-identified
and reflected appraisal of masculinity. The advantage of
SEM is that it can show not only the direct regression
relation between two constructs but also all the indirect
relations mediated through other constructs [98]. The
results of the SEM model are presented in Fig. 3 (model
4). The regression coefficients in the SEM models in this
study are standardized to be in units of standard deviations.
Thus, model 4 shows that women have a gender stigma
consciousness score that is 0.25 standard deviations higher
than men. The link between gender stigma consciousness
and the final outcome in model 4 indicates that, for each
standard deviation increased in gender stigma conscious-
ness, the odds of identifying oneself as more masculine
than one thinks others perceive them increases by a factor
of %% = 1.15. Although the direct effects of gender and
race on the discrepancy between students’ self-identified

TABLE IX. Results of logistic regression analysis with the binary variable (self-identified masculinity > reflected appraisal

masculinity) as the dependent variable.

Model 1 Model 2 Model 3
Predictor p-value Odds ratio p-value Odds ratio p-value Odds ratio
Intercept <0.001 0.16 <0.001 0.13 <0.001 0.10
Gender 0.041 1.32 0.015 1.43 0.227 1.21
Race 0.049 1.38 0.060 1.36 0.147 1.27
Calculus e e 0.138 1.25 0.247 1.19
Sense of belonging e e 0.765 0.98
Gender stigma consciousness e <0.001 1.15
AIC 1546.2 1546 1531.9
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Model 4
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FIG. 3.

"| Reflected appraisal of masculinity

Results of the path analysis part of the structural equation modeling, illustrating the relationships between gender, race, gender

stigma consciousness, and the discrepancy between students’ self-identified and reflected appraisal of masculinity. Self-identified
masculinity > reflected appraisal of masculinity is a binary variable coded as 1 when students’ self-identified masculinity is higher than
their reflected appraisal of masculinity, and O otherwise. The solid lines with a single arrowhead represent regression paths. The numbers
represent standardized regression coefficients with p < 0.001 indicated by ™, and p > 0.05 indicated by ns.

and reflected appraisal of masculinity are not statistically
significant, they indirectly predict the discrepancy through
gender stigma consciousness. This model fits the data very
well (CFI = 1.0, TLI= 1.0, RMSEA =0, SRMR = 0)
[98]. Since gender and race are statistically significant
predictors as shown in Model 1 in Table IX, and the effects
of gender and race become not statistically significant after
adding gender stigma consciousness (as shown in model 4),
the effects of gender and race are fully mediated through
gender stigma consciousness, which confirms our hypoth-
esis [103].

F. The effect of different factors on the discrepancies
between students’ self-identified and reflected
appraisal of femininity

As discussed earlier, Table V shows that women in the
calculus-based physics courses exhibited a statistically
significant tendency to perceive themselves as less femi-
nine than they believe others perceive them, while there
was no such a tendency in the algebra-based physics
courses. To explore this further, we also conducted logistic
regression analyses to investigate the effects of the potential
factors on the discrepancy between students’ self-identified
and reflected appraisal of femininity. In the logistic

regression analysis, we used a binary dependent variable
coded as 1 if students’ self-identified level of femininity
was lower than reflected appraisal of femininity, and O
otherwise. Similar to the earlier logistic regression analyses
for masculinity, we initially tested a model with only the
demographic factors as predictors. Subsequently, we intro-
duced the course-level factor, and finally, incorporated the
psychological factors into the analysis.

The results of the logistic regression analyses are shown in
Table X. As shown in the table, when we only included
gender and race as predictors (model 5), only gender emerged
as a statistically significant predictor. Specifically, the odds
ratio for gender was 1.70, indicating that self-identified
women were 1.70 times more likely than self-identified
men to perceive themselves as less feminine than how they
believe other people view them. This result is consistent with
the results in Table VII showing that gender is positively
correlated with the femininity discrepancy binary variable.
Then, we included the course level factor (calculus based) as
a predictor (model 6), and we found the effect of calculus
based is not statistically significant (p = 0.076). In addition,
we note that the AIC value of model 6 is almost the same as
that of model 5, indicating that adding calculus based as a
predictor does not significantly improve the model.

TABLE X. Results of logistic regression analysis with the binary variable (self-identified femininity < reflected appraisal femininity)

as the dependent variable.

Model 5 Model 6 Model 7
Predictor p value Odds ratio p value Odds ratio p value Odds ratio
Intercept <0.001 0.08 <0.001 0.06 <0.001 0.15
Gender 0.001 1.70 <0.001 1.91 0.025 1.52
Race 0.339 0.81 0.302 0.80 0.119 0.70
Calculus e e 0.076 1.38 0.058 1.41
Sense of belonging e e 0.001 0.78
Gender stigma consciousness .- 0.043 1.10
AIC 1165.1 1163.9 1136.7
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Model 8

Gender stigma

consciousness 0-10**
,f Self-identified femininity <
Gender ; . S
0.07"s I Reflected appraisal of femininity
&L
= **
? ¥ 0'\:\«

Sense of belonging

FIG. 4. Results of the path analysis part of the structural equation modeling, illustrating the relationships between gender (on a binary
scale), gender stigma consciousness, and the discrepancy between students’ self-identified and reflected appraisal of femininity. Self-
identified femininity < reflected appraisal of femininity is a binary variable coded as 1 when students’ self-identified femininity is lower
than their reflected appraisal of femininity, and O otherwise. The solid lines with a single arrowhead represent regression paths. The curved
dashed line with two arrowheads represents a residual covariance. The numbers next to the regression paths represent standardized
regression coefficients with p < 0.001 indicated by * x %, 0.0001 < p < 0.01 indicated by ~, and p > 0.05 indicated by ns.

Finally, we included sense of belonging and gender
stigma consciousness to the model (model 7), and we found
that both sense of belonging and gender stigma conscious-
ness are statistically significant predictors. Specifically, the
odds ratio is 0.78 for sense of belonging and 1.10 for
gender stigma consciousness. These results indicate that a
one-unit increase in sense of belonging is associated with a
22% (which is 1-0.78) decrease in the odds of perceiving
oneself as less feminine than one believes others see them,
while one-unit increase in gender stigma consciousness is
associated with a 10% increase in the odds of having this
perception. We note that the AIC value of model 7 is
significantly higher than that for both models 5 and 6,
suggesting that model 7 offers a more accurate and efficient
representation of the relationships among the variables
under consideration [102].

In addition, we found that the effect of gender decreases
after adding sense of belonging and gender stigma conscious-
ness, which indicates that the effect of gender on the outcome
variable might be mediated by the two psychological factors.
To further test our hypothesis, we conducted structural
equation modeling analyses. We include gender, sense of
belonging, and gender stigma consciousness to the SEM
model, as they are statistically significant predictors in Model
7. The results of the SEM model are presented in Fig. 4
(model 8). Model 8 also fits the data well: CFI = 1.0,

TABLE XI.
androgyny) as the dependent variable.

TLI = 1.0, RMSEA =0, SRMR = 0 [98]. We note that
even though gender directly predicts the outcome variable in
models 5 and 6, this direct effect becomes not statistically
significant after adding sense of belonging and gender stigma
consciousness (model 8), which means that the effect of
gender on the discrepancy between students’ self-identified
and reflected appraisal of femininity is fully mediated through
sense of belonging and gender stigma consciousness.

G. The effect of different factors on the discrepancies
between students’ self-identified and reflected
appraisal of androgyny

As discussed earlier, Table VI shows that women in both
calculus-based and algebra-based physics courses exhibited
a statistically significant tendency to perceive themselves as
more androgynous than they believe others perceive them.
To explore this further, we conducted logistic regression
analyses to investigate the effects of the potential factors on
the discrepancy between students’ self-identified and
reflected appraisal of androgyny. In the logistic regression
analysis, we used a binary dependent variable coded as 1 if
students’ self-identified level of androgyny was higher than
reflected appraisal of androgyny, and O otherwise.

Similar to the logistic regressions discussed earlier, we
initially tested a model (model 9) to investigate the effects

Results of logistic regression analysis with the binary variable (self-identified androgyny > reflected appraisal

Model 9 Model 10 Model 11

Predictor p value Odds ratio p value Odds ratio p value QOdds ratio
Intercept <0.001 0.40 <0.001 0.47 <0.001 0.32
Gender <0.001 1.40 0.015 1.29 0.046 1.25
Race 0.010 1.36 0.008 1.38 0.011 1.37
Calculus e e 0.044 0.81 0.017 0.77
Sense of belonging e e 0.350 1.04
Gender stigma consciousness e 0.050 1.06
AIC 2558.1 2556.1 2492.5
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FIG. 5.

t Reflected appraisal of androgyny

Results of the path analysis part of the structural equation modeling, illustrating the relationships between gender (on a binary

scale), gender stigma consciousness, and the discrepancy between students’ self-identified and reflected appraisal of androgyny. Self-
identified androgyny > reflected appraisal of androgyny is a binary variable coded as 1 when students’ self-identified androgyny is
higher than their reflected appraisal of androgyny, and O otherwise. The solid lines with a single arrowhead represent regression paths.
The curved dashed line with two arrowheads represents a residual covariance. The numbers next to the regression paths represent

standardized regression coefficients with p < 0.001 indicated by =

. and p > 0.05 indicated by ns.

of the demographic factors on the discrepancy between
students’ self-identified and reflected appraisal of androgyny.
The results of model 9 are presented in Table XI. As shown in
the table, both gender (on a binary scale) and race are
statistically significant predictors. Specifically, the odds ratio
for gender is 1.40, indicating that self-identified women were
1.40 times more likely than self-identified men to perceive
themselves as more androgynous than how they believe other
people view them. Similarly, that self-identified non-White
students were 1.36 times more likely than White students to
hold this perception. Then we added the course level factor
(calculus based) to the model (model 10), and found it is also
a statistically significant predictor with odds ratio 0.81,
which means that students in the calculus-based courses
have 19% lower odds of holding this perception. Finally,
we introduced sense of belonging and gender stigma con-
sciousness into the model (model 11). The results of model
11 reveal that gender stigma consciousness is a statistically
significant predictor, while the effect of sense of belonging is
not statistically significant. The odds ratio for gender stigma
consciousness is 1.06, which means that one-unit increase in
gender stigma consciousness is associated with a 6% increase
in the odds of perceiving oneself as more androgynous than
how they believed other people viewed them. Furthermore,
we note that the AIC value of model 10 is slightly lower than
that of model 9, while model 11 has significantly alower AIC
value compared with both models 9 and 10, which indicates
that model 11 is a more favorable choice for explaining the
variability in the data than models 9 and 10.

By comparing model 11 with models 9 and 10, we
observed that after adding gender stigma consciousness as a
predictor, the effect of gender decreases, indicating that the
effect of gender on the discrepancy between students’ self-
identified and reflected appraisal of androgyny might be
mediated by gender stigma consciousness. To test our

,0.0001 < p < 0.01 indicated by ", 0.01 < p < 0.05 indicated by

hypothesis, we conducted structural equation modeling
analyses with the statistically significant predictors in
model 11. The results of the SEM model are presented
in Fig. 5. Figure 5 (model 12) shows the direct effect of
gender on the outcome variable is not statistically signifi-
cant, while this effect is statistically significant in model 9,
indicating that the effect of gender is fully mediated
through gender stigma consciousness, while the effect of
race is partially mediated through gender stigma conscious-
ness. The SEM model also fits the data well: CFI = 1.0,
TLI = 1.0, RMSEA = 0, SRMR = 0 [98].

VII. DISCUSSION

In this study, we investigated students’ self-identified and
reflected appraisals of masculinity, femininity, and
androgyny in introductory physics courses using grada-
tional measures. This approach allowed us to capture a
broader range of variations in students’ femininity and
masculinity identities and perceptions within the context of
physics courses. By going beyond the traditional binary
gender measures, we were able to explore research ques-
tions that might have remained hidden, thereby gaining
valuable insights into the multifaceted nature of gender.
Our findings can serve as a stepping stone for future
research endeavors aimed at deepening our understanding
of gender-related issues in physics education.

In response to RQI, our study revealed significant
variation in students’ self-identified femininity and mas-
culinity within the binary categories of women and men. In
particular, we found that only about 35% of students
identified themselves as exclusively feminine or exclu-
sively masculine, indicating that the majority of students
embraced both femininity and masculinity as aspects of
their identity. In addition, around 23% of students indicated
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a nonzero level of androgyny. These results are consistent
with prior studies [66,69,70,83] showing that gender is a
social construct that goes beyond a simple binary classi-
fication and individuals can experience and express a wide
range of femininity and masculinity.

Inresponse to RQ2, our results show a positive correlation
between identifying as a woman and higher self-identified
femininity, as well as between identifying as a man and
higher self-identified masculinity. These results align with
traditional understandings of gender roles and expectations.
However, we note that identifying as a woman or man and
self-identified femininity or masculinity are not perfectly
correlated, and our study revealed instances of students
identifying as women but identifying a higher level of
masculinity than femininity. Furthermore, we found that
even though femininity and masculinity identities are neg-
atively correlated, they are not perfectly correlated sug-
gesting that they are not mutually exclusive and opposite. In
other words, the presence of high femininity does not
preclude the possibility of also having high masculinity,
and vice versa. These findings are consistent with prior
studies showing that stereotypically masculine and feminine
interests and behaviors are not mutually exclusive and can
even be positively associated [79,80]. Our study contributes
to the existing body of research by showing that physics
students’ self-identified femininity and masculinity are
also not mutually exclusive, which highlights the multi-
dimensionality of gender identity and emphasizes the
importance of moving beyond binary gender measurement
in physics education research [66,104]. By recognizing and
embracing the complexity of gender identity, we may foster a
more inclusive and comprehensive understanding of gender-
related issues in physics education.

In response to RQ3, our study reveals discrepancies
between students’ self-identified masculinity, femininity, or
androgyny and reflected appraisal of masculinity, feminin-
ity, or androgyny. Specifically, we found that many
students in introductory physics courses perceive them-
selves as more masculine than they believe others view
them, with this divergence being particularly pronounced
among students who identify as women in the calculus-
based physics courses, where women are underrepresented.
In addition, we found that women also tend to perceive
themselves as more androgynous than they believe others
perceive them in both the algebra-based and calculus-based
physics courses. On the other hand, women in the calculus-
based courses exhibit a tendency to perceive themselves as
less feminine than they believe others perceive them. Prior
research has shown that individuals’ self-identified gender
may not always align with how others perceive them
[70,85]. Our study contributes to the existing literature
by showing that there are also discrepancies between
students’ self-identified masculinity, femininity, and
androgyny and their perception of how others view them
in the context of introductory physics courses.

One potential factor that may contribute to these dis-
crepancies is the prevailing masculine culture in physics.
Prior studies have shown that women in science and
technology often distance themselves from traditional
femininity as a means of fitting into disciplines dominated
by men [89,90]. For instance, a study on women in physics
graduate programs found that some participants perceived
feminine characteristics as conflicting with the logic and
nature of physics itself. Participants explained that feminine
attire, such as dresses and heels, felt out of place in the
physics lab, and women may even face pressure to adopt
more masculine traits to fit into the environment [66,105].
Therefore, women may worry about not performing
enough masculinity to be accepted by others in the physics
learning environment. This concern may contribute to our
finding that many women in the physics courses feel that
their masculinity or androgyny is not adequately perceived
by others compared to their self-perception and their
femininity is overemphasized by others compared to their
self-identified level of femininity.

Given the potential influence of the masculine culture in
physics on students’ gender identities and perceptions, we
examined the effects of several potential factors on the
observed discrepancies (RQ3). These factors include dem-
ographic factors (gender and race), course level factor
(calculus based vs Algebra based), and psychological
factors (sense of belonging and gender stigma conscious-
ness). The results of the logistic regression analyses
indicate that having a high level of gender stigma con-
sciousness positively predicts the odds of perceiving
oneself as more masculine and androgynous, and less
feminine than one believes others view them. Similarly,
having a low level of a sense of belonging positively
predicts the odds of perceiving oneself as less feminine than
they believe other people view them. These results suggest
that individuals who are more conscious of gender norms and
stereotypes, or who have a low sense of belonging within the
field of physics, may face increased pressure to conform to
those stereotypical expectations, ultimately leading to a
discrepancy between their self-perception and how they
believe others perceive them. Moreover, our study shows
that self-identifying as women positively predicts the like-
lihood of perceiving oneself as more masculine, more
androgynous, and less feminine than how one believes other
people see them, and gender stigma consciousness mediated
these effects of identifying as women on these discrepancies.
Similarly, sense of belonging also mediates the effect of
identifying as women on the discrepancy between self-
identified and reflected appraisal of femininity. These find-
ings indicate that self-identified women in the physics
courses may encounter a higher level of stereotypes and
stigmas and a lower level of a sense of belonging, exacer-
bating the challenges they face in reconciling their own sense
of masculinity, femininity, or androgyny with societal
expectations.
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In addition to women, we note that students self-
identifying as non-White are also more likely than
White students to perceive themselves as more masculine
and androgynous than they believe others view them, and
gender stigma consciousness also mediates these effects.
This result may be related to the cultural nature of gender
and the influence of societal norms. Prior studies have
shown that popular culture often portrays White men as
standard bearers of masculinity, associated with traits such
as confidence, individualism, and competition [106]. These
traits have also been shown to be commonly perceived as
components of physics culture [107,108]. Prior studies
suggest that the prevailing stereotypical image of a physi-
cist as an eccentric genius working in isolation contributes
to the culture of isolation and competition within physics
[109,110]. However, other cultural values may not align
with these specific traits. For instance, Asian culture values
humility and communalism, which may not fit within the
framework of traditional White notions of masculinity
[106]. Prior studies have shown that Asian men are often
rated as less masculine than White men by both men and
women [111,112]. Consequently, Asian men may face the
dilemma of conforming to White notions of masculinity or
accepting the perception that they are not masculine enough
in an environment dominated by the White masculine
culture, such as in the field of physics. Research has shown
that Asian men often prefer to align themselves with the
dominant hegemonic masculinity rather than aligning with
other marginalized groups, as patriarchal rewards and
advantages are associated with conforming to the dominant
group [106,113]. Similarly, some prior studies have shown
that Black and Mexican-American women scored lower on
masculinity than White women, as measured by the BSRI,
which suggests that non-White women exhibit a lower level
of stereotypical masculine traits than White women
[114,115]. Therefore, in male-dominated disciplines like
physics, where masculinity is highly valued, students from
non-White racial or ethnic minority groups may also
experience concerns about not being perceived as mascu-
line enough to fit into this environment. Future work with
more diverse samples will consider the intersectional nature
of race and gender as it relates to gender stigma conscious-
ness in physics.

In response to RQ4, we compared the results for the
above research questions between the algebra-based and
calculus-based physics courses. While the overall findings
for RQ1 and RQ?2 are consistent between the two types of
courses, we do find some small differences. For example,
we found that self-identified women in the calculus-based
courses are less likely than those in the algebra-based
courses to identify themselves as exclusively feminine.
Additionally, we note that the correlations among the
binary gender measurement and the gradational measure-
ments of femininity and masculinity are slightly higher for
students in the algebra-based courses compared to those in

the calculus-based courses. With regard to RQ3, we found
that women tend to perceive themselves as more masculine
and less feminine in the calculus-based physics courses,
while these tendencies were not found in the algebra-based
courses. After including calculus based as a predictor in the
logistic regression models, we found that being in the
calculus-based course is positively associated with the odds
of perceiving oneself as more androgynous than they
believe others view them, while it is not statistically
significantly associated with the observed discrepancies
regarding masculinity and femininity. In addition, we found
that students in the calculus-based courses had a higher
average level of gender stigma consciousness and sense of
belonging even after controlling for gender and race, while
gender stigma consciousness and sense of belonging are
negatively correlated with each other. The similarities
between the algebra-based courses and calculus-based
courses suggest that some of the findings may be inherent
to the physics classroom and the masculine culture of
physics. The differences in the findings between the
calculus-based and algebra-based courses indicate that
students’ self-identified gender and perception of how
others see them might be associated with the differences
in these two types of courses, such as the representation of
different gender groups. Moreover, there might also be
population differences contributing to the findings. For
example, women in the algebra-based courses, on average,
do not identify as more masculine and less feminine than
they think others perceive them while calculus-based
women do. This may be due to the differences in disci-
plinary culture, with most women in the algebra-based
courses being prehealth majors (which prior research shows
is related to higher levels of femininity [86,87]) and most
women in the calculus-based courses being engineers.
Students’ learning experiences might also differ in these
two types of courses with distinct gender representation and
disciplinary culture, potentially influencing our findings.
Further studies are needed to investigate the factors
contributing to the observed differences between the
algebra-based and calculus-based courses. We also note
that the findings which are consistent across calculus-based
and algebra-based courses may also be due to broader
institutional culture, which warrants further investigation.

Previous research has shown that when there is a disparity
between one’s gender identity and the expectations or
judgments of others, it can lead to various psychosocial
and health-related consequences such as depression, anxiety,
and stress [70,85]. In our study, we found there are also
discrepancies between students’ self-identified and reflected
appraisals of masculinity, femininity, and androgyny in
introductory physics courses, however, the impact of these
discrepancies on students’ physics learning remains unex-
plored. It is unclear whether and how this divergence affects
various aspects of students’ physics education, including
their motivational beliefs, academic performance, and
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persistence in the field of physics. Further investigations can
explore the potential impacts of these discrepancies on
students’ academic and motivational outcomes and shed
light on strategies for fostering inclusivity and promoting
equitable experiences in physics classes.

VIII. LIMITATIONS AND FUTURE DIRECTIONS

In this study, we used quantitative research methods to
investigate students’ femininity, masculinity, or androgyny.
In future studies, it would be valuable to incorporate
qualitative methods such as interviews to gain a deeper
understanding of the reasons behind students’ choices in
self-identified and reflected appraisals of femininity, mas-
culinity, or androgyny and their relationship with the
culture within physics. Qualitative approaches can help
us delve into individuals’ experiences and perceptions,
providing a more comprehensive understanding of gender-
related issues in physics. In addition, in this study, we did
not provide a specific prompt to ask students to answer the
gender-related questions in the context of the physics
classroom, therefore, it is unclear whether our findings
are related to students’ experiences in the physics courses.
Future studies could investigate whether and how students’
responses to the survey questions change when such
prompts are provided. Moreover, even though we found
that the gradational measures of femininity, masculinity, and
androgyny can capture a broader range of variations in

students’ gender identities and perceptions compared with
the binary gender measure, these measures may still not be
able to represent the full spectrum of gender identities. Future
studies could delve into further investigations aimed at
refining the gender measurement frameworks. In addition,
in this study, we investigated the effects of potential
demographic factors, course level factors, and psychological
factors on the observed discrepancies, future studies could
also explore the effects of other factors such as academic
performance and peer interaction. Additionally, our study
was conducted at a single public research university in
the U.S. To examine the generalizability of our findings, it
would be valuable to conduct similar investigations in
other types of institutions and across different countries
and cultures. Furthermore, investigating students’ self-
identified femininity, masculinity, or androgyny and
reflected appraisals of femininity, masculinity, or
androgyny in other disciplines, such as chemistry and
math, would provide valuable insights into the influence of
the learning environment and disciplinary culture on
students’ gender identities and perceptions.
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