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Student sense of belonging in physics classes may not only play a key role in shaping course outcomes
but also influence student persistence and future career aspirations. Prior research has shown that women
have a lower sense of belonging than men in calculus-based introductory physics courses. However, prior
research has generally not investigated students’ sense of belonging in introductory physics courses in
which women are not underrepresented. We administered a validated survey to investigate the sense of
belonging of 814 students and how it predicts student grades in a mandatory introductory physics course
primarily for bioscience majors. In particular, we investigated how students’ sense of belonging predicts
female and male students’ grade at the end of the mandatory physics course for bioscience majors using
structural equation modeling. We found that women had a lower sense of belonging and grade than men in
this course and that the students’ sense of belonging played a major role in predicting students’ grade in the
course. In addition, while men’s sense of belonging significantly increased from the beginning to the end of
the physics course, women’s sense of belonging did not significantly change by the end of the course.

DOI: 10.1103/PhysRevPhysEducRes.18.010139

I. INTRODUCTION AND THEORETICAL
FRAMEWORK

Motivational beliefs in academic domains can influence
students’ continuation in related courses, majors, and
careers [1–10]. In particular, students’ sense of belonging
has been shown to be important in their academic outcomes
and future careers [11,12]. Students’ sense of belonging in
their college or university has been shown to predict
students’ intentions to persist through college [13,14]. In
science, technology, engineering, and math (STEM) fields,
studies have shown that belonging is linked to students’
engagement in the courses [15], grade [16], persistence
[17,18], and lower expectations of dropping out of their
STEM major [19]. For example, in one study, students’
sense of belonging in a math class was found to predict
their intention to pursue math in the future [20]. However, it
has also been found that women have a lower sense of
belonging than men, potentially due to stereotypes related
to who belongs and can excel in STEM fields [20,21].
These stereotypes about who can excel in STEM courses

could impact women even in physics courses in which they
are not underrepresented, e.g., mandatory college physics
courses for bioscience majors. One common stereotype is

that genius and brilliance are important factors to succeed
in physics [22]. However, genius is often associated with
boys [23], and girls from a young age tend to shy away
from fields associated with innate brilliance or genius [24].
Moreover, as these students get older, norms in the science
curriculum hold less relevance for girls since the existing
curricula tend not to represent the interests and values of
girls as much [25]. Furthermore, teachers and school
counselors often pay more attention to male students and
counselors give gendered advice to students regarding
which high school physics and math courses to take and
majors to pursue when in college. All these factors which
are associated with societal stereotypes about who belongs
in physics and can excel in it can influence female students’
perceptions about their ability to do physics even before
they enter the college classroom. Also, it is possible that
although women are the majority in algebra-based physics
courses primarily for bioscience majors, these societal
stereotypes can still influence their sense of belonging
and grades in the physics class unless instructors make an
explicit effort to create an equitable and inclusive learning
environment.
One mechanism by which societal stereotypes and biases

negatively affect female students is via lowering their sense
of belonging in fields in which they are underrepresented.
For example, in one study, women STEM graduate students
had the perception that they exerted more effort than their
peers to succeed, and this perception predicted their sense
of belonging [26]. Another study showed that female
participants in a Physics Olympiad competition who
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endorsed negative stereotypes about female talent for
physics felt a lower sense of belonging in physics [27].
In addition, when active learning is implemented in STEM
courses in which learning environments are not equitable or
inclusive, men have been shown to dominate responding to
questions from instructors in classes [28]. Students’ sense
of belonging has been shown to correlate with their
retention and self-efficacy in school [29–31]. In addition,
it is shown to be a predictor of students’ physics identity for
senior physics majors [32]. Several prior studies have
shown performance gaps between men’s and women’s
grades and scores on conceptual tests in calculus-based
and algebra-based physics courses [33–38] that some
hypothesize may be due to gender gap in prior preparation
or motivational beliefs, such as sense of belonging [37–47].
However, there has not been research conducted on
students’ sense of belonging and how it predicts students’
grades in physics courses in which women are not
underrepresented.
This study examined the difference between male and

female students with regard to the role of their sense of
belonging in predicting performance outcomes at the end of
a mandatory first semester of an algebra-based introductory
physics course sequence for bioscience majors, controlling
for their high school GPA, SAT math scores, and sense of
belonging at the start of the class. We controlled for
students’ past performance in high school in order to
isolate the effect of students’ sense of belonging on their
course outcomes. Avisual representation of our final model
is shown in Fig. 1. All paths were considered from left to
right in our model. However, only some of the paths are
shown for clarity. Our research questions are as follows:

RQ1 Are there gender differences in students’ high
school GPA and SAT math scores, as well as grades
and sense of belonging at the beginning and end of the
mandatory physics course?

RQ2 To what extent does physics sense of belonging
predict physics course grade in the model shown
schematically in Fig. 1?

II. METHODOLOGY

In this study, a validated survey covering sense of
belonging and other motivational constructs (not discussed
here) was administered to students at a large public research
university in the U.S. The survey was given at the
beginning (pre) and end (post) of the first semester in
the introductory algebra-based physics classes over the
course of two years that were taught in the traditional in-
person lecture style before the pandemic. This course is
primarily taken by junior or senior bioscience majors for
whom a two-semester physics course sequence is manda-
tory. We analyzed the data for 814 students who completed
the survey in the introductory physics 1 class. The
university provided demographic information such as
age, gender, and ethnic or racial information using an
honest broker process by which the research team received
the information without knowledge of the identities of the
participants. From the university data, the participants were
36% male and 64% female. We recognize that gender is
fluid and not a binary construct; however, the data collected
by the institution is in binary terms. We use binary data
provided by the university in this study. Less than 1% of the
students did not choose male or female and thus were not
included in the study.
We note that there were six sections and four instructors

of the course within the investigated time period. However,
we found that the intraclass correlation coefficient (ICC),
which measures the proportion of the variance between
instructors, e.g., in the student sense of belonging to be 4%.
This is below 10%, the usual threshold cited for warranting
the use of multi-level models and thus we grouped all the
students together, regardless of instructor.

A. Instrument validity

This study measured the physics sense of belonging of
students enrolled in the first of the two introductory
algebra-based physics courses primarily for bioscience
majors. The survey with multiple motivational constructs
was administered to the students [48], however, we focus
on the sense of belonging questions here. The validated
survey involving several motivational beliefs, including the
sense of belonging items, was adapted from previous
research [49,50]. Re-validation of the survey at our
institution involved conducting one-on-one student inter-
views [10], exploratory factor analysis (EFA), confirmatory
factor analysis (CFA), and calculation of the Pearson
correlations and Cronbach’s alpha. The sense of belonging
items on the survey measured whether students felt like
they belonged in the introductory physics class [30,50].
The questions in the study were designed on a Likert scale

Post 
Belonging

Grade 
physics 1

Pre 
Belonging

High 
School 
GPA

SAT 
Math

Gender

FIG. 1. Schematic representation of the path analysis of the
model and how sense of belonging mediates the relation between
gender and grade in the physics 1 course for bioscience majors in
which women are not underrepresented. From left to right, all
possible paths were considered (including the one from gender to
grade in physics 1), however, only some of the paths are shown
here for clarity.
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of 1 (low endorsement) to 5 (high endorsement) [51]. A
lower score is indicative of a lower sense of belonging
while a higher score is indicative of a higher sense of
belonging. Two of the items were reverse coded. The
survey items for the sense of belonging factor and factor
loadings for each item from the CFA, performed on the
entire survey, are given in Table I. Cronbach’s alpha was
used to measure the internal consistency of the items.
Cronbach’s alpha is 0.85 for the sense of belonging items,
which is considered reasonable [52].

B. Analysis

Initially, we analyzed the descriptive statistics by com-
paring female and male students’ mean scores on the
belonging questions and students’ grades for statistical
significance using t tests and investigated the effect size
using Cohen’s d [53]. Cohen’s d is d ¼ ðμm − μfÞ=σpooled,
where μm is the average score of male students, μf is the
average score of female students, and σpooled is the pooled
standard deviation (or weighted standard deviation for men
and women) for all students. In general, d ¼ 0.20 indicates
a small effect size, d ¼ 0.50 indicates a medium effect size,
and d ¼ 0.80 indicates a large effect size [53].
To quantify the statistical significance and relative

strength of our framework’s path links, we used structural
equation modeling (SEM) as a statistical tool by using R
(lavaan package) with a maximum likelihood estimation
method [54]. SEM is a statistical method consisting of two
parts that are completed together; a measurement part
which consists of CFA and a structural part that consists
of path analysis. Path analysican be considered an exten-
sion of multiple regression analysis, but it allows one to
conduct several multiple regressions simultaneously
between variables in one estimation model and allows us
to predict multiple outcomes simultaneously. SEM also
allows us to calculate the overall goodness of fit and for all
estimates to be standardized simultaneously so there can be
a direct comparison between different structural compo-
nents. Thus, we are able to test more complicated models
than we would with multiple regression analysis. A full
SEM model combines this path analysis with CFA,

allowing researchers to test the validity of their constructs
(using CFA) and the connections between these constructs
(using path analysis) in a single model with a single set of
fit indices. We report the model fit for SEM by using the
comparative fit index (CFI), Tucker-Lewis index (TLI),
root mean square error of approximation (RMSEA), and
standardized root mean square residuals (SRMR).
Commonly used thresholds for goodness of fit are as
follows: CFI and TLI > 0.90, and RMSEA and SRMR <
0.08 [55].
Initially, we performed gender moderation analysis by

conducting multigroup SEM, i.e., the model estimates were
performed separately for men and women to check whether
any of the relations between variables show differences
across gender by using lavaan [56]. In particular, our
moderation analysis was similar to our mediation model
in Fig. 1 but there was no link from gender, instead,
multigroup SEM was performed separately for women and
men simultaneously.
In order to explain what moderation analysis means, we

start with a simple moderation analysis example. In a
simple moderation analysis involving the predictive rela-
tion between only two variables, the predictive relationship
(the regression path) between those two variables is tested
for two or more different groups (e.g., men and women)
simultaneously. If the predictive relationship is different for
the groups [i.e., the values of the regression coefficients (β)
are not the same for the correlation between the two
constructs for different groups], then there is a moderation
effect in the model. For example, in a study focusing on
how smoking predicts lung cancer, if there was a moder-
ation effect by gender, the predictive relation (regression
coefficient) between smoking and lung cancer would be
different for women and men. However, if the regression
coefficients for how smoking predicts lung cancer were
exactly the same for women and men, then there is no
moderation by gender and one can just focus on mediation
analysis by gender (in other words, we need not separately
calculate the regression coefficients for women and men
since they are equal, and we can introduce gender as an
additional categorical variable in the model to do mediation
by gender).
When the model is more complex than the preceding

example of smoking and lung cancer as in our SEM model
(which has a measurement part involving CFA and a
structural part involving path analysis), checking to make
sure there are no gender moderation effects involves
checking that there are no gender moderation effects for
both the measurement and structural parts. For the meas-
urement part, to check for measurement invariance in each
step of gender moderation analysis, we fixed different
elements of the measurement part of the model to equality
across gender and compared the results to the previous step
when they were allowed to vary between groups (i.e., for
women and men) separately using the likelihood ratio

TABLE I. Survey items for students’ sense of belonging along
with factor loadings (Lambda) from the confirmatory factor
analysis result for all students (N ¼ 814). The rating scale for
the items was not at all true, a little true, somewhat true, mostly
true, and completely true. All p values (of the significance test of
each item loading) are p < 0.001.

Physics belonging items Lambda

I feel like I belong in this class. 0.77
I feel like an outsider in this class. 0.77
I feel comfortable in this class. 0.77
Sometimes I worry that I do not belong in this class. 0.75
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test [56]. A nonsignificant p value at each step indicates
that the fit of this model is not appreciably worse than that
of the model in the previous step, so the more restrictive
invariance hypothesis (when the parameters are set to the
same values for women and men) is retained. Therefore,
setting those different elements of the measurement part of
the model to equality across gender is valid, which means
that estimates are not statistically significantly different
across groups (i.e., women and men).
First, we tested for “weak” measurement invariance,

which determines if survey items have similar factor
loadings for men and women. We compared two models,
one in which the factor loadings (which represent the
correlation between each item and its corresponding con-
struct) for women and men were predicted independently,
and the other in which the factor loadings were forced to be
equal between the groups (i.e., for women and men). Next,
we tested for “strong” measurement invariance, which
determines if survey items have similar factor loadings
as well as similar intercepts (which represent the expected
value of an observed variable when its associated latent
variable is equal to zero) for men and women. Similar to
weak invariance testing, we compared the models in which
these factors were allowed to vary between groups sepa-
rately for women and men and when they were set equal for
women and men. If measurement invariance passes the
weak and strong invariance test, i.e., there is no statistically
significant difference between models when those param-
eters for women and men are set equal, then we must check
for differences in the path analysis part, i.e., regression
coefficients (β) among different latent variables in the
model between women and men. This is because
differences between the groups could occur at the factor
(latent variable) level in regression coefficients (β).
Similar to “weak” and “strong” measurement invariance

for the measurement part, when testing moderation effect in
path analysis, the predictive relationship (regression path)
between two variables is tested for the two groups (e.g.,
women and men) simultaneously. If the predictive relation-
ship is different for the groups [i.e., the values of the
regression coefficients (β) are not the same for the
predictive relationship between the two constructs for
women and men], then there is a gender moderation effect
in the model. If moderation does not show differences by
gender in any of these steps (measurement invariance holds
and testing for regression coefficients shows that they can
be set equal for women and men), we can utilize a gender
mediation model (see Fig. 1). In other words, we can
interpret our model the sameway for both men and women,
and any gender differences can be modeled using a separate
gender variable.
In our multi-group SEM model, we found a nonsignifi-

cant p value in each step, and thus measurement invariance
holds and the regression coefficients for women and men
can be set equal, i.e., there are no moderation effects by

gender (for men and women) in our models. Thus, we
concluded that our SEM model can be interpreted similarly
for men and women and we can use gender mediation
analysis (instead of doing moderation by gender).
Therefore, we tested the theoretical model in mediation
analysis, using gender as a variable (1 for male and 0 for
female) directly predicting items to examine the resulting
structural paths between constructs (a schematic represen-
tation of the path analysis for the gender mediation model is
shown in Fig. 1). In the mediation analysis, if there are
paths from gender to any of the constructs as we found in
our results (Fig. 2) discussed in the next section, it implies
that women and men did not have the same average value
for those constructs controlling for all constructs to the left.
However, it is important to note that all of the item factor
loadings and regression coefficients between the constructs
are the same for women and men (as found from the
gender moderation analysis which preceded the mediation
analysis).

III. RESULTS

A. Gender differences in predictors and outcomes

We find that women had statistically significantly lower
mean values in their SAT math scores, physics 1 grade,
prebelonging, and postbelonging (see Table II) while men
had statistically significantly lower mean values in high
school GPA (see Table II). In addition, the gender gap in
men and women’s sense of belonging increased from the
beginning (pre: Cohen’s d ¼ 0.29) to the end (post:
Cohen’s d ¼ 0.44) of the course. We also investigated
the difference between men’s and women’s sense of
belonging from the pretest to the post-test. We found that
women’s sense of belonging was not statistically signifi-
cantly different from the beginning of the class to the end of

Post 
Belonging

Grade 
physics 1

Pre 
Belonging

High 
School 
GPA

SAT 
Math

Gender

0.16

-0.17

0.16

0.15

0.29

0.10a

0.18

0.14

0.12
b

0.33

0.29

0.25

0.33

FIG. 2. Result of the path analysis part of the SEM between
gender and physics 1 grade through students’ sense of belonging.
The line thickness indicates the relative magnitude of β values.
The dashed line indicates covariances between constructs. The
gender variable was coded as 1 for men and 0 for women, so
paths from gender with β > 0 indicate a higher mean for men
while β < 0 indicate a higher mean for women in the predicted
variable. All p values are indicated by no superscript for
p < 0.001, superscript “a” for p ¼ 0.014, and superscript “b”
for p ¼ 0.001. Gender does not directly predict the physics grade.
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the class (Cohen’s d ¼ 0.06, p ¼ 0.340) while men’s
increase in their sense of belonging was statistically
significant (Cohen’s d ¼ 0.27, p ¼ 0.001). We note that
Cohen’s d indicates a small to medium effect size.
However, small and medium effect sizes can still be
important for instructors and researchers to focus on
considering this is in a physics course in which women
make up two-thirds of the class and women had higher high
school GPAs than men. While the mean values and effect
sizes (Cohen’s d) indicate that women have a lower sense
of belonging than men, Table II cannot be used to make
inferences about the relationships between various factors
in the table. Therefore, we used SEM in the next section to
show the relationships between the constructs.
Additionally, in the Appendix, we provide the percent-

age of men and women who selected each response to the
items. This provides a sense of how students shifted their
answers from the beginning to the end. From Table III in
the Appendix, we can see that in general, the percentage of
women who selected 1 or 5 increased from pre to post and
the percentage of men who selected 5 increased from pre to
post, while the percentage of men who selected 3
decreased. In addition, more women than men selected
choices 1 (not at all true) and 2 (a little true), while men
were more likely to select the answers 4 (mostly true) and 5
(completely true).

B. SEM path model

We used SEM to investigate the relationships between
the constructs and to unpack the sense of belonging
contribution in explaining the physics 1 grade of women
and men. We initially conducted gender moderation analy-
sis between variables using multigroup SEM to investigate
if any of the relationships between the constructs were
different across gender. There were no group differences at
the levels of weak and strong measurement invariance and
the level of regression coefficients. Thus, there was no
moderation effect by gender. Therefore, we proceeded to
gender mediation to investigate the extent to which gender
differences in physics 1 grade at the end of the course were
mediated by differences in students’ precollege academic
measures (high school GPA and SAT Math) and sense of
belonging in physics.

The result of the path analysis part of the SEM is
presented visually in Fig. 2. The model fit indices indicate a
good fit to the data: CFI ¼ 0.934 (>0.90), TLI ¼ 0.903
(0.90), RMSEA ¼ 0.078 (<0.08), and SRMR ¼ 0.033
(<0.08). Gender had direct connections to SAT math
(β ¼ 0.16), high school GPA (β ¼ −0.17), prebelonging
(β ¼ 0.14) and postbelonging (β ¼ 0.18). However, gender
did not have any direct connections to the grade in
physics 1. Instead, gender was mediated through students’
high school factors and their sense of belonging in the course.
To expand further, the statistically significant path from
gender to pre belonging means that men are predicted to
have higher mean values in their sense of belonging than
women controlling for their SATmath scores and high school
GPA. The reason that there is no direct path from gender to
students’ grades in physics 1 is that the gender differences in
students’ grades (Table II) are statistically nonsignificant
when controlling for the other constructs in the model (SAT
math, high school GPA, pre- and postbelonging).
Students’ grade in physics 1 had direct connections to

their high school factors of high school GPA (β ¼ 0.25)
and SAT math (β ¼ 0.29) as well as postsense of belonging
in physics (β ¼ 0.33). To clarify, a standardized regression
coefficient of β ¼ 0.33 between postsense of belonging and
physics grade in Fig. 2 implies that for one standard
deviation increase in the postsense of belonging, the grade
would show 0.33 standard deviation change controlling for
gender, SAT scores, high school GPA, and prebelonging at
the beginning of the course. Women also have lower scores
in sense of belonging than men at the start and end of the
physics course. Since the students’ sense of belonging can
predict students’ grade at the end of the course, it is
important for instructors to improve students’ sense of
belonging in the course by making their classes equitable
and inclusive.

IV. SUMMARY AND DISCUSSION

In this research involving both descriptive and infer-
ential quantitative analyses, we find gender gaps in
physics grades and sense of belonging (Table II) disad-
vantaging women in the mandatory introductory physics 1
course for bioscience majors in which women are not
outnumbered by men. This is supported by a statistically
significant value of Cohen’s d between women and men
for both sense of belonging and grade with small to
medium effect sizes (Table II). Our SEMmodel shows that
students’ sense of belonging plays an important role in
predicting students’ grades at the end of the physics
course. Gender also directly predicts students’ SAT math
scores, high school GPA, prebelonging, and postbelong-
ing. In addition, while men’s sense of belonging sta-
tistically significantly increases from the beginning to the
end of the course, women’s sense of belonging does not
statistically significantly increase by the end of the course
despite women outnumbering men in the course. Since

TABLE II. Mean predictor and outcome values by gender
as well as statistical significance (p values) and effect sizes
(Cohen’s d) by gender.

Predictors and outcomes
(score range)

Mean

p value Cohen’s dMale Female

High school GPA (0–5) 3.96 4.13 <0.001 −0.34
SAT math (200–800) 682 656 <0.001 0.38
Prebelonging (1–5) 3.52 3.28 <0.001 0.29
Postbelonging (1–5) 3.74 3.34 <0.001 0.44
Physics 1 Grade (0–4) 3.24 3.06 0.003 0.22
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students’ sense of belonging can have important impli-
cations not only for students’ grades in the class but also
for their retention in their major and future career
trajectories, instructors teaching these physics courses
must create an equitable and inclusive learning environ-
ment and increase women’s sense of belonging.
Instructors have a central role to play in increasing

students’ sense of belonging in the introductory physics
courses. In order to increase students’ sense of belonging
particularly for students who are underrepresented, some
recommendations researchers have made for physics
instructors are to send messages that concerns about
belonging are normal and fade with time, identify and
temper cues that perpetuate the “geeky” scientist stereo-
type, and openly endorse effort and hard work over
brilliance [57]. One study showed that teacher practices,
including their encouragement of cooperative activities in
an inclusive environment, were related to students’ engage-
ment in the course and a high sense of belonging in the
classroom [58]. Instructors could provide time for students
to work in groups during class or recitations in a supportive
environment, making sure that all student voices are
heard equally while discussing problems. These types of
pedagogical approaches could in turn help increase stu-
dents’ sense of belonging in the classroom if they observe
that their ideas are respected by other students in the
classroom. This is especially important when implementing
active learning pedagogies in the classroom. If not imple-
mented using teaching strategies that are equitable and
inclusive, men have been shown to dominate responding to
questions from instructors in STEM classes and women
have reported lower scientific self-efficacy [28].
In addition, values-affirmation interventions that typi-

cally have students write about core personal values can
have positive effects on students in academic settings [59].
The values-affirmation interventions may be more benefi-
cial for students from underrepresented groups [60].

Moreover, belonging interventions that focus on improving
the sense of belonging of underrepresented students in
STEM courses have been found effective. They have been
found to create an inclusive learning environment that can
mitigate their doubts about social belonging in college and
improve the grades of racial and ethnic minority students
[61] and women [62,63] in STEM fields. Lastly, inclusive
mentoring, as well as contact with experts and peers who
share similar demographic characteristics in academic
fields, may be able to protect people, especially individuals
who are underrepresented in the field, from the negative
effects of stereotype threat and has the potential to increase
their sense of belonging [64].

ACKNOWLEDGMENTS

This work was supported by the University of Pittsburgh
Grant No. NSF DUE-152457. We thank all students who
participated in this research and Dr. Robert Devaty for his
constructive feedback on this manuscript.

APPENDIX: PERCENTAGES OF MALE AND
FEMALE STUDENTS WHO SELECTED EACH

CHOICE FOR EACH SURVEY ITEM

Below, we provide the percentages of men and women
who selected each answer choice for each sense of
belonging item in the pre and post survey in physics 1.
This distribution provides a sense of how students shifted
their answers from pre to post survey. From Table III, we
can see that in general, the percentage of women who
selected 1 or 5 increased from pre to post, and the
percentage of men who selected 5 increased from pre to
post while the percentage of men who selected 3 decreased.
In addition, more women than men selected the answer
choices 1 (not at all true) or 2 (a little true), while men were
more likely to select the answer choices 4 (mostly true) and
5 (completely true).

TABLE III. Percentages of 521 women and 293 in physics 1 who responded to each sense of belonging item by
the options they selected with 1 being the low value (not at all true) and 5 being the high value (completely true). The
rating scale for the sense of belonging items was: not at all true, a little true, somewhat true, mostly true, and
completely true.

Women’s sense of belonging distribution across choices

pre test post test

Question 1 2 3 4 5 1 2 3 4 5

1 5% 18% 45% 25% 7% 11% 24% 33% 23% 9%
2 3% 12% 34% 33% 18% 4% 9% 18% 34% 35%
3 3% 18% 44% 31% 4% 13% 24% 31% 23% 9%
4 6% 13% 32% 33% 16% 6% 12% 24% 28% 30%

Men’s sense of belonging distribution across choices
1 3% 15% 41% 28% 13% 3% 12% 33% 36% 16%
2 3% 12% 31% 27% 27% 2% 4% 18% 29% 47%
3 1% 9% 48% 33% 9% 5% 16% 31% 35% 13%
4 2% 10% 26% 39% 23% 3% 6% 18% 31% 42%
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