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Gender differences in students’ physics identity in introductory physics courses can influence students’
interest in science, technology, engineering, and mathematics and their career decisions. Exploring the
components that influence these identities is critical to developing a better understanding of the
underrepresentation of women in physics courses and physics-related majors. We used a revised version
of the physics identity framework developed by Hazari et al. [J. Res. Sci. Teach. 47, 978 (2010)] to
investigate whether the relation between gender and physics identity was mediated by motivational factors,
such as competency belief, interest, and perceived recognition by others. We surveyed approximately
500 students in introductory level calculus-based physics courses in which 30% of the students are women.
Analysis revealed that the relation between gender and physics identity was mediated by students’ self-
reported motivation at the end of the semester. The model showed that perceived recognition by others
played a major role in students’ endorsement of physics identity with female students less likely to endorse
statements that others perceived them as a “physics person.”
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I. INTRODUCTION

There has been much interest and effort to enhance
diversity in science, technology, engineering, and math-
ematics (STEM) majors and careers, yet women remain
underrepresented in many STEM disciplines [1,2]. Among
the natural sciences, physics has shown the slowest
progress in increasing the representation of women com-
pared to other disciplines such as biology and chemistry
[3,4]. Several interventions have been proposed to address
the issue of low representation of women in physics
including developing better pedagogical methods [5],
improving the efficacy of physics teaching by making
the curriculum relevant to all students [6], and investigating
and improving students’ attitudes in the physics classroom
[5]. The majority of these studies has focused on students’
cognitive difficulties such as understanding the physics
content (e.g., problem solving, reasoning, and metacogni-
tive skills), and on developing pedagogical strategies to
address these difficulties. Moreover, there have been
several other studies investigating motivational aspects of

learning physics, e.g., competency belief, interest, and
recognition [7,8], however, the implications of these studies
have not translated into practice and reform of physics
teaching and learning environments. These motivational
factors can have a significant influence on learning physics
[8] as well as class enrollment and decisions about
students’ selection of major [9].
In explaining participation in STEM careers, identity has

been argued to be a particularly important motivational
construct [10]. There are many forms of identity, but most
relevant here is identifying with an academic domain, such
as physics: students’ views about whether they see them-
selves as a “physics person” [9–16]. Physics identity, which
can shape and be shaped by students’ learning experiences
and classroom interactions, has been shown to predict
students’ career choices and outcome expectations [9–16].
Unfortunately, prior studies investigating students’ phys-

ics identity indicate that male students are more likely to
see themselves as a physics person [9], which may partially
explain the gender differences to major in physics
and career aspirations in physics-related fields [11–15].
Therefore, investigating the factors that influence physics
identity may play an important role in understanding
women’s underrepresentation and their underperformance
in introductory physics courses. Although there are several
studies and frameworks regarding the nature of science
identity generally [11–15], additional work is required to
understand the motivational factors that influence women’s
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physics identity in different physics courses. If we can
understand the relations between the motivational factors
that influence physics identity in different physics courses,
then future work can focus on developing interventions to
scaffold and support its development.
We build on prior work by Hazari and colleagues on

physics identity in which they developed a framework for
physics identity in high school by adapting the well-known
science identity framework by Johnson et al. [11]. Previous
studies have focused on documenting gender differences in
some of the motivational factors hypothesized to be related
to physics identity such as interest in physics, beliefs about
conceptual understanding of physics and performance, and
perceived recognition by others, as well as how these
identities impact students’ career choices for female and
male students [12,13]. However, it is not clear from the
prior work to what extent these factors relate to and interact
with each other and gender in calculus-based physics
courses since the context of the course can be important
for the relations between these factors. Are some factors
more important than others in their influence on physics
identity in these courses? Do these motivational factors
mediate the relation between gender and physics identity
and if so, how?
To investigate these questions, we examined students’

physics identities as well as the hypothesized underly-
ing motivational constructs within the physics identity
framework. Specifically, we focused on the college-level,
calculus-based introductory physics courses at a large state-
related research university. Students in these classes are
generally physical science or engineering majors and they
are typically first-year students, so this study allows us to
monitor their motivational characteristics early in their
academic program. Typical for courses aimed at such
majors, female students in calculus-based physics courses
comprise approximately 30% of the classroom.
Our research methodology uses quantitative methods to

explore which motivational factors cause changes in other
factors and mediate the relation between gender and
physics identity. As part of this analysis, we administered
a motivational attitude survey at the end of the first physics
course, a point at which students are likely to have revised
their attitudes towards physics based on their first univer-
sity-level course experience and it is also the point at which
they are likely to reflect upon whether they should continue
in physical sciences and engineering based upon their
experiences (i.e., it is a very consequential moment) [17].
This work can play a role in informing the selection of
strategies needed for improving students’ physics learning
via lowering anxiety and creating a more supportive
environment.

II. BACKGROUND

A. Sources of the gender disparity in physics

Many research studies have focused on low representa-
tion of women in STEM fields due to societal biases and

stereotypes. Seymour and Hewitt argued that the masculine
image of current STEM culture is a deterring factor for
those who do not identify as masculine [18]. In general, the
image of a physicist is portrayed as male, which can make a
woman feel less welcome and accepted in the physics
community. Likewise, the lack of female role models (e.g.,
famous female physicists or female physics instructors) and
being one of the few female students in a physics classroom
can communicate to women that their gender is not
appropriate for the field. In addition, physics is one of
the disciplines that is believed to require a natural ability to
be successful in it [19,20], and the concept of being a
“genius” or “inherently brilliant” is generally associated
with men [21]. These two factors—the perceived masculine
nature of the field and gender-based beliefs about brilliance
in physics—foreground societal biases about who can excel
and thrive in physics, which can impact female students’
identity and dissuade them from pursuing study in physics-
related disciplines. Archer et al. [22] investigated the
impact of physics-related cultural attributions on girls’
or women’s decisions to pursue physics with ten years
of longitudinal data and reported that science-keen girls or
young women who name physics as their favorite subject
slowly lose their interest due to alienation, discrimination,
and gender-biased beliefs about physics.
Further, gendered beliefs, biases, and discrimination can

negatively impact women and act as a stereotype threat
against them, constraining their performance in the field. In
particular, women may fear confirming the negative ster-
eotypical beliefs about their gender in physics if they
perform poorly and it can increase their anxiety [23–28].
Faculty members’ gendered beliefs regarding the students’
ability can be one reason for the negative threat that women
experience [26]. One study showed that science faculty
members in biological and physical sciences exhibit biases
against female students by rating men significantly more
competent when the curriculum vitae are identical except
for the name of the student being male or female [26].
Gender-biased culture in physics and negative experiences
of female students can create a “chilly” environment for
women which can undermine their motivation to engage in
learning within the “unwelcoming” culture of physics and
other STEM disciplines [18]. For example, women are
typically assigned by their male lab mates to “female roles”
(e.g., recording data as opposed to collecting data or doing
other menial work) in labor division in research lab
experiments [27,29].
Underlying these macrolevel factors (e.g., gender biases,

traditional stereotyped gender roles, discrimination against
women), students’motivational attitudes and beliefs, which
are shaped by societal biases and discrimination, can at
least partly provide a mechanistic explanation for women’s
underrepresentation in STEM disciplines. Several studies
in physics education have focused on students’ motiva-
tional characteristics (e.g., factors such as students’ interest
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in and value of science, beliefs about their competence,
intelligence mindset views, sense of belonging, and identity
formation) [9,30–32]. Individual variation in these factors
can impact students’ learning, persistence in degree attain-
ments, and professional career choices [32–37]. While
having positive attitudes can lead to better grades on
exams [37] or higher rates of retention in challenging
domains [7], negative attitudes, such as low self-confidence
or not feeling recognized by others, can lower interest and
increase disengagement from class participation [38].
In physics, researchers have developed and validated

various instruments to assess students’ motivational beliefs
and attitudes about learning [39–49]. Investigating students’
motivation in physics can provide education researchers
information about how students engage (or not) in learning
activities and why some students persist while others do not
in physics courses.
Prior work has examined gender differences in students’

motivation and attitudes towards physics such as compe-
tency beliefs [7,8,42–46] and interest [8,42,48] in physics.
Physics identity in particular is a central motivational
construct in physics education research that likely plays
a critical role in students’ retention in physics, e.g., among
different gender groups [11]. Prior work in reducing the
gender gaps in competency beliefs and promoting interest
in all students has focused on using more interactive
teaching approaches [50], adopting active-engagement
teaching pedagogies such as Modeling Instruction [51],
or describing specific classroom interventions such as value
affirmation [52]. Researchers have also begun to investigate
the relationship among the different factors [16], but more
work is needed to examine the robustness across contexts
of the factors underlying students’ physics identities,
particularly in introductory calculus-bases physics courses
where female students are a numerical minority.

B. Prior work on science identity and physics identity

Gee’s seminal framework describes identity as the ‘kind
of person’ one is seeking to be and enact in the here and
now [53]. As an example, a physics person typically
associates his or her physics identity with being good at
physics and math or enjoying solving physics problems,
which often involves applying mathematical concepts in
diverse physical contexts. Identity, therefore, is hypoth-
esized to be influenced by motivational characteristics
which can change over time with individuals’ in-class
and out-of-class experiences and interactions with peers,
teaching assistants, and instructors in different circum-
stances and learning environments [11–16].
Researchers have considered a number of different

perspectives on identity formation. One aspect under
debate is whether identity is predominantly internal (the
individual’s private view of themselves) or whether it
is a combination of internal and external components
(i.e., includes perceptions of how others also view the

individual) [54]. For example, external identities can
pertain to individuals’ manifestation of their identities
when performing or acting out who they are in a particular
classroom (e.g., in a science classroom, how students
perform on the given tasks, how they display their under-
standing of the subject or the way they communicate in the
context of science) [55].
Broadening this internal and external debate, researchers

have argued about the full set of underlying factors that
influence identity. One critical question is which motiva-
tional beliefs are central to an individual adopting a science
identity. Carlone and Johnson’s science identity framework
[10] includes three interrelated dimensions: competence
(“I think I can”), performance (“I am able to do”), and
recognition (“I am recognized by others”). They tested their
science identity framework through ethnographic study to
understand the science experiences of successful women in
science and science-related careers.
Hazari et al. modified the framework by adapting it to

physics specifically rather than science more generally
[11]. First, “competence” and “performance” were defined
as students’ beliefs in their ability to understand the
subject, and students’ beliefs in their ability to perform
physics tasks [11]. Specifically, competence and perfor-
mance dimensions focus on students’ beliefs and percep-
tions about their physics-related skills, performances, or
conceptual understandings rather than how students can
practice and exhibit them in class, as in Carlone and
Johnson’s science identity framework. Second, the “rec-
ognition” variable was framed as recognition by others as
being a good student in physics [11]. The use of “recog-
nition” variable in Hazari et al.’s study was measured as
students’ views about the recognition from others which
stresses the internalized feature of this identity component.
Hazari et al. also added a fourth component: “interest” [11].
Carlone and Johnson had investigated scientists’ identity
among professionals who already had developed a certain
level of interest in the science domain. But Hazari et al.
studied students’ identity formation in physics classrooms.
Students typically have highly varying levels of interest in
physics, and therefore it was thought to be a substantial
factor in developing students’ identities [11–15].
After bringing thesemodifications together, Hazari et al.’s

physics identity framework hinges on four factors: students’
interest, beliefs about their competence and performance,
and their views on being recognized by others [11]. Those
four dimensions of the physics identity framework together
make up students’ “internalized” identities. Past studies
have focused on physics identities’ impact on students’
physics-related career choices and gender differences in
high-school identities [11–16]. Also, some other work has
adapted Hazari et al.’s framework to engineering and math
contexts and investigated general populations of college
students’ physics, math, and engineering identities to relate
students’ engineering choices [16].
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Since physics identities are influential in students’ career
choices and trajectories in physics-related fields, under-
standing how students’ classroom experiences impact the
affective factors that influence physics identity is vital
[11,16]. Godwin et al. found in a nationally representative
sample of a general population of college students across
the country that their physics identities, which impacted
their engineering career choices, were predicted by their
interest and recognition in physics, but not by their physics
performance or competence beliefs [16]. In particular,
students’ interest and recognition levels were predicted
by their performance or competence beliefs [16]. This
important study in the physics identity literature highlights
the significance of getting positive recognition [16].
However, because this prior study used a general popula-
tion, it is unclear whether identity has similar foundations
in motivational characteristics in the specific population
most likely to go on in physical science and engineering:
students enrolled in first-year calculus-based physics
courses. Below, we describe the framework we tested in
this context, based on these past studies and foundational
theories.

C. Theoretical model of physics identity

Here we propose a slightly reframed version of the
physics identity framework and investigate calculus-based
physics course takers’ physics identity by gender (see
Fig. 1). Hazari et al.’s performance (i.e., belief in one’s
ability to perform required physics tasks) and competence
(i.e., belief in ability to understand physics content)
dimensions are treated as two separate variables, but the
factor analysis they conducted on the data of general
population of college students suggested that performance
or competence is actually a single latent variable [56].
Carlone and Johnson’s separation of competence and
performance was justified for scientists, but it may be
reasonable to represent them with one single construct for a

population which has less experience within the discipline.
Moreover, challenges associated with these issues also
suggest that more research with different student popula-
tions in different physics learning contexts is needed.
In this investigation, our student population consists

of first year college students majoring in engineering and
physical science. For this population, we propose to
combine these two constructs of performance and com-
petence. Further we label the construct in terms of the more
broadly used motivational construct of competency belief.
This construct of competency belief is defined as students’
beliefs in their capability to succeed in a certain situation,
task, or particular domain [57]. Competency belief has been
a central focus in thousands of educational studies, and it
has been frequently found to predict students’ performance
even after controlling for their prior knowledge [58,59].
Students’ competency beliefs have also been found to be
related to career goals and enrollment in STEM courses
[60], as well as the level of persistence in their academic
track and long term goals [36,61]. Equally importantly,
recent studies of competency beliefs have shown large
gender differences in physics (i.e., female students with
lower average competency belief than male students)
[7,8,42–45]. The gender gap in competency beliefs also
exists when comparing similarly performing female and
male students [46,47]. These alarming trends show that
female students feel less competent in physics than male
students regardless of their actual performance. Because
competency beliefs can influence students’ interest and
engagement in the classroom [36], female students’ choice
of pursuing physics-related careers can be negatively
impacted by their lower competency beliefs. With these
issues in mind, we replace competence or performance with
competency beliefs for the following reasons: (i) to make
the connection to the very large literature on competency
beliefs; (ii) to deal with the empirical finding in both our
data and in the data of Hazari et al. that competence and
performance (at least as perceived by students) is really one
construct rather than two separate constructs [56] at least in
this population; and (iii) the construct is really about beliefs
(which is clearer when competency beliefs is used as the
name of the construct).
The second factor hypothesized to influence physics

identity is interest. Much prior work has examined interest
and its effect on motivation and learning. For example,
making the science courses more relevant to students’ lives
and reforming curricula to promote interest in learning can
improve students’ achievement [62]. Interest is also well
paired theoretically with the competency beliefs dimen-
sions as connected constructs that predict students’ aca-
demic outcome expectations and career aspirations within
expectancy-value theory [63]. In the theory, Eccles et al.
propose that expectancies of success (i.e., self-beliefs) for a
domain such as physics are related to students’ persistence
and engagement that further impacts their course choices

FIG. 1. Schematic representation of the theoretical framework
regarding physics identity.
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(in the short-term) and career choices (in the long-term).
Value of the task is the other aspect of the theory that can
enhance students’ motivation and persistence in the par-
ticular task or field. Value is composed of four components:
intrinsic value, attainment value, utility value, and cost.
While intrinsic value explains individuals’ personal inter-
ests and enjoyment in engaging with the task, attainment
value refers to the importance of the task for individuals
and relate to their identities. Utility value, pertains to how
students can relate the task to their lives or to what extent
the task can help them succeed in various fields. Finally,
cost corresponds to negative aspect of engagement such as
the amount of anxiety or opportunity cost due to the time
spent on the task. These components of value together with
expectations can impact cognitive and affective factors of
academic learning. In particular, perceiving the task as
valuable and connected with individuals’ goals, and having
an interest in the task and enjoying the task promote better
engagement and motivation. We focus on intrinsic value
(interest and enjoyment) and label it as “interest.”
As the third factor of physics identity, we investigate the

recognition by others. In particular, we use the construct of
“perceived recognition,” which refers to students’ percep-
tion about whether others see them as a physics person or
not. We believe the addition of “perceived” is important:
while the perceptions held by others about the student is
important, we argue that it influences the individual
primarily by the extent to which those perceptions of
others influence the students’ perceptions of themselves
and their beliefs about being recognized by others.
Individuals can have biased perceptions. They can mis-
perceive the intent of others’ actions and words, particu-
larly when viewed through the lens of societal expectations
and biases. So, an act meant to support an identity (e.g.,
offering to help) might be viewed as denying an identity
(e.g., implying lack of sufficient competence to be in
the “club”).
In this framework, recognition may be an important

driver both of personal identity and of competency beliefs:
students’ classroom experiences and interactions with
instructors, course assistants and peers (which shape their
perception of recognition) can in turn impact their com-
petency beliefs to achieve and class participation. In
general, the motivational factors that comprise physics
identity relate to and can interact with each other in
meaningful ways. However, it is not clear which directions
of influence are strongest or generally act as precursors to
the others. For example, does interest primarily drive
competency beliefs (e.g., by increasing meaningful par-
ticipation which then builds competency beliefs) or do
competency beliefs primarily drive interest?
Students’ expectancies and values can also help them

build a field-specific identity [63]. In Hidi and Renninger’s
four phase model of interest development, interest is
influenced by competency beliefs, and it later develops

into something that is recognized by others [64–66]. In
research on other motivational constructs (interest, career
preferences, etc.), it is indeed common to view competency
beliefs as an input, and there is much empirical support for
that “causal” direction [61].
However, within the research literature on competency

beliefs, the focus is on the reverse causal direction: what
other attitudes and experiences support changes in com-
petency beliefs [57]. For example, Bandura’s seminal
competency belief theory proposes that four factors are
major sources that influence one’s competency beliefs. Of
particular relevance to the current work, one of the sources
for strengthening individuals’ competency beliefs is the
social or verbal encouragement and persuasion that one
receives from others such as mentors, teachers, or family
members (or lack of these types of positive enforcements)
[57]. Therefore, based upon Bandura’s theory, we test the
effect of perceived recognition on competency beliefs. In
other words, we hypothesize that these motivational factors
are intimately intertwined in that recognition by others has
an effect on the other two factors, competency beliefs and
interest, which have an impact on identity.
Both expectancy-value theory and the four-phase model

of interest prominently include competency beliefs
(although typically called expectancy or self-efficacy there)
and interest as related to identity and its development.
However, expectancy-value theory does not appear to
include recognition by others. The four-phase model
mentions that others (e.g., teachers) can play a role during
the emerging individual interest phase and there is focus on
how others can support understanding or encouragement.
We propose that these beliefs are particularly important for
a domain such as physics that has strong sociocultural
biases, e.g., pertaining to a field consisting of brilliant men,
and not feeling recognized might have strong effects on
one’s views of self-competence and interest. We also note
that if we find that recognition by others or lack thereof
mediates competency belief and interest, it may be possible
to change the patterns of recognition by instructors and
mentors via appropriate professional development activities.
The current research was conducted in the context of

introductory level calculus-based physics courses. Carlone
and Johnson examined scientists’ science identities
whereas Hazari et al. studied physics identity of high
school students as well as a general population of college
students. In the context of physics at the college level, with
many stereotypes about the high difficulty level, the
primary pathway is unclear. Thus, some model testing
work is required that examines variations of the interrela-
tionships between the components of physics identity.
We use structural equation modeling (SEM) to inves-

tigate the sources of gender differences in identity in
calculus-based introductory physics classes in which
women are underrepresented. In other words, the identity
framework was used to directly test the underlying
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relationship of gender to identity components through a
mediation model. In a similar study conducted by Godwin
et al., students’ physics and math identities, and choices in
engineering careers were investigated by using SEM for a
general population of college students [16]. Here we
specifically focus on college female and male students’
physics identities in introductory calculus-based physics
courses. In particular, we investigate the relation between
gender and physics identity via a mediation analysis by
using SEM technique. Additionally, we note that Godwin
et al. compared the impact of female and male students’
physics and math identities on their engineering career
choices with their framework of critical engineering agency
using data from nationally representative survey. In our
study, we were interested in explaining the possible
motivational constructs that create gendered patterns in
students’ physics identity in specific physics courses, i.e.,
calculus-based introductory physics courses for physical
science and engineering majors, in which women are
severely underrepresented.
We hypothesize that physics identity components in the

frameworkwill be correlated to each other and further have a
mediating role in the gender and physics identity relation-
ship. Within this framework, we posit the following central
research question: To what extent can gender differences in
student’s identification with physics be explained in terms of
gender differences in physics competency beliefs, physics
interest, and perceived recognition as a physics person by
others in the introductory level calculus-based physics
courses? In particular, can the origins of differences in
identification with physics be traced to differences in these
components? As noted, Godwin et al. have examined the
interaction between the motivational constructs, identity,
and engineering choices using a multigroup SEM analysis
for a general population of college students [16]. However,
this prior work did not investigate the possible variations
related to the predicting strength of each identity component
(i.e., competency beliefs, recognition, and interest) on
physics identity for students in calculus-based introductory
physics courses, which is a population of majority male
students. Therefore, we aim to explore potential variations
between key components of identity across gender.

III. METHODOLOGY

For the current study, a survey covering the motivational
constructs in the theoretical framework was administered to
559 students at the end of the semester of a calculus-based
physics course. Primarily, quantitative methods were used
to provide converging analysis in addressing the central
research question.

A. Participants

The 559 participants completing the surveys were
students enrolled in one of four different sections of
introductory calculus-based physics, which is generally

taken by engineering and physical science students in their
first year of undergraduate studies. The university provided
students’ demographic information such as age, gender,
ethnicity or race, and academic major as part of a larger
research study using an honest broker process. Both sets of
data—demographic and survey responses—were linked by
the honest broker representative. During this process, an
identification number was given for each student that was
based on a hash function of their university email or student
ID number. Therefore, the researchers only had access to
the demographics data in this de-identified form.
Note that the gender data provided by the university

records included only binary options given as “female” or
“male.” We understand that gender identity is a socio-
cultural and nonbinary construct with multiple associated
dimensions, but we are limited to binary gender data in this
study. Based on this university data, the survey participants
were 33% female and 67% male students; one student did
not have a reported gender status and was excluded from
further analysis. In terms of ethnic or racial distribution,
students were 77% White, 11% Asian, 4% Latinx, 3%
Black, 4% Multiracial, and 1% other. Regarding academic
majors, 61% of students were in engineering track and 39%
of students were in physical science majors. Also, 90% of
the students were in their first year with an average age
of 19.

B. Survey instruments

We used the motivational surveys of identity, perceived
recognition, competency beliefs, and interest based on prior
instruments related to students’motivational characteristics
associated with physics [8]. There were other constructs in
the survey, but we focus on these four. The survey questions
for each construct are given in Table I. The scales were
adapted from existing motivational research in physics
which was discussed in detail in our prior works [8,42], and
the validity of several of the scales examined here were
reported in our previous work [8]. The physics identity
scale was added later, and therefore additional psychomet-
ric validation (CFA results) for that scale is reported in
Table I. The prior survey validation and refinement work
involved iterative use of exploratory factor analysis (EFA)
and one-on-one student interviews both with introductory
and graduate level students [8,42,46]. We also performed
item response theory (IRT) to check the response option
distances for survey constructs [67]. The parametric grades
response model (GRM) by using software STATAwas used
to test the measurement precision of our response scale
[68]. Some of the items have response scales of “strongly
disagree, disagree, agree, and strongly agree” while other
items had response scale “NO!, no, yes, YES!”. GRM
calculates the location parameter for each response and
calculates the difference between the locations. For the first
group—strongly disagree, disagree, agree, and strongly
agree—the response scale discrimination values were 1.2
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and 1.4. For the second group—“NO!, no, yes, YES!”—the
values were 1.6 and 2.1. The numerical values for the
location differences for item responses need to be roughly
similar, as they are for both of these scales, in order to
support use of means across ratings [67–69].
Additionally, we checked the interreliability for the

perceived recognition items. This construct of the theo-
retical framework relates to students’ perception of how
others view them as a physics person. The survey included
three separate items (Cronbach’s α ¼ 0.86) for family,
friends, and TA or instructors, respectively. Moreover, this
construct focuses on the respondents’ beliefs about being
recognized, and therefore is called perceived recognition
and is appropriately answered by the respondent rather by
another individual.
Each of the identity and perceived recognition items

involved a four-point Likert response on the scale: strongly
disagree, disagree, agree, and strongly agree. “I see myself
as a physics person” constitutes the core internal physics
identity construct and corresponds to students’ beliefs and
self-perception in how they designate themselves as a
physics person [11]. The survey initially had two identity-
related items. However, after an initial factor analysis, we
omitted one of the items: “I seemyself as scientist/engineer”
since it was not loading with the identity construct (or any
other construct in the survey).
The competency beliefs component of our framework

was captured by five competency belief items (Cronbach’s
α ¼ 0.83) sampling different manifestations of perceived
competence in academic physics (e.g., understanding and
performing in various ways) [39,70–72]; they were all
answered on a NO!, no, yes, YES! scale that has good
psychometric properties and a low reading load, which is

important for accurately measuring attitudes of students for
whom English is not their native language or have other
reading difficulties. In particular, this scale was used as
opposed to strongly disagree, disagree, agree, strongly
agree because students interpret these rating scales appro-
priately and because it reduces students’ cognitive load,
which is especially important for non-native speakers and
for questions that ask raters to consider subtle differences in
survey items [73].
The final construct in the framework is interest, which

refers to positive affect towards doing physics-related
activities and being curious about the physical world
[70] and was measured with five items (Cronbach’s
α ¼ 0.86). The question “In general, I find physics:” had
response options “Very boring, boring, interesting, Very
interesting” whereas the question “I wonder about how
nature works” had temporal response options: “Never,
Once a month, Once a week, Everyday.” The remaining
three items were answered on the “NO!, no, yes, YES!”
scale. Varying the response scale can lead respondents to
slow down and read the items more carefully.
For each survey item, students were given a score from 1

(low) to 4 (high), with higher scores indicating greater
levels of interest, competency beliefs, perceived recogni-
tion and identity. Mean scores across items were calculated
for items in each scale. For example, a student who
answered “Yes!” to three of the competency belief ques-
tions and “no” to the other two competency belief questions
would have an average competency beliefs score of
ð4þ 4þ 4þ 2þ 2Þ=5 ¼ 3:2. IRT analyses were previ-
ously conducted with these scales to show that the
psychological distance between adjacent response items
and across items was roughly similar; further more

TABLE I. Survey questions for each of the motivational scales, along with CFA item loadings (Lambda and p
values of the significance test for each item loading).

Construct and Item Lambda p value

Physics identity [11]
I see myself as physics person 1.000 <0.001
Physics perceived recognition [11]
My parents see me as physics person 0.914 <0.001
My friends see me as physics person 0.899 <0.001
My TA or Instructor see me as physics person 0.660 <0.001
Physics competency beliefs [39,70–72]
I am able to help my classmates with physics in the laboratory or in recitation 0.662 <0.001
I understand concepts I have studied in physics 0.723 <0.001
If I wanted to, I could be good at physics research 0.722 <0.001
If I study, I will do well on a physics test 0.720 <0.001
If I encounter a setback in a physics exam, I can overcome it 0.710 <0.001
Physics interest [70]
I wonder about how physics works 0.652 <0.001
In general, I find physics 0.772 <0.001
I want to know everything I can about physics 0.786 <0.001
I am curious about recent physics discoveries 0.803 <0.001
I want to know about the current research that physicists are doing 0.746 <0.001
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complex factor scores derived from IRT or CFA are so
highly correlated with the mean score that there is no
practical advantage in using the more complex methods [8].

C. Quantitative analysis of survey data

In this section, we describe our analysis approach to
examine whether there are gender differences in
identity. We conducted Multivariate analysis of variance
(MANOVA) on students’ identity, competency beliefs,
interest, and recognition scores comparing female to male
students. Simple Pearson correlations between constructs
provided an initial validation of the proposed theoretical
framework.
To provide quantitative validation test of the instruments

or separability of the constructs in the current dataset, we
performed a confirmatory factor analysis (CFA) on identity
and the identity components (perceived recognition, com-
petency beliefs, and interest). The model provides a good fit
to the data if fit parameters are above certain threshold
measures. Commonly reported fit parameters are the
comparative fit index (CFI), which compares the fit of
the proposed model to the null model; Tucker-Lewis index
(TLI), which compares the fit of the proposed model the
null model but also taking into account the complexity of
the proposed model; standardized root mean square
residual (SRMR), which is the standardized difference
between the observed correlation and the predicted corre-
lation; and root mean square error of approximation
(RMSEA), which is the absolute fit of the model to the
data taking into account the amount of data available.
CFI > 0.90, TLI > 0.90, SRMR < 0.08, and RMSEA <
0.08 (mediocre fit < 0.10) are considered acceptable fit
parameters [74]. However, recent literature considers more
stringent cutoff points in which RMSEA < 0.08 is mod-
erate and <0.06 is acceptable fit [75].
To quantify the significance and relative strength of the

hypothesized path links between gender, identity compo-
nents, and physics identity with the survey data, we used
structural equation modeling (SEM), with a maximum
likelihood estimation method vis-à-vis lavaan package
in R [76]. Simultaneously estimating all the model links
within SEM (rather than separately with different regres-
sion models) increases the statistical power of the analysis
and produces estimates for the strength of different paths
within the model (e.g., the contribution of competency
beliefs to the gender differences in identity).
The same model fitness parameters as with CFA are

examined to find a model which produced an acceptable fit
to the data: CFI, TLI, SRMR, and RMSEA. We began with
the saturated model and then created model variations by
dropping connections or variables of low strength. We used
modification indices which suggested certain links between
constructs to improve the model fit, but we only used the
suggestions that were theoretically plausible. R lavaan
package has a built-in function that was used to calculate

modification indices based on a given fit measures and give
suggested links (positive or negative) between the varia-
bles. In the final model, data from 517 students were
included in the analysis because 7% of the initial pop-
ulation had some missing responses.
We also calculated the indirect effects between gender

and physics identity after we ran the SEM model. Indirect
effect calculations estimate the strength of the mediation
between the causal variable (e.g., gender) and the outcome
variable (in our case, physics person) through hypothesized
mediators (e.g., perceived recognition). The indirect effect
of gender is calculated by multiplying the coefficients
along a given path (i.e., from independent variable to
mediator and from mediator to dependent variable). Since
there can be multiple paths between a given independent
and dependent variable through different mediators, the
total indirect effect is calculated as the sum of the con-
tributions through each path. The total indirect effect shows
how much of an overall effect is produced by the given set
of mediating variables. Examination of the strength of
different paths shows the relative contribution of each
mediator.

IV. RESULTS

A. Test of the measurement model factor structure

The CFA conducted on the proposed model produced an
acceptable fit to the data: CFI ¼ 0.975 (>0.90), TLI ¼
0.968 (>0.90), SRMR ¼ 0.035 (<0.08), and RMSEA ¼
0.054 (<0.08). Thus, there is quantitative support for
dividing the four constructs as proposed. Further, the factor
loadings for each component were higher than 0.7, which is
considered as acceptable (see Table I). Therefore, each of
the items in the survey were good items for each of their
respective constructs.

B. Gender and physics identity mediation model

As shown in Table II, female students had lower scale
means thanmale students on physics identity with amedium
effect size [77].On average, female students’ responseswere
close to “no” on the scalewhereas on average male student’s
responses were close to “yes” on the scale. All three
motivational factors also showed lower scores for the female
students with similar effect sizes. MANOVAWilk’s lambda
test showed significant gender differences with F
ð4542Þ ¼ 16.70, p < 0.001. In addition, as shown in
Table III, each of the variables was strongly correlated with
each other as expectedwithin the theoretical framework. But
the intercorrelations were not so high that the constructs
could not be separately examined in the SEM. Thus, the
pattern of gender differences and intercorrelations were
consistent with the overall framework and the SEM would
be needed to unpack whether each of the foundational
constructs contributed towards explaining the gender
differences in physics identity.
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We initially tested a moderation relation between vari-
ables and performed a multi-group SEM analysis between
female and male students in order to see if the relationships
between the motivational variables (perceived recognition,
competency beliefs, interest and physics identity) were
different across gender. There was no group difference
as a result of moderation analysis at the level of weak and
strong measurement invariance and at the level of regres-
sion coefficients, so we proceeded with mediation analysis
using SEM (see the Appendix for detailed multigroup SEM
analysis results).
The results of the SEM are presented visually in Fig. 2.

The model fit indices suggest an excellent fit to the data

(acceptable fit thresholds in parentheses): CFI ¼ 0.942
(>0.90), TLI ¼ 0.927 (>0.90), RMSEA ¼ 0.075 (<0.08),
and SRMR ¼ 0.046 (<0.08). Figure 2 presents the stand-
ardized coefficients between each of the variables, and all
were statistically significant. From a mediation perspec-
tive, it is noteworthy that when all of the predictor
variables are entered in the model, the fit of the model
with the gender variable connected directly to the physics
identity gives poor fit parameters (RMSEA ¼ 0.11 >
0.08). That is, the relation between gender and physics
identity is mediated by the intervening variables that are
given in our initial theoretical framework; female students
appear to have a lower physics identity because they have
lower levels of physics perceived recognition and interest
which in turn strongly drives competency beliefs, which,
together with perceived recognition and interest, strongly
drives physics identity. Since the strength of the relation-
ships between the components to physics identity were
unequal, we also calculated the amount of the gender effect
flowing through each of the three key motivational con-
structs by comparing indirect effects to one another. We
calculated the indirect effects by multiplying the coeffi-
cients of different paths for each of the model constructs

TABLE II. Descriptive statistics for female and male students in which M stands for construct mean value, SD is
the standard deviation, and N is the number of students. Effect sizes and p values are presented in the rightmost
column where *** indicates p < 0.001 and the minus sign indicates male students have higher scores than female
students.

Females Males

N ¼ 182 N ¼ 365 Statistics

Construct M SD M SD Cohen’s d p value

Physics identity (physics person) 2.1 0.9 2.6 0.8 −0.6 ***

Perceived recognition 2.2 0.8 2.6 0.7 −0.5 ***

Competency beliefs 2.6 0.6 2.9 0.5 −0.6 ***

Interest 2.7 0.7 3.1 0.6 −0.7 ***

TABLE III. Zeroth order correlation coefficients of the con-
structs in the mediation model.

Observed variable 1 2 3 4

1. Physics identity (physics person) � � � � � � � � � � � �
2. Perceived recognition 0.79 � � � � � � � � �
3. Competency beliefs 0.64 0.65 � � � � � �
4. Interest 0.65 0.60 0.54 � � �

FIG. 2. Results of the structural equation modeling between gender and being a physics person through competency beliefs, interest,
and perceived recognition. The line thickness corresponds to the magnitude of β values (standardized regression coefficients), p values
<0.001 are indicated by ***, and p values <0.01 are indicated by **.

WHY FEMALE SCIENCE, TECHNOLOGY, … PHYS. REV. PHYS. EDUC. RES. 15, 020148 (2019)

020148-9



that had a direct connection to physics person. For instance,
competency beliefs’ indirect gender effect was calculated
by adding two paths: one via perceived recognition and
one via interest. For example, for the first path, we
calculated 0.27ðgender→ perceivedÞ× 0.54ðperceived→
competencybeliefsÞ× 0.15ðcompetencybeliefs→ physics
personÞ ¼ 0.022. All of the indirect effects are statistically
significant, and perceived recognition had by far the largest
indirect effect (0.16 ***), followed by interest at approx-
imately half the size (0.07 ***), and competency beliefs
with less than one-fourth the size (0.034 ***).

V. SUMMARY AND DISCUSSION

In this study, we investigated the roles that competency
beliefs, interest, and perceived recognition play in forming
physics identities for male and female students in the
calculus-based introductory physics classes that are
recognized as gateway courses in college for physical
science and engineering STEM majors and careers. The
tested physics identity model aimed to capture the inter-
relationships between several closely related motivational
constructs and physics identity and supports earlier work
by highlighting the nuances within a specific population
consisting of college calculus-based introductory physics
students. As hypothesized, we found support for four
separable, independent factors for this sample. Consistent
with prior work [78], we have found significant gender
differences, where male students scored higher than female
students on all four factors. These differences suggest that
female and male students’ identity development may show
differences since students’ attitudes in physics learning like
competency beliefs are influenced in a different way
throughout the course.
Most importantly, the results provided support for a

hypothesized mediational explanation of the gender dis-
parity in physics in terms of the underlying identity
components. Godwin et al. found in a general college
population that recognition by others was important for
developing a physics identity, but there was no direct effect
of competency beliefs on identity [16]. Here we explored
how these constructs are related to one another in the
physical sciences and engineering population found in
calculus-based physics courses. Since disciplinary identity
can be context dependent and the factors may relate to each
other differently depending on the context, we tested the
particular relations among the factors to see which predict
variance in the physics identity in calculus-based physics
courses. These analyses revealed relations of these factors
to identity, whose causality can be more directly tested in
future work. Identifying such relations provides opportu-
nities for future work to test interventions designed to
support identity development.
Not only did all four components show similarly sized

gender differences; the path model partially explained the
gender gap in physics identity. The analysis showed how

gender was related to recognition and interest and more
importantly how recognition is related to interest and
competency beliefs. It is also interesting to note that some
relations were not present in the final SEM model. For
example, there was no direct relation between gender and
competency beliefs (much of that relation appears to flow
through recognition by others). This relation is consistent
with the theory that external feedback plays critical role in
competency belief development. Women in calculus-based
introductory physics appeared to not see themselves as a
physics person because they thought others did not see
them as a physics person.
Our findings suggest that there are perceived differences

between female and male students’ experiences and inter-
actions in calculus-based physics classrooms. These gender
differences in students’ perceived classroom experiences
impact their motivational characteristics. Female students
may experience a decrease in interest and develop lower
competency beliefs than male students that may further
shape their physics identities in negative ways and can
cause gendered patterns in STEM majors and career
decisions. These results have implications for both theories
of identity and motivation. Building on prior work, this
work adds to the theory of physics identity by improving
understanding of the motivational factors underlying wom-
en’s physics identity formation in calculus-based introduc-
tory physics. In particular, consistent with early work, we
also have shown connections between motivational con-
structs like recognition by others, competency beliefs,
interest, and identity in the context of calculus-based
introductory physics courses which could be integrated
or revised in the four-phase interest model and in expect-
ancy-value theory.

VI. IMPLICATIONS

Our identity model for calculus-based introductory
physics suggests a causal relationship between the variables
impacting students’ physics identities. Through this analy-
sis, we have shown that gender differences in students’
perceived recognition influence their competency beliefs,
and interest. These gender differences in students’ perceived
recognition, competency beliefs, and interest ultimately
affect their identity in physics. One of the results in this
model is the strong effect of perceived recognition on
students’ othermotivational beliefs (i.e., competency beliefs,
interest, and identity). Furthermore, students’ perceived
recognition exhibited a large gender gap where women’s
perceived recognition scores corresponded to a negative
attitude (i.e., women mostly disagree that others recognized
them as a physics person). This result highlights the need for
designing and implementing classroom interventions target-
ing these issues.
A recent study found that students’ physics identity was

positively impacted by teachers’ implementation of strat-
egies in the classroom to increase students’ perception of
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recognition [79]. Getting meaningful recognition from
instructors becomes an especially important factor to
support women’s motivation and engagement when we
consider the lack of female role models and teachers in the
physics community. Equally importantly, teaching assist-
ants (TA) who facilitate lab courses and recitations also can
play a key role in supporting female students’ belonging-
ness and perceived recognition. In fact, TAs may have more
opportunities to interact with students at a personal level
because they teach smaller student groups in recitations
and labs.
It is possible that women may have negative experiences

regarding receiving recognition from their instructors and
TAs. The quantitative results given in Table II showed that
both female and male students reported a mean score of
recognition and physics person below a positive threshold
(i.e., score of 3). However, women had much lower scores
for the constructs of perceived recognition and identity as a
physics person, which corresponded to a negative response
(i.e., score of 2 corresponds to disagreeing with the state-
ment that others see them as a physics person). When we
did the validation of the survey via student interviews, one
female student shared her experience in the recitation by
stating that when she asked the TA about a particular
problem, her TA responded with a comment like “oh, that is
an easy question!”. That student noted that she felt that her
question was devalued in front of the entire class and she
felt stupid. She never asked another question in the
recitations for the rest of the semester, which emphasizes
the essential role of instructors’ and TAs’ explicitly
supportive or perceived nonsupportive attitudes in main-
taining women’s active engagement and sense of belonging
in physics courses. We note that to give the benefit of the
doubt to the TAs, they may not mean anything negative
about a student’s intelligence when they say that the
problem is easy and may respond similarly to men and
women. However, due to societal stereotypes about women
in a physics class, male and female students may internalize
such responses very differently. Moreover, in calculus-
based introductory physics courses in which women are
underrepresented, such stereotypes may cause an even
larger threat for female students when their questions are
devalued (negative perceived recognition), and then their
competency beliefs and physics identity can plummet.
At a broader level, the American Physics Society (APS)

and the American Association of Physics Teachers (AAPT)
have started to create organizational spaces for women in
physics to come together and discuss the current issues to
improve diversity, equity, and inclusion in physics [80,81].
Moreover, the APS has also been giving Women in Physics
Awards to acknowledge the success of accomplished
women in the field in order to support women’s advance-
ment. However, we argue that there are instructional level
strategies that need to be implemented and improved to
recruit and retain more women at the undergraduate level.

The investigation presented here suggests that students’
perception of receiving recognition from the TA or
instructor and peers played an important role in their
positive physics identity, and female students in calculus-
based introductory physics had lower perceptions of being
recognized than did male students. While small gestures of
recognition can have a large positive effect on women’s
persistence in the field, not receiving any recognition can
be interpreted by female students as an indication of a lack
of skills or ability since they are a minoritized groups in
physics and more susceptible to negative interpretation in
such ambiguous situations. Eileen Pollack, who graduated
from Yale with a B. S. degree in Physics in 1978, discusses
why she pursued a career in writing and being a novelist
instead of her dream: getting a Ph.D. from Princeton in
physics. She noted, “not a single professor—not even the
adviser who supervised my senior thesis—encouraged me
to go to graduate school.” She continues, “Certainly this
meant I wasn’t talented enough to succeed in physics, I left
the rough draft of my senior thesis outside my adviser’s
door and slunk away in shame” [82,83]. Years later, she met
with her advisor while writing her book and asked what he
thought of her undergraduate thesis project. He responded
that “it was exceptional” and Pollock wondered “why had
he never told me?”
So, how can we improve mentor-mentee or student-

teacher interactions in physics? One approach involves
organizing professional development workshops to train
graduate teaching assistants and course instructors, in
which they learn about underrepresented groups’ experi-
ences and their vulnerability in unsupportive classroom
environments [84]. These training programs can give some
guidance and provide certain strategies in terms of how the
TA or instructor communicates with minority groups.
Currently TA or instructor training workshops do not
typically focus in any depth on equity and inclusion issues
and the motivational constructs that can severely impact
students’ learning and can have major implications for
diversity, equity and inclusion in physics classrooms.
Another approach involves using brief social-

psychological classroom interventions. These interven-
tions, e.g., mindset or sense of belonging interventions,
are typically done at the beginning of the semester and have
been found to boost women’s self-confidence and interest
in physics, and to reduce the possible stereotype threat in
the classroom [85–88]. Incorporating these types of class-
room interventions into teaching can increase women’s
sense of belonging and competency belief and may help
them develop positive feelings of recognition by peers and
instructors. To address the issue raised in this study, we
have recently implemented a 25-minute mindset-belonging
intervention in the second week of a calculus-based Physics
1 course during the recitations. Our preliminary results
showed promising outcomes in terms of women’s perfor-
mance: While the control group showed large gender gap in
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Physics 1 performance, this gap was eliminated in the
intervention group [88].
Academic and personal support such as family encour-

agement or peer and faculty relationship and mentoring by
faculty can increase the persistence of women and par-
ticularly women of color in STEM fields [89–93]. Ong
et al. [91] suggests that supportive mentoring relations with
the faculty can be crucial but rarely provided for minority
groups in STEM disciplines such as women of color.
Relatedly, cultural attributions or gender roles in society
can be another important aspect that can generate
differences in students’ motivational characteristics and
identities, in particular STEM fields [89,94,95]. These
biased attributions include sociocultural expectations
(e.g., culturally endorsed image of a physicist as “male”)
and negative stereotypes (e.g., beliefs about men being
better at physics than women). Women experience implicit
and explicit biases and stereotypes far before they come to
college [24]. Instructors’ inclusive teaching strategies can
help to mitigate this negative threat that many women may
experience in physics [80]. Relatedly, one study has found
that incorporating discussion sessions about the underrep-
resentation of women in physics improved female students’
physics identities whereas it did not change male students’
physics identity [96]. In contrast, women can have a lower
sense of belonging and confidence in physics if instructors
exhibit unsupportive, biased attitudes, and discriminating
behaviors. In such an unwelcoming learning environment,
many women can lose their interest further and disengage
from course activities which can result in withdrawing from
the course and possibly from a STEM major altogether
because of these types of experiences [97].
Hulleman and Harackiewicz’ values affirmation inter-

vention in classroom increased students’ interest and exam
performance in the course especially for low performers
[98]. The positive impact of such interventions on students’
interest and course performance can also increase in
students’ identity in the domain [86]. Female and male
students exhibit differences in the value they attribute to
certain practices and activities. When teaching, it is
important to take into account both group’s interest, values,
and achievement goals.
In summary, gender-based differences in physics iden-

tities and other motivational factors can reflect the gendered
trends in physics and other related STEM disciplines.
Gender biased attributions about brilliance, stereotype threat,
and the emphasis onmasculinity in the culture of physics can
negatively impact physics identity and potentially lead to less
participation and retention of women in physics-related
majors and careers. Enhancing gender inclusivity in the
physics community and other male-dominated STEM fields
can improve women’s physics identity and identity in other
STEM fields andmay yield benefit towomen and the STEM
discipline itself. Therefore, the issue surrounding the lack of
diversity in physics and other science and engineering fields

needs urgent action from educational researchers, practi-
tioners, and policymakers. In this regard, fostering women’s
discipline-based identities in STEM can help increase the
retention and advancement of talented and competent
women in the STEM disciplines.

VII. FUTURE DIRECTIONS AND LIMITATIONS

With the findings presented here, it is also imperative to
ask what might be causing the differences in female and
male students’ motivational characteristics and identities
and how we may be able change these patterns. In the
future studies, we also intend to investigate how measures
of performance, such as high school GPA or standardized
test scores (i.e., SAT or AP) or physics course grades in
college, can interact with students’ physics identities.
Although it is a common practice in the research literature
on identity, using only one item to measure students’
identity may incompletely measure the construct, and
future studies should consider including other related items
for measuring students’ physics identity.
Future studies should also examine different physics

classrooms that vary in terms of student demographics,
teaching style, and physics course content. Investigating
how physics identity can be influential for nonscience
major students or health science students such as pre-med
students can yield different findings from ours as well as
prior work [16]. For example, in algebra-based physics
courses, women are now the majority group, often making
up 60% or more of the classroom. Further, the algebra-
based physics courses are often selected by students
interested in medicine and health-related professions.
Similarly, the influence of the gender of the instructor
on identity development can be another factor to investigate
further, especially regarding the role of perceived recog-
nition. In particular, recognition by a TA or instructor of
similar gender may matter to a different extent than
recognition by a TA or instructor of a different gender.
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APPENDIX: MODERATION ANALYSIS
WITH MULTIGROUP SEM

We did a moderation analysis to test the group
differences in the path analysis. We used the R software
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package “lavaan” to conduct multigroup SEM. We initially
tested for measurement invariance. In other words, we
looked at whether the factor loadings, intercepts, and
residual variances of the observed variables are equal in
the model where we measure the latent constructs so we can
confidently perform multigroup analysis. The analysis
involves introducing certain constraints in steps and testing
the model differences from the previous step. In each step,
we compare the model to both the previous step and the
freely estimated model, that is, the model where all
parameters are freely estimated for each gender group.
First, to test for “weak” or “metric” measurement invari-
ance, we ran the model where only factor loadings were
fixed to equality across both gender groups, but intercept
and errors were allowed to differ. The model was not
statistically significantly different than the freely estimated
model according to a likelihood ratio test, so weak meas-
urement invariance holds when we compared to freely
estimated model where chi-square difference ðΔχ2Þ ¼ 5.02,
degree of freedom difference ðΔdfÞ ¼ 10, and nonsignifi-
cantp value ¼ 0.88. Next, we tested for “strong” or “scalar”
measurement invariance by fixing both factor loadings and
intercepts to equality across gender groups. This model was
not statistically significantly different than either the metric
invariance model (Δχ2 ¼ 12.264, Δdf ¼ 10, p ¼ 0.2678)
or the freely estimated model (Δχ2 ¼ 17.28, Δdf ¼ 20,
p ¼ 0.634), so strong measurement invariance holds.
Finally, to test for “strict” measurement invariance we fixed

factor loadings, intercepts, and residuals to equality. In this
step, there was a statistically significant difference from the
previous models, therefore “strict invariance” did not hold
when we compared to scalar measurement (Δχ2 ¼ 37.728,
Δdf ¼ 13, p ¼ 0.0003). However, strict invariance is
unlikely to hold in most situations. Therefore, since strong
measurement invariance holds for this model, we continued
on to perform other group comparisons.
Next, we ran a multigroup SEM where all regression

estimates were fixed to equality for female and male
students in addition to the factor loadings and intercepts
and we compared this model with the freely estimated
model. There was no statistically significant difference
between the two models, so we report the model where
regression pathways are equal for men and women. The
model fit parameters for this case were not moderate but
acceptable (RMSEA ¼ 0.082, SRMR ¼ 0.060, CFI ¼
0.930, TLI ¼ 0.924). The multigroup SEM results suggest
that regression pathways (e.g., from competency beliefs to
physics identity or interest to identity) did not show
differences across gender when we compared to the freely
estimated model (Δχ2 ¼ 25.86, Δdf ¼ 26, p ¼ 0.4707) or
to the scalar model (Δχ2 ¼ 8.57, Δdf ¼ 6, p ¼ 0.1988).
However, the means of the latent variables showed the same
gender differences that are reported in the mediation model.
That is, there were initially large differences in students’
perceived recognition and slight differences in interest that
mediated the effect of gender on identity.
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