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In this exploratory study, we examined students’ perceptions of inclusion in a calculus-based,
introductory physics 1 course for science and engineering majors. This course, offered at a large R1
institution in the United States, was conducted remotely due to the COVID-19 pandemic. Via a survey
given at the end of the semester, students rated their course inclusion and provided open-text explanations
for their ratings. On average, students rated the course as moderately inclusive. Using inductive qualitative
content analysis, six categories emerged: academic, identity, lack of understanding, nonspecific, other, and
remote learning. The top three categories were academic (41%), nonspecific (33%), and remote learning
(18%). The remote learning category included phrases containing remote learning, Zoom, or COVID-19,
along with a second idea explaining the student’s level of inclusion, leading to remote learning
subcategories. These subcategories were similar to the other primary categories and the academic
subcategories. Many students cited academic reasons for their inclusivity scores, including course
structure, teaching practices, instructor-student interaction, student-student interaction, and overall course
environment. Importantly, many of these factors are within the instructor’s influence. Chi-square tests
indicated that students perceiving high inclusion emphasized academic factors, while those feeling low
inclusion focused on the remote learning aspect of the course. Overall, our findings suggest that instructors
can significantly influence students’ perceptions of inclusion through various teaching strategies,
interactions between instructors and peers, and a welcoming environment. These insights contribute to
the ongoing discussion about creating inclusive classrooms by incorporating student perspectives.
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I. INTRODUCTION

As interest in diversity, equity, and inclusion (DEI) in
science, technology, engineering, and mathematics (STEM)
classrooms increases nationwide, there has been a surge in
studies exploring its impact on social aspects of learning and
student performance. Past research has shown that motiva-
tional factors (e.g., social belonging, self-efficacy, and
academic mindset) influence course performance, interest,
and persistence in STEM [1–5]. These factors particularly
affect marginalized groups (e.g., racial or ethnic groups and
women) in physics, as well as other STEM courses [6].
Societal stereotypes also play a crucial role, as women
frequently exhibit significantly lower physics self-efficacy
and lower physics belonging than men, even when their

performance is comparable [2,7]. This can leadmanywomen
to avoid pursuing physics-related majors and careers [4,8,9].
However, the recognition by instructors of a student’s
potential for success in a physics course has proven to be
valuable, benefiting all students. Instructors’ recognition
holds particular significance for underrepresented groups,
including women and ethnic and racial minorities, partially
due to societal stereotypes in physics and the absence of
sufficient role models [10–14]. Therefore, creating equitable
and inclusive courses involves considering multiple facets
shown to enhance students’ performance and retention in
physics and STEM in general. The current study explores
students’ perceptions of inclusion in a large remote-learning
calculus-based introductory physics 1 course during the
COVID-19 pandemic.
Additionally, in courses like introductory physics 1

(IP1), foundational for science and engineering majors,
the broader discipline-based education research emphasizes
the interconnected roles of educational, cognitive, and
affective factors in shaping students’ outcomes in STEM
fields. Predictors such as academic history and cognitive
measures, including scientific and mathematical reasoning
abilities, intertwine with affective measures like student
motivation, emphasizing the multifaceted landscape of
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introductory STEM education. For example, in physics and
chemistry studies, students’ subject-specific self-efficacy
[15,16] and course-level social belonging [2,17–19] have
been shown to impact their course outcomes (i.e., perfor-
mance and retention), including in introductory physics.
Additionally, several studies have shown that some of these
motivational factors (e.g., social belonging, self-efficacy,
and academic mindset) are affected by the classroom
environment [15,20]. This complexity suggests that multi-
ple approaches are needed to support students on their
academic journeys.
Recent reviews have outlined evidence-based inclusive

strategies in STEM, offering suggested implementations
[21–23]. These strategies, supported by studies investi-
gating their impact on student performance and persist-
ence in STEM, have contributed to the development of
frameworks such as the one proposed by White et al. In
this framework, inclusive teaching practices include active
learning, group work, fostering a sense of belonging,
validating students’ scientific identities, promoting a
growth-mindset culture, proactively reaching out to stu-
dents, and building relationships [23]. Moreover, a recent
policy forum in Science, by Handelsman et al., advocates
for “fixing the classrooms” and offers actionable steps for
instructors to create more inclusive learning environments
[24]. While the literature supports a connection between
these teaching practices and improved student outcomes,
Dewsbury and Brame underscore the importance of
involving student voices in discussions about designing
inclusive classrooms [21].
Studies by Singh, Cwik, and Li, conducted in calculus-

based introductory physics courses, have defined the
inclusiveness of the learning environment as comprising
belonging (sense of belonging), perceived recognition, and
peer interaction [25–27]. Sense of belonging, as defined by
Walton and Cohen [28], involves the perception of accep-
tance, value, inclusion, and encouragement by others.
Various studies have highlighted how students’ sense of
belonging is influenced by their interactions with peers,
crucial elements contributing to the inclusiveness of the
learning environment [7,29–31]. Additionally, the role of
perceived recognition, particularly in the context of stu-
dents identifying as “physics persons,” emerges as a
significant factor in shaping the inclusive classroom
[7,29]. Furthermore, other studies have noted the impor-
tance of student-instructor interaction and its role in
creating an inclusive classroom [23,32–34]. Moreover,
Hoehn and Finkelstein’s exploratory study (N ¼ 120)
involving a predominantly male (75%) and White (67%)
sophomore-level engineering classroom described, via
unprompted responses to feedback surveys, students’
perceptions and experiences of inclusive teaching practices.
These responses included group collaboration, course
structure, having people they know in the course, and
having teachers listen to student feedback and implement

change [20], which align with the inclusive classroom
constructs found in Singh, Cwik, and Li’s work.
While IP1 at this institution is traditionally taught in

person, the onset of the Covid-19 pandemic forced this
course, as with many courses, into an online setting,
requiring students and instructors to quickly modify course
structure and course communication approaches. This
quick change to online introduced a new challenge:
replicating physical classrooms online using preexisting
systems and resources that institutions already had in place
for delivering education in remote or online formats [35]. In
addition to the type of online delivery method used,
effective teaching practices and institutional administrative
support are required to sustain meaningful student engage-
ment [36]. For example, online course communication
should involve three types of interactions: student-student,
student-content, and student-instructor [37]. While various
studies suggest different pedagogical methods of online
course delivery (e.g., the technological pedagogical content
knowledge model [38,39] or the C♭-model [40]), there is
little research on what students perceive as comprising an
inclusive online environment. For example, Petersen con-
ducted a literature review of best practices for an inclusive
online learning environment and recommends teaching
students time management and using calendars to keep
track of important course deadlines [41]. Additionally, the
review recommends that instructors be more intentional
with structuring their learning environment, course activ-
ities, and curriculum [41].

II. RESEARCH QUESTIONS

Building upon Dewsbury and Brame’s call for student
involvement, this research contributes to the ongoing
conversation by soliciting students’ insights and exploring
the characteristics and teaching practices identified by these
voices that contribute to their perception of inclusivity in an
introductory physics 1 course. In this study, we explored
written student responses to the Likert-scale question, “How
inclusive do you feel the course [course name] was overall?”
and the following open-ended question, “Please explain your
response to the previous question.” Employing inductive
qualitative content analysis on the student responses, we
formulated three research questions (RQs):

RQ1. What primary themes emerged from students’
descriptions of the inclusivity in their first-semester
introductory physics course? Additionally, what
themes (within the primary categories) are most
reported by different identity groups (gender, race
or ethnicity, and first generation), those who report
low/high course inclusion, and final-course grades?

RQ2. Post hoc question: What academic subthemes
emerged from students’ descriptions of the inclusivity
in their first-semester introductory physics course?
Additionally, what subthemes (within the Academic
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subcategories) are most reported by various identity
groups (gender, race or ethnicity, and first generation),
those who report low/high course inclusion, and final-
course grades?

RQ3. Given that this study was conducted during the
pandemic, what themes emerged from students’ de-
scriptions of how being in a remote-learning course
for their first-semester introductory physics course
affected their perception of inclusivity? Additionally,
what subthemes (within the remote learning subcate-
gories) are most reported by different identity groups
(gender, race or ethnicity, and first generation), those
who report low/high course inclusion, and final-
course grades?

III. METHODS

A. Study setting

This study took place in Fall 2020 at a large Mountain
West, research-intensive university in the United States
during the Covid-19 pandemic. In the Fall 2020 semester,
approximately 25 000 undergraduate students were enrolled
at this university.
The study was conducted in a first-semester introductory

physics course (IP1), which is the first part of a two-course
calculus-based sequence in introductory physics required
for many physical science and engineering majors. On
average, IP1 typically enrolls between 400 and 600
students during the fall or spring semester of the academic
year. Course topics involved classical mechanics, such as
kinematics, dynamics, energy, momentum, rigid body
rotation, oscillations, and waves. Because of the Covid-
19 pandemic, in Fall 2020, this course was offered as an
exclusively synchronous online course (i.e., no in-person
meetings), which included two 80-min lectures and two
50-min discussion sessions each week. The discussion
sections, in which students worked collaboratively in small
groups to solve problems via breakout rooms, were led by
graduate teaching assistants (TAs) with the support of
undergraduate learning assistants (LAs). LAs at this insti-
tution are paid undergraduate students who are formally
trained through a semester-long pedagogy course and work

with small groups of students to facilitate collaborative
active learning during the course based on the nationally
recognized LA model [42].
The course consisted of two sections with each section

taught by different professors, one woman and one man. In
section A, discussion attendance was optional, and in
section B, attendance at discussion sessions was required
to receive participation points. Both sections required
students to watch prelecture videos and complete preas-
signments before each lecture session. Students in section
A were also required to complete postlecture assignments.
As shown in Table I, section A students were evaluated

based on pre-and postlecture assignments (10% total
grade), weekly homework assignments (11 in total, con-
tributing 25% to the overall grade), quiz scores (11 quizzes
in total, with the lowest score dropped, accounting for 10%
of the total grade), midterm exams (2 in total, with 20% for
each exam, making up 40% of the total grade), and a final
project (15% of the total grade). The final project entailed
the student choosing and describing five examples of
physics topics covered in the course and applying each
to real-life scenarios [2].
Section B student grades (see Table I) were determined

by the following components: discussion sections (10% of
total grade), preclass assignments (26 in total, with the
lowest 6 dropped, 17% of total grade), weekly homework
assignments (12 in total, with the lowest 2 dropped, 20% of
total grade), quiz scores (12 in total, with the lowest 3
dropped, 10% of total grade), midterm exams (2 in total,
with 15% assigned to each for 30% of total grade), and a
cumulative final exam (20% of the total grade). Each exam,
including the final, had two parts: an in-class, online
proctored section (90% of the exam grade) and an out-
of-class, take-home component (10% of the exam grade).
For the midterm exams, the in-class part involved both
individual and group work sections.

B. Inclusion questions

During the last 2 weeks of the Fall 2020 semester, an
end-of-semester survey was collected online via Qualtrics
survey software [43], with demographic questions being
asked at the end. The two course-inclusion questions

TABLE I. Section breakdown.

Section A Section B

Assignments % of overall grade Assignments % of overall grade

Pre-post lecture assignments 10 Discussion 10
Weekly homework 25 Preclass assignments 17
Quizzes 10 Weekly Homework 20
Midterm exams 40 Quizzes 10
Final project 15 Midterm exams 30

Final exam 20

Total 100 Total 107
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included a five-point, Likert-scale overall course-inclusion
question which asked, “How inclusive do you feel the
course [insert course name] was overall?” corresponding to
the following scale: (1) “Not at all,” (2) “Slightly,”
(3) “Somewhat,” (4) “Moderately,” (5) “Highly.” This
question was followed by “Please explain your response
to the previous question.”
All recruitment and study procedures were approved by

the university’s institutional review board. Students
received no compensation for study participation but
received a small amount of extra credit for completing
surveys in the course, independent of their consent to allow
their data to be used for research purposes.

C. Participants

A total of 554 students enrolled in IP1 during the Fall
2020 semester. The IP1 sections consisted of approximately
17% first-year students, 33% sophomores, and 50% upper-
level students (i.e., juniors, seniors, and postbaccalaureate
students). Of these students, 404 provided consent, and from
this sample, 366 students provided aLikert-scale rating to the
course-inclusion question. Of the 366 students, 289 students
(79%) provided both a response to the Likert-scale inclusion
question and a response to the open-ended portion of the
question. Of the 77 students (21%) who did not provide a
response, 73 left the question blank and 4 wrote NA or “no
comment.”Becausewewanted to examine the reasons for the
student’s perceptions of inclusivity, we only analyzed the
responses from the 289 students. However, we did compare
the average Likert-scale ratings for the students who did and
did not provide an open response and found them to be
comparable (M ¼ 4.41, M ¼ 4.22, respectively, which is a
“moderately inclusive” rating; t112 ¼ −1.88, p ¼ 0.063).
See Supplemental Material Sec. A [44] for detailed descrip-
tive statistics for the course-inclusivity rating for both sets of
students.

D. Demographics and course grades

Demographic information for students was collected
through their survey responses, focusing on three variables:
gender, first-generation status, and race or ethnicity (see
Table II). In response to the question, “To which gender
identity do you most identify?” students selected from
options: “Man” (n ¼ 202), “non-binary/third gender”
(n ¼ 0), “Woman” (n ¼ 86), “prefer not to answer”
(n ¼ 1), or “prefer to self-describe” (n ¼ 0). To determine
first-generation status, students were asked, “Did any of
your parents/legal guardians obtain a college degree?” with
responses including “Yes” (n ¼ 200), “No” (n ¼ 66), or
“I do not know/prefer not to answer” (n ¼ 23). In response
to the question, “I identify my race/ethnicity as: [Select all
that apply.],” students indicated their identity with options:
“Asian” (n ¼ 37), “Black/African American” (n ¼ 1),
“Hispanic/Latinx” (n ¼ 19), “Multi-racial” (n ¼ 20),
“Native American/Alaskan Native” (n ¼ 1), “Pacific
Islander” (n ¼ 1), “White” (n ¼ 194), “Prefer not to
answer” (n ¼ 12), or “Prefer to self-describe” (n ¼ 4).
We recognize the limitations of the term “Asian,” as
students under this category may come from diverse
cultural and ethnic backgrounds, leading to substantially
different experiences in physics and STEM in general
[45,46]. The authors also recognize the importance of
representing the many varied experiences and individual,
distinct identities of persons of color in STEM. However,
the marginalized categories of race or ethnicities were
gathered into one variable to aid in building a baseline to
better understand their course inclusivity in physics
[6,47,48]. For this marginalized population of students,
we are using the term racially marginalized (RM), which
consists of the student population who identify as Black/
African American, Hispanic/Latinx, multiracial, native
American/Alaskan native, or Pacific Islander. Four students
preferred to “self-describe” their race or ethnicity as the

TABLE II. Overview of student demographics.

Student demographics

First-generation status Gender

non-FG FG Prefer not to answer/I do not know Men Women Nonbinary Prefer not to answer Prefer to self-describe

n 200 66 23 202 86 0 1 0
% 69% 23% 8% 70% 30% 0% 0% 0%

Race or ethnicity

Racially marginalized (RM) in STEM (n ¼ 45, 11.7%)

White Black/African American Hispanic/Latiné Multiracial
Native American/
Alaskan Native Pacific Islander Asian Prefer not to answer

n 194 1 19 20 1 1 37 13
% 70.2% >1% 6.9% 7.2% >1% >1% 13.4% 4.7%
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following identifiers: Biracial, Human, Latino, Biracial,
and Middle Eastern (Arabic). The student identifying as
“Human” was placed into “Prefer not to answer” because
they selected all race or ethnicity options, while the rest of
these students were placed in the “Racially Marginalized
(RM)” group, leading to the following sample sizes for the
three race or ethnicity categories: Asian (n ¼ 37), RM
(n ¼ 45), White (n ¼ 194), and “prefer not to answer”
(n ¼ 13).
Course grades were obtained from instructors after the

final grades were reported, for students who gave consent
to participate in the research study. Although course grades
are not an all-encapsulating way to measure student
learning, they provide a gauge of student performance
and can have an impact on student perceptions of IP1 [1].
Recent literature has shown that motivational factors, such
as belonging and students’ perception of their learning
environment, play an important role in predicting final
course grades for students in an introductory-level algebra-
based physics course [7]. In our current study, we analyzed
students’ final course grades, where group 1, referred to as
GGroup 1 (GG1), consisted of students who earned grades
Cþ or lower (< 75%). Group 2, known as GGroup 2
(GG2), comprised students who achieved grades A- or
above (> 89%). The “Cþ or below” range was selected
because a general chemistry 1 study at this same institution
found that students whose major required them to take
general chemistry 2 and had a Cþ or below in general
chemistry 1 had less than a 50% probability of continuing
on to general chemistry 2 [49].

E. Qualitative analysis

A qualitative methodology was applied to explore the
research questions, employing an inductive qualitative
content-analysis approach [50,51]. The process, guided
by Merriam’s principles [52], involves three key steps.
First, categories are constructed by inspecting randomized
datasets and recording emergent themes relevant to the
research question(s). This process continues until a satu-
ration point is reached, indicating the emergence of no new
themes. Second, the initial codes undergo iterative sorting,
refinement, and grouping into broader categories with
evolving definitions. The coding scheme (including defi-
nitions) is refined until all study-related themes are suffi-
ciently captured. In the last step, the validity of the codes is
affirmed through interrater reliability (IRR), engaging at
least two independent raters who code a subset of the
responses.
A codebook was developed outlining primary categories

and subcategories related to academic and remote-learning
aspects, with the goal of understanding how students
express their inclusivity within their IP1 course. The
structure of the codebook was developed from a similar
codebook employed in a simultaneous STEM inclusion
study carried out at a private research-intensive institution

before the onset of the pandemic [34] and was developed in
conjunction with a simultaneous study in general chemistry
1 at this institution [33]. While students were not asked to
provide a sole explanation for their Likert-scale rating, their
responses typically consisted of a phrase or sentence, each
centering on a specific category. Although the coding
process allowed for double coding to accommodate two
independent ideas, all student responses in our sample
discussed a single idea. As a result, all responses were
coded into one category, with no instances of double
coding. The codebook underwent refinement and expan-
sion, incorporating data from two IP1 courses (Fall 2019
and Spring 2020) and a general chemistry 1 course (Fall
2020) at the same institution. In this study and the general
chemistry 1 (fall 2020) study, students also provided
inclusivity feedback for remote-learning courses during
the pandemic. Therefore, this study helped to enhance the
codebook with a remote-learning category and correspond-
ing subcategories. In addition, this study helped to validate
the nonremote categories from a different research-
intensive institution with a distinct student population
using five different introductory STEM courses (biology,
chemistry, and physics) and helped to expand the codebook
to encompass categories that students identified as relevant
in the context of remote-learning courses during the
pandemic featuring both synchronous and asynchronous
components. See Supplemental Material Sec. B [44] for the
complete codebook.
The iterative development process involved two coders,

D.W. and H. B., who independently coded randomized
sample responses, with the coding results being compared,
and any discrepancies in codes were thoroughly discussed
before reaching a consensus by the qualitative research team
(D.W., H. B., and R. F.). Each team member contributed a
unique perspective to the qualitative data analysis: (1) D.W.,
an undergraduate with a background in psychology and
chemistry; (2) H. B., a master’s graduate student in teacher
education with a physics bachelor’s degree and a focus on
teaching, including having STEM education-research cour-
sework, and (3) R. F., a Ph.D. in chemistry, a STEM faculty
member who teaches general chemistry, and a STEM
discipline-based education researcher with expertise in
qualitative coding and inclusive teachingwithin introductory
STEM courses. The final categories, definitions, and exam-
ple quotes are in Tables III–V (see Supplemental Material
Sec. B [44] for the complete codebook).
Although both coders, D. W. and H. B., individually

coded all responses for IP1 (n ¼ 289) and the qualitative
research team discussed all discrepancies until a consensus
was reached, the IRRs for coded responses were calculated.
The IRRs were determined on 30% of the entire dataset
using Krippendorff’s alpha statistic [53,54], which
accounts for the chance of agreement. For the largest of
the primary categories, the academic category, the IRR was
0.861 (four discrepancies), and the second largest category
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was nonspecific, with an IRR of 0.753 (two discrepancies).
While data were collected for IP1, a similar study was
conducted on another STEM course (general chemistry 1)
within the same research university. As such, developing

the academic subcategories for IP1 was done simultane-
ously with the general chemistry 1 data, which were 0.70
and above. When calculating the IRRs for the remote
learning subcategories, we found that all alphas fell below

TABLE III. Definitions of the primary categories.

Primary category Definition

Academic (N ¼ 118) Students referenced teaching practices and course design elements, and the roles they
played in how students engaged in and felt a part of the learning process.
This was described by discussing the environment, the opportunities
students had to participate, and if evidence-based teaching practices were used.

Identity (N ¼ 10) Student referred to a person’s identity and the role it played in how involved the
students felt in the learning process. This was described through language,
course content, or in a capacity related to the individuals involved in the course.

Lack of understanding (N ¼ 12) Students expressed ideas that show a misunderstanding of or not valuing
the incorporation of inclusion and equity in a STEM course.

Nonspecific (N ¼ 94) Students described their experience of inclusion in the course but gave no specific details.

Other (N ¼ 4) Student’s comment did not relate to inclusion in the classroom.

Remote learning (N ¼ 51) Student referenced Zoom lecturing, online or hybrid learning, synchronous
or asynchronous classes, Covid-19, or remote learning.

TABLE IV. Definitions of the academic subcategories.

Academic subcategory Definition

Course structure (N ¼ 39) Students referenced the aspects of the course design or infrastructure that affected
the inclusivity.

Environment (N ¼ 49) Students noted the classroom environment with respect to how comfortable the class felt,
the amount of collaboration with other students during lecture, the amount of respect
there was in class, how engaging the lecture was, how supported the students felt,
or the overall atmosphere of the classroom.

Student-instructor interaction (N ¼ 30) Students addressed the ways in which the instructor(s) encouraged participation,
how equal they felt participation was, or how comfortable they personally
felt answering/asking questions in the classroom.

TABLE V. Definitions of the remote-learning subcategories.

Remote-learning subcategory Definition

RL-course structure (N ¼ 17) Students referenced the aspects of the course design, course structure,
or teaching practices that affected inclusivity in an online or hybrid course.

RL-environment (N ¼ 9) Students noted the course environment, in the context of remote or hybrid learning,
with respect to how comfortable the course felt, the amount of respect there
was in the course, how engaged the students were, how supported the students felt,
or the overall atmosphere of the course.

RL-nonspecific (N ¼ 20) Students gave a nonspecific response that referenced online learning.

RL-student-instructor interaction (N ¼ 2) Students addressed the ways in which the instructor(s) encouraged participation,
how equal they felt participation was, or how comfortable they personally
felt answering or asking questions in a synchronous classroom setting.

RL-student-student interaction (N ¼ 3) Students noted the nature of their interactions with their peers in an online
or hybrid setting.
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0.80 but above 0.60. The threshold level is 0.67 for
exploratory studies [55]. However, the coders, D.W and
H.B, coded all the responses individually and the qualita-
tive research team agreed on the coding of all responses.
See Supplemental Material Sec. C [44] for detailed infor-
mation on the IRRs.

F. Quantitative frequency analysis

Once all the responses (n ¼ 289) were coded into one of
the six emergent categories (academic, identity, lack of
understanding, nonspecific, other, and remote learning) and
subsequent subcategories, we determined the frequency of
responses in each category and subcategory and compared
these frequencies by gender, race or ethnicity, first-gen-
eration status, students reporting low or high course
inclusion (low inclusion: score 1 [Not at all]–3 [somewhat];
high inclusion: score of 5 [highly]), and course grade
(GGroup 1: Cþ or below; GGroup 2: A- or higher).
To establish a baseline understanding of factors identified

by students reporting different levels of course inclusivity,we
examined the responses of students reporting inclusion levels
at the two extremes of the inclusion scale.We excluded, from
the frequency analyses, students who gave an inclusion score
near the class average (Mean ¼ 4.40, SD ¼ 0.79), which
were those studentswho rated IP1 as (4)moderately inclusive
(n ¼ 85). This exclusion of the “middle” group ensured a
clear distinction between the two inclusion-reporting groups.
Therefore, students reporting a score of 1 [not at all]–3
[somewhat] were placed into the “low” inclusion group,
while students reporting a score of 5 [highly] were placed in
the “high” inclusion group. See Supplemental Material
Sec. A [44] for descriptive statistics for course-inclusivity
rating, including a histogram of student ratings and percent
and number of students in each rating score.
To determine any variations across the subgroups, we

conducted a chi-square test of independence (or Fisher’s
exact test for sparse data) with an alpha level of 0.05. The
chi-square test of independence is used to compare the
distribution of the categorical variables between two or
more groups through an approximation [56]. If there is no
difference between the groups, this suggests that there is no
difference in the distribution of the categorical variables for
the subgroup of interest. The chi-square statistic is the
conventional method for larger sample sizes; therefore, we
used a Fisher’s exact test with some subgroups for cells
with low frequencies or cell counts of zero. To evaluate the
effect sizes of the comparisons, we calculated Cramer’s V
[57] using the guidelines of 0.2-small, 0.5-medium, and
0.8-large [58]. If the chi-square test or Fisher test was
significant, then adjusted residuals were calculated to
determine each individual cell’s contribution to the chi-
square value. Next, Bonferroni corrections were computed
to determine if the calculated residual was significant to its
respective chi-square value, i.e., the cell p values were
compared to the Bonferroni’s corrected p-value threshold

(the original significance-level p value divided by the
number of cells) to determine if a subgroup was more
likely associated with a specific code. While some criticize
the Bonferroni correction for being “overly conservative”
[57], many researchers use this correction method to reduce
the likelihood of committing a type I error (claiming a false
positive). All analyses were run using the base version of
Stata Statistical Software: Release 17 [59]. The adjusted
residuals and chi-square tests for the residuals were
calculated using Microsoft Excel version 16.79.2.

IV. RESULTS

Six primary categories (academic, identity, lack of
understanding, nonspecific, remote learning, and other)
emerged from the qualitative responses provided by stu-
dents, and then the responses were further examined for
emergent subthemes (i.e., subcategories) for categories
containing large percentages of the responses (namely,
academic and remote learning). Quantitative results from
the survey, in which the students in the study rated the
overall level of inclusivity in their course (scale of 1–
“not at all” to 5– “highly inclusive”) had a high average
inclusion score (Mean ¼ 4.40, SD ¼ 0.79, N ¼ 289).
Overall, 60% of students rated the course as highly
inclusive. As a result, many of the students’ responses
were written in a positive manner. See Supplemental
Material Sec. A [44] for descriptive statistics for course-
inclusivity rating, including a histogram of student ratings
and percent and number of students in each rating score.

A. Research question 1: Primary themes

Figure 1 displays the distribution of the primary catego-
ries (see Table III for definitions and Table VI for example
quotes). Overall, we can see that a majority of student
responses mentioned academic factors (41%, n ¼ 118),
followed by nonspecific (33%, n ¼ 94), and then remote
learning (18%, n ¼ 51). The academic category comprises
course structure, environment, and student-instructor inter-
actions (Table IV). Students provided a general statement in
the nonspecific category without further detail regarding
specific factors contributing to their course inclusion (e.g.,
“idk, its just pretty inclusive.”). The category with the third
highest response was related to remote learning, in which
students described their course inclusivity as being affected
by some aspect of remote learning (e.g., Zoom, asynchro-
nous learning, or Covid-19) and then gave a second reason
for their level of inclusivity. Details for the remote learning
subcategory are discussed later. Factors such as “Identity”
(3%), “Lack of understanding” (4%), and “Other” (< 1%)
contributed approximately 7% to the overall responses.
Responses in the identity category attributed their course
inclusivity to factors such as demographics (including
disabilities and personality traits), knowledge background,
and professor language (e.g., “It works for many but I feel
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like I have preexisting conditions that make this setting
more difficult to include myself in.”). Students in the “Lack
of Understanding” category expressed ideas that showed a
misunderstanding of what inclusion in a STEM course
meant (e.g., “I think the PHYS 2210 process as a whole
covered the basic physical process well.”). Finally, students
in the Other category provided a comment that did not
relate to inclusion in the classroom.
Students possess diverse identities, attitudes, and perfor-

mance levels that can significantly influence their sense of
inclusivity in the classroom. We investigated five subgroups
(gender, race/ethnicity, first-generation status, low/high
course-inclusivity response, and final course grade) to
determine whether certain factors held greater significance
for specific groups. Chi-square (or Fisher’s exact) tests were
conducted on the distributions to assess the significance of
differences across these subgroups in the primary categories.
Grade groups (GG1 and GG2) exhibited a difference in the
distribution [Fisher’s exact p ¼ 0.046, d:o:f: ¼ 5; Cramer’s
V ¼ 0.24 (small effect size)] of the factors they used to
describe their course-level inclusion.However, due to a small
sample size in GG2 and the uneven sample-size distribution
between GG1 (n ¼ 168) and GG2 (n ¼ 20), we feel it is not
reasonable to claim significance. The overall self-reported
inclusion score (high or low) also showed a significant trend
with a medium effect size (Fisher’s exact p ¼ 0.00000186,
d:o:f: ¼ 5; Cramer’s V ¼ 0.44). The distribution of the high
or low inclusion groups in the primary categories is shown in
Fig. 2. Adjusted residuals were used to determine the
individual cell contributions to the chi-squarevalue, followed

by Bonferroni corrections to determine the significance of
each cell to the chi-square value. Within the low or high
inclusion group,we found that academic and remote learning
factors were significant (See Supplemental Materials Sec. D
[44] for additional information on adjusted residuals). That
is, students reporting low course-level inclusion attributed
their reasons to remote learning factors, while students who
reported high course-level inclusion, attributed their reasons
to academic factors. See Supplemental Material Sec, E [44]
for the distributions for all the other subgroup comparisons.
See Supplemental Material Sec. F [44] for statistical tests of
the nontrending primary categories.

B. Research question 2: Academic subthemes

In IP1, the academic category emerged from 41%
(n ¼ 118) of the total student responses. To further under-
stand what students were discussing in this factor, the
following subcategories emerged from the student responses:
course structure, environment, and student-instructor inter-
actions. Tables IV and VI contain definitions and example
quotes for the academic subcategories. For students whose
responses were coded as academic (Fig. 3), 42% (n ¼ 49)
were coded as classroom environment, followed by course
structure (33%, n ¼ 39) and student-instructor interactions
(25%, n ¼ 30). Similar to the primary categories, we
examined the subgroups (i.e., gender, race or ethnicity,
first-generation status, lowor high course inclusion response,
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FIG. 1. Response distribution for primary categories. Top three
categories are academic (41%, n ¼ 118), nonspecific (33%,
n ¼ 94), and remote learning (18%, n ¼ 51).
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FIG. 2. Distribution of responses for primary categories by
reported inclusion score. The top three categories are academic
(high: 50%, n ¼ 86; low: 22%, n ¼ 7), remote learning (high:
8%, n ¼ 14; low: 47%, n ¼ 15), and nonspecific (high: 33%,
n ¼ 57; low: 19%, n ¼ 6).
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TABLE VI. Example quotes for the primary categories and academic and remote-learning subcategories.

Primary category Subcategories Examples

Academic Course Structure “I felt it was highly inclusive because of… growth mindset
was taught a lot and mistakes were encouraged,
many resources were offered if the students felt like they
needed help, there were a lot of options on how to participate
in class…”

“Lots of opportunity to be included and have the chance to be
able to speak up and do group work”

Environment “I felt very safe and comfortable in the clss [class]. I was
able to ask questions and get good feedback!”

“I never felt like anyone ever did something to exclude someone else.
Every effort was made by the instructor and students to
make this course as friendly a learning environment
as possible.”

Student-Instructor
Interactions

“Professor always asked for participation and made everyone
feel included even if their ideas were not quite right. This class
was designed in a way that made it possible for everyone
to succeed if they wanted to.”

“The [class name] teaching team made every effort to be available
in study halls for questions. They never made me feel as
if I was stupid because I didn’t know the answer.”

Identity Demographics
“Overall I have found my section of Physics 2210 to be open to all personalities,
ages, ethnicities, etc. Professor [P1] consistently affirms that encountering
difficulties in learning the material of the course is not unusual
which I hope helps people feel less intimidated about taking the course.”

Background knowledge
“While you did need some knowledge in calculus to take this course, it was not
so much so that it inhibited everyone from taking this course.”

Professor language
“Everyone got along really well and Prof [P2] was also very good with the use
of pronouns and such to ensure that every student felt safe and comfortable”

Lack of understanding Attitude
“I’m not sure what this question is asking. If it’s asking if the course includes lots
of poc/minority voices, I’d have to say that the question doesn’t make sense
in the context of a physics course. We did learn about some of the mathematical
work the Arabic world did though, so I guess that’s something.”

Definition of academic inclusion
“I think the PHYS 2210 process as a whole covered the basic physical process well.”

Nonspecific “Nothing in the course has really seemed exclusive.”

Other “I know I’m doing alright but I really do not enjoy physics
and don’t plan on taking the next physics class for my math
elective in CS.”

(Table continued)
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and final course grade) to determine if there were factors in
the academic subcategories that were described more by
some groups. After conducting chi-square tests of independ-
ence, we found that no subgroup showed significant
differences in their distributions within the academic sub-
categories. See Supplemental Materials Sec. G [44] for the
distributions of responses for subgroup comparisons of
academic subcategories whose chi-square tests were not
significant. See Supplemental Material Sec. H [44] for
statistical tests for nontrending academic subcategories.

C. Research question 3: Remote-learning subthemes

This study took place during the Covid-19 pandemic,
and as a result, IP1 was conducted in a hybrid, flipped-
classroom learning environment over Zoom. Therefore, we
examined what subthemes were present in the composition
of students’ responses pertaining to a remote learning
environment. Of the total responses (n ¼ 289), 18% of
students’ open-ended responses (n ¼ 51) discussed their

course inclusivity in relation to a remote-learning environ-
ment,mentioningwords such as “remote-learning,” “Zoom,”
or “Covid-19” in their responses. Tables V and VI contain
definitions and example quotes for the remote-learning
subcategories.
Within the remote-learning subcategories (i.e., RL-course

structure, RL-environment, RL-nonspecific, RL-student-
instructor interaction, and RL-student-student interaction),
we found that most responses were RL-nonspecific (39%,
n ¼ 20) (see Fig. 4). A similar trend was seen in a previous
study in general chemistry 1 at the same Mountain West
University [33]. Most responses in the RL-nonspecific
category described that there were efforts made to make
the course inclusive. However, due to the online classroom
structure enforced by the pandemic, students felt that nothing
more could be done to increase inclusivity, thus attributing
their main reason for their Likert-scale response to the idea
that the course was remote. The following are example
responses: “Almost everything was done to make the class

TABLE VI. (Continued)

Primary category Subcategories Examples

Remote learning RL-course structure “Professor [P2] was really responsive to how students were feeling
and doing during the course. Many times due dates became more
flexible and chances to improve test scores were given.
I was greatly appreciative of this and I’m sure other students were.
Due to the Covid pandemic, myself and other students
can be in more difficult life circumstances, and I feel like this
course was perfect for people who unable to follow rigid
schedule due to things outside of school.”

“It was as inclusive as an online course can get.
It definitely wasn’t exclusive. We had some group quizzes.”

RL-environment “It’s hard to keep people engaged when they can simply
shut off their camera and not talk. But all in all,
when people participated it was inclusive.”

“It’s probably just a matter of the current situation,
but the class definitely felt distant, that’s for sure.”

RL-nonspecific “It is about as inclusive as an online class could ever be”

RL-student-instructor
interactions

“[P1] definitely tries to encourage participation,
but I don’t really feel like it helps me out when it’s over Zoom.
In person would def be better”

“throughout the course, the course staff has been consistent
in encouraging participation regardless of perceived academic ability,
personality, or other factors. They strove to break down
the barriers placed between us by remote learning. I don’t feel
like the task made the course equal to an in-person experience,
but it was much better than many other online courses
I have experienced.”

RL-student-student
interactions

“Once again online class, not much to really say about inclusivity
when there isn’t really interactions between people”

“There were breakout rooms, so you could somewhat
get to know people, but just for a few minutes.”
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more inclusive, the teaching team did a good job, but the
online format is really not preferred.”; “Because it was an
online course, I feel like this dampened the effects.”; “I feel
like it is hard to be included with the purely Zoom online
classes.” The next top categories were RL-course structure
(33%; n ¼ 17), followed by RL-environment (18%; n ¼ 9).
Example quotes of RL-course structure include “This class
has been very inclusive with breakout rooms and many
opportunities to ask questions and work with others.” and “It
is hard to be fully inclusive in online learning and the job falls
more on the student.” A few example quotes of RL-
environment are as follows, “It’s probably just a matter of
the current situation, but the class definitely felt distant, that’s
for sure.” and “It’s hard to keep people engaged when they
can simply shut off their camera and not talk. But all in all,
when people participated it was inclusive.”
Figure 4 shows the percentages of responses in the

remote-learning (RL) subcategories for students who
reported overall inclusion responses. The RL subcatego-
ries were examined across the subgroups (i.e., gender,
race or ethnicity, first generation, low or high course
inclusivity response, and final course grade) for any
variations. See Supplemental Material Sec. I [44] for
the distributions of responses for subgroup comparisons
of remote-learning subcategories. Gender (men and
women) showed differences in their distributions
[Fisher’s exact p ¼ 0.037, d:o:f: ¼ 4; Cramer’s V ¼
0.45 (medium effect size)]. For example, it seems that
men (n ¼ 33) and women (n ¼ 17) used different factors
to describe their course-level inclusion paired with
remote-learning factors. Additionally, inclusion (high
and low) groups in the remote-learning subcategories

showed differences in their distributions [Fisher’s exact
p ¼ 0.041, d:o:f: ¼ 4; Cramer’s V ¼ 0.53 (medium effect
size)]. That is, students in the high inclusion group
(n ¼ 36) seemed to describe different factors than those
in the low group (n ¼ 2) when discussing their perception
of course-level inclusion. However, due to the small
sample sizes in the gender and inclusion groups in the
remote-learning subcategories, we feel it is not reasonable
to claim significance.

V. DISCUSSION AND IMPLICATIONS

The results of this exploratory study in a large calculus-
based IP1 course can be summarized in three key findings:
(i) the total percentage of students who discussed academic
factors (academic primary + RL-environment, RL-course
structure, RL-student-instructor interaction) in their
responses was 45%. Notably, despite course sections
ranging between 150 and 200 students, 97% of all
academic-related responses highlighted academic factors
within the instructor’s sphere of influence; (ii) students who
felt that IP1 was highly inclusive (Likert-scale of 5)
attributed their reasons to academic factors such as course
structure, student-instructor interaction, and student-stu-
dent interaction, whereas students who felt that their
course-inclusivity was low used remote learning factors
to explain their reasons; and (iii) Identity comprised only
3% (n ¼ 10) of student responses; however, one should not
assume that this factor did not influence perception of
students’ inclusivity. Because the current results reflect a
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FIG. 3. Response distribution for academic subcategories.
Course structure (33%, n ¼ 39), environment (42%, n ¼ 49),
student-instructor interactions (25%, n ¼ 30).

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Student-Student Student-Instructor

Nonspecific Environment

Course Structure

33% 

18% 

39% 

FIG. 4. Distribution of responses in remote-learning category
by subcategories. The top three subcategories are RL-nonspecific
(39%, n ¼ 20), RL-course structure (33%, n ¼ 17), and RL-
environment (18%, n ¼ 9).

EXPLORATORY ANALYSIS OF STUDENTS’ … PHYS. REV. PHYS. EDUC. RES. 20, 020112 (2024)

020112-11



small sample size of N ¼ 289, different results could be
observed in a course of a larger size. These three findings
are discussed below.
While IP1 is typically an in-person class at this institu-

tion, students and instructors were forced into a remote
environment due to the Covid-19 pandemic during the Fall
2020 semester. As a result, course content and instructional
methods were quickly changed, introducing new obstacles
for instructors and students. In this exploratory study,
student open-ended responses (N ¼ 289) were analyzed
to probe what factors students used to describe their
perception of course inclusivity. Based on students’
Likert-scale (five-point) ratings of how inclusive they felt
IP1 was, our findings indicate that over half of the students
found IP1 to be highly inclusive (60%). Using inductive,
qualitative content analysis, six categories emerged from
the student responses: academic, identity, lack of under-
standing, nonspecific, remote learning, and other. From the
largest category, the academic category, three subcategories
emerged: course structure, environment, and student-
instructor interactions. Additionally, six remote-learning
subcategories emerged from a more in-depth examination
of the effect a remote-learning environment had on students
in IP1: Four subcategories (RL-environment, RL-course
structure, RL-student-instructor interaction, and RL-
student-student interaction) describe factors similar to the
academic subcategories, with the other two subcategories
being RL-nonspecific and RL-lack of understanding; there
was no RL-identity subcategory.

A. Many students attributed their course
inclusivity to academic factors

The total percentage of students who discussed academic
factors (academic primary + RL-environment, RL-course
structure, RL-student-instructor interaction, and RL-stu-
dent-student interaction) in their responses was 52%.
Notably, despite course sections ranging between 150
and 200 students, 97% of responses specifically high-
lighted academic factors within the instructor’s sphere of

influence, while only 3% discussed the size of the course.
This finding aligns with studies of York et al. and Walker
et al., suggesting that students perceive course-level inclu-
sion as encompassing elements such as (i) providing
resources, (ii) having a well-structured course that facili-
tates learning through various modalities, (iii) providing
opportunities for interaction with the instructor, and (iv) set-
ting up opportunities for engaging with peers who share
similar questions. It is important to note that the study of
Walker et al. (N ¼ 550) was conducted in a general
chemistry 1 (GC1) classroom at the same institution, as
the current study, undergoing similar course changes as IP1
due to the Covid-19 pandemic [33]. However, the study of
York et al. (N ¼ 1928) was conducted in five large
introductory STEM courses over one academic year (intro-
ductory biology I, general chemistry I and II, and intro-
ductory physics I and II) at a private institution prior to the
Covid-19 pandemic [34]. Despite differences in institution,
class size, class demographics, discipline, and classroom
setting, most student responses were characterized by an
academic factor (i.e., course structure, environment, stu-
dent-student interaction, or student-instructor interaction)
to describe their perception of course-level inclusion. More
importantly, the same factors that emerged from student
responses to construct the academic subcategories align
with the findings of Singh, Li, and Cwick [25–27,60]. That
is, inclusive learning environments, from a student’s
perspective, include factors such as interaction with peers
(student-student interaction), how students interact with
their instructor, the structure of the course, and what the
classroom environment is like.
From student voices, it seems that the instructor’s ability

to make IP1 interactive and collaborative seems to override
class size (see Table VII, for example, quotes from the
academic subcategories). Our data suggest that instructors
have influence over numerous factors that students identify
as impacting their course inclusion in IP1. Examples of
improving course inclusion include incorporating small-
group work during class, including involving the use of
peer leaders such as LAs or Peer-led Team Learning

TABLE VII. Example quotes from academic subcategories.

Example quotes

Course structure—teaching
practices

“This course was very flexible in the ways it offered help and resources to students and allowed many
choices in approaching situations in the class. I thought that allowing some students to work alone in the
discussion sessions was a good idea, since it allows a personal choice of how one can approach the

coursework.”
“There is much encouragement to interact with other students and TAs whenever you want or need.”

Environment “The teaching team is very good about catering to everyone’s needs, especially taking into account current
events. I felt that I was cared about and catered to, which is really nice.”

“I felt heard and seen and loved the consistent encouragement from the learning team”

Student-instructor
interaction

“The instructor is very encouraging and welcomes class participation.”
“It’s a good course and I feel like my questions are welcomed by the teaching team”
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(PLTL) leaders, which fosters student discussions and
collaborative learning. Previous studies have shown that
incorporating learning assistants (LAs) into the course
structure improved student understanding of basic content
knowledge in physics [61], bridged the communication gap
between students and their instructor [62], and removed
learning gaps [63]. Moreover, Clements et al. found that
student responses indicated that LAs promoted a sense of
belonging in STEM courses by decreasing feelings of
isolation, serving as inspirational role models, and clarify-
ing progression through the STEM educational system
[64]. Additionally, incorporating PLTL pedagogy has been
shown to increase performance and retention in STEM
classrooms [65]. More so, PLTL methods have been shown
to be a helpful pedagogy for underrepresented groups in
STEM, including women and students from certain racial
or ethnic marginalized groups [65–69]. Additional recom-
mendations for instructors involve (i) offering various
communication channels for students to engage with
you, such as virtual and in-person office hours, and
providing clear explanations of the instructor’s purposes
for office hours (or “student hours”) [70]; (ii) engaging in
informal one-on-one conversations with students before
and after class; (iii) fostering a culture of growth mindset
that emphasizes the importance of process and improve-
ment [23]; (iv) monitoring student participation to ensure a
diverse range of voices is encouraged [71]; and (v) estab-
lishing an atmosphere characterized by respect, openness,
and community [72,73]. Instructors should also be mindful
when interacting with students. For example, using words
such as “simple,” “easy,” or “obvious” can discourage
students and disparage students who already face stereo-
types in physics [25]. Instead, instructors can improve their
course learning environment by adopting culturally sensi-
tive teaching methods and supporting underrepresented
students through mentoring [74].

B. Students who did not feel IP1 was inclusive
attributed their reasons to remote learning factors

We observed distinct factors influencing students’ per-
ceptions of course-level inclusion in different self-reported
course-inclusion groups—high and low. The low inclusion
group comprised students who gave a Likert-scale rating of
(1) not at all, (2) slightly, or (3) somewhat inclusive
(n ¼ 32), while the high inclusion group included those
who rated it as (5) highly inclusive (n ¼ 172). In the group
of students reporting low course inclusivity, their primary
reasons related to remote learning. However, while there is
a difference between the high or low inclusivity score
groups within the primary categories, we could not connect
a specific RL subcategory factor to those who had reported
a low inclusion score due to a small sample size. While this
limitation exists, our findings align with the work of Walker
et al. on a remote learning general chemistry 1 course
during the Covid-19 pandemic. In their study, Walker et al.

found that there was a difference in distribution in how
students in the remote-learning subcategory used different
factors to describe their course-level inclusivity. However,
after applying a Bonferroni correction, they could not
attribute this difference in response distribution to any
specific remote-learning subcategory [33].
In addition, for all students whose responses were coded

in the primary remote learning category, from our data, we
found that students who attributed their inclusivity to
remote-learning factors tended to be nonspecific in their
responses (RL-nonspecific subcategory, 39%, n ¼ 20) or
additionally mentioned course structure (RL-course struc-
ture, 33%, n ¼ 17) in their responses. Responses in the RL-
nonspecific subcategory predominantly reported that
instructors made efforts to create an inclusive course.
However, due to the course structure enforced by the
pandemic, students felt that nothing more could be done
to improve the inclusivity of the class, thus attributing their
main reasons for their Likert-scale response to an overall
remote-learning effect. The following are example
responses: “Almost everything was done to make the class
more inclusive, the teaching team did a good job, but the
online format is really not preferred.”; “Because it was an
online course, I feel like this dampened the effects.”; “I feel
like it is hard to be included with the purely Zoom online
classes.” Example quotes of RL-course structure included,
“This class has been very inclusive with breakout rooms
and many opportunities to ask questions and work with
others.” and “It is hard to be fully inclusive in online
learning and the job falls more on the student.”
The online environment of IP1 courses during the Covid-

19 pandemic stirred mixed feelings among students. Across
the nation, the majority of students in introductory physics
courses expressed concern about drastically reduced social
interactions [75]. According to Moore, the communication
aspects of an online course involve three types of inter-
actions: student-student, student-content, and student-
instructor [37]. Implications for instructors in online
environments involve emphasizing “active student engage-
ment” even more so than in courses that are face-to-face
[76,77]. For instructors new to fostering active student
engagement in online settings, it is advisable to start by
introducing a limited number of constructive and inter-
active activities that align closely with the instructor’s
learning objectives. These can be gradually expanded upon
in subsequent course offerings [78]. Petersen’s recommen-
dations for establishing an inclusive learning environment
include designing course activities that are consistent with
the course’s credit hours, providing an informative sylla-
bus, and fostering an environment where students under-
stand the course expectations [41]. A comprehensive
syllabus should outline major topics and allocate course
time, learning outcomes, and objectives [78]. Each topic
should be clearly defined, with corresponding content and
learning objectives, while ensuring that extraneous material
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is trimmed down. Additionally, it is essential to plan
engaging activities that allow students to practice and
receive feedback [78].

C. Identity’s potential impact on
perceptions of inclusivity

In the current study, the identity category emerged from
student quotes that highlighted the significance of a
person’s identity in shaping their level of engagement in
the learning process. This influence was conveyed through
language, course content, or referred to students’ previous
knowledge. While the term “identity” carries nuanced
interpretations and implications in literature, personal
identity can be described by elements such as one’s name,
age, gender, race, ethnicity, and individual experiences.
Historical context reveals that a predominance of men are
enrolled in calculus-based college-level introductory phys-
ics courses [6]. Studies focusing on women have found that
women’s underrepresentation is attributed to persistent
gender-science stereotypes [13,79]. Moreover, women face
challenges in identifying with STEM fields due to signals
from their social environments suggesting that women do
not belong in the sciences [80]. Concurrently, past research
demonstrates that Black women and women of color
encounter barriers rooted in their racial identities, resulting
in limited recognition and exclusion from physics [81–83].
However, in this study, only 3% (n ¼ 10) of student
responses involved factors discussing identity factors (four
women and six men). Instead, many students, including
women, used academic factors to describe their perception
of course-level inclusion rather than identity. When looking
closely at the women who discussed identity as a factor of
their course-level inclusion, they referenced their instruc-
tors’ awareness of pronouns in their responses:

The professor seems like she tries to cater to the
various learning styles that students may have.
She is also attentive to the proper use of pro-
nouns, which is a good thing. (Woman, White,
first-generation student).

I think the course has been very inclusive espe-
cially with such a care taken to call people the
right name and pronouns. (Woman, White, non-
first generation).

Everyone got along really well and Prof [P2] was
also very good with the use of pronouns and such
to ensure that every student felt safe and com-
fortable (Woman, RM, first generation).

This finding stood out from previous studies done by
Walker et al. and York et al. In the study of York et al., the
women who discussed identity as a factor of their course-
level inclusion talked about the preknowledge requirement.

In their study, they attributed this focus as a result of more
students taking advanced placement (AP) courses in high
school and therefore, students believed that AP was a part
of preknowledge. In the work of Walker et al., the students
who used identity factors to discuss their perception of
course-level inclusivity (N ¼ 11) described a variety of
identity-specific factors such as previous knowledge
(n ¼ 6), gender (n ¼ 2), sexual orientation (n ¼ 1),
differences in ability (n ¼ 1), and being a nontraditional
student (n ¼ 1). As with York et al., in the study of Walker
et al., students who used identity factors to describe their
course-level inclusivity were more likely to discuss “pre-
vious knowledge” as contributing to course-level inclusion.
One possible reason for this difference in focus on previous
knowledge could be that the GC1 classrooms studied by
Walker et al. and all the classes in York et al. contained
both health and physical science majors. Whereas in our
study, IP1 was tailored for physical science majors who
typically take calculus as part of their curriculum, while
students majoring in the health sciences take an algebra-
based introductory physics course (less quantitative).
Our findings on the percentage of students who dis-

cussed identity are consistent with the work of York et al.
[34] in a nonremote learning environment before the
Covid-19 pandemic and the study of Walker et al. [33]
on a remote learning GC1 course during the Covid-19
pandemic, in that Identity was a small percentage relative to
academic-factors majority, which comprised at least 40% of
responses in all three studies. In the research of Walker
et al., 2% of students (n ¼ 11) in GC1 (N ¼ 550) used
identity factors to describe their course-level inclusion,
with the majority of those responses focusing on entering
GC1 with or without prior knowledge. York et al.
(N ¼ 1928) saw that approximately 14% of students,
which included IP1, introductory biology, and general
chemistry, discussed identity factors concerning their
perception of course-level inclusion. A possible contribut-
ing factor to the lower percentage of identity responses in
the current study and the study of Walker et al., compared
to York et al., could be the remote nature of the IP1 and
GC1 courses. Unlike in-person learning environments,
where students can see the composition of the classroom,
in the remote-learning environment, the social identity of
their peers is typically unknown because many students
may have opted to turn off their cameras or remain muted
during Zoom lectures. Additionally, many online platforms
typically can only show a small percentage of students in
the class.
In addition, although students could write multiple

reasons for their level of inclusivity, all students wrote
one main reason, and hence, identity could have been
more important to students, as other literature has shown,
than is seen in our results. It could also be that at this level,
students might be less aware of the effect their identity has
on their feelings of inclusivity, course performance, and
retention. Instructors may support these students by
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implementing evidence-based interventions focused on
increasing diverse identities in STEM, such as (i) using
references and examples in class that include different
identities (e.g., gender, race, ethnicity, generational status,
etc.) during the course [71,84]; (ii) include scientist
spotlights throughout the semester and have students
write reflections [85,86]; and (iii) conduct social-psycho-
logical interventions such as value-affirmation tasks and
social-belonging reflections [60,87].

VI. LIMITATIONS

In this study, we investigated students’ perspectives on
inclusion in an introductory physics 1 (IP1) calculus-based
course at an R1 institution in the United States. While this
exploratory study focused on listening to student voices
and what they perceive affected their inclusion in this
course, there are several limitations that must be discussed.
First, this study took place during the Covid-19 pandemic,
which was a period of great uncertainty, change, and stress
for students. Due to the nature of the pandemic, many
courses, such as IP1, were forced to become remote
learning, leaving students with no in-person interaction
with their peers or instructors. As a result, it may have
impacted what factors students used to describe their course
inclusion and may be different from the ones they might
have used for an in-person IP1 course. Despite this unusual
time and remote-learning format of IP1, the findings of this
study are congruent with those of a similar study
(N ¼ 1928) that examined large, in-person introductory
STEM courses prior to the pandemic. A second limitation
was the use of highly simplified demographic variables;
therefore, the nuances and complexities of gender identity,
racial or ethnicity identity, race-gender intersections, and
other identities and identity intersections were not captured
in the results. Furthermore, while we examined the varia-
tion in the number of responses for each theme across
groups, we did not qualitatively explore potential variations
in the content of students’ statements within each theme
based on the group; both are important areas for future
study. Third, a significant percentage of students (33%)
gave nonspecific reasons for the level of inclusivity they
perceived in IP1. Although these nonspecific reasons do
not elucidate factors students use to describe inclusivity,
our future work involves developing a quantitative course-
level inclusion survey based on this qualitative work. We
anticipate that this survey will yield more specific responses,
contributing to a deeper understanding of the factors influ-
encing students’ perceptions of course inclusivity. York
et al.’s study discusses the value of developing a preliminary
Likert-scale survey; a pilot study of such a survey resulted in

students giving at least one reason from a given list of factors.
A fourth limitation of this study was the sample size. While
different results could have been seen in an identical class-
roomof a larger size, similar trends found in the current study
were also observed in the work of Walker et al. (N ¼ 550)
(general chemistry 1 course at the same public R1 institution)
and thework of York et al. (N ¼ 1928) (several introductory
STEM courses in a select private institution). Finally,
students predominantly gave a single reason for their
perceived inclusivity level. It is reasonable to assume that
students considermultiple factors, but the open-ended option
may have encouraged them to provide only one. Once again,
a quantitative course-inclusion survey is expected to reveal
the nuanced reasons students employ when evaluating their
course-level inclusion.

VII. CONCLUSION

In this exploratory study of a calculus-based introductory
physics 1 (IP1) (N ¼ 289), which was a remote course as a
result of the Covid-19 pandemic, we examined students’
perceptions of course inclusion using a Likert scale. The
mean rating for the inclusivity of IP1 was “moderately
inclusive” (M ¼ 4.41, SD ¼ 0.79). Qualitative analysis of
open-ended responses revealed six primary categories, with
academic and nonspecific comprising 41% and 33% of all
responses, respectively, and remote learning being 18%.
Subcategories were identified within academic and remote
learning. Our results showed that themajority of the students
described academic factors (i.e., classroom practices and
structures) that were within the instructor’s influence. Chi-
square tests indicated that students perceiving high inclusion
emphasized academic factors, while those feeling low
inclusion focused on remote learning. These findings empha-
size the need for inclusive practices, reflecting student
preferences for interaction with instructors and peers and a
welcoming atmosphere. Additional studies with larger sam-
ple sizes for in-person and online approaches are needed to
further understand what factors students use in determining
their inclusion in these introductory STEM courses and the
variations among different subgroups.
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