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Investigating Gender Differences in Students’ Motivational Beliefs and Inclusiveness of the
Learning Environment in Introductory Physics Courses for Bioscience Majors

Sonja Cwik, PhD

University of Pittsburgh, 2022

Student grades and motivational outcomes in introductory physics courses can influence
their retention in science, technology, engineering, and math (STEM) disciplines and future career
aspirations. In recent years, many research studies have focused on inequities in calculus-based
introductory physics courses, e.g., by investigating gender differences in students’ motivational
beliefs such as self-efficacy, interest, and identity and how they change from the beginning to the
end of a physics course or course sequence. However, these issues have not been investigated in
introductory physics courses for bioscience majors, in which women outnumber men. Although
women outnumber men in these courses, societal stereotypes and biases about who can do and
excel in physics may impact women in these courses unless there is an intentional effort to create
equitable and inclusive learning environments.

In this dissertation | address the question of equity in introductory physics courses for
students on the bioscience track by investigating the relationship between gender, motivational
beliefs, and physics performance. Through my quantitative studies, | first analyzed gender
differences in students’ self-efficacy, sense of belonging, and recognition by others and how they
predict course grade. Then, | investigated whether the relation between gender and physics identity
was mediated by students’ self-efficacy, interest, and recognition by others. Lastly, I investigated
how students’ perception of the inclusiveness of the learning environment including students’

sense of belonging, interactions with their peers, and recognition by instructors and TAs predicts



their physics identity and grades in the introductory physics courses. These findings can be
invaluable for instructors striving to make these courses more equitable and inclusive. Throughout
the thesis, there is discussion of how these findings can provide guidelines to improve women’s

experiences and achievement in these introductory physics courses.
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1.0 Introduction

Prior research suggests that in many calculus-based introductory physics courses, women
have lower physics motivational beliefs, including self-efficacy and identity, than men [1-3].
However, most of the prior studies in the college context concerning physics motivational beliefs
have been conducted in classes in which women are underrepresented [4, 5]. Nevertheless,
pervasive societal stereotypes and biases about who can excel in physics that women are
bombarded with from a young age could impact their physics motivational beliefs, including their
identity, even in physics courses in which they outnumber men, e.g., introductory physics courses
for students on the bioscience track in which women are not underrepresented. The students’
physics motivational beliefs in these courses could influence not only their participation and
performance in the physics courses, which is very important in itself, but also in other science,
technology, engineering, and math (STEM) disciplines in which they are intending to major or
may be considering a career. For example, past studies have shown that the factors that influence
students’ physics identity influence their engineering career choices [6] and predict students’
engineering identity [7] when the majority of students were first year students with intentions to
major in a variety of disciplines (including STEM, humanities and social sciences). Similarly,
these factors related to physics identity could influence students in the physics course sequence for
bioscience and pre-health majors. In this dissertation, we focus on students who are on the
bioscience track primarily interested in health-related professions, for whom two physics courses
are mandatory. These physics courses are mandatory for them not only because the foundational
knowledge of physics is central to developing a deep understanding of bioscience, but also because
the kind of reasoning skills students develop in physics can help them in their majors and future
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careers. A majority of these bioscience majors are on the pre-health track and want to become
health professionals. Higher physics motivational beliefs can help them engage and perform better,
e.g., on the Medical College Admission Test (MCAT) in which 5-8% of the material consists of
physics concepts, to realize their career goals. 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 [8-13] that some hypothesize may be due to gender gaps in prior preparation
or motivational beliefs [12-22].

Explicit and implicit societal stereotypes and biases that women internalize about physics
could influence their motivational beliefs, including their physics identity. One common societal
stereotype is that genius and brilliance are important factors to succeed in physics [23]. However,
studies have found that by the age of six, girls are less likely than boys to believe they are “really
really smart” and less likely to choose activities that are intended for “brilliant people” [24]. These
types of stereotypes may continue to negatively impact women from childhood through college
physics courses. In formal and informal situations, women are often made to feel that they cannot
excel in physics-related fields. Additionally, negative societal stereotypes and biases may lead to
a “chilly climate” for women in science classes [25]. These issues emanating from structural
societal inequities related to physics can lower the physics motivational beliefs of women
compared to men.

Moreover, in prior investigations, researchers have often hinted at the fact that the
underrepresentation of women in those courses may be related to their lower physics motivational
beliefs than men and the gender gap increasing from the beginning to the end of those courses
[26]. In this dissertation, we investigated whether in physics courses in which women are not

numerically underrepresented, a similar gender gap in physics motivational beliefs exists and



whether these gender gaps get worse from the beginning to the end of the two course sequence. In
particular, it is important to investigate whether numerical overrepresentation of women, e.g., in
the physics courses for bioscience majors we focus on, would eliminate or significantly reduce the
gender gap in physics motivational beliefs. If this is not the case, it may signify that classroom
representation alone will not change the pernicious effects of systemic gender inequities in physics
perpetuated by society and bolstered further by the physics learning environments. It may point to
the need to view these gender gaps as more deep-rooted than simply due to women’s
underrepresentation in a physics course, as well as the need to address inequities in physics
learning environments that exacerbate these gender gaps. Since physics motivational beliefs can
impact student engagement and performance in physics courses and have the potential to impact
their career choices, the persistence of a gender gap in these courses would be a marker of inequity

that must be addressed.

1.1 Motivational Beliefs

Since students’ motivational beliefs are important for students’ success in introductory
physics courses, we start with some background on the motivational beliefs that are studied in this
dissertation. Self-efficacy in a discipline refers to students’ belief in their ability to accomplish
tasks or solve problems [27, 28]. It has been shown to influence students’ engagement, learning,
and persistence in science courses, in addition to contributing to students’ science identity [14, 15,
29-42]. For example, when tackling difficult problems, students with high self-efficacy tend to
view the problems as challenges that can be overcome, whereas those with low self-efficacy tend

to view them as personal threats to be avoided [27]. However, in introductory physics courses in



which women are underrepresented, studies have found a gender gap in self-efficacy
disadvantaging women that widens by the end of the course, even in interactive engagement
courses [29, 43]. Additionally, self-efficacy has been shown to predict students’ engagement,
learning, and persistence in science courses [14, 15, 27, 29-42].

Interest in a particular discipline may affect students’ perseverance, persistence, and
achievement [16, 38, 41, 44-46]. One study showed that changing the curriculum to stimulate the
interest of female students helped improve all of the students’ understanding at the end of the year
[47]. Within expectancy-value theory, interest and self-efficacy are constructs that predict
students’ academic outcomes and career expectations [48]. We focus on intrinsic interest or an
individual’s interest and enjoyment in engaging with physics concepts in this dissertation.

Another belief, perceived recognition by others, has been shown to play an important role
in a student’s identity [49] and motivation to excel [50]. In a study on students’ perception of
support, teacher support was more strongly linked to the motivation and engagement of girls than
boys [50]. However, studies have shown that female students are not recognized appropriately in
many STEM disciplines even before they enter college [1, 4, 24]. One study found that science
faculty members in biological and physical sciences exhibit biases against female students by
rating comparable male students significantly more competent [51]. Moreover, our prior research
suggests that students’ perceived recognition by instructors and teaching assistants can impact their
self-efficacy and interest in physics and students’ physics self-efficacy can impact their interest in
physics (e.g., see [52, 53]).

Students’ identity in STEM disciplines is important to study since it plays a key role in
students’ participation in classes as well as career decisions [5, 49, 54-57]. Physics identity has

been studied in physics classes and has been shown to be connected with a student’s self-efficacy,



interest, and perceived recognition [5, 58, 59]. The science identity framework draws on the work
of Gee who defined an individual’s identity as being recognized as a certain kind of person in a
given context and emphasized that identity can change over time [56]. It has been adapted in the
science context to address the identities of both students and scientists [55]. Carlone and Johnson’s
science identity framework includes three interrelated dimensions: competence (“I think I can”),
performance (“I am able to do”), and recognition (“I am recognized by others”) [55]. Hazari et al.
modified the framework by adapting it to physics specifically rather than science more generally
[5]. “Competence” and “performance” were defined as students’ beliefs in their ability to
understand the subject and students’ belief in their ability to perform physics tasks. Additionally,
recognition was framed as recognition by others as being a good physics student. Lastly, a fourth
dimension, interest, was added to the framework since students have highly varying levels of
interest in physics [60, 61]. In subsequent studies by Hazari for introductory students, performance
and competence are combined into one variable [58]. In a slightly reframed version of Hazari’s
physics identity framework by Kalender et al. [59], performance/competence was framed as self-
efficacy (closely related to competency belief). Additionally, recognition was framed explicitly as
“perceived recognition” by students for clarity.

In addition to motivational factors that predict physics identity, other motivational factors
that contribute to the student perception of the inclusiveness of the learning environment can also
influence how women perform in their STEM classes and beyond [62]. For example, students’
sense of belonging in physics has been shown to correlate with retention and self-efficacy [50, 63].
In addition, it is shown to be a predictor of students’ physics identity for senior physics majors
[58]. In addition, students’ interaction with peers has been shown to enhance understanding and

engagement in courses.



1.2 Overview

In chapter 2, we begin with a theoretical framework that emphasizes the importance of
creating an equitable and inclusive learning environment so that students from all demographic
groups benefit from evidence-based active engagement curricula and pedagogies. We then discuss
both quantitative and qualitative assessment findings (using survey data and ethnographic and
interview data) that suggest that without explicit thoughts and measures, undergraduate physics
learning environments are not equitable and inclusive. Our focus here is on two marginalized
groups in physics: women and ethnic/racial minority students, who are severely underrepresented
in physics. We discuss research that shows highly troubling trends, e.g., ethnic and racial minority
students drop out of the physics major at twice the rate compared to white students and women
drop out with significantly higher GPAs than men. In addition to course level performance gaps,
we discuss findings about motivational beliefs that show that women and ethnic/racial minority
students often have lower physics sense of belonging, self-efficacy, perceived recognition by
others including instructors, and identity compared to students from the dominant group. We also
discuss how stereotype threat can result in the deteriorated performance of marginalized students.
Finally, we discuss how social psychological classroom interventions and an explicit focus on
creating student-centered inclusive classrooms can lead to more equitable outcomes.

In chapter 3, we examine the self-efficacy of men and women with similar performance in
introductory physics courses for students on the bioscience track in which women outnumber men.
We find a gender gap in self-efficacy disadvantaging women at the beginning of the course.
However, unlike courses in which women are underrepresented, in which the self-efficacy gender
gap often increases from the beginning to the end of the courses, we find that the self-efficacy

gender gap for students who received a certain grade either remained constant or decreased.
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Moreover, except for the students who received an A grade, the average self-efficacy of most of
the other student groups decreased from the beginning to the end of the semester. Additionally, we
find that most of the self-efficacy gender gap is due to students’ biased perceptions about their
capability rather than the performance difference between women and men.

In the next few chapters, we examine how motivational beliefs predict students’ grades in
the introductory physics courses. In chapter 4, we investigated how students’ self-efficacy predicts
female and male students’ grades at the end of the physics course using Structural Equation
Modeling (SEM). We found that women had a lower self-efficacy and grades than men in this
course and that the students’ self-efficacy played a major role in predicting students’ grades in the
course.

In chapter 5, we investigated how the students’ perceived recognition by instructors and
teaching assistants (TAs) as a physics person predicts their grades at the end of their physics
course. We found that overall, women had lower perceived recognition than men as a physics
person and their perceived recognition played an important role in predicting course grades,
controlling for high school GPA and math SAT scores. Since physics as a discipline presents a
barrier to women due to deep-rooted societal stereotypes and biases about who can excel in it, the
numerical representation of women alone in these courses does not imply that they will feel
recognized by their instructors and TAs as a physics person without an intentional effort to make
the learning environment equitable and inclusive. These findings suggest that physics instructors
and TAs should focus on changing the culture in their physics classes and create an equitable and
inclusive learning environment in which students from traditionally marginalized demographic

groups, e.g., women, feel recognized and can excel.



In chapter 6, we investigated how students’ sense of belonging predicts female and male
students’ grades at the end of the physics course. We found that women had a lower sense of
belonging and average grade than men in this course and that the students’ sense of belonging
played a major role in predicting students’ grades 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.

In chapter 7, we used the physics identity framework to investigate whether the relation
between gender and physics identity was mediated by other motivational beliefs including
perceived recognition by others, self-efficacy, and interest in physics 1. The model shows that
perceived recognition by others, self-efficacy, and interest mediated students’ physics identity and
there was no direct path from gender to identity. In addition, we find that although female students
outnumbered male students in these courses, they had lower physics motivational beliefs including
self-efficacy and identity at the beginning of the physics course, and this gender gap increased by
the end of the course. These findings related to the gender gap in physics motivational beliefs are
valuable because they may signify that classroom representation alone will not change the
pernicious effects of systemic gender inequities in physics perpetuated by society and bolstered
further by the inequitable and non-inclusive physics learning environments.

In chapter 8, we analyzed the motivational beliefs of students longitudinally in introductory
physics 1 and physics 2 and used the physics identity framework to investigate whether the relation
between gender and physics identity was mediated by self-efficacy, interest, and perceived
recognition by others. Our findings show a gender gap in beliefs disadvantaging women

throughout the physics course sequence. Additionally, the SEM model of physics identity shows



that physics perceived recognition by others plays a central role in predicting students’ physics
identity throughout the two-semester course sequence.

Since students in these physics course were mainly bioscience majors or chemistry majors
on the bioscience track, their science identity is also important for their major. Therefore, in chapter
9 we investigated how the physics self-efficacy and perceived recognition by others for bioscience
majors enrolled in the second semester of a physics sequence predicted their overall science
identity aligned with their disciplinary major. We find that bioscience majors’ physics self-efficacy
and perceived recognition not only predict their physics identity but also their overall science
identity. These relations between physics self-efficacy and perceived recognition and the overall
science identity of bioscience majors suggest interdisciplinary connections that may provide
additional pathways for boosting students’ science identity, ¢.g., by enhancing their self-efficacy
and perceived recognition in their other mandatory courses such as physics. We also find that on
average, women majoring in bioscience had lower physics self-efficacy, perceived recognition,
physics identity, and overall science identity than men even though women were not
underrepresented in the physics course.

In chapters 10 and 11, we investigated how the perception of the inclusiveness of the
learning environment (which includes perceived recognition, peer interaction, and sense of
belonging) predicts male and female students’ physics outcomes, including their physics self-
efficacy, interest, and identity in physics 1 and physics 2, respectively. We found that in general,
women had lower physics beliefs than men and the learning environment plays a major role in
explaining student outcomes. We also found that perceived recognition played an important role
in predicting students’ physics identity and students’ sense of belonging played an important role

in predicting students’ physics self-efficacy. These findings can be useful to contemplate strategies



to create an equitable and inclusive learning environment to help all students to excel in these
physics courses.

In chapters 12 and 13, we added students’ academic outcomes, such as their course grade,
into the models for physics 1 and physics 2, respectively. In particular, we investigated female and
male students’ perceptions of the inclusiveness of the learning environment (including their sense
of belonging, perceived recognition by others such as instructors, and perceived effectiveness of
peer interaction) and how it predicted their physics course grades, self-efficacy, interest, and
identity at the end of the course. We find gender differences in perceptions of the inclusiveness of
the learning environment disadvantaging female students. Moreover, using SEM, we find that all
factors in students’ perception of the inclusiveness of the learning environment are essential to
predicting their self-efficacy, interest, grade, and identity at the end of the physics courses. The
findings about gender differences call into question equity in learning in these physics courses.
How the perception of the inclusiveness of the learning environment predicts the outcomes can
provide baseline data and be invaluable for strategies for creating an equitable and inclusive
learning environment to help all students excel in these algebra-based physics courses.

Lastly, in the final chapter, we discuss future directions for this work.

10



2.0 Framework for and Review of Research on Assessing and Improving Equity and

Inclusion in Undergraduate Physics Learning Environments

2.1 Introduction and Framework

Women and ethnic/racial minority (ERM) students are severely underrepresented in
physics courses, majors, and careers [64, 65]. The societal stereotypes and biases about who
belongs in physics and can excel in it, the lack of role models, and the chilly unsupportive, and
competitive climate in physics make the playing field uneven for the traditionally underrepresented
groups.

In physics education research, equity and inclusion have been studied with a focus on
different traditionally underrepresented demographic student groups, e.g., women, ERM students,
students with disability and LGBTQ+ etc. at different points in their physics learning, e.g., high
school, different levels in college, graduate school, etc. In this chapter, we discuss a theoretical
framework and then review research on assessing and improving equity in physics learning
environments focusing only on women and ERM undergraduate students with data collected from
students in physics classes. In other words, our focus is only on research involving assessment and
strategies to make physics learning environments equitable and inclusive for women and ERM
students in college level undergraduate physics courses for both physics majors and non-majors.
Prior studies have focused on assessing differences in the experiences and outcomes of different
demographic groups in physics courses and physics majors as a whole to measure inequities in

order to devise strategies to improve outcomes and level the playing field.
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In conducting and interpreting research on underrepresented student groups in physics,
intersectionality is a useful framework because a single demographic characteristic, e.g., gender
or ethnicity/race alone cannot fully explain the intricacies of the obstacles that students face [66-
68]. In particular, a combination of different aspects of an individual’s social identity (e.g., gender
and ethnicity/race) leads to unique levels of disadvantages that cannot be explained by simply
adding together the effects of the individual components of their identity [69]. For example,
according to the framework of intersectionality, in many STEM disciplines where the societal
norm expects that students are white men, the experience of a Black woman is not a simple sum
of the experiences of being a woman and being Black [68, 70]. In particular, some researchers
have argued for the use of critical race theory and feminist standpoint theory in physics education
research [71]. Before proceeding further, we first explicate how we conceptualize equity in physics
learning.

Our conceptualization of equity in physics learning includes three pillars: equitable access
and opportunity to learn physics, equitable and inclusive learning environment, and equitable
outcomes. Thus, by equity in physics learning, we mean that not only should all students have
equitable opportunities and access to resources, they should also have an equitable and inclusive
learning environment with appropriate support and mentoring so that they can engage in learning
in a meaningful and enjoyable manner and the learning outcomes should be equitable. By equitable
learning outcomes, we mean that students from all demographic groups (e.g., regardless of their
gender identity or race/ethnicity) who have the pre-requisites to enroll in physics courses have
comparable learning outcomes. This conceptualization of equitable outcome is consistent with
Rodrigues et al.’s equity of parity model [72]. The physics learning outcomes include student

performance in courses as well as evolution in their motivational beliefs such as physics self-
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efficacy, identity, etc. because regardless of performance, students’ motivational beliefs can
influence their short and long-term retention in physics courses, major, and careers. In other words,
an equitable and inclusive learning environment should be student-centered so that all students are
provided appropriate support and students from all demographic groups have equal sense of
belonging regardless of their prior preparation so long as they have the prerequisite basic
knowledge and skills. An equitable and inclusive learning environment would also ensure that
students from all demographic groups enjoy learning physics and embrace challenges as learning
opportunities instead of being threatened by them. Equitable learning outcomes for physics and
other science, technology, engineering, and math (STEM) majors also include the ability of the
physics courses to empower students from all demographic groups and make them passionate
about pursuing further learning and careers in related areas. We note that equitable access and
opportunity to learn physics, equitable and inclusive learning environment, and equitable outcomes
are strongly entangled with each other. For example, if the physics learning environment is not
equitable and inclusive, the learning outcomes are unlikely to be equitable.

Our conceptualization of equity in physics learning is mindful of the pervasive societal
stereotypes and biases about physics as well as the lack of role models that can have a detrimental
psychological impact on women and ERM students who are severely underrepresented. In general,
when students struggle to solve challenging physics problems, they often respond in one of two
ways. Some question whether they have what is needed to excel in physics. Others enjoy the
struggle because it means that they are tackling new physics and learning. The negative reaction
is a manifestation of a fixed mindset, i.e., believing that intelligence is immutable and struggling
is a sign of a lack of intelligence, whereas the positive reaction is the sign of a growth mindset (the

fact that your brain’s capabilities can grow with deliberate effort and one can become an expert in
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a field by working hard). In an inequitable and non-inclusive learning environment, due to societal
stereotypes and lack of role models, the underrepresented students are more likely than others to
fall prey to the fixed mindset trap and view their struggle with challenging physics problems in a
negative light. In fact, compared to most other STEM fields, the societal stereotypes are stronger
in physics, a field whose history is often told through the stories of brilliant men. These stereotypes
and lack of role models can also contribute to a lower sense of belonging for women and ERM
students in physics learning environments unless explicit efforts are made to make them equitable

and inclusive.
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Figure 1 Holistic Ecosystem for Learning Physics in an Inclusive and Equitable Environment (HELPIEE)

framework.
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With our conceptualization of equity in learning, this chapter focuses on research on
assessing and improving equity and inclusion using the Holistic Ecosystem for Learning Physics
in an Inclusive and Equitable Environment (HELPIEE) framework adapted from the Strategies for
Engaged Learning Framework (SELF) that emphasizes a holistic approach to helping all students
learn physics [26]. The HELPIEE framework (see Figure 1) adapts the SELF framework to
explicitly indicates that an important characteristic of an inclusive and equitable learning
environment is that it will lead to equitable outcomes, which are comparable for all demographic
groups with regard to students’ physics knowledge structure and problem-solving skills as well as
physics motivational beliefs (e.g., sense of belonging, self-efficacy, identity, etc.). This framework
in Figure 1 expresses the fact that not only should physics courses have learning outcomes based
upon physics related knowledge and skills we want students to learn but also those that focus on
whether all students (and especially those from underrepresented groups) have a high sense of
belonging, self-efficacy, growth mindset, and identity as people who can excel in physics.

Drawing analogy with sports, we note that to help players excel in any game, such as tennis,
coaches must ensure both good defense and offense. Likewise, helping students learn physics well
requires that instructors equip all students with both defensive and offensive strategies. Instructors
can strengthen students’ defenses by creating equitable and inclusive learning environments in
which all students have a high sense of belonging, promoting and emphasizing a growth mindset,
and ensuring that all students have a high physics self-efficacy and identity. Only if instructors
help develop strong defenses in students pertaining to physics learning can they effectively engage
with the offense by tackling challenging problems and developing physics problem solving,
reasoning, and meta-cognitive skills. If instructors do not help students develop strong defenses,

they are unlikely to risk struggling with challenging physics problems.
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In the absence of physics instructors recognizing their role in centering students (which is
particularly important for students from marginalized groups) and helping them build strong
defenses, tackling challenging physics problems can make a student have the following type of
worry: “I am struggling because I do not have what it takes to do well in physics. What is the point
of even trying?” These kinds of negative thoughts can lead to a lack of engagement, even with
effective approaches to learning physics, and can increase students’ anxiety. This, in turn, can start
a detrimental feedback loop in which negative thoughts about struggling can lead to increased
anxiety, procrastination, disengagement from effective learning approaches, and failure to take
advantage of resources for learning. Moreover, anxiety can rob students of cognitive resources
both while learning and taking tests. It can lead to deteriorated performance, which can then lead
to further negative thoughts and anxiety. Having been bombarded by societal stereotypes and
biases from a young age, women and ERM students are less likely than the students from the
dominant group to have strong defenses when they enter physics classes. Therefore, if the
instructor does not make a concerted effort to bolster student defenses and inoculate students
against stereotype threats [73] (i.e., fear of confirming a negative stereotype about one’s group),
the inequitable and non-inclusive learning environment is more likely to hurt women and ERM
students. On the other hand, inculcating a growth mindset, i.e., intelligence is not immutable and
one can excel in physics by working hard and working smart, can go a long way in helping all
students engage effectively and benefit from research-validated tools and approaches [74, 75].

Consistent with our framework in Figure 1, instructors can empower students and
strengthen their defenses by creating an inclusive and equitable learning environment. With proper
coaching, all students can have a high sense of belonging, be unafraid to struggle and fail, and

recognize that failures are normal and should be embraced since they are stepping-stones to
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learning [74, 75]. Although physics instructors have traditionally not considered it to be their
responsibility to serve as coaches for their students (who focus on strengthening both their
defensive and offensive skills), these issues are central to equity and inclusion in physics.
Moreover, short classroom activities that take less than a class period at the beginning of the course
can go a long way in improving students’ sense of belonging and confidence, particularly for
marginalized students who need the boost the most [74, 75]. To meet these objectives, it is critical
to ensure that the learning environments in physics courses are equitable and inclusive. To ensure
these equitable outcomes, physics instructors need to be trained in research-validated approaches
to making the learning environments equitable and inclusive as well as in inclusive mentoring
approaches. Physics instructors must also be given the opportunity to reflect upon and internalize
the fact that students’ physics interest and achievement goals are not fixed and can grow if the
physics learning environments increase students’ sense of belonging, self-efficacy, growth
mindset, and physics identity in addition to helping them develop a good grasp of physics.
Finally, as shown in Figure 1, the HELPIEE framework emphasizes that equitable and
inclusive learning entails that students’ internal and external characteristics should be at the core
of making decisions about what learning tools, curricula, and pedagogies would be effective, and
equally importantly, how they should be implemented and what kinds of support students should
be provided. Student internal characteristics include their prior preparation and physics beliefs
(which are shaped by differential prior support from societal stakeholders and differential
opportunities due to lack of resources in addition to biases and stereotypes, and lack of role models)
and external characteristics include support of family members or other mentors/advisors and
ability to balance the course work and outside work (e.g., many students must work to support

themselves), among others.
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While the majority of research studies reviewed in this chapter focus on the assessment of
inequities based upon gaps in performance or motivational outcomes in undergraduate physics
courses and the physics major as a whole using quantitative measures (e.g., how women and ERM
students may be disadvantaged if the learning environment is not equitable or inclusive), some
research studies discussed focus on qualitative investigations involving ethnographic class
observations and individual interviews with students and instructors. We also review research on
course-level interventions for making the physics learning environment equitable and inclusive
and improving the experiences and achievements of the underrepresented groups [74, 76, 77].

The rest of the chapter is organized as follows. We first focus on research on equity issues
in quantitative research at the level of physics major to get a big picture view of equity in
undergraduate physics. Then we focus on quantitative research in physics courses, comparing the
performance of the underrepresented groups and dominant group; followed by quantitative
research on student motivational beliefs. In these contexts, we summarize findings from three types
of courses: traditionally taught physics courses, research-based active-engagement courses with
no special consideration for equity issues, and courses in which creating an equitable and inclusive
learning environment is intentionally planned and incorporated into the course design. This is
followed by research on stereotype threat since students from marginalized groups can be harmed
by it. Then, we focus on qualitative research that helps us zoom in and obtain a deeper
understanding of the experiences of women and ERM students and can be helpful in contemplating
strategies to make physics learning environments equitable and inclusive. We close with a

discussion of future directions and ongoing dialogues in the field.

18



2.2 Quantitative Research on Physics Major-Level Equity in Outcome

Research shows that women drop out of the physics major (and other STEM majors) with
a significantly higher overall GPA than men and ERM students drop out of the physics major at a
significantly higher rate than white students (65% of ERM students vs. 34% of white students)
[78, 79]. Physics has one of the lowest enrollment as majors of all STEM disciplines, and student
attrition after declaring a major is the highest from physics compared to other disciplines [78, 79].
Research also shows that physics is a STEM discipline that does not attract a second wave of
majors in the third year and beyond, i.e., those who initially declare other STEM majors do not
switch to physics in later years unlike most other STEM majors, which have a bi-directional flow
of students in later years [79]. Moreover, it is important to keep in mind that this research on a
documented unidirectional flow of physics majors out of physics [78, 79] does not include the
attrition of students who were intending to major in physics in their first year (e.g., due to their
better physics experiences in high school physics) but changed their mind after taking their college
introductory physics courses even before declaring the physics major (since many students in US
colleges declare the physics major at the end of their first year or in their second year).

In addition, students’ experiences in introductory courses may affect their decisions in
upper-level courses [80, 81]. In one study on introductory and advanced physics and math courses,
gender differences in physics course performance (controlling for high school GPA) were only
found in introductory physics courses [80]. Additionally, the introductory courses did not predict
performance in advanced physics courses. Therefore, women could be making decisions about
whether physics and related disciplines are the right fields to major for them based on the gender
performance gap in the introductory physics courses. In another study, researchers investigated the

student performance and persistence in upper level physics courses for students who experienced
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active learning (specifically, Modeling Instruction and the Investigative Science Learning
Environment) in introductory physics courses [81]. In this study, women were more likely than
men to graduate with a physics degree and they were just as likely as men to pass the upper-level
courses. The highest risk of failure for women and men was in the first semester of upper division
courses.

In another study investigating grades earned by students categorized by gender, ERM
student status, low-income status, and first-generation college student status, ERM students
experienced the largest penalty in their STEM GPA and overall GPA compared to non-ERM
students [82]. While women had a higher overall GPA than men, that gender gap was either
reduced or disappeared for students’ STEM GPA depending on the demographic group. In
addition, when students’ STEM GPA was plotted by year for physical science (chemistry,
computer science, engineering, mathematics, and physics) majors, ERM students experienced the
largest penalty in their STEM GPA and in general students who were from intersecting
marginalized demographic groups (for example low income and ERM) had larger penalties than
students with the most advantages or students with another single demographic group

disadvantage.

2.3 Quantitative Research on Course-Level Equity in Outcome: Performance

Early research on equity and inclusion in physics focused on documenting and/or reducing
the gender gap in performance in physics courses. Some of the earlier work focused on the gender
gaps on concept inventories like the Force Concept Inventory (FCI) and the Conceptual Survey of

Electricity and Magnetism (CSEM) [9, 18, 19, 83-87]. Some of the research has shown that when
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high school backgrounds and pretest scores were matched, there was no difference in post-test
physics performance [85]. Other research studies have found that particular questions on the FCI
or CSEM may be biased against women [9, 84, 86, 88]. In addition, one study investigated gender
differences in midterm and final exam scores and if those gender differences were correlated with
final course grades for introductory physics courses [89]. Results show that performance on exams
and final grades was weakly dependent on student gender [89]. Research suggests that gender
differences in performance may be caused by societal stereotypes and biases about physics [85].
The gender differences in scores are most likely due to a combination of many factors rather than
one factor that can be easily modified [18]. One study found that high school factors (including
SAT scores, enrollment in calculus courses, and high school grades) predict student performance
in introductory physics courses and that the pedagogy used in high school physics courses could
differentially predict male and female students’ performance [12].

A growing body of research has documented the gender gap when active learning
pedagogies are implemented in the physics classroom. Lorenzo et. al and Coletta et al. found that
interactive engagement pedagogy reduces the gender gap in performance in the physics course and
on the FCI, respectively, and both women and men benefit from interactive engagement pedagogy
[19, 83]. However, other studies have found that interactive engagement pedagogies do not reduce
the gender gap and may worsen the gap [11, 13, 76, 90, 91]. That is, active engagement in an
inequitable and non-inclusive learning environment can lead to inequitable outcomes, e.g., it can
lead to an increased gender performance gap. For example, one study investigated the gender gap
in an introductory physics 1 course on the FCI when Modeling Instruction (MI) was implemented
as opposed to lecture-based courses [76]. Results show that while students in the MI course

outperformed students in the lecture-based course, the gender gap in women's scores on the FCI
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increased by the end of the course. Another study investigated students’ conceptual test
performance in multiple introductory courses in which either partially or fully interactive
classroom techniques were used (including student discussions on CoceptTests and Tutorials,
among others) [90]. This study showed that there was a learning gap between male and female
students in these courses and that in some instances, the gap increased by the end of the course.
Additionally, in a study [92], the gender gap on the CSEM survey in calculus-based college
introductory courses that primarily make use of lecture-based (LB) instruction (i.e., instructor
lectured 90% or more of the class) was compared with courses that make significant use of
evidence-based active-engagement (EBAE) strategies. The EBAE courses included flipped
courses in which students watched lecture videos at home and answered a pre-lecture assignment
before coming to class, and class time was used for clicker questions involving peer discussions
and lecture demonstrations preceded by questions and collaborative problem solving in which
students worked in groups of two to three on quantitative problems. Research shows that the gender
gap on the CSEM remains relatively constant in LB courses (4% at the beginning and 6% at the
end), and both male and female students exhibit similar normalized gains on the CSEM (18% and
22% for female and male students, respectively). For EBAE courses, the gender gap increases
significantly from 4% to 10%, which is also reflected in the effect sizes comparing male and female
student CSEM performance: 0.27 on the pretest and 0.54 on the posttest, i.e., the effect size
doubles. Also, the data suggest that while both men and women benefit from EBAE instruction
(larger normalized gains in EBAE courses compared to LB courses), male students benefit
disproportionately more than female students: the normalized gain for male students in EBAE
courses is 39% compared to only 28% for female students. Normalized gain is defined as (post%-

pre%)/(100%-pre%).
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One study suggests that the gender gap in interactive physics courses may be due to
differences in prior physics and math knowledge as well as differences in attitudes and beliefs
about physics [13]. However, in accordance with our HELPIEE framework, the instructors must
take responsibility and strive to make the physics learning environments equitable and inclusive
so that all students, regardless of their prior knowledge and beliefs (which are often the result of
stereotypes, biases, and differential opportunities) can excel in physics courses.

While there have been many research studies focused on gender issues in physics, fewer
studies have focused on race/ethnicity in physics. Similar to the gender gap in performance, ERM
students tend to have lower performance in introductory physics courses overall and on conceptual
tests than their white peers [76, 93-95]. This is the case even in classes that use active engagement.
In one study, ethnic and racial minority students entered the introductory physics courses with
lower conceptual understanding, and the gap was maintained to the end of the introductory physics
course sequence when active learning (specifically Modeling Instruction) was implemented [76].
Other studies show that part of the gap may be explained by differences in prior preparation. For
instance, one study showed that the gaps in ethnic and racial minority students' final exam scores
disappeared when students’ ACT/SAT math scores and pre test scores on a conceptual test were
controlled for [95]. In addition, in another study, ERM students experienced a larger penalty in
their STEM GPA than non-ERM students, and ERM students with additional disadvantages due
to socioeconomic status or first-generation college status were further penalized in their average
GPA [82]. Stewart et al. investigated physics performance differences in relation to gender, ERM
status, and status as first-generation college students (FGCS) [96]. Results showed significant
differences in gender, ERM status, and FGCS status on the pre and post conceptual test and

significant differences were found in students' course grades for ERM and FGCS students [96]. In
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addition, path analysis was used to examine the relationship between demographic factors,
academic factors (SAT math scores, and pre conceptual test scores), and course performance (post
conceptual tests and course grades). For ERM and FGCS students, differences on their pre
conceptual test scores and ACT math scores explained most of the difference in course

achievement scores [96].

2.4 Quantitative Research on Course-Level Equity in Outcome: Motivational Beliefs

Starting around 2010, researchers began to investigate motivational beliefs of students
including their physics identity and self-efficacy. Early work investigated gender gaps in these
motivational constructs, especially in students' self-efficacy [30, 31]. Self-efficacy is one’s belief
that they can succeed in a particular activity or course [27, 28]. Self-efficacy is an important
motivational construct since it is one of the primary dimensions of physics identity and it
influences students’ engagement, learning, and persistence in science courses [30, 97]. Sawtelle et
al. investigated sources of students' physics self-efficacy by gender and found subtle distinctions
in the predictive ability of the sources of self-efficacy in women and men [31]. According to
Badura’s social cognitive theory, self-efficacy may be derived from four sources: mastery
experiences, vicarious learning experiences, social persuasion experiences, and physiological state
[27]. Mastery experiences are important because successful completion of a task should have a
strong positive influence on one's confidence to complete a similar task. Vicarious learning
experiences occur when observing someone else’s success on a task influences their own belief in
their ability to perform a similar task. Social persuasion experiences are that verbal suggestions

from others such as words of encouragement can result in an increase in one’s self-efficacy. Lastly,
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one’s physiological state can act as a mediating source to amplify or undermine one’s confidence
in one’s ability. Sawtelle et. al. found that the probability of passing an introductory physics course
for women relies primarily on the vicarious learning experiences source while it relies on mastery
experiences for men [31].

In general, self-efficacy of both men and women decrease throughout introductory physics
courses and self-efficacy decreases more for women than men [43]. This could be detrimental to
women since self-efficacy and test anxiety may be related to each other [98]. In one study, women
had lower self-efficacy and higher test anxiety than men, and self-efficacy mediated the
relationship between test anxiety and high-stakes assessment test scores [98]. The gender gap in
self-efficacy is found in both traditional and most interactive engagement courses [29]. However,
one study found that in a class that employed team and project based physics learning the gender
gap in self-efficacy disappeared by the end of a physics class [99]. In general, this gender gap in
self-efficacy persists for men and women even when controlling for students' performance in
introductory calculus-based physics courses [43]. Specifically, women who received A’s in the
course had the same self-efficacy as men who received C’s in the course [43]. For engineering
students, the gender gap in physics self-efficacy does not close by their fourth year while it closes
in other STEM subjects [100]. Self-efficacy may predict students’ future careers in physics as well
[101]. In particular, in a study of Finnish undergraduate students, women had lower self-efficacy
and higher anxiety about physics than male students, and their self-efficacy predicted student goals
of going to graduate school [101].

Around the same time physics self-efficacy was investigated, researchers also explored
students' physics identity. Physics identity is defined as identifying with physics, i.e., whether

students see themselves as physics people [2, 5] or those who can excel in physics. In 2010, Hazari
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et al. took advantage of Carlone and Johnson’s framework for science identity [55] to formulate a
framework of physics identity and began to investigate high school students’ physics identity and
college students’ engineering identity [5]. In Hazari’s framework, “competence” and
“performance” were defined as students’ beliefs in their ability to understand the subject and
students’ belief in their ability to perform physics tasks. Additionally, recognition was framed as
recognition by others as being a good physics student. Lastly, a fourth dimension, interest, was
added to the framework since students can have highly varying levels of interest in physics [60,
61]. In more recent studies by Hazari et al. of introductory students, performance and competence
were combined into one variable [58]. In a slightly reframed version of Hazari et al.’s physics
identity framework by Kalender et al. [59], performance/competence was framed as self-efficacy,
which is closely related to competency belief and recognition was renamed as “perceived
recognition” for clarity to investigate introductory students' physics identity [59]. Hyater Adams
et al. combined the frameworks of physics identity and racialized identity to create a Critical
Physics Identity framework to understand the experiences of Black students in physics [102].
Our prior individual interviews suggest that students’ perceived recognition by instructors
and teaching assistants (TAs) impacts their self-efficacy and interest in physics (e.g., see [52, 53]).
In addition, in order for students to feel validated and recognized by their instructors, instructors
need to both explicitly recognize students (for example, by verbally acknowledging the progress
and success of their students) and implicitly recognize students (for example, by setting high
standards for all of their students and making it clear to students that they all have what it takes to
excel if they work hard and work smart and take advantage of all of the resources) [103]. However,
studies have shown that without intentional strategies to create an equitable and inclusive learning

environment, female students do not feel recognized appropriately even before they enter college
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[1, 4], which is at least partly due to the societal stereotypes and biases about who belongs in
physics and who can excel in it that women are bombarded with over their lifetime.

Students’ sense of belonging in physics courses has not been studied as extensively.
However, it has been shown that students’ sense of belonging in calculus-based introductory
physics courses for physical science and engineering majors is so closely tied to their self-efficacy
that it was difficult to separate them as distinct factors in factor analysis [4]. In addition, it is shown
to be a predictor of students’ physics identity for senior physics majors [58], and a predictor of
students’ grades in an introductory physics 1 course for students on the bioscience track [104].
Another study showed that female participants in a Physics Olympiad competition who endorsed
negative stereotypes about female talent for physics felt a lower sense of belonging in physics
[105]. One study investigated factors that affect women’s sense of belonging in physics that
include the lack of role models in physics and stereotypes about who can succeed in physics [106].
Some suggestions for instructors to improve women’s sense 0Of belonging in physics include
sending messages that concerns about belonging are normal and fade with time, identifying and
tempering cues that perpetuate the “geeky” scientist stereotype, and openly endorsing effort and
hard work over brilliance [106].

Additionally, although general mindset research has been ongoing for many decades [107],
mindset applied to college physics has started only recently to become more widely studied in the
physics discipline [108, 109]. One study in an introductory calculus-based physics course laid out
a framework in which there are four distinct mindset views (i.e., whether students’ ability is fixed
or malleable, whether their intelligence can grow from effort, and similarly, whether that view is
about themselves or for the general population) and investigated how they predict physics course

grade [108]. The researchers found that women were more likely to believe that innate talent was
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needed for them to excel in physics and they might not be gifted. In addition, mindset was a
stronger predictor of physics grade for students’ malleable mindset views about themselves (“my
ability”) than the other mindset groups. In another study in an introductory calculus-based physics

1 ¢c

course, there were only gender differences in students' “my ability” mindset group at the beginning
of the course [109]. However, gender differences developed in each mindset view by the end of
the course, and the gender difference in the “my ability” category increased over the course. In
addition, “my ability” was the only mindset factor that predicted course grades.

While most of the research studies on motivational beliefs have been conducted in calculus-
based introductory physics classes in which women are severely underrepresented, similar findings
have been reported in algebra-based physics courses for students interested in health professions
in which women are not underrepresented. Although women are not underrepresented in these
physics courses, societal stereotypes and biases internalized by female students over their lifetime
can still impact their motivational beliefs about physics. In studies of introductory physics courses
for bioscience majors, women had lower motivational beliefs than men. Although women
outnumber men in these introductory physics courses, women had lower self-efficacy than men
controlling for the grade they received in the physics courses. In particular, women who received
an A in the physics 1 and 2 courses (defined as A+, A or A-) had similar self-efficacy to men who
received a B (defined as B+, B, or B-) [110]. This trend is similar to the trends in calculus-based
introductory physics courses in which women with A grades have the same self-efficacy as men
with C grades [43]. However, instructors may have the ability to help improve students'
motivational beliefs in the introductory courses. In studies conducted in calculus-based

introductory physics courses and introductory physics courses for bioscience majors, students'

perception of the inclusiveness of the learning environment factors (consisting of recognition by
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others including physics course instructors and teaching assistants, interaction with their peers,
and sense of belonging) predicted gender differences in students’ motivational outcomes at the end
of the physics course such as self-efficacy, interest, and physics identity [62, 111].

In addition, some research has focused on students’ motivational beliefs in the lab context.
One study investigated students’ two different group work styles in introductory lab courses;
Group A in which each student takes on a different task, but spends equal time on it, and Group B
in which students divide the work equitably and each student participates in every aspect of the
work [112]. The findings show that while students prefer Group A style work, students who
participated in Group B style work were more likely to report that interacting with their peers
increased their physics interest and women were more likely to report that peer interactions
increased their self-efficacy [112]. In addition, in another study in the lab context, an online, hands-
on laboratory option was implemented to investigate gender differences in students'
epistemological beliefs, socialization, and help-seeking in the laboratory [113]. Results show that
men had higher epistemological beliefs, women reported a greater willingness to seek assistance
from instructors and peers, and there was no difference by gender in socialization. The students in
the in-person labs placed a higher value on socialization in the lab while there was no difference
in epistemological beliefs or help-seeking. However, when comparing male and female students
in each lab type, there were no significant gender differences in the three factors.

Several factors have been proposed to explain the gender difference in students’
motivational beliefs (including self-efficacy and identity) and on conceptual tests. Some studies
suggest that differences in prior preparation for various reasons may account for the gender
difference [13, 114]. In addition, societal stereotypes and biases about who belongs in physics can

negatively impact women in physics courses [115]. Some of the elements of the environment in
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many science classrooms that can negatively impact women include a lack of female role models,
pedagogy that favors male students’ interests, and a “chilly climate” for women [25].

In addition, the TEAM-UP report lists five factors essential to improving African American
students’ persistence and success in physics including their belonging, physics identity, academic
support, personal support, and leadership and structures [64]. In order to improve African
American students’ sense of belonging, the report includes suggestions such as establishing clear
rules in common spaces to ensure everyone is welcome, assisting students in finding the support
they need inside and outside the department, and consistently communicating norms and values of
respect and inclusion. To improve physics identity, suggestions to physics departments include
diversifying their faculty with respect to race/ethnicity/gender, emphasizing the ways a physics
degree empowers graduates to improve society, and discussing a broad range of career options
with undergraduate students. In addition, to increase the other three factors, the report suggests
that departments develop evidence-based actionable plans to increase the persistence of all
students to physics degrees, help students take advantage of campus resources for funding such as

conference travel, and set norms of inclusion and belonging in the department.

2.5 Stereotype Threat

Stereotype threat is the anxiety associated with confirming a negative stereotype resulting
in reduced performance for the stereotyped group [116]. Prior studies in the context of mathematics
have found that activation of a negative stereotype about a group or stereotype threat, e.g., asking
test takers to indicate their ethnicity before taking a test, can lead to a deteriorated performance of

the stereotyped group. For example, in the high school physics context, Marchand and
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Taasoobshirazi [117] conducted research that suggests that a stereotype threat is automatically
triggered in a physics test-taking situation due to prevalent societal stereotypes. They used three
different manipulations immediately before students took a four question quantitative physics test:
(1) an explicit, (ii) an implicit, and (iii) a nullified stereotype threat condition in which students
were either told that (i) female students had performed worse than male students on this test, (ii)
not told anything, or (iii) told that the test had been found to be gender neutral. While male students
performed similarly in all three conditions, female students in the explicit and implicit stereotype
threat conditions had comparable performances but performed statistically significantly worse than
female students in the nullified condition. The researchers interpreted this result to suggest that a
stereotype threat is automatically triggered in a test-taking situation.

In the context of college physics courses, stereotype threat has been shown to impact
student performance on exams in some studies, but not all. In one study [118], the pretest and post-
test performance of female and male students on the Conceptual Survey of Electricity and
Magnetism (CSEM) was analyzed in an introductory algebra-based course in these two conditions:
students were or were not asked to provide gender information before taking the CSEM (gender
salient or not salient condition, respectively. There were no statistically significant differences
between the performance of male or female students under the two conditions (e.g., female
students who wrote their gender before taking the CSEM did not perform worse than female
students who wrote their gender after taking the CSEM) in the pretest or the post-test.

In the same study [118], investigators also focused on stereotype threat associated with
gender stereotypes in physics and its impact on student performance on the CSEM in calculus-
based college introductory courses taken by engineering, physical science, and mathematics

majors in which female students are severely underrepresented,. In particular, the study
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investigated the extent to which agreeing with a gender stereotype (i.e., | expect men to generally
perform better in physics than women) correlates with performance on the CSEM. The
demographic information of students in these courses was: gender — 67% male and 33% female,
race — 77% White, 11% Asian, 4% Latinx, 4% Multiracial, 3% Black, and 1% Other. It was found
that women who agree with the gender stereotype performed statistically significantly worse than
women who did not agree with the gender stereotype at the end of a year-long calculus-based
physics course sequence even though there was no difference in their performance in the pretest
given at the beginning of the course [118]. Cognitive science suggests that the anxiety associated
with conforming to a stereotype is essentially a threat, and it can take up part of the working
memory, thus robbing an individual of cognitive resources that could be used for problem solving
and learning. Moreover, the anxiety can also lead to procrastination or less time spent on learning
as well as reduced engagement and use of effective study strategies and asking for help. Prior
research has suggested that a certain level of stereotype threat may be implicitly present for female
students in an introductory physics course. These findings suggest that female students endorsing
a gender stereotype may be undergoing additional stereotype threats over and above what might
already be present for many women in physics courses. As shown by the research [118], over the
course of the semester, this can have a significant negative impact, especially in a calculus-based

course in which women are underrepresented.

2.6 Qualitative Methods Research

Qualitative research can be a powerful tool for unpacking the mechanisms underlying

quantitative research discussed in the preceding sections and understanding the experiences of
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students (especially women and ERM students we focus on here). Therefore, there has also been
research studies focused on qualitative methods, e.g., interviews with women and ERM students
to understand their experiences in physics. One study focused on the masculine nature of doing
physics in a variety of contexts [119] and how it negatively impacts women. Some of the research
focuses on students' mindset and how mindset beliefs studied in the literature in other disciplines
are not always consistent with challenges in college physics courses [120]. Another study
investigated the interviews of five women physics students to understand their identity as
physicists [121]. The study showed that some of the women relate to the masculine norms of the
discipline. For example, one of the woman mentioned that she was likely to tinker with lab
equipment and referring to herself as “laddish” which made it easier for her than other women to
fit within the boundaries of physicists. Some of the women also dealt with norms and expectations
about how women are supposed to behave in a physics discipline like being more likely to take on
the secretarial role in physics labs. Other studies have focused on the lab setting, using interviews
and ethnographic observations to understand gendered task division and how women often have
to position themselves as secretaries or project managers in the labs and do gender and physics
simultaneously [52, 122].

Other work on race and ethnicity utilizes a critical race theory lens to interview women of
color to understand their experiences through the physics curriculum [123-125]. For example, in
one study, six Black women were interviewed to address obstacles faced in their career paths, such
as socialization in STEM [125]. Many of the women had similar experiences in that they were
influenced to major in physics due to being exposed to a science environment at a young age from
after-school or summer school programs and were able to do physics research over the summer in

their undergraduate studies. However, most of the women experienced isolation in their graduate
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studies, particularly in study groups. Strategies used to overcome the obstacles faced in choosing
physics over other STEM fields and in their career included afterschool activities that focus on
scientific practices in high school, college recruitment specifically targeting underrepresented
groups, financial aid, and creating an inclusive and supporting environment [125]. In another
study, ten women of color were interviewed to understand how their sense of belonging and
competence are questioned due to the intersection in three realms: their field of study (physics),
gender, and race/ethnicity [124]. It was concluded that in order to retain more women of color in
the field, physics departments should focus on reforming hiring and recruiting policies to recruit
more women and ERM students, structurally and financially supporting their membership in
organizations (such as the formal groups for women and ERM students), and to create a more
hospitable environment for all students by improving the pedagogical, social and cultural practices
that attract potential science majors [124].

In another study, women of color and leshian, gay bisexual, transgender, or queer women
were interviewed about their identity as a physicist [123]. When asked to describe a physicist, the
women mentioned common stereotypes about who can do physics (such as being a white, male,
genius to succeed in physics) that have prevented them from identifying as a physicist and
questioned the necessity of a formal degree to be a physicist. However, most of the women were
able to eventually reject the common stereotype and self-identify as a physicist and thus came to
accept that others saw them as a physicist as well. The study highlighted the importance of
personally identifying as a physicist for empowerment and belonging and the importance of
recognition by others as a component of identity [123]. In addition, some of the research has
focused on graduate students. For example, one study investigated student responses on an

application question to be a part of the APS Bridge program and interviewed 9 students who were
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accepted into the program to understand the barriers that ERM students face when applying to
graduate school [126]. Findings showed that some of the barriers that ERM students face include
the Graduate Record Exams (GRE), student research experience, student grades/GPA, deadlines
for applying to physics graduate programs, and financial concerns [126].

In order to support equity and inclusion for intersectional identity in academic settings,
such as in physics classrooms, the Intersectionally Conscious Collaboration (ICC) protocol was
created [127]. The ICC protocol includes six elements that allow physics educators to locate and
address biases in pedagogical practices and better design learning experiences that engage and
motivate all students.

Another study investigated a physics department in which women and women of color feel
successful, and that they belong to understand their physics identity in that setting [128]. The study
consisted of interviews with students and faculty members and the researcher attending physics
classes. Important components that promoted these women of color’s physics identity included
students working collaboratively together, physics faculty members taking responsibility for group
work to go smoothly, protecting students from racist and sexist microaggressions, and believing

that success in physics is a result of hard work instead of innate intelligence [128].

2.7 Interventions

In addition to research into assessing equity and inclusion in undergraduate physics, there
has also been research into implementing changes in the classroom to make them more equitable
and inclusive. Socio-psychological classroom interventions, e.g., those focusing on self-

affirmation or sense of belonging and mindset interventions have been shown to improve the
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experiences of women in physics courses [74, 75]. One intervention, called values affirmation,
done in an introductory physics course, involved students writing about their most important
values (such as connections with friends or family) for 15 minutes twice at the beginning of the
course (once during the first recitation of the semester and once for online homework shortly
before the first midterm) [77]. Values affirmation can buffer people against psychological threats,
such as the stereotype that men are better than women at math and science. At the end of the course,
the gender gap in performance was reduced and benefited women who tended to endorse the
stereotype that men do better than women in physics.

Some other interventions are implemented at the beginning of the semester in introductory
physics courses to create an equitable and inclusive learning environment in which students from
marginalized groups have a high sense of belonging and feel that it is safe to engage in
collaboration and discussions with peers and instructors. With this type of short intervention, the
performance gap between the underrepresented and dominant groups can sometimes be
significantly reduced [74]. For example, a short ecological belonging/mindset intervention by
Binning et al., which only requires half of a single recitation class period at the beginning of the
semester, eliminated the gender gap in physics performance [74]. In addition, ERM students
performed better in the intervention condition than in the control condition. However, the
intervention did not statistically eliminate the gap between white and ERM students, potentially
due to the low numbers of ERM students.

This type of intervention [74] was conducted in a required introductory calculus-based
physics course, which is taken by physical science and engineering majors typically in their first
year and their first semester in college. Two female physics graduate students were trained to

facilitate the half-hour activity at the beginning of the semester in half of the recitations that were
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randomly selected. The facilitators introduced it as an activity that would help the physics
department understand student concerns and how to foster better learning environments. At the
beginning of the first recitation class in which the activity took place, students were handed a piece
of paper and asked to write down their concerns about being in the physics course. Then they were
shown some quotations from both male and female students from previous years who did very
well in physics but also had similar concerns. The quotes emphasized the importance of working
hard and working smart, learning from one’s mistakes, and taking advantage of all learning
resources available to them because that is the way to perform well in physics. Then students were
asked to get together in small groups to discuss what they wrote; during this session, they generally
learned that their peers in the class had similar worries. A general class discussion followed in
which the groups summarized their discussions, with explicit emphasis on the fact that adversity
is common in college physics courses, but it is temporary. The facilitators re-emphasized that
students should embrace challenging physics problems and use their failures as bridges to learning.
Finally, using the principle of “saying is believing”, students were asked to write a short letter
telling a future student about strategies for excelling in their physics classes. What is heartening is
that this short intervention fully closed the gender performance gap and greatly reduced the gap
between ethnic/racial minority and white students in performance compared to the group in which
this short intervention did not take place. These types of interventions are productive because
students’ sense of belonging and other motivational beliefs are strongly intertwined with feeling
safe, increased cognitive engagement, reduced anxiety, and learning.

In order for these types of interventions to succeed, however, a variety of factors must be
considered and carefully implemented [75]. Some of the elements that must be considered are that

the intervention must deal with specific concerns students have, the message should be delivered
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without singling out any particular group, the intervention must use methods that psychologists
have found to be long lasting, and they should not be framed explicitly as interventions but
activities that are components of the course. In addition, there are multiple strategies for improving
women’s participation in physics including creating a positive learning atmosphere, providing
encouragement and support to women, and emphasizing the societal benefits of physics [129].
Besides interventions, another way instructors can improve the learning environment in
their courses is by providing mentoring and support for underrepresented students [64]. Instructors
can set an equity goal for their class to explicitly track whether the demographic differences in
their courses are getting better. Additionally, the mindset of the instructor in a course also plays a
pivotal role in predicting student achievement. In a study of 150 STEM instructors by Canning et
al., courses taught by instructors with a fixed mindset had twice as large an achievement gap as
courses taught by instructors with a growth mindset [130]. Only if the instructors themselves have
a growth mindset about their students’ ability can they come across as trustworthy to their students.
Then they can credibly and authentically emphasize a growth mindset to their students, that physics

is mastered through hard work and deliberate practice and not through innate talent or genius [131].

2.8 Critiques, Ongoing Dialogues, and Future Directions

One critique of most of the current work on gender in physics is that gender is put into
binary categories, when it is more complicated and on a spectrum. The recommendation is to have
more qualitative research, based on a methodology that attends to the complexity of gender (among

others) [132]. Most researchers conducting this type of research now acknowledge that gender is
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not a binary construct but since most of the data from students are provided by the university in a
binary form, it is often used that way, particularly in quantitative research.

Another critique is that the gender gap in performance is framed as a comparison of women
with men which could be interpreted as “women should be more like men”, which is a deficit
model [132]. A similar critique has been put forward for the gap between white students and ERM
students. The recommendation is to move beyond the “gap” framework (among others) [132].

Regarding comparing women with men or ERM students with white students in
quantitative comparisons in physics courses that show gaps, these kinds of studies are important
for revealing inequities in the physics learning environments. In particular, the framework of the
research plays a pivotal role in whether the model is a student deficit model or a course deficit
model (i.e., the learning environment is not equitable and inclusive and is disadvantaging the
underrepresented groups). These inequities are typically caused by differential opportunities for
students based upon their privilege and societal stereotypes and biases about who can succeed in
physics that can accumulate over the students’ lifetime. For instance, even before stepping into
undergraduate physics courses discussed here, throughout K-12 education, women and ERM
students are often not treated the same way as the white male students in physical science courses
by their teachers and high school counselors also give them differential advice. Even TV shows
like The Big Bang Theory as well as the interactions of students in museums with adults perpetuate
the stereotypes based on gender, ethnicity, and race [133]. Moreover, most famous physicists are
white men and so women and ERM students do not have as many role models to show them that
they can be successful in physics courses. It is not surprising then that in an inequitable and non-
inclusive learning environment, even in introductory algebra-based physics courses for bioscience

majors in which women are not underrepresented, women have lower motivational beliefs at the
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beginning of the course due to the societal stereotypes and biases [134]. It is important to center
instruction in the physics courses in ways that focus on creating an equitable and inclusive learning
environment and counter the impact of these pervasive societal stereotypes and biases.

Another critique is on the narrow scope of the demographics in physics education research
[135]. In particular, research disproportionately focuses on students in introductory calculus-based
courses and at institutions that have a smaller population of ERM students than the overall college-
bound population. In addition, there is less research on high school students, students at two-year
colleges, and racially diverse colleges, e.g., minority serving institutions (MSI). Therefore, future
work in physics education should include a wider variety of students and institutions.

Additionally, the connections between observational data and implied causal connections
between factors in statistical approaches involving regression in PER have been criticized. In
particular, to select good models from several statistically equivalent ones [136] researchers should
consider different aspects of the models when selecting the best model. First, the potential
instructional implications of each model should be considered, i.e., whether these instructional
implications will have a positive influence on instructors and their pedagogical approaches. When
amodel is framed in this way, it can empower instructors so that they adopt effective practices and
understand their role in recognizing and empowering students and affirming their work. Second,
researchers should consider whether the instructionally beneficial models are also supported by
additional evidence. This evidence may include but is not limited to researchers’ own interview
data or findings from prior studies. In other words, researchers should generate at least a few
substantively meaningful different equivalent versions and deliberate based upon instructional

implications and other evidence for why the proposed model is better than the others [137].
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Here we illustrate this point with quantitative data from a motivational survey administered
to students in the second introductory physics course for bioscience majors. We use the physics
identity framework (as explained in section V) as an example to show how the proposed approach
is used to select a good model from several statistically equivalent ones. To quantify the
significance and relative strength of our framework links, we used Structural Equation Modeling
(SEM) [138]. The models predicted students’ physics identity through self-efficacy, interest, and
perceived recognition. While each model is statistically equivalent, the instructional implications
of each model are different. We initially tested gender moderation between different constructs
using multi-group SEM (between male and female students) to investigate whether the relationship
between the different motivational constructs was different across gender. There were no group
differences at the level of weak and strong measurement invariance and the level of regression
coefficients. Therefore, we proceeded to gender mediation analysis to understand how self-
efficacy, interest, and perceived recognition mediate the effect of gender on physics identity at the
end of the second introductory physics course for bioscience majors. There are 27 statistically
equivalent models with different predictive relations between the three mediating constructs (self-
efficacy, interest, and perceived recognition) [136]. Here we discuss four of the models to show
how our framework could guide us to select a good model. In all models, the model fit indices
indicate a good fit to the data [139]. All path analysis results of the models are shown in Figure 2.
More details about each of the models can be found in Appendix A.

First, we consider Model 1 in which there is no predictive relationship between self-
efficacy, interest, and perceived recognition. Instead, there are covariances between each
motivational factor. Figure 2 (a) shows the path analysis results of this SEM model. Next, we

consider Model 2 where self-efficacy predicts interest and perceived recognition, and interest
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predicts perceived recognition (see Figure 2 (b)). In Model 3, interest predicts self-efficacy and
perceived recognition, and self-efficacy predicts perceived recognition (see Figure 2 (c)). Finally,
in Model 4 perceived recognition predicts self-efficacy and interest, and self-efficacy predicts
interest (see Figure 2 (d)).

(a) Model 1

Gender

(b) Model 2

Self
Efficacy

Identity

(c) Model 3

Interest Identity

(d) Model 4
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Figure 2 Results of the path analysis part of SEM Model 1-4 show how the relationship between gender and
physics identity is mediated through self-efficacy, interest, and perceived recognition (P.R.). (@) In Model 1,
there are only covariances between each pair of constructs: self-efficacy, P.R., and interest. (b) In Model 2,
self-efficacy predicts interest and P.R., and interest predicts P.R. (c) In Model 3, interest predicts self-efficacy
and P.R., and self-efficacy predicts P.R. (d) In Model 4, P.R. predicts interest and self-efficacy, and self-
efficacy predicts interest. The dashed lines represent residual covariances between constructs. The solid lines
represent regression paths, and the numbers on the lines are standardized regression coefficients (g values),
which represent the strength of the regression relations. Each regression line thickness qualitatively
corresponds to the magnitude of the g value. Regression coefficients with p < 0.050 are indicated by

*okk

superscript ™", p < 0.010 are indicated by superscript ™ and p < 0.001 are indicated by no superscript. For

clarity, we have removed the statistically insignificant regression path from gender to identity.

Since all 4 models in Figure 2 are statistically equivalent, according to the theoretical
framework we now must consider the instructional implications of each model. In Model 1, self-
efficacy and interest are only predicted by gender. However, self-efficacy and interest may be
considered fixed by physics educators and instructional policy makers. Model 1 does not provide
suggestions that instructors can use to improve those motivational factors. Since perceived
recognition, interest, and self-efficacy covary, it can be difficult for instructors to interpret how the
motivational factors relate to one another. In addition, in Models 2 and 3, gender only predicts
self-efficacy or interest respectively which could be interpreted as a deficit model. In particular,
these equivalent models can be interpreted to imply, that women are not feeling positively

recognized by their instructors and teaching assistants (TAs) as much as men because they have
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lower interest and self-efficacy than men. While statistically equivalent to Models 1-3, Model 4
with perceived recognition predicting self-efficacy and interest is more likely to give them the
message that students’ interest and self-efficacy in physics can be influenced by the recognition
they receive from instructors and teaching assistants. Thus, Model 4 is also more likely to inspire
instructors to create a more inclusive and equitable learning environment in which all students
including those from the underrepresented groups feel more positively recognized and affirmed.

Next, we must assess whether the instructionally beneficial models are also supported by
additional evidence. Model 4 also reflects findings from prior interviews. The interviews show
that recognition by others, especially from instructors or TAs, is critical in shaping students’ self-
efficacy and interest [52, 53, 140, 141]. Thus, we argue that Model 4 (in which physics self-
efficacy, interest, and perceived recognition mediate the relation between gender and physics
identity) is the best statistically equivalent model in Figure 2 and Model 4 is better than others
based on our theoretical framework focusing on the model’s instructional implications and
supporting evidence from individual interviews with students.

In conclusion, to promote equity and inclusion, there is urgent need to dismantle
inequitable structures and create an equitable and inclusive learning environment. Our conception
of equitable outcomes discussed earlier emphasizes that all demographic groups should have
comparable outcomes. Taking inspiration from prior studies, an effective approach to creating an
equitable and inclusive learning environment humanizes learning and takes advantage of student
assets using a culturally responsive pedagogy instead of using a deficit view of students [142]. In
particular, institutions should recognize their duty to take action to create an equitable and
inclusive learning environment and encourage the use of pedagogy in which all students have high

motivational beliefs and can participate fully without the fear of being judged. It can also be
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beneficial for instructors to set an equity goal for their classes to explicitly track whether the
demographic differences in outcomes in their courses are vanishing. In addition, more research is
needed at the intersection of various demographic factors [143, 144], and diverse selections of
schools such as 4-year institutions, community colleges, minority serving institutions, and all-

Women'’s colleges.
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3.0 Damage caused by societal stereotypes: Women have lower physics self-efficacy

controlling for grade even in courses in which they outnumber men

3.1 Introduction

Recently, there has been significant focus on the underrepresentation of women in many
science, technology, engineering, and math (STEM) fields in order to increase their representation
and participation in these fields [115, 145-154]. Some of these research studies have focused on
comparison of degree attainment by women and men or tracked processes of change in STEM
undergraduate education [145-147]. Others focus on how women are still marginalized in these
disciplines and strategies to improve the situation based upon a variety of research findings [115,
148-150], or ways to improve the retention of women via classroom interventions [151, 152]. Yet
other research studies have focused on the root cause of women and other undergraduates leaving
STEM majors [153, 154]. Motivational beliefs such as identity and self-efficacy in different STEM
domains can influence students’ continuation in related STEM courses, majors and careers [26,
32,39, 41, 54, 155-159]. For example, students were more likely to take courses or pursue a career
in science if they had higher competency belief or self-efficacy [32, 39, 41, 155, 156], display
higher interest in science [157], or have a higher science identity [54, 158, 159]. Moreover, a
gender gap favoring men in motivational factors [26, 97, 160] and conceptual tests [84] has been
studied in STEM courses. Specifically, in the context of physics, several studies in the courses in
which women are underrepresented have focused on understanding and addressing the low
representation of women in these courses [18]. However, few studies on self-efficacy have focused

on introductory algebra-based physics courses for biology and health science (bioscience) majors
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in which women tend to outnumber men. In a review paper that summarizes gender differences in
physics courses by Madsen et. al, there is an explicit call to investigate the gender gap in various
construct in physics courses where women are not underrepresented. [18]

Self-efficacy is a person’s belief that they can succeed in a particular activity or course [27,
28]. A students’ self-efficacy in academic courses may be influenced by the classroom
environment [37, 161, 162] and different teaching strategies [29, 34, 38]. In addition, self-efficacy
has been shown to impact students’ engagement, learning, and achievement in science courses [14,
31, 36, 40-42, 163, 164]. For example, students’ higher self-efficacy was found to correlate with
higher course achievement [14, 31, 40, 163]. In addition, in other studies, students with higher
self-efficacy were more likely to persist on more challenging tasks [36], less likely to second guess
themselves and switch to an incorrect answer [164], and persist in STEM courses and careers [41,
42]. In addition, self-efficacy is one of the factors that contributes to students’ science identity.
Self-efficacy contributing to a students’ identity is important because identity in a particular
domain has been shown to play an important role not only in students’ in-class participation and
performance but also in their choices of future courses and careers [5, 49, 55-57, 165].
Additionally, identity frameworks show that identity is predicted by students’ self-efficacy,
interest, and recognition by others in physics [3, 5, 59].

Students with higher self-efficacy are more likely to embrace challenging goals, take on
difficult tasks, and use effective learning strategies in their classes [33]. Additionally, students’
self-efficacy in different STEM courses can lead to long term effects by forcing them into a
positive or negative feedback loop. When students complete short-term goals as they work towards
completing their major (e.g., finishing introductory physics courses, etc.) they receive feedback on

their performance. Students with high self-efficacy in a domain are less likely to have anxiety that
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can rob them of their cognitive resources while learning and test taking, since the working memory
during problem solving has limited capacity [166]. They are also more likely to employ better
academic strategies, such as goal-setting, self-monitoring, and self-evaluation and their self-
efficacy can be a predictor of their performance in that domain [33]. Thus, the domain specific
self-efficacy has the potential to create a feedback loop with performance, e.g., when students with
low or high self-efficacy start receiving feedback on graded assignments and exams in their
classes. In particular, a student with greater self-efficacy may perform better (than a student with
similar knowledge but lower self-efficacy), which can strengthen their self-efficacy further. On
the other hand, a student with lower self-efficacy may perform worse, which can further weaken
their self-efficacy. Since self-efficacy can increase students’ persistence in science majors and
careers [167] and a gender gap in self-efficacy has been observed in physics courses in which
women are underrepresented [26, 30, 43, 168], it is important to investigate whether there is a
gender gap in physics self-efficacy in introductory physics courses in which women are the
majority.

Even though women outnumber men in the introductory algebra-based physics courses for
bioscience majors, pervasive societal stereotypes and biases about who belongs and can succeed
in physics that women internalize from a young age can impact women’s physics self-efficacy.
One common stereotype is that one needs to be a genius or brilliant to succeed in physics [23].
Genius is often associated with boys [169], and girls from a young age tend to shy away from
fields associated with innate brilliance or genius [24]. Additionally, by high school, girls are less
likely to believe that physics is for them and that their teacher thinks they are good at physics [1].
Furthermore, the environment in many science classrooms, including a pedagogy that favors male

students’ interests, a “chilly climate” for women, and a lack of female role models can negatively
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impact women [25]. All these factors can influence female students’ perception of their ability to
do physics before they enter the classroom. Therefore, although women are not underrepresented
in algebra-based physics courses, these societal stereotypes can still impact their motivational
beliefs in those courses.

The study presented here investigated gender difference in self-efficacy in introductory
algebra-based physics courses in which women make up a majority of students in the class. In
particular, we investigated the gender gap in self-efficacy at matched performance levels. It is also
important to examine whether physics self-efficacy is a reflection of actual performance difference
or whether the self-efficacy gender gap is due to pervasive societal stereotypes and biases female
students must contend with throughout their lifetime. Below, we first delineate the research
questions, then describe the methodology, present and discuss results, and finally conclude with
instructional implications and future directions. The following research questions were answered
by analyzing data from a validated survey administered to students in introductory algebra-based
physics courses mainly for bioscience majors in which women outnumber men at a large public

research university in the US:

3.2 Research Questions

RQL1. Are there gender differences in self-efficacy throughout a two-semester physics course
sequence controlling for student performance?
RQ2. How dowomen’s and men’s self-efficacy change from the beginning to the end of each

physics course (physics 1 and physics 2)?
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RQ3. If there is a self-efficacy gender gap at the beginning of the first physics course, does
the gap get bridged by the end of a year-long physics course sequence in which women
outnumber men?

RQ4. If there is a self-efficacy gender gap, is it a reflection of the performance differences
by gender or is there a gender gap beyond what is predicted by course performance due
to pervasive stereotypes and biases female students must contend with throughout their

lifetime?

3.3 Methodology

3.3.1 Participants who were administered the survey

The data were collected using a validated motivational survey by the authors and
administered at a large public research university in the U.S. to students in a two-semester
introductory algebra-based physics sequence in which women outnumber men. The survey was
administered on scantrons in the recitation at the beginning (pre — during the first recitation) and
end (post-in the last two weeks of classes) of physics 1 and physics 2. These two courses are
generally taken in consecutive semesters, and in a normal sequence. We analyzed data across two
consecutive academic years from courses that are traditionally taught. The classes are typically
taken as a requirement by students on the pre-medical or pre-health track (mainly bioscience
majors) primarily in their junior or senior year of undergraduate studies. Both of these are

mandatory physics courses for all bioscience majors.
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In this study, we analyzed 474 matched students (students who took the survey at both time
points in physics 1 and physics 2). The university provided demographic information such as age,
gender, and ethnicity/race 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 matched participants were 34% male and 66% female students. Thus, female
students significantly outnumbered male students in these introductory physics courses. We note
that the data provided by the university only include binary options of male and female. We
recognize that gender is not a binary construct. However, we are limited to the binary data here
(less than 1% of the students did not provide this information and thus were not included in this

study).

3.3.2 Instrument validity

This study focused on students’ responses to the physics self-efficacy survey items (see
Table 1) [170-172] in the motivational survey, which included other items on other motivational
constructs such as physics perceived recognition, interest, identity, etc. The items in the study were
designed on a Likert scale of 1 (low endorsement) to 4 (high endorsement) [173]. A lower score
was indicative of a negative endorsement of self-efficacy while a higher score was related to a
positive endorsement. The items for different motivational beliefs including self-efficacy were
adapted from previously validated surveys [6, 26, 170, 172, 174, 175]. The questions on self-
efficacy covered students’ belief in their ability to succeed in the physics course [27, 28]. Self-
efficacy question Q1 was taken from the Peer Instruction self-efficacy instrument [172]. The other
questions are adapted from Godwin et. al.’s performance/competence questions with minor
changes based upon individual interviews during the validation of the survey at our institution [6].
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Specifically, Q2, Q3, and Q4 (see Table 1) are the same or slightly modified questions from the
survey used by Godwin et. al. [6]. The items on the survey were used in our prior work and
revalidated in our own context [26] using one-on-one interviews with students to ensure that
students interpreted the survey items correctly, Exploratory Factor Analysis (EFA), Confirmatory
Factor Analysis (CFA) [26], and Cronbach alpha [176]. Interviews with students suggest that they
interpreted the items correctly. The Cronbach alpha was used to measure the internal consistency
of the items. The Cronbach alpha is 0.78 for physics 1 and 0.82 for physics 2, which is considered
reasonable [176]. To ensure that items measured self-efficacy coherently and separately from other
motivational constructs in the survey at the end of physics 1 and physics 2, an EFA was conducted.
Additionally, we conducted a CFA with five motivational constructs in the broader survey. Since
this study focuses only on the self-efficacy construct, the survey items and factor loadings for each

self-efficacy item from the CFA are given in Table 1.
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Table 1 Each self-efficacy survey item along with factor loadings from the Confirmatory Factor Analysis
(CFA) for all students (N = 474) in physics 1 and physics 2. The Cronbach alpha for physics 1 is 0.78 and the
Cronbach alpha for physics 2 is 0.82. The factor loading of each self-efficacy item to the self-efficacy construct

(factor) is statistically significant to p < 0.001.

Survey Question physics 1 physics 2
Q1. I am able to help my classmates with physics in the laboratory or

0.581 0.672
in recitation.
Q2. 1 understand concepts | have studied in physics. 0.769 0.760
Q3. If I study, I will do well on a physics test. 0.730 0.762
Q4. If I encounter a setback in a physics exam, | can overcome it 0.771 0.703

In addition, we preformed item response theory (IRT) in order to check the response option
distances for the survey constructs[177, 178]. The parametric grades response model using
STATA was used to test the measurement precision of our response scale. The parametric grades
item response model calculates the location parameter for each response and calculates the
difference between the locations. The response scale discrimination values were 1.54 and 2.08.
The numerical values for the location differences need to be approximately similar, as they are for
the response scale, so we can use the means for these data. In addition, we estimated IRT-based
domain scores. The correlation coefficient between the Likert mean scale values for self-efficacy
and the IRT-based scores were calculated to be 0.98. Since the IRT-based domain score is so
highly correlated with the mean score, using mean values for the scores is acceptable when
analyzing the data and we can use parametric tests on Likert-scale data [179, 180]. In particular,

because the psychological distance between adjacent response items and across items was
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approximately similar and complex factor scores derived from IRT or CFA are so highly correlated

with the mean scores, it is reasonable to use mean scores [177, 181].

3.3.3 Analysis

We obtained students’ final grades in each course from the university and linked those to
students’ gender and self-efficacy via the honest broker process discussed earlier. For analysis, we
grouped students into bins by grade ranges (i) C- and below (considered insufficient to move on
to the next course for this mandatory course for bioscience majors); (ii) C, C+; (iii) B-, B, B+ (iv)
A-, A. For convenience, we labeled these bins D (e.g., this refers to C- and below), C, B, and A,
respectively. Table 2 shows the distribution of students’ final grades and the percentages of female
students in each grade bin.

We first compared female and male students’ mean self-efficacy scores by grade bins for
statistical significance using t-tests and for calculating the effect size using Cohen’s d [182]. In
this analysis, we focused on self-efficacy differences of students who passed the course (C or
above) since there were few students in the lowest grade bin. Next, to determine whether there are
gender differences in self-efficacy controlling for grade (see Table 2), we performed a linear
regression in which the dependent variable was students’ average post self-efficacy score in
physics 1 or physics 2 and the independent variables were students’ gender and grade at the end

of the course [183].
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Table 2 The distribution of students’ final grade (which includes women and men) and percentage of female

students in each grade bin in physics 1 and physics 2.

Course Total D C B A

N =474 N=1 N =52 N =195 N =226
Physics 1
66% female 100% female  71% female  73% female  58% female

N =474 N =16 N =94 N =168 N =196
Physics 2
66% female 63% female 72% female  70% female = 60% female

3.4 Results and Discussion

3.4.1 Gender differences in self-efficacy by grade

Regarding RQL1 for physics 1, we find women have lower average self-efficacy scores
than men in most of the grade bins (A, B, C) at the beginning and end of the course (see Table 3).
Table 3 shows that the differences are statistically significant for students in the A and B bins at
the beginning and end of the course. However, in regard to RQ2 for physics 1, the average self-
efficacy scores of both men and women decreased for those students who received B’s or C’s in
the physics 1 course. The differences between men and women range from a large effect size
(greater than 0.50) to a medium effect size (greater than 0.30). Furthermore, Table 3 shows that
women receiving A’s have about the same self-efficacy as men who receive between a C and a B
at the beginning of the course in physics 1. However, by the end of the course, women with A’s

have roughly the same self-efficacy as men with B’s (Table 3). Table 3 also shows that women
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and men’s average self-efficacy scores were stable (did not significantly change over the course

of the semester) for the students who received A’s.

Table 3 Self-efficacy scores in physics 1 by grade bin for female and male students. N = number of students,
Pre = mean pre self-efficacy score, Post = mean post self-efficacy score. Cohen’s d for the gender differences
in pre and post scores for each grade bin is shown (all statistically significant gender differences have been

bolded).

Physics 1 Self-Efficacy by Grade

C B A
Pre Post N Pre Post N Pre Post N
Men 2.78 265 15 3.07 2.92 52 3.09 3.10 95
Women 2.79 243 37 2.76 2.58 143 2.90 296 131
Cohen's d -0.01  0.36 0.65 0.60 0.40 0.30
p-value 0.966  0.252 <0.001 <0.001 0.003  0.027

Regarding RQ1 for physics 2, the gender gap in self-efficacy controlling for grade
continued. Table 4 shows that women had lower self-efficacy scores than men in all grade bins at
the beginning and at the end of physics 2, but the self-efficacy gender difference was not
statistically significant in the group of students who received a C grade. However, by the end of
the course in physics 2, the only statistically significant difference occurred for women and men
in the A range with a medium to large effect size (Table 4). This finding differs from a similar
study in the calculus-based introductory physics courses (in which women are severely
underrepresented) in which the physics self-efficacy gender gap increased from the beginning to

the end of the course [43].
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In regard to RQ2 for physics 2, at the beginning of the course, women who receive A’s
have the same self-efficacy as men who receive C’s (Table 4). However, by the end of the course,
women with A’s have the same self-efficacy as men with grades between a B and an A (see Table
4). Again, women’s and men’s average self-efficacy scores did not significantly change over the
course of the semester for the students who received A’s in the physics 2 course. Also, the average
self-efficacy scores of both men and women decreased for those students who received B’s or C’s
in the course.

Regarding RQ3, Table 3 and Table 4 show that the self-efficacy gender gap did not get
bridged by the end of a year-long course sequence. Data from both physics 1 and physics 2 show
that there is some protective effect in students’ self-efficacy for men and women who receive A’s
in both courses. However, the gender gap is maintained even among students who received an A
grade and the self-efficacy scores decreased for students in the B and C bins. These findings
suggest that there may be a need to make the learning environment equitable and inclusive. It is
important to note that women had lower self-efficacy scores than men in many of the grade bins
(as evidenced by both the pre and post tests scores) even though they outnumber men in the course.
Prior interviews with students suggest that some women in physics classes would get test grades
comparable to their peers in the class, but they still felt that they weren’t good at physics [53]. We
believe that this disparity may be due to the deep-rooted societal stereotypes and biases about who
can excel in physics that women must contend with from an early age, starting long before they

step into the college physics classroom [25].
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Table 4 Self-efficacy scores in physics 2 by grade bin for female and male students. N = number of students,
Pre = mean pre self-efficacy score, Post = mean post self-efficacy score. Cohen’s d for the gender differences
in pre and post scores for each grade bin is shown (all statistically significant gender differences have been

bolded).

Physics 2 Self-Efficacy by Grade

C B A

Pre Post N Pre Post N Pre Post N

Men 2.88 264 26 3.00 2.74 o1 3.10 3.10 79
Women 2.69 250 68 2.73 268 117 2.89 2.88 117
Cohen'sd 0.40 0.27 0.56 0.10 0.51 0.50
p-value 0.085 0.244 <0.001 0.561 <0.001 <0.001

Lastly, in regard to RQ4, we investigated the fraction of the self-efficacy gender gap that
was related to students’ course performance versus students’ biased perceptions. First, we found
the raw post self-efficacy differences between women and men to be 0.28 (p < 0.001) in physics 1
and 0.20 (p < 0.001) in physics 2 in favor of men. Then we controlled for students’ grade in each
course with multiple linear regression [183] with post self-efficacy as the dependent variable and
gender and grades as the independent variables, including an interaction effect between grade and
gender (see Equation 1). The interaction effect (f35) between gender and grade was not a significant
predictor for self-efficacy in either physics 1 (p = 0.221) or physics 2 (p = 0.299) and thus was

omitted in future analyses.
Equation 1

post self — efficacy = B,(gender) + B,(grade) + B;(grade X gender) + const

58



In physics 1, a significant overall regression correlation was found (F(2,471) = 47.96, p <
0.001) for post self-efficacy scores with main effects from both gender (p < 0.001) and final grade
(p < 0.001) [182]. The regression equation is shown in Equation 2. In physics 2, a significant
overall regression correlation was found (F(2, 471) = 34.78, p < 0.001) for post self-efficacy scores
with main effects from gender (p = 0.003) and final grade (p < 0.001). The regression equation for
this case is shown in Equation 3. Gender was coded O for female students, or 1 for male students
and grade was reported continuously from 1-4. Both gender and grade were significant predictors
of students’ average self-efficacy in both physics 1 and physics 2 even though women make up a

numerical majority in the course.

Equation 2

post self — efficacy in physics 1 = 1.67 + 0.21(gender) + 0.32(grade)

Equation 3

post self — ef ficacy in physics 2 = 2.00 + 0.15(gender) + 0.23(grade)

Compared to the raw post self-efficacy differences, the mean values of the gender gap in
self-efficacy (from the multiple linear regression) decreased slightly to 0.21 (p < 0.001) in physics
1 (see Equation 2) and 0.15 (p = 0.003) in physics 2 (see Equation 3). Therefore, while a small
portion of the gap in self-efficacy can be attributed to performance in the course, the self-efficacy
gender gap mainly comes from women’s biased perceptions of how well they can do in physics:
75% in both physics 1 and physics 2 (see Figure 3). Thus, similar to earlier investigation in

calculus-based courses in which women are severely underrepresented [43], even in these algebra-
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based courses where women make up the majority of the students, biased beliefs about who can

excel in physics that are pervasive in our society still affects their self-efficacy.

Physics 1 Physics 2

Performance
Based, 25%

Performance
Based, 25%

Biased Perception,
75%

Biased Perception,
75%

Figure 3 Relative contribution of performance and biased perception to the post self-efficacy gender gap in

physics 1 and physics 2 for bioscience majors in which women outnumber men.

3.5 Implications and Future Directions

The physics self-efficacy gender gap we found at equal grade levels may seem unexpected
since women are not underrepresented in these introductory algebra-based physics courses mainly
taken by the bioscience majors (for whom both courses are mandatory). However, we hypothesize
that the societal stereotypes and biases about who can excel in physics that women from a young
age are bombarded with are at the heart of the gender gap in physics self-efficacy in these courses
in which women outnumber men. Not only are female students exposed to gendered views of
physics in informal situations growing up, e.g., from shows such as The Big Bang Theory or from
their family and friends, they are also treated differently and given differential advice by K-12

educators and guidance counselors [184].
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Our finding is important and this issue needs to be addressed since self-efficacy has been
shown to affect students’ persistence, learning and long term outcomes [33]. Students with higher
self-efficacy are more likely to engage with challenging problems without anxiety and self-
efficacy plays an important role in predicting student performance in courses in that domain [33].
Low self-efficacy can create a negative feedback loop when students receive feedback via graded
assignments in their classes. In particular, a student’s lower self-efficacy can cause anxiety and
deteriorate their performance, which can then weaken their self-efficacy further.

However, there appears to be some benefit to having a large cohort of women in these
introductory algebra-based physics courses for bioscience majors. We find that the percentage of
the gender gap attributed to biased perception does not change significantly from physics 1 to
physics 2 (Figure 3). However, the percentage of the gender gap in introductory calculus-based
physics courses (in which women are severely underrepresented) attributed to biased perception
started out lower in physics 1 and gets worse in physics 2 [43]. Thus, we observed a somewhat
protective effect in women’s self-efficacy when they make up about two-thirds of the students in
these courses. Nevertheless, since women still have lower self-efficacy than men in these courses
controlling for grade, there is urgent need to create an equitable and inclusive learning environment
to bridge the self-efficacy gender gap.

In particular, equitable and inclusive pedagogical strategies are necessary to bridge the
gender gap in self-efficacy and raise the self-efficacy of all students. Active learning pedagogies
could decrease women’s self-efficacy if not implemented with equity and inclusion as central
constructs. In one study in engineering, women working in mixed gender cooperative groups
tended to be undermined by their male classmates and played a less active role in those groups

[15]. Additionally, in a study in physics, students in courses that utilized active engagement

61



strategies performed better than students in lecture-based courses, however, the gender gap in
performance on conceptual surveys persisted and even became worse in some cases [11]. In
relation to self-efficacy, some interactive engagement physics courses have been shown to
decrease women’s self-efficacy [29] whereas others have been shown to improve women’s self-
efficacy [99]. Therefore, it is important for the instructor/TA to ensure that all students feel they
belong and have high self-efficacy and can contribute equally. One strategy physics instructors
can use to encourage equal contribution in a group is to assign each student a role that rotates
throughout the course. However, this approach alone is unlikely to be effective in bridging the
self-efficacy gender gap if the learning environment is otherwise not equitable and inclusive.

A field-tested strategy to make the learning environment equitable and inclusive is through
classroom interventions [152, 185, 186]. In particular, social-psychological classroom
interventions, e.g., sense of belonging and mindset interventions, have been shown to eliminate
gender performance gaps [151, 186] and to have lasting effects beyond the time they are
implemented [185]. At the same time, these interventions can help students develop positive
feelings of being recognized by their peers, TAs, and instructors. We have implemented a short
ecological belonging intervention in the calculus-based physics classes that eliminated the gender
gap in physics performance [186]. These types of interventions could be adapted and their

effectiveness investigated for the algebra-based physics courses discussed here.
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4.0 Students self-efficacy in an introductory physics course for students on a bioscience

track predicts their grade

4.1 Introduction and Theoretical Framework

Recently, research has focused on students' persistence in science, technology, engineering,
and math (STEM) related fields. Students are more likely to persist in science majors and science
related careers if they have a higher science identity [54, 158, 159], a higher interest in science
[157], or higher self-efficacy [32, 39, 41, 42, 155, 156]. Studies have shown that academic self-
efficacy, or a person’s belief that they can succeed in a particular activity or course [27, 28], can
impact students’ engagement, learning, and achievement in science courses [14, 31, 36, 40-42,
163, 164]. For example, self-efficacy has been shown to predict students’ motivation to embrace
and persist on challenging tasks. Students with higher self-efficacy in adomain are also more likely
to adopt superior methods of learning [33]. However, for students from underrepresented groups,
such as women, their self-efficacy and other motivational beliefs may be undermined by societal
stereotypes and biases about who belongs in physics and can excel in it. For example, a gender
gap favoring men in motivational factors [26, 97, 160] and conceptual tests [84] has been studied
in STEM courses. Therefore, understanding the role of women’s STEM self-efficacy in multiple
contexts is important to address issues of equity and inclusion in STEM classrooms.

One reason the gender gap in self-efficacy is concerning is that a higher self-efficacy was
found to correlate with higher course achievement in science courses [14, 31, 40, 163]. Other
studies have shown that students with higher self-efficacy were more likely to persist on

challenging tasks [36] and less likely to second guess themselves and switch to an incorrect answer
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[164]. Students with high self-efficacy in a domain, like physics, are less likely to have anxiety
that can rob them of their cognitive resources while learning and test taking [166]. They are also
more likely to employ better academic strategies, such as goal-setting, self-monitoring, and self-
evaluation [33]. In addition, instructors have the potential to increase self-efficacy since self-
efficacy may be influenced by the classroom environment [37, 161, 162] and different teaching
strategies [29, 34, 38]. In physics courses, in particular, self-efficacy is one of the factors that
contributes to students’ physics identity along with recognition by others and interest in physics
[3, 5, 59]. A students’ identity is important because identity in a particular domain has been shown
to play an important role not only in students’ in-class participation and performance but also in
their choices of future courses and careers [5, 49, 55-57, 165].

Although self-efficacy can increase students’ persistence in science majors and careers
[167], in physics courses in which women are underrepresented, a gender gap in self-efficacy [26,
30, 43, 168] and conceptual tests have been found. In many cases, the gender gap in self-efficacy
widens by the end of the course, even in interactive engagement courses [29, 43]. Several factors
have been proposed to explain the gender difference in students’ motivational beliefs (including
self-efficacy) and on conceptual tests. Some studies suggest that differences in prior preparation
for various reasons may account for the gender difference [13, 114]. In addition, societal
stereotypes and biases about who belongs in physics can negatively impact women in the
introductory physics courses. Some of the elements of the environment in many science
classrooms can negatively impact women including a lack of female role models, pedagogy that
favors male students’ interests, and a “chilly climate” for women [25]. By high school, girls are
less likely to believe that physics is for them and that their teacher thinks they are good at physics

[1]. These societal stereotypes and biases can impact women even in courses where they are not
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underrepresented, like introductory physics courses for students on the bioscience track. However,
few studies focus on the effect of students’ self-efficacy on their grades in these courses.

This study examined the difference between male and female students with regard to the
role of their self-efficacy in predicting performance outcomes at the end of a mandatory second
semester algebra-based introductory physics course sequence for students on the bioscience track,
controlling for their high school GPA, SAT math scores, grade, and self-efficacy at the end of
physics 1. We controlled for students’ past performance in high school in order to isolate the effect
of self-efficacy on student outcomes controlling for prior high school performance. A visual
representation of our final model is shown in Figure 4. 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, as well as
grades and self-efficacy in physics 1 and physics 2?

RQ2. To what extent does physics self-efficacy predict physics course grade?

RQ3. What unique role does the academic factors of SAT math, high school GPA, and grade

in physics 1 play in mediating students’ grade in physics 2?
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Grade
physics 1

Self-
Efficacy
physics 2

Grade
physics 2

Efficacy
physics 1

Figure 4 Schematic representation of the model and how self-efficacy mediates the relation between gender
and grade in the physics 2 course for bioscience majors in which women are not underrepresented. From left
to right, all possible paths were considered (including one from gender to grade in physics 2), however, only

some of the paths are shown for clarity.

4.2 Methodology

In this study, a validated survey covering self-efficacy 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 semester in the two introductory
algebra-based physics courses over the course of two years. This course is primarily taken by
junior or senior bioscience majors or chemistry majors on the bioscience track for whom a two-
semester physics course sequence is mandatory. We analyzed the data for 564 students who

completed the survey at the end of the introductory physics 1 and 2 classes. The University
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provided demographic information such as age, gender, and ethnic/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 students. We recognize that gender is fluid and not a binary construct; however, the
data collected by the institution is in binary terms. Thus, 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.

4.2.1 Instrument validity

This study measured the physics self-efficacy of students enrolled in both of the
introductory algebra-based physics courses primarily for bioscience majors. The validated survey
involving several motivational beliefs including the self-efficacy items was adapted from previous
research [170, 175] and re-validation of the survey at our institution involved conducting one-on-
one student interviews [26], Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis
(CFA), and calculation of the Pearson Correlations and Cronbach alpha. The self-efficacy
questions on the survey covered students’ belief in their ability to succeed in the physics course
[27, 28]. The questions in the study were designed on a Likert scale of 1 (low endorsement) to 4
(high endorsement) [173]. A lower score is indicative of a negative endorsement of the survey
construct while a higher score is related to a positive belief of the construct. Two of the questions
were reverse-coded. The survey questions for self-efficacy and factor loadings for each question
from the CFA are given in Table 5. The Cronbach alpha was used to measure the internal
consistency of the items. The Cronbach alpha is 0.79 for the self-efficacy questions which is
considered reasonable [176].
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Table 5 Survey questions for each of the motivational constructs along with factor loadings (Lambda) from
the Confirmatory Factor Analysis (CFA) result for all students (N = 564). The rating scale for the physics
self-efficacy questions was not at all true, a little true, somewhat true, mostly true, and completley true. All p-

values (of the significance test of each item loading) are p < 0.001.

Physics Self-Efficacy Construct and Item Lambda

| am able to help my classmates with physics in the laboratory or in recitation. 0.60

| understand concepts | have studied in physics. 0.69

If I study, I will do well on a physics test. 0.82

If | encounter a setback in a physics exam, | can overcome it 0.70
4.2.2 Analysis

Initially, we analyzed the descriptive statistics and compared female and male students’
mean scores on the self-efficacy questions and students’ grades for statistical significance using t-
tests and to investigate the effect size using Cohen’s d [182]. Cohen’sdis d = (i, — Uf)/ Fpootea:
where u,, is the average score of male students, u, is the average score of female students and

Opootea 1S the pooled standard deviation (or weighted standard deviation for men and women) for

all students. In general, d = 0.20 indicates a small effect size, d = 0.50 indicates a medium effect
size, and d = 0.80 indicates a large effect size [182].

To quantify the statistical significance and relative strength of our frameworks’ path links,
we used Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with
a maximum likelihood estimation method [138]. SEM is an extension of multiple regression and
allows one to conduct several multiple regressions simultaneously between variables in one

estimation model. This is an improvement over multiple regression since it allows us to calculate
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the overall goodness of fit and allows for all estimates to be standardized simultaneously so there
can be a direct comparison between different structural components. We report 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: CFl and TLI > 0.90, and SRMR and RMSEA <
0.08 [139].

The model estimates were performed using gender moderation analysis to check whether
any of the relations between variables show differences across gender by using “lavaan” to conduct
multi-group SEM [187]. Initially, we tested different levels of measurement invariance model. In
each step, we fixed different elements of the model to equality across gender and compared the
results to the previous step using the Likelihood Ratio Test [187]. Since we did not find significant
moderation by gender, we tested the theoretical model in mediation analysis, using gender as a

variable directly predicting items to examine the resulting structural paths between constructs.

4.3 Results

4.3.1 Gender differences in predictors and outcomes

We find that women had statistically significantly lower mean values in their SAT math
scores, physics 1 grade, physics 2 grade, and self-efficacy in physics 1 and physics 2 (see Table 6)
while men had lower mean values in high school GPA (see Table 6). In addition, we report the
percentages of students who selected each choice for each self-efficacy survey item in Appendix

B (page 290), which shows consistent results with the descriptive statistics shown in Table 6.
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Table 6 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 Mean
p-value Cohen's d
(Score Range) Male Female

High School GPA (0-5) 4.11 4.16 0.170 -0.12
SAT math (200-800) 684 662 0.001 0.32
Self-efficacy physics 1 (1-4) 2.98 2.73 <0.001 0.50
Self-efficacy physics 2 (1-4) 2.93 2.71 <0.001 0.42
Physics 1 Grade (0-4) 3.40 3.24 0.005 0.25
Physics 2 Grade (0-4) 3.20 3.03 0.023 0.20

4.3.2 SEM path models

We used SEM to investigate the relationships between the constructs and to unpack
students’ self-efficacy contribution to explaining the physics 2 grade of women and men. In order
to understand the contribution from high school factors (SAT math and high school GPA) and
grade in physics 1, we also ran SEM models without those constructs included. We initially
conducted gender moderation analysis between variables using multi-group 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’ pre-college academic measures (high school

GPA and SAT Math) and grade and self-efficacy in physics 1.

70



4.3.2.1 SEM model 1 with high school factors

The result of the path analysis part of the SEM is presented visually in Figure 5 for model
1. The model fit indices indicate a good fit to the data: CFI = 0.952 (> 0.90), TLI = 0.936 (0.90),
RMSEA =0.057 (<0.08), and SRMR = 0.041 (<0.08). Gender had direct connections to SAT math
(B = 0.16) and self-efficacy in physics 1 (f = 0.23). However, gender did not have any direct
connections to the grade or self-efficacy in physics 2. Instead, gender was mediated through
students’ high school factors and self-efficacy in the physics 1 course.

Students’ grade in physics 2 had direct connections to SAT math (p = 0.16) as well as self-
efficacy in physics 2 ( = 0.13), and grade in physics 1 (0.58). The variance explained by the grade

in physics 2 is 0.510
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Figure 5 Result of the path analysis part of the SEM between gender and physics 2 grade through students’
self-efficacy for model 1. The line thickness indicates the relative magnitude of g values. The dashed lines
indicate covariances between constructs. All p-values are p < 0.001. Gender does not directly predict the

physics grade.

4.3.2.2 SEM model 2 without SAT math

The result of the path analysis part of the SEM without SAT math is presented visually in
Figure 6 for model 2. The model fit indices indicate a good fit to the data: CFI = 0.954 (> 0.90),
TLI = 0.940 (0.90), RMSEA = 0.059 (<0.08), and SRMR = 0.039 (<0.08). Gender had direct
connections to grade in physics 1 ( = 0.14) and self-efficacy in physics 1 ( = 0.29). However,
gender did not have any direct connections to the grade or self-efficacy in physics 2.

Similar to model 1, students’ grade in physics 2 had direct connections to self-efficacy in
physics 2 (B = 0.15), and grade in physics 1 (0.66). The variance explained by grade in physics 2

is 0.494, which is similar to the variance explained by the grade in physics 2 for model 1.
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Figure 6 Result of the path analysis part of the SEM without SAT math between gender and physics 2 grade
through students’ self-efficacy for model 2. The line thickness indicates the relative magnitude of £ values.
The dashed lines indicate covariances between constructs. P-values are indicated by no superscript for p <

0.001 and superscript “a” for p = 0.008. Gender does not directly predict the physics 2 grade.

4.3.2.3 SEM model 3 without high school GPA

The result of the path analysis part of the SEM without high school GPA is presented
visually in Figure 7 for model 3. The model fit indices indicate a good fit to the data: CFI = 0.949
(> 0.90), TLI = 0.932 (0.90), RMSEA = 0.063 (<0.08), and SRMR = 0.041 (<0.08). Gender had
direct connections to SAT math (f = 0.14) and self-efficacy in physics 1 ( = 0.24). Similar to

previous models, gender did not have any direct connections to the grade or self-efficacy in physics

2.
Similar to model 1, students’ grade in physics 2 had direct connections to self-efficacy in

physics 2 (B = 0.13), and grade in physics 1 (0.59). In addition, grade in physics 2 had a direct
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connection to SAT math (B = 0.16) The variance explained by grade in physics 2 is 0.509, which

is similar to the variance explained by the grade in physics 2 for model 1 and model 2.

Grade
physics 1

Self-
Efficacy
Physics 2

Grade
physics 2

Self-
Efficacy
Physics 1

Figure 7 Result of the path analysis part of the SEM without high school GPA between gender and physics 2
grade through students’ self-efficacy for model 3. The line thickness indicates the relative magnitude of g
values. The dashed lines indicate covariances between constructs. The p-values are indicated by no
superscript for p < 0.001 and superscript “a” for p = 0.002. Gender does not directly predict the physics 2

grade.

4.3.2.4 SEM model 4 without high school GPA or SAT math

The result of the path analysis part of the SEM without high school GPA or SAT math is
presented visually in Figure 8 for model 4. The model fit indices indicate a good fit to the data:
CFI = 0.952 (> 0.90), TLI = 0.935 (0.90), RMSEA = 0.065 (<0.08), and SRMR = 0.040 (<0.08).
Gender had direct self-efficacy in physics 1 (f = 0.28) and grade in physics 2 ( = 0.11).

Similar to model 1, students’ grade in physics 2 had direct connections to self-efficacy in
physics 2 (B = 0.15), and grade in physics 1 (0.65). In addition, grade in physics 2 had a direct

connection to gender (f = 0.11) The variance explained by grade in physics 2 is 0.492, which is
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similar to the variance explained by the grade in physics 2 for model 1, model 2, and model 3
which shows that the high school factors do not play a large role in explaining students’ grade at

the end of physics 2.

Self-
Efficacy
Physics 2

Grade
physics 1

Grade
physics 2

Gender

Self-
Efficacy
Physics 1

Figure 8 Result of the path analysis part of the SEM without high school GPA and SAT math between gender
and physics 2 grade through students’ self-efficacy for model 4. The line thickness indicates the relative
magnitude of gvalues. The dashed lines indicate covariances between constructs. P-values are indicated by no

superscript for p < 0.001 and superscript “a” for p = 0.007.

4.3.2.5 SEM model 5 without grade in physics 1

The result of the path analysis part of the SEM without grade in physics 1 is presented
visually in Figure 9 for model 5. The model fit indices indicate a good fit to the data: CFI = 0.954
(> 0.90), TLI =0.939 (0.90), RMSEA = 0.055 (<0.08), and SRMR = 0.037 (<0.08). Gender had
direct connections to SAT math ( = 0.26) self-efficacy in physics 1 (8 = 0.25) and grade in
physics 2 (4= 0.11).

Similar to previous models, students’ grade in physics 2 had direct connections to self-

efficacy in physics 2 (£ = 0.22). In addition, grade in physics 2 had a direct connection to SAT
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math (#= 0.36) and ), and high school GPA (0.19). The variance explained by grade in physics 2
is 0.288, which is about 0.30 lower than the variance explained in past models which show that
the students’ grade in physics 1 plays an important role in explaining students’ grade at the end of

physics 2.

Self-
Efficacy
Physics 2

Self-
Efficacy
Physics 1

Grade
physics 2

Figure 9 Result of the path analysis part of the SEM without grade in physics 1 between gender and physics 2
grade through students’ self-efficacy for model 5. The line thickness indicates the relative magnitude of g

values. The dashed lines indicate covariances between constructs. All p-values are for p < 0.001.

4.3.2.6 Variance explained by each model

After constructing each model, we calculated the coefficient of determination (Adjusted
R?) of grade in physics 2 in every model to investigate the proportion of variance explained by
each model (see Error! Reference source not found.). We found that model 1 and model 3 e
xplained the same amount of variance in physics 2 grade (51%) while model 2 and model 4
explained slightly less of the variance (49%). However, the amount of variance in physics 2 grade

decreased to 29% in model 5 when students’ physics 1 grade was removed from the model.
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Table 7 Adjusted coefficients of determination (Adjusted R2) for physics 2 grade in the five different models.

All p-values are <0.001.

Model Adjusted R? physics 2 grade
Model 1: All Factors 0.51
Model 2: No SAT math 0.49
Model 3: No high school GPA 0.51
Model 4: No high school GPA and SAT math 0.49
Model 5: No physics 1 grade 0.29

4.4 Summary and Discussion

In this research, we find gender gaps in physics grades and self-efficacy disadvantaging
women in the physics 2 course for bioscience majors. Our SEM model shows that students’ self-
efficacy plays an important role in predicting students’ grades at the end of the physics course.
However, on average, women have lower self-efficacy and grades than men even in these courses
in which they are not underrepresented. In addition, the variance in physics 2 grade only decreased
by 0.02 when high school GPA and SAT math scores were taken out of the model. In addition,
recent studies have shown that SATs could disadvantage students from minority and low-income
groups [188-191]. Therefore, removing SAT requirements for colleges may not have a large
impact on students’ learning outcomes.

It is important to note that students’ self-efficacy is an important motivational belief itself
beyond how it predicts grade in the physics course. Students’ self-efficacy also predicts identity

[5, 59] and persistence on challenging tasks [36]. Equitable and inclusive pedagogical strategies
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are necessary to bridge the gender gap in self-efficacy and raise the self-efficacy of all students.
However, active learning pedagogies could decrease women’s self-efficacy if not implemented
with equity and inclusion as central constructs. Some interactive engagement physics courses have
been shown to decrease women’s self-efficacy [29] whereas others have been shown to improve
women’s self-efficacy [99]. In one study in engineering, women working in mixed-gender
cooperative groups tended to be undermined by their male classmates and played a less active role
in those groups [15]. Additionally, in a study in physics, students in courses that utilized active
engagement strategies performed better than students in lecture-based courses, however, the
gender gap in performance on conceptual surveys persisted and even became worse in some cases
[11]. Therefore, the instructor/TA needs to ensure that all students feel they belong and have high
self-efficacy, and can contribute equally. One strategy physics instructors can use to encourage
equal contribution in a group is to assign each student a role that rotates throughout the course.
However, this approach alone is unlikely to be effective in bridging the self-efficacy gender gap if
the learning environment is otherwise not equitable and inclusive.

One strategy to make the learning environment equitable and inclusive is through brief
social-psychological classroom interventions, e.g., focusing on improving students’ sense of
belonging and mindset [152, 185, 186]. They have been found to create a more inclusive learning
environment that can mitigate students’ doubts about belonging in college and improve the grades
of racial and ethnic minority students [192] and women [74, 151] in STEM fields. These types of
interventions have the potential to also increase the self-efficacy of students from these
marginalized groups in physics such as women. It is important that instructors focus on increasing
women'’s self-efficacy and other motivational beliefs such as sense of belonging in the introductory

physics courses since they can influence students’ persistence and engagement in the course and
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can also impact later choices of courses and careers. These interventions can be one step towards
creating an equitable and inclusive learning environment where all students have higher

motivational beliefs including sense of belonging and self-efficacy and can excel.
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5.0 Feeling less recognized by instructors and TAs as a physics person predicts female

students’ grades in a physics course for bioscience majors

5.1 Introduction and Theoretical Framework

In the past few decades, several research studies have focused on the experiences and
participation of women in many science, technology, engineering, and math (STEM) fields [115,
145, 147-150, 153]. Research shows that motivational beliefs in academic domains can influence
students’ continuation in related courses, majors, and careers [26, 32, 39, 41, 43, 54, 155-159].
Some of these studies that focus on women and ethnic and racial minority students in physics show
that they, in general, have lower motivational beliefs than men that may be due to pervasive
societal stereotypes and biases about who belongs in physics and can excel in it that students
internalize over their lifetime and learning environments being inequitable and non-inclusive. A
student’s perceived recognition by others as a science person has been shown to play an important
role in predicting students’ other science motivational beliefs [50, 55, 140, 165, 193].

Prior studies show that a student’s perception of recognition by others, e.g., as a science
person, plays an important role in their persistence and academic performance in STEM fields
[194], and it is especially true for underrepresented students [195]. When women enter STEM
fields, they do not feel validated and recognized as often as men [196-198]. Our prior individual
interviews suggest that students’ perceived recognition as a physics person by instructors and
teaching assistants (TAs) predicts their self-efficacy and interest in physics (e.g., see [52, 53]).
Prior research also suggests that, in physics, recognition by others as a physics person predicts

students' physics identity, i.e., whether they see themselves as a person who can excel in physics
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[5, 59] and their career choices [6, 199]. Godwin et. al. found that in a sample of a general
population of college students in English composition classes (a majority of students were in their
first year), students’ identity as a physics person (based upon pre-college exposure to physics)
was predicted by their perceived recognition by others as a physics person [6]. However, it is
unclear whether perceived recognition as a physics person plays a similar role in a different
population of students who are taking a physics course required for their major, e.g., an
introductory physics course for bioscience majors, and how these students’ perceived recognition
predicts their physics grades. Our study focuses on this important issue for female and male
bioscience majors and the physics course is important for them not only because it is mandatory
for their major but also because it is required for medical school that many of these students are
aspiring to get into and information in the physics course is part of the Medical College Admission
Test (MCAT). Recognition from others, especially instructors and TAsS, as a physics person can
be vital for student success in the physics course as well as their career aspirations.

In addition, in order for a student to feel recognized by instructors/TAs as a physics person,
instructors/TAs need to both explicitly recognize the student (e.g., by verbally acknowledging their
progress and achievements) and implicitly recognize the student (e.g., by setting high standards
for all of their students and making it clear to them that they all have what it takes to excel in
physics if they work hard and take advantage of all of the resources and they are there as
instructors/TAs to support them as needed all the way through) [103]. Hazari et. al. found that in
high school physics classes, students' physics identity, predicted by students' recognition as a
physics person by others, was influenced by teachers’ social cues, or how teachers’ actions
obscured social boundaries between teachers and students [200]. In another study [201], students

who received praise for their intelligence were more likely to have a fixed mindset and lower levels
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of task persistence, enjoyment, and performance than students who received praise for their effort.
On the other hand, students who received praise for their effort were more likely to have an interest
in learning to master the material and attribute low performance to low effort rather than low
intelligence [201].

While recognition as a physics person, who has what it takes to excel in the physics course,
can help students excel in physics courses, negative recognition can be detrimental for students at
any stage. This is especially true for marginalized students in physics such as women. For instance,
Eileen Pollock, who graduated summa cum laude with a B.S. in physics from Yale in 1987, did
not fulfill her dream of getting a Ph.D. in physics. In her memoir, she explains, “not a single
professor—not even the adviser who supervised my senior thesis—encouraged me to go to
graduate school.” She continues, “Certainly this meant I wasn’t talented enough to succeed in
physics” [202]. She goes on to talk about other women’s experiences. One woman painfully
recalled her experience in her high school physics course where “the teacher announced that the
boys would be graded on the “boy curve,” while the one girl would be graded on the “girl curve”;
and when asked why, the teacher explained that he couldn’t reasonably expect a girl to compete in
physics on equal terms with boys™ [202]. This is an example of negative recognition. Studies have
shown that without intentional strategies to create an equitable and inclusive learning environment,
female students do not feel recognized appropriately even before they enter college [1, 4, 24], at
least partly due to the societal stereotypes and biases about who belongs in physics and can excel
in it that women are bombarded with over their lifetime and differential treatment of men and
women by pre-college instructors, counselors, and other stakeholders.

Although a majority of prior studies have focused on physics courses in which women are

underrepresented, the societal stereotypes and biases about who can excel in physics courses can
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negatively impact women even in physics courses in which they are not underrepresented, e.g.,
mandatory physics courses for bioscience majors. One common stereotype is that only high
achievers or geniuses can succeed in physics [23]. However, genius is often associated with boys
[169], 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 become
increasingly masculine and the existing curricula tend to represent the interest and values of female
students less [1]. Also, teachers and school counselors often pay more attention to students from
the dominant group, e.g., male students, and counselors give advice based on race and gender to
students regarding high school physics and math courses to take as well as majors to pursue when
in college [203, 204].

These stereotypes and biases are also prevalent at the university level. One study found
that college biology and physics faculty members rated a male student as significantly more
competent than a female student when presented with a hypothetical scenario for hiring a student
for lab work with either a male or female name [51]. These stereotypes and biases and the
differential treatment of women and men, e.g., by faculty members, can influence female students’
perceptions about their ability to do physics before they enter the classroom. Thus, it is possible
that although women are the majority in algebra-based physics courses primarily for bioscience
majors, these societal stereotypes and biases can still influence their perceived recognition as a
physics person, which can impact their performance as well as motivational beliefs in the physics
classes, unless instructors make an explicit effort to create an equitable and inclusive learning
environment.

This study examined the difference between male and female students with regard to the

role of their perceived recognition as a physics person by instructors, TAs as well as friends and
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family 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 perceived recognition at the beginning of the course. We controlled
for students’ past performance in high school in order to isolate the effect of perceived recognition
as a physics person on student outcomes. A visual representation of the path analysis of our final
model is shown in Figure 10. All paths were considered from left to right in our model. However,
only some of the paths are shown in Figure 10 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 perceived recognition as a physics person, at the beginning and end
of the mandatory physics course?
RQ2. To what extent does the perceived recognition as a physics person predict physics

course grade?
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Figure 10 Schematic representation of the model and how perceived recognition mediates the relation
between gender and grade in physics 1 course for bioscience majors. 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.

5.2 Methodology

In this study, a validated survey covering perceived recognition and other motivational
constructs (not discussed in this manuscript) [62] 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
semester in the first introductory algebra-based physics courses over the course of two years. This
course is primarily taken by junior or senior bioscience majors for whom a two-semester physics
course sequence is mandatory. We analyzed the data for 827 students who completed the survey
in the introductory physics 1 traditionally taught lecture style course. The university provided

demographic information such as age, gender, and ethnic/racial information using an honest broker
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process by which the research team received the information without knowledge of the identities
of the participants. From the university data, the participants were 33% male and 67% female
students. We recognize that gender is fluid and not a binary construct; however, the data collected
by the institution was 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.

5.2.1 Instrument validity

This study focused on the perceived recognition as a physics person of students enrolled in
the first of the two introductory algebra-based physics courses primarily for bioscience majors.
The validated survey involving several motivational beliefs, including the perceived recognition
items, was adapted from previous research [6, 170, 175] and revalidated at our institution. The
survey asked the students to answer all of the questions in the context of the physics course they
were enrolled in. Specifically, the perceived recognition questions were taken from Godwin et. al.
[6] and measure the extent to which a student believes that other people see them as a physics
person or a person who can excel in physics [5, 59]. These physics recognition items have been
used in prior studies in the general population of college students in English composition classes
(a majority of students were in their first year) [5, 6, 199, 205] and in high school physics courses
[200] as recognition from friends, family, and teachers.

Re-validation of the survey at our institution involved conducting one-on-one student
interviews to ensure that the students interpreted the questions correctly [26], Exploratory Factor
Analysis (EFA), Confirmatory Factor Analysis (CFA), and calculation of the Pearson Correlations

and Cronbach alpha. Our prior individual interviews also suggest that students interpreted the
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perceived recognition part of the question “see me as a physics person” to imply that they can
excel in physics in the course they were enrolled in (the survey asked students to answer all of the
questions in the context of the physics course). The questions in the study are on a Likert scale of
1 (low endorsement) to 4 (high endorsement) [173]. A lower score is indicative of a negative
endorsement of the survey construct while a higher score is related to a positive endorsement. The
survey questions for perceived recognition and factor loadings for each question from the CFA are
given in Table 8. We note that all factor loadings are significant, but the factor loadings are larger
for family and friends questions since they are more similar to each other and share a greater
variance. The Cronbach alpha was used to measure the internal consistency of the items. The
Cronbach alpha is 0.85 for these perceived recognition as a physics person questions which is

considered very reasonable [176].

Table 8 Physics perceived recognition survey questions along with factor loadings (Lambda) from the
Confirmatory Factor Analysis (CFA) result for all students (N = 827). The rating scale for the perceived
recognition as a physics person questions is strongly disagree, disagree, agree, strongly agree. All p-values (of

the significance test of each item loading on to the construct or factor) are p < 0.001.

Physics Perceived Recognition Lambda

My family sees me as a physics person. 0.88

My friends see me as a physics person. 0.91

My physics instructor and/or TA see me as a physics person. 0.65
5.2.2 Analysis

Initially, we analyzed the descriptive statistics by comparing female and male students’

mean scores on the perceived recognition questions and students’ grades for statistical significance
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using t-tests, and investigated the effect size using Cohen’s d [182]. Cohen’s d is d =
(Um — Ur)/ Opootea, Where up, is the average score of male students, u, is the average score of
female students and a,,,,¢4 is the pooled standard deviation for all students (or weighted standard
deviation for men and women). In general, d = 0.20 indicates a small effect size, d = 0.50 a
medium effect size, and d = 0.80 a large effect size [182].

To quantify the statistical significance and relative strength of our frameworks’ path links,
we used Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with
a maximum likelihood estimation method [138]. The SEM is an extension of multiple regression
and allows one to conduct several multiple regressions simultaneously between variables in one
estimation model. This is an improvement over multiple regression since it allows us to calculate
the overall goodness of fit and also allows for all estimates to be standardized simultaneously so
there can be a direct comparison between different structural components. We report 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: CFl and TLI > 0.90, and RMSEA
and SRMR < 0.08 [139].

The model estimates were performed using gender moderation analysis to check whether
any of the relations between the variables show differences across gender by using “lavaan” to
conduct multi-group SEM [187]. Initially, we tested different levels of measurement invariance.
In each step, we fixed different elements of the model to equality across gender and compared the
results to the previous step using the Likelihood Ratio Test [187]. Since we did not find significant
moderation by gender, we tested the theoretical model in mediation analysis, using gender as a

variable directly predicting items to examine the resulting structural paths between constructs.
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5.3 Results

5.3.1 Gender differences in predictors and outcomes

We find that in the traditionally taught lecture style introductory physics course women
had statistically significantly lower mean values in their SAT math scores, physics 1 grade, pre
perceived recognition, and post perceived recognition as a physics person (see Table 9) while men
had statistically significantly lower mean value in high school GPA (see Table 9). In addition, the
gender gap in men and women's perceived recognition as a physics person increased from the

beginning (pre: Cohen’s d = 0.27) to the end (post: Cohen’s d = 0.39) of the course.

Table 9 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 Mean
p-value Cohen's d
(Score Range) Male Female

High School GPA (0-5) 4.00 4.17 <0.001 -0.36
SAT Math (200-800) 677 664 0.027 0.19
Pre Perceived Recognition (1-4) 2.13 1.97 <0.001 0.27
Post Perceived Recognition (1-4) 2.16 1.91 <0.001 0.39
Physics 1 Grade (0-4) 3.22 3.02 <0.001 0.27

5.3.2 SEM path model

We used SEM to investigate the relationships between the constructs and to unpack the

students’ perceived recognition by others as a physics person contribution to explaining the physics
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1 average grade of women and men. We initially conducted gender moderation analysis between
variables using multi-group 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’ pre-college academic measures (high school GPA and SAT Math) and perceived
recognition in physics.

The result of the path analysis part of the SEM is presented visually in Figure 11. The
model fit indices indicate a good fit to the data: CFI = 0.958 (> 0.90), TLI = 0.932 (0.90), RMSEA
= 0.077 (<0.08), and SRMR = 0.037 (<0.08). Gender had direct connections to SAT math (5 =
0.09), high school GPA (f = -0.16), pre perceived recognition (£ = 0.14), post perceived
recognition (# = 0.09) and grade in physics 1 (f=0.11).

Students’ grade in physics 1 had direct connections to gender (£ = 0.11), the high school
factors including SAT math (£ = 0.33) and high school GPA (£ = 0.30) as well as post perceived
recognition in physics (= 0.21). Women also had lower perceived recognition as a physics person
than men at the start and end of the physics course.

In addition, Appendix C (page 291) shows the same model as in Figure 11 except for the
perceived recognition as a physics person only includes the question “ My physics instructor and/or
TA see me as a physics person”. That model is very similar to the model in Figure 11 and students’
post perceived recognition as a physics person predict their grades in physics 1 with a similar g

value except high school GPA has a direct connection to post perceived recognition, gender did
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not have a direct connection to pre perceived recognition, and the g value from pre to post

perceived recognition as a physics person was 0.38.

Post
Perceived
Recognition

Grade
physics 1

Perceived
Recognition

Figure 11 Result of the path analysis part of the SEM between gender and physics 1 grade through students’
perceived recognition. The line thickness indicates the relative magnitude of gvalues. The dashed line
indicates covariances between constructs. All p-values are indicated by no superscript for p < 0.001,

superscript “a” for p = 0.021, and superscript “b” for p = 0.004.

5.4 Summary and Discussion

In this research involving both descriptive and inferential analyses, we find gender gaps in
physics grades and perceived recognition by others as a physics person disadvantaging women in
the mandatory introductory physics 1 course for bioscience majors which was taught primarily
using traditional lectures. We note that in the lecture style courses, students may receive
recognition from their instructor or TA in different ways, e.g., the instructor or TA praises students

who answer or ask questions during lecture or recitation. Our SEM models show that recognition
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by instructors and TAs as a physics person plays an important role in predicting students’ grades
at the end of the physics course. However, on average, women had lower grades and perceived
recognition as a physics person at the beginning and end of the course than men even in these
physics courses in which they are not the numerical minority in the class. This is concerning since
women and men are receiving different cues from instructors and TAs about whether they can
excel in the physics course. Since students’ perceived recognition by others as a physics person
predicts their grade at the end of the course, instructors/TAs must recognize all students as those
who can excel in the physics course (and it is particularly important for students that have been
traditionally marginalized in physics such as women).

The persistent gender gaps in perceived recognition by others as a physics person even at
the end of this course may at least partly be due to the physics learning environment not being
equitable and inclusive, with physics instructors and teaching assistants unwittingly reinforcing
gender stereotypes about physics and communicating lower expectations for women. The
instructors and TAs must reflect upon the fact that what is important is not what their intentions
are but the impact they are having on the students. In particular, TAs and instructors must find
meaningful ways to explicitly validate and recognize all students in their classes as physics people,
those who can excel in the physics course. If instructors only recognize male students who are
eager to ask questions and answer questions posed by instructors, this situation would amount to
negative recognition for other students particularly those from stereotyped groups such as women
even if they are not a numerical minority in the class [103]. For example, in a prior study, one
student from the dominant group was selected to explain problems to the class more often than

other students which led to other students feeling like they did not know the material [103]. Not
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receiving recognition may be more detrimental to women and other marginalized students in
physics due to societal stereotypes and biases about who belongs in physics and can excel in it.
Moreover, if a student goes to an instructor after struggling with homework problems to
ask for help and the instructor starts by saying that the problem is “trivial”, this type of comment
can be perceived as negative recognition and insult. Again, this is especially true for students who
are from historically marginalized groups, such as women (even if they are not a numerical
minority in class), because they are always questioning whether they have what it takes to excel in
physics due to societal stereotypes. For example, in an interview with women in physics courses,
one woman mentioned that when some male physics professors consider her question trivial, she

3

wonders, “ are they being condescending because they think I can’t do it, or because I am a
woman?” [53]. If the students have worked hard on the problem before coming for help, such
statements from the instructor about the problem being trivial are more likely to trap those students
into thinking that they must not have what it takes to excel in physics and they also may infer (even
if it is not intended) that the instructor must think that they are not capable.

One strategy to increase positive recognition as a physics person in the classroom includes
instructors having high expectations for all students, but making it clear to students that all of them
have what it takes to excel in the physics course if they work hard and use effective approaches to
learning while instructors are there to support them to reach their goals as needed. Therefore,
students should be supported so that they feel safe taking advantage of all of the resources
including the instructor and TA office hours. Moreover, opportunities for student-centered learning
where students can serve as leaders in problem solving and encouraging students to persist in their

efforts by normalizing struggle and framing struggle as an important stepping stone to learning

and developing a solid grasp of physics would help [60]. Other productive approaches to validating
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and recognizing students are for instructors/TAs to make themselves available to students as
needed, discuss with students their own struggles when they were students, and affirm students
when they make progress. In addition, in a study of a calculus-based physics 1 course, students’
perceived recognition by instructors and TAs predicted their self-efficacy (students' belief about
whether they can excel in physics) [62]. Therefore, if instructors can increase students perceived
recognition, then students' self-efficacy may also be positively impacted. Additionally, it may be
easier for instructors/TAs to create opportunities for students to receive positive perceived
recognition, as opposed to increasing students' self-efficacy, which is critical for supporting
students (particularly those from marginalized groups such as women). Due to societal stereotypes
about who belongs in physics and excels in it, positive recognition as a person who can excel in
physics and affirmation by instructors for making progress may be especially beneficial for women
and other marginalized students in physics courses [206].

Instructors must create an equitable and inclusive learning environment in which all
students feel validated and recognized as people who can excel in physics. In particular, if
instructors create a learning environment where all students feel recognized by their instructors
and TAs as those who can excel in physics, marginalized students such as women may benefit
most and be able to more effectively engage in the course material, tackle challenging physics
problems, and group work may become more productive with positive interdependence among all

students.
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6.0 Students’ sense of belonging in introductory physics course for bioscience majors

predicts their grade

6.1 Introduction and Theoretical Framework

Motivational beliefs in academic domains can influence students’ continuation in related
courses, majors, and careers [26, 32, 39, 41, 54, 155-159]. In particular, students’ sense of
belonging has been shown to be important in their academic outcomes and future careers [207,
208]. Students’ sense of belonging in their college or university has been shown to predict students'
intentions to persist through college [209, 210]. In science, technology, engineering, and math
(STEM) fields, studies have shown that belonging is linked to students’ engagement in the courses
[211], grade [212], persistence [213, 214], and lower expectations of dropping out of their STEM
major [215]. 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 [216]. 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 [216, 217].

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 [23]. However, genius is often associated with boys [169], 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 [1]. Furthermore,
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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 [218]. Another
study showed that female participants in a Physics Olympiad competition who endorsed negative
stereotypes about female talent for physics felt a lower sense of belonging in physics [105]. 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 [219]. Students’ sense of belonging has been shown to correlate with their
retention and self-efficacy in school [50, 63, 220]. In addition, it is shown to be a predictor of
students’ physics identity for senior physics majors [58]. 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 [8-13] that some hypothesize may be due to gender gap

in prior preparation or motivational beliefs, such as sense of belonging [12-22]. However, there
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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. A visual representation of our final model
is shown in Figure 12. 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:

RQL. 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?
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Figure 12 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.

6.2 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 mandatory. We

98



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/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.

6.2.1 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 [62], 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 [170, 175]. Re-
validation of the survey at our institution involved conducting one-on-one student interviews [26],
Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis (CFA), and calculation of the

Pearson Correlations and Cronbach alpha. The sense of belonging items on the survey measured
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whether students felt like they belonged in the introductory physics class [50, 175]. The questions
in the study were designed on a Likert scale of 1 (low endorsement) to 5 (high endorsement) [173].
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 10. The Cronbach alpha was used to measure the internal consistency
of the items. The Cronbach alpha is 0.85 for the sense of belonging items, which is considered

reasonable [176].

Table 10 Survey items for students’ sense of belonging along with factor loadings (Lambda) from the
Confirmatory Factor Analysis (CFA) result for all students (N = 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

| feel like I belong in this class. 0.77

| feel like an outsider in this class. 0.77

| feel comfortable in this class. 0.77

Sometimes | worry that | do not belong in this class. 0.75
6.2.2 Analysis

Initially, we analyzed the descriptive statistics by comparing 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 [182]. Cohen’s d is d = (up, — Ur)/0pootea:

where u,, is the average score of male students, u, is the average score of female students and
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Opootea 1S the pooled standard deviation (or weighted standard deviation for men and women) for

all students. In general, d =0.20 indicates a small effect size, d = 0.50 indicates a medium effect
size, and d = 0.80 indicates a large effect size [182].

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 [138]. 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 analysis can be considered an extension 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 components. 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: CFl and TLI > 0.90, and RMSEA and SRMR <
0.08 [139].

Initially, we performed gender moderation analysis by conducting multi-group 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,
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our moderation analysis was similar to our mediation model in Fig. 1 but there was no link from
gender, instead, multi-group 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 relation 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 () 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 moderation 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
measurement 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
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groups (i.e., for women and men) separately using the Likelihood Ratio Test [187]. A non-
significant 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 construct) 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 separately 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 parameters for women and men are set equal, then we must check for
differences in the path analysis part, i.e., regression coefficients () 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 (5).
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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
relationship is different for the groups (i.e., the values of the regression coefficients (5) 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 Figure
12). In other words, we can interpret our model the same way 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 non-significant 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 O for female)
directly predicting items to examine the resulting structural paths between constructs (a schematic
representation of the path analysis for the gender mediation model is shown in Figure 12). In the
mediation analysis, if there are paths from gender to any of the constructs as we found in our results
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
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women and men (as found from the gender moderation analysis which preceded the mediation

analysis).

6.3 Results

6.3.1 Gender differences in predictors and outcomes

We find that women had statistically significantly lower mean values in their SAT math
scores, physics 1 grade, pre belonging, and post belonging (see Table 11) while men had
statistically significantly lower mean values in high school GPA (see Table 11). In addition, the
gender gap in men and women's sense of belonging increased from the beginning (pre: Cohen’s d
= (.29) to the end (post: Cohen’s d = 0.44) of the course. We also investigated the difference
between men's and women’s sense of belonging from the pre-test to the post-test. We found that
women’s sense of belonging was not statistically significantly different from the beginning of the
class to the end of the class (Cohen's d = 0.06, p = 0.340) while men’s increase in their sense of
belonging was statistically significant (Cohen's d = 0.27, p = 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 11 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.
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Additionally, in Appendix D (page 292), we provide the percentage 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 43 in Appendix D (page 292), 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).

Table 11 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 Mean
p-value Cohen's d
(Score Range) Male Female

High School GPA (0-5) 3.96 4.13 <0.001 -0.34
SAT Math (200-800) 682 656 <0.001 0.38
Pre Belonging (1-5) 3.52 3.28 <0.001 0.29
Post Belonging (1-5) 3.74 3.34 <0.001 0.44
Physics 1 Grade (0-4) 3.24 3.06 0.003 0.22

6.3.2 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 analysis between variables using multi-group SEM to investigate if

any of the relationships between the constructs were different across gender. There were no group
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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’ pre-college 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 Figure 13. The
model fit indices indicate a good fit to the data: CFI = 0.934 (> 0.90), TLI1 =0.903 (0.90), RMSEA
= 0.078 (<0.08), and SRMR = 0.033 (<0.08). Gender had direct connections to SAT math (£ =
0.16), high school GPA (S = -0.17), pre belonging (8 = 0.14) and post belonging (8 = 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
SAT math 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 11) are
statistically non-significant when controlling for the other constructs in the model (SAT math, high
school GPA, pre and post belonging).

Students’ grade in physics 1 had direct connections to their high school factors of high
school GPA (£ =0.25) and SAT math (£ = 0.29) as well as post sense of belonging in physics (5
= 0.33). To clarify, a standardized regression coefficient of g = 0.33 between post sense of
belonging and physics grade in Figure 13 implies that for one standard deviation increase in the
post sense of belonging, the grade would show 0.33 standard deviation change controlling for

gender, SAT scores, high school GPA and pre belonging at the beginning of the course. Women
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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.

Post
Belonging

Grade
physics 1

Pre
Belonging

High
School
GPA

Figure 13 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 gvalues. 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 g > 0 indicate a higher mean for men while g < 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 = 0.014,

and superscript “b” for p = 0.001. Gender does not directly predict the physics grade.
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6.4 Summary and Discussion

In this research involving both descriptive and inferential quantitative analyses, we find
gender gaps in physics grades and sense of belonging (Table 11) disadvantaging 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
11). Our SEM model 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, pre belonging, and post belonging. In addition, while men’s sense of
belonging statistically 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 students’ sense of belonging can have important
implications 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 environment 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 stereotype, and openly endorse effort
and hard work over brilliance [106]. One study showed that teacher practices, including their
encouragement of cooperative activities in an inclusive environment, were related to students’

engagement in the course and a high sense of belonging in the classroom [221]. Instructors could
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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 students' 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 implemented
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 [219].

In addition, values-affirmation interventions that typically have students write about core
personal values can have positive effects on students in academic settings [222]. The values-
affirmation interventions may be more beneficial for students from underrepresented groups [223].
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 [192] and women [74, 151]
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 [73].
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7.0 Women have lower physics self-efficacy and identity even in courses in which they

outnumber men: A sign of systemic inequity?

7.1 Introduction and Theoretical Framework

While prior research has investigated issues pertaining to women’s representation in
science, technology, engineering, and math (STEM) fields [19, 77, 114, 115, 145-153, 163, 224],
most studies in college physics courses have focused on courses in which women are outnumbered
by men. Moreover, in explaining participation and learning in STEM disciplines, student
motivational beliefs have been shown to play an important role [54, 218, 225-227]. However
women have been shown to have lower motivational beliefs than men [26, 160, 228, 229]. In
particular, students’ identity has been shown to play an important role not only in students’ in-
class participation and performance but also in their choices of future courses and careers [5, 49,
54-57]. Identity in this context, e.g., physics identity, refers to students’ views about whether they
see themselves as a “physics person” or a person who can excel in physics [2, 5, 61, 230].

Here we use a version of the physics identity framework developed by Hazari et al. [5],
which adapted the science identity framework by Johnson et al. [131]. The science identity
framework by Johnson et al. [55] includes three dimensions: competence (“I think I can”),
performance (“I am able to do”), and recognition (“I am recognized by others™). Hazari et al.
modified the framework specifically for physics. “Competence” and “performance” were defined
as students’ beliefs in their ability to understand the subject and students’ belief in their ability to
perform physics tasks. Additionally, recognition was framed as recognition by others as being a

good physics student. Lastly, a fourth dimension, interest, was added to the framework since
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students have highly varying levels of interest in physics [60, 61]. In future studies by Hazari for
introductory students, performance and competence are combined into one variable [58]. In a
slightly reframed version of Hazari’s physics identity framework by Kalender et al. [59], the
framework we use in our study, performance/competence was framed as self-efficacy (closely
related to competency belief). Additionally, recognition was framed explicitly as “perceived
recognition” by students for clarity.

Self-efficacy in a discipline refers to students’ belief in their ability to accomplish tasks or
solve problems [27, 28]. It has been shown to influence students’ engagement, learning, and
persistence in science courses, in addition to contributing to students’ science identity [14, 15, 29-
42,231, 232]. For example, when tackling difficult problems, students with high self-efficacy tend
to view the problems as challenges that can be overcome, whereas those with low self-efficacy
tend to view them as personal threats to be avoided [27]. However, in introductory physics courses
in which women are underrepresented, studies have found a gender gap in self-efficacy
disadvantaging women that widens by the end of the course, even in interactive engagement
courses [29, 43]. Additionally, self-efficacy has been shown to predict students’ engagement,
learning, and persistence in science courses [14, 15, 27, 29-42].

Another motivational belief that influences physics identity is interest. Interest in a
particular discipline may affect students’ perseverance, persistence, and achievement [16, 38, 41,
44-46, 233]. One study showed that changing the curriculum to stimulate the interest of female
students helped improve all of the students’ understanding at the end of the year [47]. Within
expectancy-value theory, interest and self-efficacy are constructs that predict students’ academic
outcomes and career expectations [48]. We focus on intrinsic interest or an individual’s personal

interest and enjoyment in engaging with physics concepts in this study.
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The third belief, perceived recognition by others, has been shown to play an important role
in a student’s identity [49] and motivation to excel [50]. In a study on students’ perception of
support, teacher support was more strongly linked to the motivation and engagement of girls than
boys [50]. However, studies have shown that female students are not recognized appropriately in
many STEM disciplines even before they enter college [1, 4, 24]. One study found that science
faculty members in biological and physical sciences exhibit biases against female students by
rating male students significantly more competent [51]. Moreover, our prior research suggests that
students’ perceived recognition by instructors and teaching assistants can impact their self-efficacy
and interest in physics and students’ physics self-efficacy can impact their interest in physics (e.g.,
see [52, 53]).

Prior studies have shown that women have lower physics motivational beliefs, including
identity, than men [1-3]. However, most of the studies in the college context concerning physics
motivational beliefs are conducted in classes in which women are underrepresented [4, 5].
Nevertheless, pervasive societal stereotypes and biases about who can excel in physics that women
are bombarded with from a young age could impact their physics motivational beliefs, including
their identity, even in physics courses in which they outnumber men, e.g., introductory physics
courses for bioscience majors in which women are not underrepresented. The students’ physics
motivational beliefs in these courses could influence not only their participation and performance
in the physics courses, which is very important in itself, but also in other STEM disciplines in
which they are intending to major or may be considering a career. For example, past studies have
shown that the factors that influence students’ physics identity influence their engineering career
choices [6] and predict students’ engineering identity [7] when the survey was administered in

college English composition courses (where the majority of students were first year students with
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intentions to major in a variety of disciplines). Similarly, these physics identity factors could
influence students in the physics course for bioscience and pre-health majors. In particular, we
focus here on students who are bioscience majors primarily interested in health-related professions,
for whom two physics courses are mandatory. The reason these physics courses are mandatory for
them is not only because the foundational knowledge of physics is central to developing deep
understanding of bioscience, but also because the kind of reasoning skills students develop in
physics can help them in their majors and future careers. In fact, a majority of these bioscience
majors are on the pre-health track and want to become health professionals. Higher physics
motivational beliefs including an identity as a person who can excel in physics can help them
engage and perform better, e.g., on the Medical College Admission Test (MCAT) in which 5-8%
of the material consists of physics concepts, to realize their career goals.

Explicit and implicit societal stereotypes and biases that women internalize about physics
could influence their motivational beliefs, including their physics identity. One common societal
stereotype is that genius and brilliance are important factors to succeed in physics [23]. However,
genius is often associated with boys [169], and girls from a young age tend to shy away from fields
associated with innate brilliance or genius [24]. Studies have found that by the age of six, girls are
less likely than boys to believe they are “really really smart” and less likely to choose activities
that are made for “brilliant people” [24]. These types of stereotypes may continue to negatively
impact women from childhood through college physics courses. In formal (K-12 education in
which teachers and counselors often treat men and women differently and give them differential
advice about courses to take) and informal situations (e.g., while interacting with family, friends,
media and others), women are often made to feel that they cannot excel in physics-related

fields. Additionally, negative societal stereotypes and biases may lead to a “chilly climate” for
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women in science classes, and lack of attention to making science curricula relevant to the interests
of many female students [25]. These issues emanating from structural societal inequities pertaining
to physics can lower the physics motivational beliefs of women compared to men.

Moreover, in prior investigations, researchers have often hinted at the fact that
underrepresentation of women in those courses is likely related to their lower physics motivational
beliefs than men and the gender gap increasing from the beginning to the end of those courses
[26]. However, it is important to investigate whether in physics courses in which women are not
numerically underrepresented, a similar gender gap in physics motivational beliefs exists and
whether these gender gaps get worse from the beginning to the end of the courses. In particular, it
is important to investigate whether numerical overrepresentation of women, e.g., in physics
courses for bioscience majors we focus on here, would eliminate or significantly reduce the gender
gap in physics motivational beliefs at the beginning and end of these courses. If this is not the case,
it may signify that classroom representation alone will not change the pernicious effects of
systemic gender inequities in physics perpetuated by society and bolstered further by the physics
learning environments. It may point to the need to view these gender-gaps as more deep-rooted
than simply due to women’s underrepresentation in a physics course, as well as the need to address
inequities in physics learning environments that exacerbate these gender gaps. Since physics
motivational beliefs can impact student engagement and performance in physics courses and have
the potential to impact their career choices, the deterioration of a gender gap in these courses would
be markers of inequity that must be addressed.

Thus, our study focuses on the hypothesis that male and female students’ physics
motivational beliefs including their identity may be different even in courses in which women are

not underrepresented and the physics learning environment in this situation may also exacerbate
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the situation and make the gender gap worse. Figure 14 shows the schematic representation of the
identity framework for this investigation (identical to the one used for calculus-based introductory
physics courses in which women are outnumbered by men [59]). In this framework shown in
Figure 14, the relation between gender and physics identity is mediated by students’ perceived
recognition, physics self-efficacy, and interest [3, 6, 31, 234, 235]. We note that we have tested
models which also have a direct path from gender to physics identity and we did not find it to be

statistically significant. Therefore, that direct path from gender to physics identity is not shown for

clarity.
Recognition

Figure 14 Schematic representation of the physics identity model and how perceived recognition, self-efficacy,
and interest mediate the relation between gender and identity. From left to right, all possible paths were
considered (including the one from gender to identity, although we do not show it here since we did not find it

to be statistically significant).

In accordance with our framework, we investigated male and female students’ self-
efficacy, interest, and perceived recognition and how these motivational beliefs predict identity in
introductory physics courses for bioscience majors in which women outnumber men. We used
structural equation modeling (SEM) to investigate how the motivational beliefs that comprise

physics identity relate to each other in this model. As noted earlier, it is not clear in the context of
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an introductory physics course in which there are majority women whether there are gender
differences in these motivational beliefs and how perceived recognition, self-efficacy, and interest
mediate male and female students’ physics identity. From a statistical point of view, structural
equation modeling can establish correlations among factors but cannot establish causal effects
[187]. While past models have theorized the directionality between the constructs in Figure 14 in
multiple ways [4, 6, 58], we chose this model because it has the ability to empower instructors so
that they adopt effective practices, understand their role in empowering students, and recognize
and affirm their work. Additionally, physics interest is not fixed and can increase or decrease
depending on students’ perceived recognition and self-efficacy, which in turn are dependent on
how inclusive and equitable the physics learning environment is. Below, we first delineate the
research questions based upon our framework, describe the methodology, then provide results and
discussion and finally conclude with instructional implications and future directions. The
following research questions were answered by analyzing data from a validated survey
administered to students in large algebra-based physics courses at a research university in the US
in which women outnumber men and using mediation analysis via SEM:

RQL. Are there gender differences in the physics motivational beliefs (self-efficacy, interest,
perceived recognition, and identity) and how do they change from the pre-test (at the
beginning of the course) to the post-test (at the end of the course)?

RQ2. Can gender differences in students’ physics identity be explained with gender
differences in physics perceived recognition, self-efficacy, and interest at the end of an

introductory algebra-based physics sequence?
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7.2 Methodology

7.2.1 Participants

The participants who were administered the validated written survey were students at a
large, public, research university in the U.S. The students were administered the survey at the
beginning (pre) and end (post) of the first semester of a two-semester sequence in a traditionally
taught introductory algebra-based physics course in which women outnumber men. We used data
from 501 students who completed the survey on paper in the first week and the last two weeks of
recitation class of about 30 students. The students completed the posttest in the week preceding
the final exam for the course. These courses are typically taken by students primarily majoring in
bioscience in their junior or senior year of undergraduate studies, with approximately 50%-70%
of students expressing a desire to pursue future careers in health professions. The university
provided demographic information such as age, gender, and ethnic/racial information using an
honest broker process by which the research team received the information without knowledge of
the identities of the participants. The gender data provided by the university include only binary
options of “male” and “female”. We recognize that gender is a socio-cultural and a nonbinary
construct; however, the data provided by the university only included binary options (less than 1%
of the students did not provide this information and thus were not included in this study). Based
on the university data from the participants, 35% identified as male and 65% identified as female

students. Thus, female students outnumber male students significantly in this physics class.
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7.2.2 Instrument Validity

The survey items were constructed from items validated by others [170, 175, 236] and re-
validated in our own context using one-on-one student interviews [26], exploratory factor analysis
(EFA), confirmatory factor analysis (CFA) [182], analyzing the Pearson correlation between
different constructs [182], and using Cronbach alpha [176] At the beginning of the survey, students
were instructed to answer the questions on the survey with regard to the physics course they were
in. The survey items asked about different motivational beliefs at the beginning and end of the
course. These motivational constructs included students’ physics identity (1 item), self-efficacy (4
items), interest (4 items), and perceived recognition (3 items). The physics identity question
focuses on whether students see themselves as a physics person [5, 230, 237]. The physics self-
efficacy questions measure students’ confidence in their ability to understand and answer physics
problems [6, 170-172, 230, 236]. The interest in physics questions measure students’ enthusiasm
and curiosity to learn physics and ideas related to physics [171]. The perceived recognition
questions measure the extent to which a student believes that other people see them as a physics
person [230]. The interest questions were adapted from the Activation Lab Survey on science
fascination/interest [171]. The first self-efficacy question was taken from the Peer Instruction self-
efficacy instrument [172]. Three other self-efficacy questions were adapted from Godwin et. al.’s
performance/competence questions with minor changes based upon individual interviews during
the validation of the survey instrument at our institution [6]. The physics identity and perceived
recognition questions were adapted from Godwin et. al. with no fine-tuning required based upon
our interviews as students interpreted the questions as intended [6].

After performing EFA to ensure that the items factored according to different constructs as

envisioned, a CFA was conducted to establish a measurement model for the constructs and used
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in SEM. The square of CFA factor loadings (lambda) indicates the fraction of variance explained
by the factor. The model fit indices were good and all of the factor loadings (lambda) were above
0.50, which indicate good loadings [182]. The results of the CFA model are shown in Table 12.
The Cronbach alpha was used to measure the internal consistency of the items. The Cronbach
alpha is 0.79 for the self-efficacy questions, 0.76 for interest questions, and 0.89 for perceived

recognition questions which are considered reasonable [176].

Table 12 Survey questions corresponding to each of the motivational constructs, along with factor loadings
from the Confirmatory Factor Analysis (CFA) for all students (N = 501). The questions in the study were
designed on a Likert scale of 1 (low endorsement) to 4 (high endorsement) [173]. The rating scale for some of
the self-efficacy and interest questions was NO! no yes YES! while the rating scale for the physics identity and
perceived recognition questions was strongly disagree, disagree, agree, strongly agree. All p-values (of the

significance test of each item loading) are p < 0.001.
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Construct and Item

Lambda

Physics Identity
I see myself as a physics person.

Physics Self-Efficacy

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

I understand concepts | have studied in physics.
If I study, 1 will do well on a physics test.
If I encounter a setback in a physics exam, | can overcome it.
Physics Interest
I wonder about how physics works.
In general, I find physics.}

I want to know everything I can about physics.
| am curious about recent discoveries in physics.
Physics Perceived Recognition
My family sees me as a physics person.

My friends see me as a physics person.

My physics instructor and/or TA sees me as a physics person.

1.00

0.59

0.75

0.76

0.72

0.57

0.75

0.74

0.64

0.89

0.92

0.70

Zero-order pair-wise Pearson correlations r are shown in Table 13. These Pearson r values
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Tthe rating scale for this question was very boring, boring, interesting, very interesting.

signify the strength of the relationship between constructs. The inter-correlations vary in the
strength of their correlation, but none of the correlations are so high that the constructs cannot be
considered separate, consistent with prior studies [59]. The highest inter-correlation was between

physics identity and perceived recognition (0.78), which is consistent with prior studies in



calculus-based courses. Perceived recognition questions ask about external identity (perception of
whether other people recognize an individual as a physics person), whereas the physics identity
question asks about internal identity (whether an individual sees oneself as a physics person) so
there tends to be a high correlation between these constructs. However, the correlation is low

enough that they can be considered separate constructs.

Table 13 Pearson inter-correlations are given between all the predictors and outcomes for the post-test in

Physics 1. All p-values < 0.001.

Pearson Correlation Coefficient

Observed Variable 1 2 3 4

1. Perceived Recognition - -- - -

2. Self-Efficacy 061 -- —
3. Interest 0.60 0.60 -- --
4. Physics Identity 0.78 059 0.62 --

In addition, we preformed item response theory (IRT) in order to check the response option
distances for the survey constructs [177]. The parametric grades response model using STATA
was used to test the measurement precision of our response scale. The two response scales were
“NO! noyes YES!” and “strongly disagree, disagree, agree, strongly agree”. The parametric grades
item response model calculates the location parameter for each response and calculates the
difference between the locations. For the first group (NO! no yes YES!), the response scale
discrimination values were 1.54 and 2.08. For the second set of answers (strongly disagree,
disagree, agree, strongly agree), the response scale discrimination values were 1.51 and 1.26. The
numerical values for the location differences need to be similar, as they are for both of these scales
S0 we can use the means for these values [178]. In addition, we estimated IRT-based domain scores
[177]. The correlation coefficient between the Likert mean scale values for each observed variable
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and the IRT-based domain scores were calculated to be 0.99 between interest questions, 0.98
between self-efficacy questions and 0.99 between perceived recognition and identity questions
[177, 178, 181]. Since the factor scores derived from the IRT are so highly correlated with the
mean score, using mean values for the scores is acceptable when analyzing the data [177, 179,
180]. In particular, because the psychological distance between adjacent response items and across
items was approximately similar and complex factor scores derived from IRT or CFA are so highly
correlated with the mean scores, it is reasonable to use mean scores [177, 178, 181]. Moreover, we

have included frequencies of student responses for each question in Appendix E.

7.2.3 Analysis

Initially, we analyzed data using descriptive statistics and compared female and male
students’ mean scores on various constructs for statistical significance using t-tests and computed
the effect sizes using Cohen’s d [182]. In general, d = 0.20 indicated a small effect size, d = 0.50
indicates a medium effect size, and d = 0.80 indicates a large effect size [182]. For predictive
relationships between different motivational constructs, we used Structural Equation Modeling
(SEM) as a statistical tool by using R (lavaan package) with a maximum likelihood estimation
method [138]. The SEM is an extension of multiple regression. It conducts several multiple
regressions simultaneously between different latent variables (or factors or constructs) in one
estimation model and can have multiple outcome variables. This is an improvement over multiple
regression since it can calculate overall goodness of fit and it allows for all estimates to be
standardized simultaneously. This enables a direct comparison among different structural
components, along with calculations of factor loadings for all factors (or constructs or latent
variables). The SEM also has an option to handle missing data using the full estimation maximum

123



likelihood “ML” estimation feature which improves both power and generalizability since it
imputes missing data so that students only missing some data are not dropped. We report 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
(SRMS). Commonly used thresholds for goodness of fit are as follows: CFI and TLI > 0.90, and
SRMR and RMSEA < 0.08 [139].

The model estimates were performed using gender moderation analysis to check whether
any of the relations between variables show differences across gender by using “lavaan” to conduct
multi-group SEM. Initially, we tested different levels of measurement invariance in the multi-
group SEM model with gender moderation. In each step, we fixed different elements of the model
to equality across gender and compared the results to the previous step using the Likelihood Ratio
Test. Since we did not find statistically significant moderation by gender, we tested the theoretical
model in a gender mediation analysis, using gender as a variable directly predicting all latent

variables to examine the resulting structural paths between constructs.

7.3 Results and Discussion

Pertaining to RQ1, Table 14 and Table 15 show that women had statistically significantly
lower mean values than men for all motivational beliefs in our model. For example, both women's
and men's scores were low in physics identity with women scoring below the negative value (2).
Additionally, when we compare the scores in the pre-test and post-test (Table 16), the scores
significantly change for women’s self-efficacy, interest, and physics identity as well as for men’s

self-efficacy from when they enter the class until the end of the course. These differences increase
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throughout the semester and the gender gap widens by the end as evident from the larger Cohen’s
d values for women in Table 16. This occurs despite the fact that women outnumber men in this
course. In addition, in Appendix E, we provide the percentage of men and women who selected
each response to the questions. This provides a sense of how students shifted their answers from
the pre-test to the post-test. From Table 44 and Table 45, we can see that in general both men and
women shift from higher values to lower values for each motivational factor. For example, in the
perceived recognition and identity questions, most students selected response 2 in the pretest while
most students selected response 2 in the posttest. Additionally from Table 44 and Table 45, for the
self-efficacy and interest questions, the overall trend is that the percentage of students who
answered 3 or 4 decreased from the pretest to the posttest and the percentage of students who

answered 1 or 2 increased from the pretest to the posttest.

Table 14 Mean Pre Predictor and Outcome Values by Gender and Effect Sizes (Cohen's d). All p-values <

0.001.
Mean
Predictors and Outcomes Cohen's d
Men Women
Perceived Recognition 2.19 2.00 0.32
Self-Efficacy 3.07 2.83 0.58
Interest 2.74 2.45 0.58
Physics Identity 2.16 1.87 0.46
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Table 15 Mean Post Predictor and Outcome Values by Gender and Effect Sizes (Cohen’s d). All p-values <

0.001.
Mean
Predictors and Outcomes Cohen's d
Men Women
Perceived Recognition 2.21 1.92 0.43
Self-Efficacy 2.90 2.55 0.66
Interest 2.66 2.27 0.69
Physics Identity 2.03 1.64 0.59

Table 16 Cohen’s d (d) for Men and Women’s Outcomes from the Pre-Test to the Post-Test. Statistical

significance refers to p-values.

Men Women
Predictors and Outcomes
d p-value d p-value
Perceived Recognition 0.05 0.686 0.13 0.128
Self-Efficacy 0.33 0.005 0.54 <0.001
Interest 0.15 0.203 0.34 <0.001
Physics Identity 0.18 0.137 0.34 <0.001

Pertaining to RQ2, we used SEM to investigate the relationships between the constructs

and to unpack each construct’s contribution to explaining the physics identity of women and men.

We initially tested gender moderation between different constructs using multi-group SEM

(between male and female students) and investigated whether the relationships between the

different motivational constructs were different across gender. There were no group differences at

the level of weak and strong measurement invariance, including no difference at the level of
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regression coefficients. Therefore, we proceeded to gender mediation analysis to understand how
gender mediates physics identity at the end of the semester in the introductory physics course.
The results of the SEM are presented visually in Figure 15. The model fit indices indicate
a good fit to the data (acceptable fit thresholds in parentheses): CFI = 0.981 (> 0.90), TLI =0.974
(> 0.90), RMSEA = 0.043 (<0.08), and SRMR = 0.030 (< 0.08). All three of the mediating
constructs (perceived recognition, self-efficacy, and interest) predict physics identity at the end of
the physics course similar to past results [5, 59] in other contexts. Perceived recognition has the
largest direct effect (8 = 0.59) with smaller effects from self-efficacy (£ = 0.12) and interest (5=
0.19). Additionally, gender predicts perceived recognition (P.R.), self-efficacy, and interest.
However, the relation between gender and physics identity is mediated only by the mediating
constructs, and after accounting for these indirect paths, there is no direct path from gender to
identity. In other words, women appear to have a lower physics identity because they have lower
perceived recognition, self-efficacy, and interest. These results are very similar to those for
calculus-based introductory physics courses [59] in which women are severely underrepresented
and the majority of students are engineering majors. In addition, in Appendix F, we present data
for how the factors that predict students’ physics identity also predict students’ science identity.
Although it is not one of our main research questions, Figure 37 shows that physics self-efficacy

also predict students’ science idenity.
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Perceived

Recognition

Figure 15 Result of the path analysis part of the SEM showing mediation between gender and physics identity
through perceived recognition (P.R.), self-efficacy, and interest. The line thickness qualitatively denotes the
relative magnitude of the standardized regression coefficients B shown. All p-values for B are indicated by no

superscript for p <0.001 and “a” for p = 0.013. Gender does not directly predict physics identity.

7.4 Summary, Implications, and Future Directions

In this research involving both descriptive and inferential quantitative analyses, we find
gender gaps in physics motivational beliefs disadvantaging women in mandatory introductory
physics courses for bioscience majors in which women are not outnumbered by men similar to
what has been found earlier in introductory calculus-based courses in which women are severely
underrepresented [5, 59]. In particular, prior research in calculus-based courses in which women
are underrepresented shows that compared to men, women have a greater decrease in their
motivational beliefs, e.g., about whether instructors and TAs see them as people who can excel in
physics [59]. We find that these findings are true even in algebra-based physics courses in which
women are not underrepresented (e.g., both men and women have a mean recognition below the

positive lower threshold, i.e., score of 3, and women score significantly lower than men). Table 14
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and Table 15 show that women had a greater decrease in physics perceived recognition, self-
efficacy, interest and identity compared to men. The inferential analysis using SEM in Figure 15
shows how perceived recognition, self-efficacy and interest mediate students’ physics identity. We
find that the gender differences in students’ perceived recognition, self-efficacy and interest predict
their identity as a person who can excel in physics and the correlations between these motivational
beliefs predicting students’ physics identity are similar to those in calculus-based introductory
courses in which women are underrepresented [5, 59]. Moreover, there is no direct path from
gender to physics identity, similar to the calculus-based courses [59].

Our model provides support for the physics identity framework in a new context and helps
us understand the role of different motivational factors in predicting physics identity of women
and men in algebra-based physics courses where women are not underrepresented. This is
important since identity in a particular discipline is context-dependent and factors that influence
physics identity can relate to each other differently in different contexts. Additionally, the model
shows that TAs and instructors could play a critical role to increase students’ self-efficacy, interest,
and identity in physics. Our findings suggest that women feel less recognized by their instructors
and TAs than men which influence women’s self-efficacy, interest, and identity in physics.

The existence of a gender gap at the beginning of the physics course may be due to a variety
of reasons including societal stereotypes, experiences in previous science courses and lack of
female physics role models in media. The exacerbation of the gender gaps in motivational beliefs
such as physics perceived recognition, self-efficacy, interest and identity from the beginning to the
end of the physics course for bioscience majors may be a sign of inequity and can disadvantage
women in terms of their participation, engagement and outcomes in the physics courses. These

persistent gaps can also impact their choice of majors and future careers in STEM. These increased
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gender gap in these beliefs at the end of the physics courses may signify inequity and non-inclusive
nature of learning environment. These trends in gender gap in physics motivational beliefs are
highly troubling and require further investigation of their cause because they may signify that
classroom representation alone will not change the pernicious effects of systemic gender inequities
in physics perpetuated by society and bolstered further by the physics learning environments. For
example, the increased motivational belief gaps may at least partly be due to physics instructors
and teaching assistants unwittingly reinforcing gender stereotypes about physics and
communicating lower expectations for women. If female students are not given the same type of
positive feedback as male students, this could have a negative effect on perceived recognition and
self-efficacy of women. Changing the narrative, increasing students’ sense of belonging [186] and
making the physics learning environment equitable and inclusive, e.g., by not letting men dominate
the conversations in class and affirming students more when they make progress in the course has
the potential to decrease the gender gap in student's perceived recognition and other motivation
beliefs.

A limitation of our quantitative study focusing on descriptive and inferential quantitative
analysis is that we can only gain insight into the relative values of motivational beliefs of men and
women at the beginning and end of the course and how the relation between gender and physics
identity is mediated by physics perceived recognition, self-efficacy and interest but we cannot
establish causal effects. Therefore, future studies should investigate factors in the physics learning
environment that exacerbate gender gaps in motivational beliefs even in these courses in which
women outnumber men. In addition, future work can investigate approaches to improving student
motivational beliefs in these types of physics courses in which women are not underrepresented

and investigate whether approaches that are effective in these courses would also be effective in
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courses in which women are underrepresented. One potential approach for improving students’
motivational beliefs is through brief social-psychological classroom interventions, e.g.,
mindset/sense of belonging interventions, that have been shown to be effective in boosting

women’s grades in some science courses [151, 152, 185, 186].
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8.0 A longitudinal analysis of women and men’s beliefs in a two-semester introductory

physics course sequence for students on the bioscience track

8.1 Introduction and Theoretical Framework

Domain specific beliefs, e.g., self-efficacy and identity, in science, technology,
engineering, and math (STEM) domains can influence students' participation and persistence in
those fields [43, 117, 118, 155, 156, 238-245]. For example, students were more likely to take
courses or pursue a career in science if they have higher competency beliefs or self-efficacy [32,
39, 41, 155, 156], display higher interest in science [157], or have a higher science identity [54,
158, 159]. However, a gender gap disadvantaging women in student domain specific beliefs [26,
29, 97, 160, 229] has been observed in many STEM courses, including physics courses. Most of
the research in physics has focused on courses in which women are underrepresented. However,
in a study of introductory bioscience courses, in which women made up 60% of the course, women
participated less and did not perform as well as men [246]. These trends may signify gender
inequities in STEM learning environments even when women are not underrepresented. Since
physics is a discipline with one of the worst stereotypes about who belongs in it and can succeed
in it [23], it is particularly important to investigate inequitable gender gaps in beliefs (including
self-efficacy, interest, recognition by others, and identity) in physics courses in which women are
not underrepresented.

Domain-specific identity has been shown to play an important role, particularly in students’
participation in courses and their professional choices [5, 49, 54-57]. Identity in this context refers

to identifying with an academic domain, like physics, or a student’s view about whether they see
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themselves as a “physics person” [2, 5, 61, 230]. Prior studies have shown that it can be more
difficult for women to form a physics identity than men [1-3, 6]. However, most of the prior studies
concerning physics identity and factors that influence it have been conducted in classes in which
women are underrepresented. It is important to investigate physics identity in a variety of classes
and contexts since there can be differences in each given context. For example, in one study on
female undergraduate students, their sense of belonging predicted physics identity for upper-level
students but not for introductory students [58]. Therefore, we investigated physics identity and
student beliefs such as self-efficacy, interest, and perceived recognition (which have been shown
to be related to physics identity in other contexts) in algebra-based physics courses for students on
the bioscience track in which women are not underrepresented.

One factor hypothesized to influence physics identity is self-efficacy. Self-efficacy in a
particular academic domain is defined as a person’s belief that they can succeed in a particular
task, activity, or course related to that domain [27, 28]. According to Badura’s social cognitive
theory, self-efficacy may be derived from four sources: mastery experiences, vicarious learning
experiences, social persuasion experiences, and emotional state [27]. Mastery experience means
that experiences with successful completion of a task should have a strong positive influence on
one's confidence to complete a similar task. Vicarious learning experiences occur when observing
someone else’s success on a task can influence students’ own belief in their ability to perform a
similar task. Social persuasion experiences mean, e.g., that verbal suggestions from others such as
words of encouragement can positively impact one’s self-efficacy. Lastly, one’s emotional state
can act as a mediating source to amplify or undermine one’s confidence in one’s ability. Sawtelle
et. al. found that predicting the probability of passing an introductory physics course for women

relies primarily on the vicarious learning experiences source while it primarily relies on mastery
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experiences for men [31]. Students’ self-efficacy has been shown to impact students’ engagement,
learning, and persistence in science courses as well as contribute to students’ science identity [14,
15, 29-42]. For example, when tackling difficult problems, students with high self-efficacy tend to
view the problems as challenges that can be overcome whereas people with low self-efficacy tend
to view them as personal threats to be avoided [27]. However, in introductory physics courses in
which women are underrepresented, studies have found a gender gap in self-efficacy favoring men
that widens by the end of the course even in interactive engagement courses [29, 43].

Another factor hypothesized to influence physics identity is interest. According to the four-
phase model of interest development [247], people’s interest in a field is triggered and maintained
by external factors first and then becomes a sustained individual interest. Interest in a particular
discipline may affect students’ perseverance, persistence, and achievement [16, 38, 41, 44-46].
One study showed that changing the curriculum to stimulate the interest of the female students
helped improve all of the students’ understanding at the end of the year [47]. Within expectancy
value theory, interest and competency beliefs (closely related to self-efficacy) are connected
constructs that predict students’ academic outcomes and career expectations [48]. We focus on
intrinsic interest, which is an individual’s personal interest and enjoyment in engaging with a topic.

The third factor hypothesized to influence physics identity, perceived recognition, has been
shown to be an important factor [50]. Our prior individual interviews suggest that students’
perceived recognition as a physics person by instructors and teaching assistants (TAs) predicts
their self-efficacy and interest in physics (e.g., see [52, 53]). When women enter STEM fields,
they do not feel validated and recognized as often as men [196-198]. In a study on students’
perception of support, teacher support was more strongly linked to the motivation and engagement

of girls than boys [50]. Hazari et. al. found that in high school physics classes, students' physics
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identity, predicted by students' recognition as a physics person by others, was influenced by
teachers’ social cues, or how teachers’ actions obscured social boundaries between teachers and
students [200]. In another study [201], students who received praise for their intelligence were
more likely to have a fixed mindset and lower levels of task persistence, enjoyment, and
performance than students who received praise for their effort. Prior studies have also shown that
female students are not recognized appropriately even before they enter college [1, 4, 24]. For
example, one of the stereotypical views in science is that it is for high achievers or naturally gifted
students [1], and in general, being a genius or exceptionally smart is attributed to boys [169].

In this study, we use a physics identity framework to investigate whether the relation
between gender and physics identity was mediated by self-efficacy, interest, and perceived
recognition by others longitudinally in introductory physics 1 and physics 2, which are mandatory
for students on the bioscience track. We build on the physics identity framework developed by
Hazari et al., which adapted the science identity framework by Carlone and Johnson [55]. The
science identity framework by Carlone and Johnson [55] includes three dimensions: competence
(“I think T can”), performance (“I am able to do’), and recognition (“I am recognized by others”).
Hazari et al. modified the framework specifically for physics. “Competence” and “performance”
were defined as students’ beliefs in their ability to understand the subject and students’ belief in
their ability to perform physics tasks. Additionally, recognition was framed as recognition by
others as being a physics person. Lastly, a fourth dimension, interest, was added to the framework
since students can have highly varying levels of interest in physics [60, 61]. In recent studies by
Hazari et al. of introductory students, performance and competence are combined into one variable
[58]. In a slightly reframed version of Hazari et al.’s physics identity framework by Kalender et

al. [59] that we use, performance/competence was framed as self-efficacy (closely related to
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competency belief). Figure 16 shows the schematic representation of the model used here. In this
framework, students’ physics identity has been shown to be influenced by their self-efficacy,
interest, and perceived recognition [3, 6, 31, 234, 235].

Stereotypes and biases about who belongs in physics and can excel in it are one of the
absolute worst out of all of the STEM disciplines [23] and this could be impacting women even in
physics courses in which they are not underrepresented. Boys and girls are exposed to these fixed
intelligence views starting from an early age [24]. Prior studies have found that by the age of siXx,
girls are less likely than boys to believe they are “really really smart” and less likely to choose
activities that are made for “brilliant people” [24]. As these students get older, these stereotypes
can negatively impact women. One study found that science faculty members in biological and
physical sciences exhibit biases against female students by rating a male student with an identical
resume to a female student significantly more competent and being more willing to hire the male
student and pay him more [51]. All of these stereotypes and biases can influence female students'
perception of their ability to engage in physics problem solving even before they enter the physics
classroom. Therefore, it is possible that although women are the majority in algebra-based physics
courses for students on the bioscience track, these societal stereotypes can still influence their
outcomes and identity in these courses.

Thus, our study focuses on the hypothesis that male and female students’ physics beliefs
including their physics identity may be different even in courses in which women are not
underrepresented and the physics learning environment in this situation may also exacerbate the
situation and make the gender gap worse. In the research presented here, we used Structural
Equation Modeling (SEM) and a physics identity framework to investigate whether the relation

between gender and physics identity is mediated by self-efficacy, interest, and perceived

136



recognition by others longitudinally in introductory physics 1 and physics 2, which are mandatory
for students on the bioscience track. In the framework used, physics self-efficacy, interest, and
perceived recognition can play important roles in predicting the physics identity. In general, these
beliefs that predict physics identity (i.e., physics self-efficacy, interest, and perceived recognition)
are related to each other. However, it is not clear in the context of a two-semester introductory
physics course sequence in which a majority of the students are women, whether there are gender
differences in these beliefs at the end of the first physics course and the end of the entire two-
semester physics course sequence.

Therefore, we administered a validated survey about physics beliefs in algebra-based
physics courses and used mediation analysis in SEM to investigate progression in physics identity
and beliefs (self-efficacy, perceived recognition, and interest) that mediate the relation between
gender and physics identity in introductory physics 1 and physics 2. We recognize that there can
be multiple statistically equivalent SEM models with the same constructs mediating the
relationship between gender and physics identity. We chose our particular statistically equivalent
SEM model in which perceived recognition precedes self-efficacy and interest in which the
potential instructional implications (positive recognition can play a role in supporting students’
self-efficacy and interest) can empower instructors/teaching assistants to positively recognize
students and make their classes more equitable and inclusive. Thus, our model puts recognition by
instructors and TAs first before self-efficacy and interest. Figure 16 shows the schematic
representation of the physics identity framework for this investigation since no gender moderation
effects were found (identical to the one used for calculus-based introductory physics courses [59]).

We fit the model with the data collected at the end of physics 1 and physics 2, and compare the
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predictive relationships among the constructs in the two courses. Our research questions are as

follows for the study spanning the two-semester course sequence:

RQ1. Are there gender differences in the student physics beliefs (self-efficacy, interest,
perceived recognition, and identity) and do they change from physics 1 to physics 2 for
bioscience students?

RQ2. Can gender differences in students’ physics identity at the end of physics 1 and physics
2 for bioscience students be explained with gender differences in physics perceived
recognition, self-efficacy, and interest?

RQ3. How do the predictive relationships between the student beliefs such as self-efficacy,
interest, and perceived recognition mediate the relation between gender and physics

identity and how do they change between physics 1 and physics 2 for bioscience

students?
‘ Perceived |
Recognition

Figure 16 Schematic representation of the model based on the theoretical framework. From left to right, all

possible paths were considered. Some, but not all, of the regression paths are shown.
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8.2 Methodology

8.2.1 Participants

We analyzed data from a physics belief survey of 563 matched students (the same students
took the survey at the end of physics 1 and 2) that was administered at a large public research
university at the beginning and end of two semesters of introductory algebra-based physics 1 and
2 over the course of two years. The lecture-based physics courses were taught by 5 male instructors
and 1 female instructor in physics 1 and 3 male instructors in physics 2. The classes consisted of
3 hours of lecture per week taught by the instructor and 1 hour of recitation per week taught by a
teaching assistant (TA) (in which, typically, the students could ask questions about the homework
or course material and complete group work). The classes were similar in terms of their grading
policy in that students’ grades heavily consisted of 2-3 midterm exams and a final exam involving
primarily quantitative problems. However, using hierarchical modeling, we found the intraclass
correlation coefficient (ICC) [248], which measures the proportion of the variance in the different
constructs investigated in our model between instructors to be at most 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. We also note that the difference between the course
taught by the female instructor and male instructors was comparable to those between different
male instructors.

These introductory physics courses are typically taken by students on the bioscience track
in their junior or senior year of undergraduate studies, with most students expressing a desire to
pursue future careers in health professions. The university provided demographic information such

as age, gender, and ethnic/racial information using an honest broker process by which the research
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team received the information without knowledge of the identities of the participants. The gender
data provided by the university includes only binary options of “male” and “female”. We recognize
that gender is a socio-cultural and a nonbinary construct, however, we are limited to the binary
data in this study. Based on the university data; the participants were 36% male and 64% female

students.

8.2.2 Instrument Validity

The survey items were constructed from items validated by others [170, 175, 236] and re-
validated in our own context using one-on-one student interviews [26], exploratory factor analysis
(EFA), confirmatory factor analysis (CFA) [182], analyzing the Pearson correlation between
different constructs [182], and using Cronbach alpha [176]. At the beginning of the survey,
students were instructed to answer the questions on the survey with regard to the physics course
they were in. The survey items asked about different beliefs at the beginning and end of the course.
These constructs included students’ physics identity (1 item), self-efficacy (4 items), interest (4
items), and perceived recognition (3 items). The physics self-efficacy questions measured students'
confidence in their ability to answer and understand physics problems [170-172, 230, 236]. The
self-efficacy questions are mainly drawing on students’ mastery experiences. The interest in
physics questions measured students' enthusiasm and curiosity to learn physics and ideas related
to physics [171]. The perceived recognition questions measured the extent to which the students
thought that other people see them as a physics person [230]. The physics identity question
evaluated whether the students see themselves as a physics person [5, 230, 237]. The physics

identity instrument only included one question, which is consistent with past studies since it has
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been challenging to make other questions that factor in this category in exploratory factor analysis
[5, 6, 249, 250].

The questions in the study were designed on a Likert scale of 1 (low endorsement) to 4
(high endorsement) [173]. A lower score is indicative of a negative endorsement of the survey
construct while a higher score is related to a positive belief of the construct. Some of the questions
were reverse coded (e.g., | feel like an outsider in this class). A CFA was conducted to establish a
measurement model for the constructs and used in SEM. The square of CFA factor loadings
(lambda) indicates the fraction of variance explained by the factor. The model fit indices were
good and all of the factor loadings (lambda) were above 0.50, which indicates good loadings [182].
The results of the CFA model are shown in Table 17. The survey questions for each construct and
factor loadings for each question from the CFA are given in Table 17. The Cronbach alpha was
used to measure the internal consistency of the items. The Cronbach alpha is 0.79 for the self-
efficacy questions, 0.76 for interest questions, and 0.89 for perceived recognition questions, which

are considered reasonable [176].
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Table 17 Survey questions corresponding to each of the constructs, along with factor loadings from the
Confirmatory Factor Analysis (CFA) for all matched students (N = 563) in physics 1 and physics 2. The
guestions in the study were designed on a Likert scale of 1 (low endorsement) to 4 (high endorsement) [173].
The rating scale for most of the self-efficacy and interest questions was: NO! no yes YES! while the rating
scale for the physics identity and perceived recognition questions was: strongly disagree, disagree, agree,

strongly agree. All p-values (for the significance test of each item loading) are p < 0.001.
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Lambda
Construct and Item

physics 1 physics 2

Physics Identity
| see myself as a physics person 1.00 1.00
Physics Self-Efficacy

| am able to help my classmates with physics in the laboratory or

o 0.52 0.61
recitation
| understand concepts | have studied in physics 0.67 0.72
If I study, | will do well on a physics test 0.77 0.78
If I encounter a setback in a physics exam, | can overcome it 0.77 0.72
Physics Interest
| wonder about how physics works 0.68 0.70
In general, | find physics' 0.79 0.80
| want to know everything | can about physics 0.79 0.78
| am curious about recent discoveries in physics 0.62 0.74
Physics Perceived Recognition
My family sees me as a physics person 0.86 0.90
My friends see me as a physics person 0.91 0.91
My physics instructor and/or TA sees me as a physics person 0.72 0.69

Tthe rating scale for this question was very boring, boring, interesting, very interesting.
Zero-order pair-wise Pearson correlations of the average values of each construct are given
in Table 18. Pearson’s r values signify the strength of the relationship between variables. The inter-

correlations vary in the strength of their correlation, but none of the correlations are so high that

143



the constructs cannot be separately examined. The only high inter-correlation was the value
between physics identity and perceived recognition (0.83). Perceived recognition questions ask
about external identity, whereas physics identity asks about internal identity so there tends to be a
high correlation between the constructs; however, the correlation is low enough that they can be

considered separate constructs.

Table 18 Pearson inter-correlations are given between all the predictors and outcomes for the post survey in

physics 2. All p-values < 0.001.

Pearson Correlation Coefficient

Observed Variable 1 2 3 4

1. Perceived Recognition - -- - -

2. Self-Efficacy 056 -- —
3. Interest 0.57 059 - --
4. Physics Identity 0.83 056 054 --

8.2.3 Analysis

Initially, we compared female and male students’ mean scores for each construct for
statistical significance using t-tests and for the effect sizes using Cohen’s d [182]. To quantify the
significance and relative strength of our framework’s links, we used Structural Equation Modeling
(SEM) as a statistical tool by using R (lavaan package) with a maximum likelihood estimation
method [138]. SEM s a statistical method consisting of two parts that are completed together; a
measurement part which consists of CFA and a structural part which consists of path analysis. Path
analysis can be considered an extension of multiple regression and conducts several multiple

regressions simultaneously between variables in one estimation model in addition to the
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measurement part involving CFA. This is an improvement over multiple regression since it allows
us to calculate the overall goodness of fit and allows for all estimates to be standardized
simultaneously so there can be a direct comparison between different structural components. We
report 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: CFl and TLI >
0.90, and RMSEA and SRMR < 0.08 [139].

Initially, we performed gender moderation analysis by conducting multi-group 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” [187]. In particular,
our moderation analysis was similar to our mediation model in Figure 16 except there was no link
from gender, instead, multi-group 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 relation 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 () 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 moderation 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
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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
gender mediation analysis).

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
measurement 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 Test [187]. A non-
significant 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 construct) 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”

146



measurement invariance, which determines if survey items have similar factor loadings as well as
similar intercepts [187] for men and women. Similar to weak invariance testing, we compared the
models in which these factors were allowed to vary between groups separately 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 parameters for women and men are set equal, then we must check for differences in the path
analysis part, i.e., regression coefficients () 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 (p).

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
relationship is different for the groups (i.e., the values of the regression coefficients (p) 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 Figure
16). In other words, we can interpret our model the same way for both men and women, and any
gender differences can be modeled using a separate gender variable as in Figure 16.

In our multi-group SEM model, we found a non-significant 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

147



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 O for female)
directly predicting items to examine the resulting structural paths between constructs (a schematic
representation of the path analysis for the gender mediation model is shown in Figure 16). In the
mediation analysis, if there are paths from gender to any of the constructs as we found in our results
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).

8.3 Results

To answer RQ1 we analyzed the means of the beliefs in our model. According to Table 19
and Table 20, women had statistically significantly lower mean values than men in all constructs
in our model. Both women and men scored lowest in physics identity and women scored below 2.
Although we focus on the beliefs at the end of the course, we have included data for students’
beliefs at the beginning (pre) and end (post) of the course in Appendix G (page (note the pre-
survey in physics 1 did not include the identity or perceived recognition constructs and thus in
order to match pre and post survey responses, only data for the second year of survey
administration for physics 1 are included). In addition, the percentages of men and women who

selected each choice for each survey item are included in Appendix H.
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In order to investigate the effect of the introductory physics course on the gender
differences in student beliefs, multiple One-way Analysis of Covariance (ANCOVAS) were
conducted to determine whether there was a statistically significant gender difference in each post
belief controlling for the pre belief. The results show that there was a significant effect of gender
on students’ post interest (F(1, 383) = 1.85 (p = 0.002)), post self-efficacy (F(1, 383) = 1.25 (p =
0.029)), and post perceived recognition (F(1, 382) = 1.96 (p = 0.010)) in physics 1 and on post
interest (F(1, 419) = 0.84 (p = 0.019)) and post identity (F(1, 419) = 1.92 (p = 0.014)) in physics 2
controlling for the pre values in each case.

Table 19 Mean post predictor and outcome values in physics 1 by gender as well as statistical significance (p-
values) and effect sizes (Cohen's d) by gender. 563 matched students are included with 361 women and 202

men. All p-values < 0.001.

Mean
Predictors and Outcomes Cohen's d
Male Female
Perceived Recognition 2.17 1.89 0.45
Self-Efficacy 2.98 2.73 0.50
Interest 2.81 2.37 0.73
Physics Identity 2.08 1.78 0.39
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Table 20 Mean post predictor and outcome values in physics 2 by gender as well as statistical significance (p-
values) and effect sizes (Cohen's d) by gender. 563 matched students are included with 361 women and 202

men. All p-values < 0.001.

Mean
Predictors and Outcomes Cohen's d
Male Female
Perceived Recognition 2.24 1.98 0.39
Self-Efficacy 2.93 2.71 0.42
Interest 2.77 2.29 0.78
Physics ldentity 2.24 1.85 0.46

To answer RQ2, we used SEM to investigate the relationships between the constructs in
physics 1 and physics 2 and to unpack whether the constructs contributed toward explaining the
gender difference in physics identity. We first tested gender moderation between different
constructs using multi-group SEM (between male and female students) to investigate whether the
relationships between the variables were different across gender both for the measurement part
(CFA) and structural part (path analysis) of the SEM. There were no group differences at the level
of weak and strong measurement invariance as well as at the level of regression coefficients.
Therefore, we proceeded to gender mediation analysis, where gender is a precursor, to understand
how the relationship between gender and physics identity is mediated through self-efficacy,
interest, and perceived recognition at the end of the yearlong introductory physics sequence.

The results of the SEM for physics 1 are presented visually in Figure 17. The model fit
indices indicate a good fit to the data (acceptable fit thresholds in parentheses): CFl = 0.977 (>
0.90), TLI = 0.969 (> 0.90), RMSEA = 0.048 (<0.08), and SRMR = 0.033 (< 0.08). All three of
the intervening variables (perceived recognition, self-efficacy, and interest) predict physics

identity at the end of the physics course similar to past models [5, 59]. Perceived recognition has
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the largest direct effect with smaller effects from self-efficacy and interest. In addition to the direct
effect, perceived recognition also indirectly predicts physics identity through self-efficacy and
interest and self-efficacy indirectly predicts physics identity through interest.

Additionally, gender is directly connected to perceived recognition (P.R.), self-efficacy,
and interest. The relation between gender and physics identity was considered initially, however,
the pathway was nonsignificant statistically (and therefore not shown for clarity). The relation
between gender and physics identity is mediated only by the mediating constructs, and after
accounting for these indirect paths, there is no direct path from gender to identity. In other words,
women appear to have a lower physics identity because they have lower perceived recognition,

self-efficacy, and interest.

Perceived . Physics

Recognition Identity

Figure 17 Result of the path analysis part of the SEM with the relationship between gender and physics
identity being mediated through perceived recognition, self-efficacy, and interest for physics 1. The gender
variable was coded as 0 for women and 1 for men. The line thickness qualitatively denotes the relative

magnitude of the standardized regression coefficients gshown. All p-values for gare indicated by no
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superscript for p < 0.001, “a” for p = 0.037, “b” and for p = 0.114. Gender does not directly predict physics
identity.

In order to understand how these relationships change over the introductory physics course
sequence, the results of the SEM for physics 2 are presented visually in Figure 18. The model fit
indices indicate a good fit to the data (acceptable fit thresholds in parentheses): CFl = 0.972 (>
0.90), TLI = 0.963 (> 0.90), RMSEA = 0.055 (<0.08), and SRMR = 0.038 (< 0.08). Similar to the
model in physics 1, all three of the intervening variables (perceived recognition, self-efficacy, and
interest) predict physics identity at the end of the yearlong physics course sequence. The students’
perceived recognition is the strongest predictor of physics identity (B = 0.73). In addition to the
direct effect, perceived recognition also indirectly predicts physics identity through self-efficacy
and interest and self-efficacy indirectly predicts physics identity through interest.

Gender is directly connected to perceived recognition, self-efficacy, and interest similar to
physics 1. Similar to the results shown in physics 1, the relation between gender and physics
identity was considered initially, and the pathway was nonsignificant. Therefore, the relation
between gender and physics identity is mediated only by the mediating constructs, and after
accounting for these indirect paths, there is no direct path from gender to identity. In other words,
similar to physics 1, women appear to have a lower physics identity because they have lower

perceived recognition, self-efficacy, and interest.
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Perceived : Physics

Recognition Identity

Figure 18 Result of the path analysis part of the SEM with the relationship between gender and physics
identity being mediated through perceived recognition, self-efficacy, and interest for physics 2. The gender
variable was coded as 0 for women and 1 for men. The line thickness qualitatively denotes the relative
magnitude of the standardized regression coefficients B shown. All p-values for B are indicated by no
superscript for p < 0.001, “a” for p = 0.003, “b” for p = 0.007 and “c” for p = 0.148. Gender does not directly
predict physics identity.

To answer RQ3, we compared the path analysis results of the SEM model in physics 1
(Figure 17) and physics 2 (Figure 18). Most of the pathways in each model did not change or
changed by a small amount. The exception was that the effect of physics self-efficacy on identity
becomes larger in physics 2 while the effect of physics interest on identity becomes smaller and
nonsignificant in physics 2. We also ran a multigroup SEM analysis using the bootstrap technique
for physics 1 and 2 and compared the regression paths in physics 1 and physics 2 using confidence

intervals. The confidence intervals for each regression pathway are shown in Table 21. A prior

study [251] suggests that the difference is statistically significant (p < 0.05) when the overlap of

153



the 95% confidence intervals is no more than about half the average margin of error, that is when
proportion overlap is about 0.5 or less. We use this rule to compare the regression paths in physics
1 and physics 2. For example, when comparing the confidence intervals for the regression pathway
from perceived recognition (P.R.) to identity, the confidence interval is (0.79, 0.98) for physics 1
and (0.76, 0.93) for physics 2. The midpoint of the first confidence interval is 0.89, which is lower
than the upper bound of the second confidence interval. Thus, the proportion of overlap between
the confidence intervals is more than 0.5 and the regression pathways between physics 1 and 2 are
not statistically significantly different from one another. None of the differences in the confidence
intervals of the regression pathways (shown in Table 21) are statistically significantly different
from one another and thus none of these regression pathways for physics 1 and physics 2 are

statistically significantly different from one another.
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Table 21 Confidence intervals for each regression pathway in physics 1 and physics 2. C.1 is the confidence
interval, P.R. is perceived recognition, Lower is lower bound and Upper is the upper bound. The proportion
of averlap is above 0.5 for each of the regression pathway confidence intervals, and thus the regression

pathways are not statistically significantly different from one another.

Physics 1 Physics 2
Regression Path

C.l. Lower  C.l. Upper C.l Lower C.1. Upper

P.R -> Self-efficacy 0.27 0.40 0.27 0.39
P.R. -> Interest 0.26 0.46 0.25 0.45
Self-efficacy -> Interest 0.42 0.79 0.45 0.83
P.R. -> Identity 0.79 0.98 0.76 0.93
Self-efficacy -> Identity -0.03 0.28 0.06 0.37
Interest -> Identity 0.01 0.21 -0.03 0.16

8.4 Summary and Discussion

In this study, we investigated women’s and men’s physics beliefs longitudinally in a two-
semester introductory physics course sequence for students on the bioscience track. While other
studies have investigated physics identity and other student beliefs in calculus-based physics
courses in which women are underrepresented [59, 62], physics identity has not been investigated
in physics courses in which women are not underrepresented. This new context is important since
students’ physics identity is context dependent and the factors that predict physics identity in a
calculus-based physics course may not be the same in a course for students on the bioscience track.

For example, in one recent study on female undergraduate students' physics identity, sense of
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belonging predicted physics identity for upper level students but not for introductory students [58].
Therefore, researchers have called for this type of research to be conducted in multiple contexts
[58].

We find gender gaps in the beliefs disadvantaging women in both semesters of the physics
course sequence. This finding is similar to prior research in calculus-based introductory physics
courses in which women are underrepresented [59]. However, men’s and women’s beliefs do not
significantly decrease over the course of the physics course sequence for students on the bioscience
track, unlike in calculus-based physics courses (in which women’s beliefs decrease more than
men’s) [26]. One potential reason is that women are not underrepresented in the physics courses
for students on the bioscience track. However, gender inequity is maintained in these traditional
lecture-based courses in which no explicit equity-related efforts are made, signifying that the
learning environment is not equitable and inclusive. In addition, controlling for students’ pre
belief, gender differences were found in students' self-efficacy, interest, and perceived recognition
at the end of physics 1 and in students’ identity and interest at the end of physics 2.

One hypothesis for the gender gap in these constructs (indicated by women’s lower scores)
is that women may be affected by previous experiences, stereotypes, and biases about who belongs
in physics and who can excel in it, which can accumulate over their lifetime and in the absence of
an equitable and inclusive learning environment, the gender gaps are maintained. For example,
when validating this survey with individual interviews, women often noted that when they asked
questions to their physics instructor or TA, they responded by saying that the questions were trivial,
easy, or obvious. This made them feel stupid and feel like their questions were devalued, often in
front of their peers. Some of them also acknowledged that they never asked another question after

that. These types of interactions show the important role that instructors/TAs play in ensuring that
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women do not feel disparaged and positively recognizing them and helping them feel like they
belong in the physics classes. While the instructor or TA may not have meant to belittle women
and could have responded with this type of response to anyone who asked those questions, the
societal stereotypes, and biases about who belongs in physics and can excel in it, particularly
impact women’s interpretation of these types of negative interactions. What instructors and TAs
must internalize is that what is important is not their intentions but the impact they have on the
students. We hypothesize that these gender gaps that persist through the two-semester introductory
physics course sequence, even though women are not underrepresented in these courses, may
signify the impact of deep-rooted societal stereotypes and biases pertaining to physics as well as a
non-inclusive and inequitable culture of these physics classes that do not focus on uprooting these
inequities.

Moreover, we find that our identity model using SEM for the two-semester introductory
physics sequence suggests that perceived recognition, self-efficacy, and interest predict students’
physics identity in a qualitatively similar manner in physics 1 and physics 2. This model is similar
to models in past studies [5] and calculus-based physics courses in which women are
underrepresented [58, 59, 62]. Our findings also suggest that perceived recognition as a physics
person by others is the strongest predictor of physics identity and gender differences in perceived
recognition disadvantage women’s physics identity in both physics 1 and physics 2.

The strong contribution of perceived recognition in predicting physics identity throughout
the two-semester course sequence shows that TAs and instructors can play a critical role to increase
students’ physics self-efficacy, interest, and identity. We note that the physics 1 and physics 2
courses in this study were traditionally taught lecture-based physics courses in which student

grades heavily depended on two or three midterm exams and a final exam. The courses consisted
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of 3 hours of lecture per week taught by the instructor and 1 hour of recitation per week taught by
a TA. It is important to recognize that even in these traditional lecture-based courses, students
often receive feedback from their instructors in multiple ways, including receiving praise for
asking or answering a question in class (which often advantages male students since they dominate
these situations) and their interactions with students during office hours or over email. In addition,
students interact with their TAs in recitation by asking questions about the homework or class
material at the start of recitation, when completing group work during recitation, and during the
TA’s office hours. However, the gender differences in these beliefs throughout the two-semester
course sequence suggest that physics instructors and TAs are not doing enough to create an
equitable and inclusive learning environment. Our view of an equitable and inclusive learning
environment is that it should provide adequate support to all students and close the initial gaps,
e.g., in the beliefs of students from different demographic groups such as female and male students
discussed here. The focus on inclusivity of the learning environment is important since one study
showed that the student perception of the inclusivity of the physics learning environment,
consisting of students’ perceived recognition, sense of belonging, and perception of the
effectiveness of interaction with their peers predicted students’ physics beliefs at the end of the
course [62]. Thus, instructors and TAs should strive to make the learning environment in their
classes equitable and inclusive.

One study showed that incorporating discussion sessions about the underrepresentation of
women in physics improved women’s physics identities [252]. In addition, explicitly holding
everyone to the same standards, not letting men dominate the conversations in class or office hours,
and explicitly praising women when they do well or make progress on various components of the

class could help decrease the gender gap in students' perceived recognition while also boosting
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their self-efficacy and interest. One strategy to increase students’ recognition by instructors is to
offer opportunities for student-centered learning where students can serve as leaders in problem
solving and encouraging students to persist in their efforts by normalizing struggle and framing
struggle as an important stepping stone to learning and developing a solid grasp of physics [60].

It is especially important for instructors to focus on equity and inclusion when
implementing active-learning pedagogy. For example, one study showed that teacher practices,
including their encouragement of cooperative activities in an inclusive environment, were related
to students’ engagement in the course [221]. In particular, if active-engagement pedagogies are
not implemented using teaching strategies that are equitable and inclusive, men have been shown
to not only dominate responding to questions in class but also while working in groups which can
lower women’s self-efficacy [219]. Additionally, instructors can improve equity and inclusion in
their courses by making their courses student-centered, e.g., by adopting pedagogy that focuses on
societal implications of physics [47] in addition to providing mentoring/support for students who
are underrepresented [253]. Short social-psychological classroom interventions, e.g., sense of
belonging and mindset interventions, have also been shown to positively impact students from
underrepresented groups including women [151, 152, 185, 186]. Beyond the physics classroom,
informal science activities, like participation in science fairs or talking science with family and
friends could increase students’ physics identity in college [254].

In summary, even in physics courses in which women are not underrepresented, women
have lower physics beliefs, including physics identity than men. While having a larger cohort of
women helps these constructs stay relatively similar over the two-semester course sequence
compared to calculus-based courses [26], negative stereotypes about who belongs in physics and

can excel in it disadvantage women throughout the yearlong physics sequence, hinting at lack of
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effort to create an equitable and inclusive learning environment in these physics classes. Instructors
and TAs must make concerted efforts to not let men dominate in class and create a learning
environment that emphasizes recognizing and validating all their students in these physics courses,
particularly women and other underrepresented students who have been stigmatized due to societal

stereotypes and biases about physics for too long.

8.5 Limitations

One limitation of our study is that we did not measure whether the students in these courses
internalized the societal stereotypes and biases about who belongs in physics and can excel in it
based upon their gender. However, since these stereotypes and biases are in multiple facets at every
stage of life, at least some of the women in the introductory physics classes may be impacted by
the stereotypes. Future studies would investigate how female and male students endorsing gender-
based stereotypes pertaining to physics impacts their beliefs in these courses. Additionally, we
note that the physics 1 and physics 2 courses in this study were traditionally taught lecture-based
physics courses in which there were 3 hours of lecture per week taught by the instructor, 1 hour of
recitation per week taught by a TA and student grades heavily depended on midterm exams and a
final exam. In these lecture style courses, students may receive positive or negative recognition
from their instructor in different ways, e.g., the instructor may praise students who answer or ask
questions during lectures. In addition, the students can ask the TA questions during recitation about
homework or group work they need to complete. The male students often dominate in these
situations. However, there were no research-based active engagement strategies used in the

classroom. Therefore, it would be beneficial to investigate these student beliefs in courses in which
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active engagement strategies are used. In particular, it would be useful to investigate how these
findings are impacted by research-based active engagement courses in which there is no explicit
focus on equity and inclusion and also those in which equity and inclusion are at the center. Also,
physics identity is context dependent and thus may not be generalizable across institutions of
different types. Thus, studies that investigate physics identity and other beliefs related to it such as
the one presented here for different student populations should be conducted, e.g., at different types

of institutions including four-year colleges, community colleges, and minority serving institutions.
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9.0 Self-efficacy and perceived recognition by peers, instructors, and teaching assistants in

physics predict bioscience majors’ science identity

9.1 Introduction

Students’ science, technology, engineering, and mathematics (STEM) related motivational
beliefs, e.g., self-efficacy and identity, have implications for their short and long-term outcomes
in those disciplines regardless of their performance. Identity frameworks in STEM disciplines have
been used to explore undergraduate students’ participation in college classes and career outcomes
[5, 49, 55-57, 255-257]. For example, in a study by Stets et.al., students with a higher science
identity were more likely to enter a science occupation after college [54]. In addition, students on
the pre-medical or pre-health track are more likely to have higher STEM identity and perceived
recognition by others than their peers [165]. However, students on these tracks and bioscience
majors, in general, are required to take physics courses for their major, and prior research suggests
that it can be more challenging for women to form a physics identity than men [1, 3, 6]. While
women are not underrepresented in these physics courses for bioscience majors, there may still be
a gender gap in the motivational beliefs of students in the course. In a study on introductory
bioscience courses, where women made up 60% of the enrollment of the courses, women
participated less and underperformed on exams compared to the men in the courses [246].
Moreover, many bioscience majors take physics courses in their junior or senior year and the
evolution in students’ motivational beliefs in the physics courses could also influence their overall
science identity aligned with their major as well as future science pathways. Therefore, it is

important to understand the connection between bioscience majors’ motivational beliefs in
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mandatory science courses, e.g., physics, and their overall science identity in order to contemplate
multiple pathways to boost their science identity.

Science identity in this context refers to identifying with science or a student’s view about
whether they see themselves as a “science person”[2, 5]. The science identity framework by
Carlone and Johnson [55] includes three dimensions: competence (“I think I can”), performance
(“T am able to do”), and recognition (“I am recognized by others). Hazari et al. modified the
framework specifically for physics. “Competence” and “performance” were defined as students’
beliefs in their ability to understand the subject and students’ belief in their ability to perform
physics tasks. Additionally, recognition was framed as perceived recognition by others as students
who can excel in physics. Lastly, a fourth dimension, interest, was added to the identity framework
[60, 61]. Also, competence and performance were later combined into a single construct, self-
efficacy or competency belief. In this framework, students’ physics identity was found to be
influenced by their self-efficacy, interest, and perceived recognition [3, 4, 6, 62, 234]

Self-efficacy (closely related to competency belief) is defined as a person’s motivational
belief that they can succeed in a particular activity or course [27, 28]. It has been shown to impact
students’ engagement, learning, and persistence in science courses [30, 31, 33, 34, 40, 42]. In
particular, students with high self-efficacy are more likely to enroll in more challenging classes
because they view difficult problems as challenges they can overcome as opposed to threats to be
avoided [27]. However, in introductory physics courses in which women are underrepresented,
studies have found a gender gap in self-efficacy favoring men that widens by the end of the course
[29, 43].

Another motivational belief hypothesized to influence identity in a particular discipline,

interest, may also affect students’ perseverance, persistence, and achievement [16, 38, 41, 44-46].
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One study showed that changing the curriculum to stimulate the interest of the female students
helped improve all students’ understanding at the end of the year [47]. Within expectancy-value
theory, interest and competency beliefs are connected constructs that predict students’ academic
outcomes and career expectations [48].

The third factor influencing identity, perceived recognition by others, has been shown to
be an important factor in motivation [50]. In one study, students’ perception of teacher recognition
and support was more strongly linked to the motivation and engagement of girls than boys [50].
Studies have shown that female students are not recognized appropriately even before they enter
college [1, 4, 24]. For example, one of the stereotypical views is that science is for high achievers
or naturally gifted students [1], and in general, being a genius or exceptionally smart is attributed
to boys [169]. Boys and girls are exposed to these fixed intelligence views starting from an early
age [24]. These views impact recognition by others. One study found that science faculty members
in biological and physical sciences exhibit biases against female students by rating male students
significantly more competent even when the accomplishments of the hypothetical female and male
students were identical [51]. Thus the science identity of women in college science courses can be
negatively impacted by their lower perceived recognition by others [140].

All three of these factors (self-efficacy, interest, and perceived recognition) play an
important role in identity formation. However, identity can be context dependent [56] and thus a
student’s physics identity is not the same as their overall science identity aligned more with their
disciplinary major. For example, bioscience majors may answer survey questions about their
science identity based on their identity aligned primarily with their disciplinary major while
physics identity is likely to be aligned with their views of physics and associated courses. However,

since physics is also a science domain, it is possible that a positive or negative change in students’
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physics identity in a course will also impact students’ science identity. For example, in one study,
first-year college students’ math and physics identities were important predictors of their
engineering critical agency and identity [6]. Since physics self-efficacy, perceived recognition by
others, and interest that contribute to physics identity could also impact students’ overall science
identity aligned with students’ disciplinary major, these connections are important to investigate
as they may provide additional pathways for boosting students’ overall science identity.
Here we use the framework in which self-efficacy, interest, and perceived recognition play
a central role in identity formation. Figure 19 shows a schematic representation of the path analysis
part of the model in this study. In particular, we administered a motivational beliefs survey to
students at the end of an algebra-based physics course sequence for bioscience majors and used
mediation analysis in structural equation modeling (SEM) to investigate how physics self-efficacy,
interest, and perceived recognition predict physics identity as well as the overall science identity
aligned more with students’ disciplinary major. In this study, we answer the following research
questions.
RQ1. Are there gender differences in students’ motivational beliefs (physics self-efficacy,
interest, perceived recognition, and identity, and overall science identity)?
RQ2. To what extent can the components of student physics identity (i.e., self-efficacy,
perceived recognition, and interest) predict students’ overall science identity?

RQ3. What is the covariance between the physics identity and overall science identity?
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Figure 19 Schematic representation of the path analysis part of the model based on the theoretical

framework. From left to right, all possible paths were considered. The regression paths from gender to

physics identity or science identity are not shown since we did not find them to be statistically significant in

our analysis.

9.2 Methods

9.2.1 Participants

The study was conducted at a large, public research university. We analyzed the results

from responses to motivational beliefs survey administered to 873 students who took the survey at
the end of the semester in an introductory algebra-based physics 2 course over two years. This
research was carried out at the University of Pittsburgh in accordance with the principles outlined

in the institutional review board (IRB) ethical policy. All interviewed participants provided oral
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consent for this research. This class is taken by bioscience majors for whom both physics courses
in this sequence are mandatory and is usually taken in their junior or senior year of undergraduate
studies. Both physics courses in this sequence were traditionally taught with lectures as the primary
mode of instruction with a few clicker questions per week. The university provided demographic
information such as age, gender, and ethnic/racial information using an honest broker process by
which the research team received the information without knowledge of the identities of the
participants. The gender data provided by the university includes only binary options of “male”
and “female” for students. We recognize that gender is a socio-cultural and nonbinary construct;
however, we are limited to the binary data provided by the university in this study. Based on the

university data, 38% of the participants identified as male and 62% as female students.

9.2.2 Instrument Validity

The motivational belief survey instrument used in this study is a validated instrument. This
study focused on students’ physics self-efficacy, interest, perceived recognition, and identity as
well as their overall science identity for the students enrolled in the physics 2 course using the
validated survey. The physics self-efficacy questions measured students’ confidence in their ability
to solve and understand physics problems [170-172, 230]. The interest in physics questions
measured students’ enthusiasm and curiosity to learn physics and ideas related to physics [171].
The perceived recognition questions measured the extent to which the students thought that other
people see them as a physics person [230]. The science identity question evaluated whether the
students see themselves as a science person. The physics identity questions evaluated whether the
students see themselves as a physics person [230]. The physics and science identity instruments

only included one question, which is consistent with past studies since it has been difficult to make
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other questions that factor in this category in exploratory factor analysis [5, 6, 249, 250]. The
questions in the study were designed on a Likert scale of 1 (low endorsement) to 4 (high
endorsement) [173].

The survey was adapted from previous research [170, 175] and questions were re-validated
in our own context using Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis
(CFA), one-on-one student interviews [26], and Pearson Correlations. In order to test the reliability
of the survey, we calculated Cronbach alpha [176]. The survey questions for each construct and
factor loadings (lambda) for each question are given in Table 22. During one-on-one interviews,
bioscience majors noted that their overall science identity was mostly aligned with their
disciplinary major.

Table 22 Survey questions for each of the motivational constructs along with factor loadings (lambda) from
the Confirmatory Factor Analysis (CFA) result for all students (N = 873). The rating scale for most of the
self-efficacy and interest questions was NO! no yes YES! while the rating scale for the physics identity and

perceived recognition questions was strongly disagree, disagree, agree, strongly agree. All p-values (showing

statistical significance for each factor loading) are < 0.001.
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Construct and Item Lambda

Science Identity

I see myself as a scientist. 1.00

Physics Identity
I see myself as a physics person. 1.00

Physics Self-Efficacy

I am able to help my classmates with physics in the laboratory or recitation. 0.61
I understand concepts | have studied in physics. 0.70
If I study, | will do well on a physics test. 0.74
If I encounter a setback in a physics exam, | can overcome it. 0.69

Physics Interest

I wonder about how physics works. 1 0.69
In general, | find physics. 0.79
I want to know everything I can about physics. 0.78
I am curious about recent discoveries in physics. 0.72

Physics Perceived Recognition

My family sees me as a physics person. 0.91
My friends see me as a physics person. 0.91
My physics instructor and/or TA sees me as a physics person. 0.68

T The rating scale for this question was very boring, boring, interesting, very interesting.
T The rating scale for this question was never, once a month, once a week, every day.
The pair-wise Pearson correlations are given in Table 23. Pearson’s r values signify the

strength of the relationship between variables. The inter-correlations vary in the strength of their
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correlation, but none of the correlations are so high that the constructs cannot be separately
examined. The highest intercorrelation was the value between Physics Identity and Perceived
Recognition (0.82). Perceived recognition questions ask about external identity (perception of
whether other people recognize an individual as a physics person), whereas the physics identity
question asks about internal identity (whether an individual sees oneself as a physics person) so
past research has found a high correlation between these constructs [5, 6, 59, 62]. However, the
correlation is low enough that they can be considered separate constructs [258]. Furthermore, the
correlations between the physics-specific constructs (perceived recognition, self-efficacy, interest,
and physics identity) are stronger than the correlations between them and science identity. In
addition, Cronbach alpha was used to measure the internal consistency of the items. The Cronbach
alpha is 0.78 for the self-efficacy questions, 0.83 for interest questions, and 0.87 for perceived

recognition questions which are considered reasonable [176].
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Table 23 Pearson inter-correlations are given between all constructs based upon student responses to the

motivational beliefs survey at the end of physics 2.

Pearson Correlation Coefficient

Observed Variable 1 2 3 4

1. Perceived Recognition  -- -- -- -

2. Self-Efficacy 057 - -- --
3. Interest 0.57 058 -- -
4. Physics Identity 0.82 058 056 --
4. Science Identity 0.23 0.26 0.24 0.21

9.2.3 Analysis

We first compared female and male students’ mean scores for all predictors (self-efficacy,
perceived recognition, and interest) and outcomes (physics identity and overall science identity)
for statistical significance using t-tests and for the effect size using Cohen’s d [182]. Cohen’s d is
d = (tm — Ur)/ Opootear Where py, is the average score of male students, u, is the average score
of female students, and a,,,4¢4 is the pooled standard deviation for all students. To quantify the
statistical significance and relative strength of our framework’s links (see Figure 14), we used
Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) [259]. The
SEM is an extension of the multiple regression, which affords conducting several multiple
regressions simultaneously between variables in one estimation model (with the possibility of
multiple outcomes, e.g., both physics and science identities). This is an improvement over multiple
regression since it allows us to calculate the overall goodness of fit and allows for all estimates to

be standardized simultaneously so there can be a direct comparison between different structural
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components. We report model fit for SEM by using the Comparative Fit Index (CFl), Tucker-
Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA), and Standardized Root
Mean Square Residuals (SRMS). Commonly used thresholds for the goodness of fit are as follows:
CFland TLI > 0.90, and SRMR and RMSEA < 0.08 [139].

The model estimates were performed using moderation analysis to check whether any of
the relations between variables show differences across gender by using “lavaan” to conduct multi-
group SEM [187] Initially we tested different levels of measurement invariance in the multi-group
SEM model with gender moderation. In each step, we fixed different elements of the model to
equality across gender and compared the results to the previous step using the Likelihood Ratio
Test [187]. Since we did not find significant moderation by gender, we tested the theoretical model
in mediation analysis, using gender as a variable directly predicting all constructs (physics self-
efficacy, perceived recognition, interest and identity, and overall science identity) to examine the

resulting structural paths between constructs.

9.2.4 Results and discussion

In relation to RQ1, women had statistically significantly lower mean values than men for
all constructs in our model, including science identity (Table 24). Both women and men scored
lowest in physics identity and women scored in the negative range (i.e., a score of 2 which
corresponds to “disagree”). One hypothesis for the gender gap in these constructs (indicated by
their lower scores in Table 24) is that women may be affected by previous experiences, stereotypes,
and biases about who belongs in physics and science in general and who can excel in it, which can
accumulate over their lifetime. Table 24 shows that the gender gaps remain at the end of physics
2. Itis also clear from Table 24 that both female and male students’ science identity is on average
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higher than their physics identity. This is reasonable since interviews with some of the students
suggest that bioscience majors’ overall science identity is closely tied to their disciplinary major

and they saw themselves as scientists primarily because of their interest in bioscience.

Table 24 Mean construct values by gender as well as statistical significance (p-values) and effect sizes

(Cohen's d) by gender. No superscript means p-values are < 0.001 and superscript “a” means p-value = 0.006.

Mean
Predictors and Outcomes Cohen'sd
Male Female
Perceived Recognition 2.24 1.98 0.39
Self-Efficacy 2.94 2.73 0.40
Interest 2.77 2.31 0.73
Physics Identity 2.18 1.86 0.44
Science Identity 3.02 2.86 0.19%

After analyzing descriptive statistics, we used SEM to investigate the relationships between
the constructs and to unpack whether the constructs contributed toward explaining student physics
identity and science identity. We initially tested gender moderation between different constructs
using multi-group SEM (between male and female students) to see if the relationships between the
motivational beliefs were different across gender. There were no group differences at the level of
weak and strong measurement invariance including no difference at the level of regression
coefficients. Therefore, we proceeded to gender mediation analysis to understand how gender
mediates physics identity at the end of the yearlong introductory physics sequence.

The results of the SEM are presented visually in Figure 20. The model fit indices indicate
a good fit to the data (acceptable fit thresholds in parentheses): CFI = 0.964 (> 0.90), TLI = 0.952

(> 0.90), RMSEA = 0.058 (<0.08), and SRMR = 0.038 (< 0.08). The solid lines represent
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regression paths and the regression coefficients (3) represent the strength of the regression relation.
All three of the intervening variables (perceived recognition, self-efficacy, and interest) predict
physics identity at the end of the yearlong physics course sequence, similar to past models [5, 59].
Perceived recognition has the largest direct effect on physics identity with smaller effects from
self-efficacy and interest. In response to RQ2, we find that students’ science identity is predicted
by physics self-efficacy and perceived recognition with student self-efficacy in physics having the
largest direct effect on science identity (0.20). For bioscience majors, this physics 2 course is the
second of the two physics courses they take, usually in their junior or senior year. In addition,
gender is directly connected to perceived recognition (P.R.), self-efficacy, and interest. The
relations between gender and both science identity and physics identity are mediated by the
intervening variables and gender does not directly predict either science identity or physics
identity. Thus, women have a lower physics and science identity because they have lower self-
efficacy, perceived recognition, and interest. In response to RQ3, we investigated the covariance
(dashed lines) between science and physics identity and find that science identity and physics
identity covary with one another (0.21). Thus, while students’ overall science identity and physics

identity are not the same construct, they could influence one another in meaningful ways.
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Figure 20 Result of the path analysis part of the SEM with mediation between gender and science/physics
identity through physics perceived recognition (P.R.), self-efficacy, and interest. The line thickness
gualitatively denotes the relative magnitude of the standardized regression coefficients g shown. The dashed
lines indicate covariance. All p-values for g are indicated by no superscript for p < 0.001, “a” for p = 0.004,

“b” and for p = 0.010.

9.2.5 Summary and implications

In physics courses that bioscience majors are required to take for their major, women
have lower mean values in their motivational beliefs than men (Table 24). It is important to note
that there was a high correlation between students’ physics perceived recognition and physics
identity (Table 23), however, that is consistent with past research [5, 6, 59, 62]. In addition, the

science and physics identity constructs included one question which is consistent with past studies
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since it has been challenging to make other questions that factor in this category in exploratory
factor analysis [5, 6, 249, 250].

In our model, we found that some of the motivational beliefs that predict physics identity
also predict science identity at the end of the course. The identity model in Figure 20 shows the
relationship between the predictors (self-efficacy, perceived recognition, and interest) and
students’ physics and science identities. In particular, we find that at the end of a two-semester
mandatory physics course sequence, bioscience majors’ physics self-efficacy and perceived
recognition not only predicted their physics identity but also their overall science identity primarily
aligned with their disciplinary major. The model suggests that physics TAs and instructors can
potentially play an important role in increasing not only students’ physics identity but also their
overall science identity, since perceived recognition by them in the physics course predicts science
identity. It is important to note that physics self-efficacy also predicts science identity even though
the students’ overall science identity is more closely related to their bioscience identity. These
relations between physics self-efficacy and perceived recognition and the overall science identity
of bioscience majors suggest interdisciplinary connections that may provide additional pathways
for boosting students’ science identity aligned with their major, for example, by enhancing their
self-efficacy and perceived recognition in their other mandatory science courses such as physics.
Some ways instructors can build these interdisciplinary connections is by providing examples and
problems in class that connect physics concepts with bioscience concepts. For example, in the
introductory physics lab course, there are several labs about bioscience concepts including those
focusing on the physics of human eyes, electrocardiogram (EKG or ECG), blood pressure, and

viscosity measurements that help students build connections between physics and bioscience.
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Since science identity has the potential to influence students’ persistence in science careers, it is
important for physics instructors to employ approaches that improve students’ science identity.

We also find covariance (0.21) between the overall science identity and physics identity
which may be useful for devising strategies for boosting students’ science identity and career
aspirations. Since physics 2 is usually taken in the students’ junior or senior year, it is one of the
last non-major STEM courses they take before they graduate. Therefore, physics instructors and
TAs may have the opportunity to improve students’ science identity by recognizing and affirming
their students positively for making progress. Furthermore, at the end of a traditionally taught two-
semester mandatory physics course sequence, we find that on average, women majoring in
bioscience had lower physics self-efficacy, perceived recognition, physics identity, and overall
science identity aligned with their disciplinary major than men even though women were not
underrepresented in the physics course. One possible reason is that the societal stereotypes and
biases pertaining to who can excel in physics can impact women who are exposed to these
stereotypes and biases from an early age through differential upbringing, media coverage, K-12
education, and the culture of college physics classes. Moreover, although both men and women
had an average perceived recognition below the positive lower threshold (score of 3 corresponding
to “agree”), women’s averages were lower than men’s. The fact that women feel less recognized
by their instructors and TAs than men could influence women’s self-efficacy, interest, and identity
in physics in particular and science in general.

Physics instructors may unwittingly reinforce gender stereotypes about physics and
communicate lower expectations for female students in physics classes. By not letting men
dominate the conversations in class and explicitly praising effort and affirming women when they

do well/achieve in the class, the gender gap in students’ perceived recognition could be decreased.
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This is especially important when implementing active learning pedagogy in the classroom. If not
implemented using teaching strategies that are equitable and inclusive, the gender gap in the
courses may increase [92]. In prior studies, men have been shown to dominate responding to
questions in class and women have reported lower scientific self-efficacy [219]. Moreover,
instructors should be careful not to say that problems are “trivial”, “easy” or “obvious” when
students’ ask them for help after trying their best because otherwise female students are more likely
to feel disparaged (or negatively recognized). Another way to improve the learning environment
in science courses is through classroom interventions, which have been shown to eliminate the
gender gap in performance and also have the potential to positively impact the motivational beliefs

of students [151, 152, 185, 186].
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10.0 Role of inclusiveness of learning environment in predicting students’ outcomes in

courses in which women are not underrepresented

10.1 Introduction and Theoretical Framework

In the past few decades, there has been a focus on the experiences and participation of
women in many science, technology, engineering, and math (STEM) fields [115, 145, 149, 153,
260, 261]. Some research studies have focused on students’ beliefs in different STEM domains
which can influence students’ continuation in related courses, majors, and careers [43, 118, 156,
238, 240, 242, 245]. Some of these studies that focus on women and ethnic and racial minority
students in physics show that they, in general, have lower beliefs and grades than men [1-3].
Inequitable outcomes like this may be a result of inequitable access to resources, inadequate
support, and inequitable learning environments.

Our conceptualization of equity in learning includes three pillars: equitable opportunities
to learn, equitable and inclusive learning environments, and equitable outcomes. Equity in learning
would require all students to have equitable opportunities and access to resources and that students
have an equitable and inclusive learning environment with appropriate support and mentoring so
that they can engage in learning in a meaningful and enjoyable manner. Equitable learning
outcome means that students from all demographic groups (e.g., regardless of their gender identity,
etc.) who have the pre-requisites to enroll in courses have comparable learning outcomes. This
conceptualization of equitable outcome is consistent with Rodriguez et. al.’s equity of parity model
[72]. We note that equitable and inclusive learning environments and equitable outcomes are

intricately tied to each other.
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The formation and development of students’ science identity have been a focus of many
prior studies [4, 5, 262-265]. Science identity is defined as identifying with academic domains in
science, i.e., whether students see themselves as science people [2, 5, 266] or those who can excel
in science. Students’ identity in STEM disciplines has been shown to play an important role in
their in-class participation and choices of majors and careers [49, 54-56, 267]. Studies have shown
that it can be more difficult for women to form a physics identity than men [1-3, 6]. However,
most of the studies in the college context concerning physics identity and factors that influence it
are conducted in classes in which women are underrepresented [4, 5]. Students’ identity in a
domain can be context dependent [56], therefore, it is important to examine the role of the
inclusiveness of the learning environment on the physics identity of students in courses in which
women outnumber men, e.g., in introductory physics courses for bioscience majors.

When examining equity in physics education and the role of inclusiveness of the learning
environment, it is useful to examine the practices that lead to inequities [268-270]. Physics is a
discipline with problematic stereotypes and biases about who belongs in it and can excel in it. One
common stereotype is that only high achievers or geniuses can excel in physics [23]. However,
genius is more often associated with boys [169], and girls from a young age tend to shy away from
fields associated with innate brilliance or genius [24]. These stereotypes can continue to impact
women as they get older. Teachers and school counselors pay more attention to male students and
counselors give gendered advice to students regarding high school physics and math courses to
take and majors to pursue when in college. These stereotypes and biases are also prevalent at the
university level. One study found that biology and physics faculty members rated a male student
as significantly more competent than a female student when presented with a hypothetical scenario

for hiring a student for lab work with either a male or female name [51]. These highly problematic
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stereotypes and biases are founded in the historical marginalization of certain groups, e.g., women
in physics, and continue to manifest today in many ways including, gendered beliefs and barriers
to women excelling in physics when there is no explicit focus on making the learning environment
equitable and inclusive. The pervasive stereotypes and biases can impact women’s identity even
in these physics courses in which they are not underrepresented in an inequitable and non-inclusive
environment.

Since science identity is key to students’ success, it is important to investigate students’
beliefs that play a role in identity formation. Carlone and Johnson’s science identity framework
includes three interrelated dimensions: competence, performance, and recognition by others [131].
However, in a study of introductory physics students by Hazari et al., performance and competence
were found to be highly correlated and a fourth dimension, interest was added to the model [5]. In
a slightly reframed version of the physics identity framework [59], students’ self-efficacy, interest,
and perceived recognition by others have been shown to predict students’ physics identity.

Self-efficacy in a particular discipline is the students’ belief in their ability to succeed in a
particular task or course [27]. It has been shown to impact students’ engagement, learning, and
persistence in science courses [14, 29-31, 34-36, 271]. Students with high self-efficacy in a domain
are less likely to have anxiety that can rob them of their cognitive resources while learning and
test taking, since the working memory during problem solving has limited capacity [166]. They
are also more likely to engage in effective learning strategies and are less likely to procrastinate
while engaging with learning tools. Thus, self-efficacy can be a predictor of student performance
in that domain [33].

Similarly, interest in a particular discipline can affect students’ perseverance and

achievement in that discipline [16, 41, 46, 272]. One study showed that changing the curriculum
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to stimulate the interest of girls helped improve all the students’ understanding at the end of the
year [47]. Furthermore, according to expectancy-value theory, self-efficacy and interest are related
constructs that predict student outcomes and career expectations [48]. Moreover, students’ interest
and self-efficacy can be connected to their interaction with and recognition by other people [46,
273].

A student’s perceived recognition by others has also been shown to play an important role
in a student’s identity [49] and is a particularly important factor that influences women’s other
beliefs [50]. Studies have shown that female students do not feel recognized appropriately even
before they enter college [1, 4, 24]. Our prior individual interviews suggest that students’ perceived
recognition by instructors and teaching assistants impacts their self-efficacy and interest in physics,
e.g., see [52, 53]. In addition, other learning environment factors, such as students’ sense of
belonging and perception of the effectiveness of interaction with their peers are important.
Students’ sense of belonging in physics has been shown to correlate with their retention and self-
efficacy [50, 63] and students’ interaction with peers has been shown to enhance understanding
and engagement in courses [274]. Since these factors can impact students’ physics beliefs, it is
important to investigate student perceptions of the inclusiveness of the learning environment and
how they influence the outcomes pertaining to physics self-efficacy, interest, and identity.

This study examined students’ perception of the inclusiveness of learning environment
(including their sense of belonging, perceived recognition, and peer interaction) on their self-
efficacy, interest, and identity at the end of an algebra-based introductory physics course
controlling for students’ gender, self-efficacy, and interest at the beginning of the course (Figure
21). Student perceptions of the inclusiveness of the learning environment are not only formed by

classroom experiences but also experiences they have outside of the classroom. For example, the
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perceptions of the inclusiveness of the learning environment could also be shaped by students
asking for help during office hours, their email correspondence with the instructor or teaching
assistant (TA), and students studying together. Therefore, the perception of the inclusiveness of
learning environment factors in our investigation include students’ perceptions of their interaction
with their peers (from now on simply referred to as peer interaction for brevity), sense of belonging
(referred to as belonging for brevity), and perceived recognition by others (including friends,
family, and their instructors/TAs). We control for students’ gender, self-efficacy, and interest at
the beginning of the course, which are related to students’ beliefs about physics before they enter
the classroom. A schematic diagram of our model with only the path analysis is shown in Figure
21.

We first delineate the research questions based upon our framework, then describe the
methodology, show the results and discussion, and finally conclude with instructional implications
and future directions. We use structural equation modeling (SEM) [259] to investigate how the
perception of the inclusiveness of the learning environment predicts students’ physics self-
efficacy, interest, and identity at the end of the course. The following research questions were
answered by analyzing data from a validated survey administered to students in algebra-based
physics courses primarily for bioscience majors at a large public research university in the US in

which women outnumber men and using mediation analysis via SEM:
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Figure 21 All regression paths were considered from left to right in our model; however, only some of the

paths are shown for clarity.

RQ1. Are there gender differences in students’ physics beliefs (self-efficacy, interest, and
identity) at the end of the course and do interest and self-efficacy change from the
beginning to the end of the course?

RQ2. Is there moderation by gender for any of the regression paths?

RQ23. If moderation does not affect any path, does gender mediate any of the controlled factors,
perceived inclusiveness of learning environment factors, or student outcomes?

RQ4. How does the inclusiveness of the learning environment (including perceived
recognition, belonging, and peer interaction) predict physics identity, physics self-efficacy,

and physics interest at the end of the course?
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10.2 Methodology

10.2.1 Participants

We administered a validated written survey at a large public research university in the U.S.
to students at the beginning (pre) and end (post) of the first semester of an algebra-based
introductory physics course (called physics 1). The class is typically taken as a mandatory
requirement by students on the pre-medical or pre-health track (mainly biosciences majors)
primarily in their junior or senior year of undergraduate studies. The university provided
demographic information such as age, gender, and ethnic/racial information using an honest broker
process by which the research team received the information without knowledge of the identities
of the participants. We analyzed data from 501 students who completed the pre/post survey on
paper scantrons. From the university data, the participants were 35% male and 65% female
students. We acknowledge that gender is not a binary construct. However, the data provided by
the university only includes options of male and female and thus gender was used as a binary
variable in our analysis. Less than 1% of the students did not provide this information and were

not included in the analysis.

10.2.2 Instrument Validity

The items in the validated survey focused on different aspects of students’ beliefs at the
time the survey was administered (beginning and end of the course) that included their perception
of the inclusiveness of the learning environment. In particular, the study focused on students’

responses to validated survey items on physics identity, self-efficacy, interest, sense of belonging,
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perceived recognition, and peer interaction. The survey items were adapted from previously
validated surveys [170, 175, 275] and re-validated in our own context using one-on-one student
interviews, Exploratory Factor Analysis (EFA), Confirmatory Factor Analysis (CFA) [26, 53], and
Pearson correlations. Interviews with students suggest that they interpreted the items correctly.
The CFA established a measurement model for the constructs and was used in SEM. In the CFA,
the model fit indices were good and all the factor loadings were above 0.50, which indicates good
loadings [182]. The results of the CFA model are shown in Table 25.

The physics identity items focus on whether the students see themselves as a physics person
[230]. The physics self-efficacy items measure students’ confidence in their ability to solve physics
problems [170-172, 230]. The interest in physics items measure students’ enthusiasm and curiosity
to learn physics and ideas related to physics [171]. The sense of belonging items evaluate whether
students felt like they belonged in the introductory physics class [50, 175]. The perceived
recognition items measure the extent the student thought that other people see them as a physics
person [230]. Lastly, the peer interaction items measure whether students thought that working
with their peers was beneficial, e.g., in increasing their confidence to do physics [276, 277]. The
questions in the study were denoted on a Likert scale of 1 (low belief) to 4 (high belief) except for
the sense of belonging questions which were designed on a scale of 1 to 5 to keep them consistent

with the original survey [173].

Table 25 Survey questions for each of the constructs and factor loadings from the Confirmatory Factor
Analysis (CFA) result for all students (N = 501). The rating scale for most of the self-efficacy and interest
questions was NO! no yes YES! while the rating scale for the physics identity, peer interaction, and perceived
recognition questions were: strongly disagree, disagree, agree, strongly agree. The rating scale for the physics
belonging questions was: not at all true, a little true, somewhat true, mostly true, and completely true. All p-

values are <0.001.
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Construct and Item Lambda

Physics Identity
| see myself as a physics person. 1.00

Physics Self-Efficacy

| am able to help my classmates with physics in the laboratory or recitation. 0.60
| understand concepts | have studied in physics. 0.74
If | study, I will do well on a physics test. 0.76
If I encounter a setback in a physics exam, | can overcome it. 0.72

Physics Interest

| wonder about how physics works. 0.57
In general, | find physics. 0.75
| want to know everything | can about physics. 0.74
| am curious about recent discoveries in physics. 0.64

Physics Perceived Recognition

My family sees me as a physics person. 0.89
My friends see me as a physics person. 0.92
My physics instructor and/or TA sees me as a physics person. 0.71

Physics Belonging

| feel like I belong in this class. 0.81
| feel like an outsider in this class. 0.74
| feel comfortable in this class. 0.82
| feel like I can be myself in this class. 0.62
Sometimes | worry that | do not belong in this class. 0.69
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Physics Peer Interaction

My experiences and interactions with other students in this class...

made me feel more relaxed about learning physics. 0.75
increased my confidence in my ability to do physics. 0.93
increased my confidence that | can succeed in physics. 0.96
increased my confidence in my ability to handle difficult physics problems. 0.90

Tthe rating scale for this question was very boring, boring, interesting, very interesting.

Pair-wise Pearson’s r values indicate the correlation between each pair of constructs
without controlling for the influence of any other factors (values are given in Table 26). Inter-
correlations vary in strength, but none of the correlations are so high that the constructs cannot be
separately examined, consistent with prior studies. In other words, all the correlations are low
enough that all the constructs can be considered separate. Since the construct is the same at two
different points of time and the course does not affect students’ interest significantly, the highest
inter-correlation was the value between pre-interest and post-interest (0.86). Our past work in
calculus-based introductory physics courses has also shown that there is a high correlation in

interest over the course of the introductory classes [26].
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Table 26 Pearson inter-correlations are given for each pair of constructs. All p-values are < 0.001

Pearson Correlation Coefficient

Observed Variable 1 2 3 4 5 6 7 8

1. Pre Self-Efficacy -- - - -- - -- - -
2. Pre Interest 050 -- -- -- -- -- - -
3. Perceived Recognition 0.41 041 -- -- -- -- —- -
4. Peer Interaction 021 024 046 -- - -- - -
5. Belonging 048 032 059 062 -- -- - -

6. Post Self-Efficacy 054 035 061 062 081 -- - -

7. Post Interest 034 086 0.61 047 051 0.60 -- --
8. Physics Identity 0.40 045 0.78 043 058 0.60 0.62 --
10.2.3 Analysis

We first analyzed descriptive statistics and compared female and male students’ mean
scores of the predictors and outcomes for statistical significance using t-tests and computed the
effect size using Cohen’s d [182]. The square of CFA factor loading (lambda) indicates the fraction
of variance explained by the factor. For predictive relationships between different constructs, we
used Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with a
maximum likelihood estimation method [259]. SEM is an extension of multiple regression and
conducts several multiple regressions simultaneously between variables in one estimation model.
This allows us to calculate the overall goodness of fit and allows for all estimates to be performed

simultaneously so there can be a direct comparison between different structural components. We
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report model fit for SEM by using the Comparative Fit Index (CFl), 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: CFl and TLI >
0.90, and RMSEA and SRMR < 0.08 [139].

The model estimates were performed using moderation analysis to check whether any of
the relations between variables show differences across gender by using “lavaan” to conduct multi-
group SEM. Initially, we tested different levels of measurement invariance model. In each step,
we fixed different elements of the model to equality across gender and compared the results to the
previous step using the Likelihood Ratio Test. Since we did not find significant moderation by
gender, we tested the theoretical model in mediation analysis, using gender as a variable directly

predicting items to examine the resulting structural paths between constructs.

10.3 Results and Discussion

10.3.1 Gender Differences in predictors and outcomes

To answer RQ1, the mean values of all constructs in our model were statistically
significantly different disadvantaging female students (Table 27). This pattern is qualitatively
similar to what was previously observed in calculus-based courses [4, 59] even though women
make up the majority of students in the algebra-based course (65%). Furthermore, for both self-
efficacy (gray) and interest (blue), constructs that have scores from both the pre test and the post
test, we find statistically significant differences in the scores from the beginning to the end of

physics 1 for both women and men. One possible hypothesis for this disparity is the previous
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experiences and stereotypes about physics that women have internalized from an early age before
starting college physics (both in K-12 education setting and outside of it interacting with family,
friends, media, etc.). Additionally, Table 27 shows that women also have more negative
experiences in the classroom, indicated by their lower scores on the perception of the inclusiveness
of the learning environment constructs, despite women making up the majority of students in the

class.

Table 27 Mean predictor and outcome values and effect sizes (Cohen’s d) by gender. All p-values are < 0.001.

Mean
Predictors and Outcomes (Score Range) Cohen'sd
Male Female
Pre Self-Efficacy (1-4) 3.07 2.83 0.58
Pre Interest (1-4) 2.74 2.45 0.58
Perceived Recognition (1-4) 2.22 1.92 0.43
Peer Interaction (1-4) 2.90 2.58 0.43
Belonging (1-5) 3.58 3.01 0.60
Post Self-Efficacy (1-4) 2.92 2.55 0.66
Post Interest (1-4) 2.66 2.27 0.69
Physics Identity (1-4) 2.04 1.64 0.59

10.3.2 SEM path model

In relation to RQ2, we initially tested moderation analysis using multi-group SEM between
female and male students to find if any of the relationships between the variables were different
across gender. There were no group differences at the level of weak and strong measurement

invariance at the level of regression coefficients, so we proceeded with mediation analysis.
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Then, in relation to RQ3, Figure 22 shows that gender only directly predicts pre self-
efficacy, pre interest, sense of belonging, and peer interaction. In particular, Figure 22 shows that
gender does not directly predict any of the outcomes. We used mediation analysis to understand
the extent to which gender differences in students’ outcomes at the end of the introductory physics
courses (self-efficacy or S.E., interest, and physics identity) were mediated by differences in
students’ initial self-efficacy, interest, and perception of the learning environment (perceived
recognition, peer interaction, and belonging) in the course. The model is shown in Figure 22.

In relation to RQ4, we found that interest at the end of physics 1 was mainly predicted by
interest at the beginning of the class (regression coefficient p = 0.72) with smaller effects from
peer interaction (B = 0.24) and perceived recognition (f = 0.21). Although post interest appears to
be strongly correlated with pre interest, it does not mean that interest cannot be changed throughout
the class via evidence-based intentional design. For example, students’ interest could increase
through the learning environment from the positive contributions from peer interaction and
perceived recognition. One possible way to increase students’ interest in physics is to provide
opportunities in class that relate to students’ interests and career paths, so students can see how
they could use physics in their careers. Relating physics to everyday life could be another effective
approach to increasing interest [278]

Post self-efficacy has direct effects from pre self-efficacy (B = 0.45), belonging (3 = 0.49),
peer interaction (3 = 0.21), and a smaller direct effect from perceived recognition ( = 0.13). Self-
efficacy is important for students’ persistence in the class and future careers. Since the learning
environment can predict student self-efficacy, it is important for an instructor to try to improve the
belonging, peer interaction, and perceived recognition of the students. For instance, instructors can

positively influence the students’ peer interaction with each other by providing time for the
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students to work together in class and making sure all voices are heard equally when discussing
problems as a class.

Self-efficacy, interest, and perceived recognition influence students’ physics identity
directly, with perceived recognition having the largest direct effect (f = 0.59). This is consistent
with past models [4, 5]. Table 27 shows us that both women and men have a mean perceived
recognition below the positive threshold (score of 3) and women also have lower scores than men

in all constructs, including their physics identity.
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Figure 22 Result of the SEM between gender and outcomes in physics through various mediating factors. The
line thickness is the relative magnitude of gvalues. All p-values are indicated by no superscript for p <0.001,
“a” for p < 0.005, and “b” for p < 0.05 values. S.E. refers to students’ self-efficacy. All regression paths that

are statistically significant from left to right between any two constructs are shown. The dashed lines indicate

covariance.
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10.4 Summary, Implications, and Future Directions

In this research, we find a gender gap disadvantaging women in all of the students’ beliefs
studied, similar to what was found in calculus-based physics courses [59]. In addition, both men’s
and women’s self-efficacy and interest scores dropped from the beginning to the end of the physics
1 course. Women also had a more negative perception of the inclusiveness of learning environment
constructs (Table 27). These differences may result from structural inequities in the physics
learning environment and marginalized students, e.g., women, not being adequately supported [68,
70, 279-281]

Our SEM model indicates that the perception of the inclusiveness of learning environment
factors (belonging, peer interaction, and perceived recognition) explains student outcomes (self-
efficacy, interest, and identity). While past research has investigated physics identity, no research
has investigated factors that instructors can control in order to make their classes equitable and
inclusive. Our findings suggest that it may be beneficial to implement structural changes at the
classroom level that targets students’ sense of belonging, peer interaction, and perceived
recognition in order to improve equity and inclusion. These factors predict each other as well, so
if instructors can provide support for some of the factors they can readily control (e.g., peer
interaction or perceived recognition), they can make their classes more equitable, and they are
likely to improve student outcomes in the process.

We note that the learning environment in many classes may not be providing the same
opportunities for all students [282, 283], particularly those from marginalized groups such as
women in physics. Approaches to improve the inclusivity of the learning environment need to be

systemic. Structural changes at the institution level require centering marginalized students in the
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design of curricula and pedagogies. Departments and institutions can reward instructors for
supporting equity and inclusion that eliminates the problematic gender gap discussed here.

In addition, instructors can improve the learning environment in their courses by adopting
culturally responsive pedagogy and providing mentoring/support for students who are
underrepresented [64]. Instructors should be careful not to say that problems are “trivial”, “easy”
or “obvious” when students ask them for help because female students are more likely to feel
disparaged (or negatively recognized) due to the stereotypes in physics. What is important for
instructors to realize is that it is not their intention that matters but the impact they are having on
students. Another way to improve the learning environment is through classroom interventions.
Brief social-psychological classroom interventions have been shown to decrease or eliminate the
gap in STEM contexts between students from marginalized and dominant groups [151, 152, 185,
186].

In summary, more should be done in the college physics classrooms to mitigate the
stereotypes and past experiences women have had over their lifetime since otherwise even in a
physics class in which they are not underrepresented, women will be disadvantaged. Physics
instructors and TAs need to provide an equitable and inclusive learning environment that
emphasizes recognizing students for making progress, allowing for positive peer interactions, and
providing a space where all students can feel that they belong. From our analysis, these factors
play a key role in predicting students’ self-efficacy, interest, and identity in physics. It is important
to note that student perception of the inclusiveness of the learning environment is not shaped only
by what happens in the classroom. Student interactions with each other while they do homework,
students’ experiences in an instructor's or TA’s office hours, interactions between students and the

instructor over email, and other circumstances all contribute to students’ perception of
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inclusiveness of learning environment and can affect students’ physics identity, self-efficacy, and

interest.
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11.0 How the learning environment predicts female and male students’ physics self-

efficacy, interest, and identity in an introductory course for bioscience majors

11.1 Introduction and Theoretical Framework

Studies have shown that motivational factors such as students’ identity, self-efficacy, and
interest in a particular field are important for students’ career interests [32, 54, 230, 284], learning
[40, 285], and continuation in science, technology, engineering, and math (STEM) fields [39, 159,
286, 287]. For example, students were more likely to take courses or pursue a career in science if
they had higher competency beliefs or self-efficacy [32, 39, 41, 155, 156], displayed higher interest
in science [157], or had a higher science identity [54, 158, 159]. Moreover, a gender gap favoring
men in motivational factors [26, 29, 97, 160, 229] and conceptual tests [84] have been observed in
STEM courses. Specifically, in physics, many studies have been conducted in calculus-based
physics courses, where women tend to be underrepresented, to understand and address the low
diversity in those courses.

However, stereotypes about who can excel in physics could impact women even in the
physics courses in which they are not underrepresented, e.g., mandatory two semester physics
course sequence for bioscience majors. One common stereotype is that genius and brilliance are
important factors to succeed in physics [23]. However, genius is often associated with boys [169],
and girls from a young age tend to shy away from fields associated with innate brilliance or genius
[24]. Studies have found that by the age of six, girls are less likely than boys to believe they are
“really really smart” and less likely to choose activities that are made for “brilliant people” [24].

Moreover, as these students get older, norms in the science curriculum hold less relevance for girls
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since they tend not to represent the interest and values of girls [1]. All these stereotypes, biases,
and related factors can influence female students’ perceptions about their ability to do physics
before they enter the physics classroom. Thus, it is possible that although women are the majority
in algebra-based physics courses primarily for bioscience majors, these societal stereotypes and
biases can still influence their motivational outcomes in the physics class unless instructors make
an explicit effort to create an equitable and inclusive learning environment in which all students
thrive and have high motivational outcomes.

Additionally, students’ identity in STEM disciplines (e.g., whether they see themselves as
a STEM person) has been shown to play an important role in their participation in classes and
professional choices [5, 49, 54-57]. However, prior studies have shown that it can be more difficult
for women to form a physics identity than men [1-3, 6]. Furthermore, students’ physics identity
has been shown to be influenced by their self-efficacy, interest, and perceived recognition [3, 6,
31, 234, 235].

Self-efficacy is a person’s belief that they can succeed in a particular activity or course [27,
28]. Students’ self-efficacy in academic courses may be influenced by the classroom environment
[37, 161, 162, 288] and different teaching strategies [29, 34, 38]. Moreover, self-efficacy has been
shown to impact students’ engagement, learning, and persistence in science courses [14, 15, 31-
33, 35, 36, 39, 40, 289]. Similarly, interest in a particular discipline may affect students’ STEM
career orientation [44, 290] and persistence in STEM courses and majors [16, 45, 46]. One study
showed that changing the curriculum to stimulate the interest of the female students helped
improve all of the students’ understanding at the end of the year [47].

Since societal stereotypes and biases about physics can impact female students’

motivational beliefs even in physics courses in which they outnumber male students, it is important
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to investigate how female and male students’ perceptions of the inclusiveness of the learning
environment in these courses influence their physics self-efficacy, interest and identity. Our
theoretical framework is inspired by prior research and posits that the inclusiveness of the learning
environment can influence students’ motivational outcomes. Specifically, we investigated
students’ perception of the inclusiveness of the learning environment and how it predicts students’
motivational outcomes in a physics course for bioscience majors in which women outnumber men.
In our investigation, students’ perception of the inclusiveness of the physics learning environment
consists of their sense of belonging, their perception of the effectiveness of their interactions with
their peers, and perceived recognition by their instructors/teaching assistants (TAs). Students’
sense of belonging is a measure of the inclusiveness of the learning environment and has been
shown to correlate with retention and self-efficacy in science [50, 63] as well as their identity [58].
Therefore, we include students’ sense of belonging as an element of their perception of the
inclusiveness of the learning environment and hypothesize that it will explain students’
motivational beliefs at the end of a physics course. Students’ positive interactions with peers have
been shown to enhance their understanding and engagement in courses [253, 274, 291]. Thus, we
include students’ perception of the effectiveness of the interactions with peers as a measure of the
inclusiveness of the learning environment and we hypothesize that the perception of positive peer
interactions is likely to have a positive impact on students’ motivational outcomes. Moreover,
perceived recognition by instructors and TAS has been shown to play an important role in students’
identity [5, 49, 59] as well as being an important factor in women’s motivation [50]. Thus, we
include students’ perceived recognition by instructors and TAs as an element of the inclusiveness

of the learning environment which can impact students’ motivational outcomes.
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Furthermore, our framework positing that these three factors together are good measures
of student perception of the inclusiveness of the physics learning environment is informed by
female students’ testimonials in prior qualitative studies. In particular, during individual
interviews, female students in physics courses discussed them as being important metrics for
inclusiveness of the learning environment. For example, interviewed women cited how negative
interactions with their peers alienated them, caused them to feel inferior, and excluded them from
study groups [141]. Also, 37% of the women interviewed felt marginalized in physics courses
when men were allowed to dominate the class discussion, in asking questions, and answering
questions posed by the instructors [292]. Moreover, 29% of women interviewed felt that physics
instructors’ condescending and intimidating behavior made them feel like the learning
environment was unsafe [292]. Research involving interviews also shows that instructors'
disparaging comments, such as calling problems trivial or questioning students’ effort, can
negatively impact women’s confidence [141]. Also, interviewed women discussed that their sense
of belonging in the physics courses influenced their motivational beliefs.

We also note that some prior studies have investigated students’ perception of the different
aspects of the inclusiveness of the learning environment individually. For example, some studies
investigating students’ identity have investigated the role of perceived recognition from others on
identity [5, 59]. Another prior study focusing on physics majors investigated how students’ sense
of belonging [58] predicts their physics identity. In addition, other research has investigated the
relation between peer interaction and students’ physics self-efficacy [164]. However, there is no
research investigating the perception of the inclusiveness of the learning environment factors all
together on students’ motivational outcomes. Moreover, since these motivational beliefs may

influence each other. Therefore it is important to investigate students’ perception of the
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inclusiveness of the learning environment factors together to understand how they predict students’
self-efficacy, interest, and identity. In addition, most of the research on students’ motivational
beliefs in college are either conducted in physics courses in which women are underrepresented
[59, 62] or in English composition courses in which most of the students are first-year students
with some in the second year [5]. However, students’ physics motivational beliefs may be
influenced not only in physics courses in which women are underrepresented, but also in courses
where the learning environment is not equitable and inclusive due to the stereotypes and biases
about who belongs in physics and can excel in it. Thus, it is crucial to investigate female and male
students’ perception of the inclusiveness of the learning environment and how they explain their
motivational beliefs in physics courses in which women are not underrepresented. Gendered
perception of the inclusiveness of the learning environment and motivational outcomes in these
courses would signify inequities and the need to improve the inclusiveness of the learning
environment. Therefore, we investigated how female and male students’ perceptions of the
inclusiveness of their learning environment predict their motivational beliefs. Since instructors
have the ability to create a positive classroom culture and influence the inclusiveness of the
learning environment factors, the investigation reported here can empower instructors to improve
the experiences of students in their classes with a focus on marginalized students such as women.

In this study, we use structural equation modeling (SEM) [259] to examine the difference
between male and female students’ perceptions of the inclusiveness of the learning environment
on their motivational beliefs at the end of the algebra-based introductory physics sequence for
bioscience majors in which women are not underrepresented. The perception of the inclusiveness
of the learning environment is shaped by experiences students have in the classroom as well as

interactions outside of the classroom. These interactions include office hours, email
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correspondence with the instructor or TA, and students studying or doing homework together. We
control for students’ self-efficacy and interest at the end of physics 1 since these are students’
beliefs about physics when they enter the class based on their prior experiences. The perception of
the inclusiveness of the learning environment includes students’ sense of belonging, perception of
the effectiveness of peer interaction, and perceived recognition from instructors and TAs. Lastly,
we investigated the students’ motivational outcomes with regard to their physics self-efficacy,
interest, and identity at the end of physics 2. An example of our final model is shown in Figure 23.
All paths were considered from left to right in our model, however, only some of the paths are
shown in Figure 23 for clarity. The research questions are below:

RQ1. Are there gender differences in students’ motivational beliefs including physics self-
efficacy, interest, and identity at the end of the course?

RQ2. How does the perception of the inclusiveness of the learning environment (including
sense of belonging, perception of peer interaction, and perceived recognition) predict
motivational beliefs at the end of the course?

RQ3. What is the effect of controlling for high school factors (e.g., high school GPA and

SAT Math scores) on the motivational beliefs at the end of the course?
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possible regression paths were considered. However, only some (not all) of the regression paths are shown.

11.2 Methodology

11.2.1 Participants

In this study, we analyzed results from 873 students who completed a motivational survey
at the end of the semester in introductory algebra-based physics 1 and physics 2 over two years.
These courses are typically taken by students primarily on the bioscience track in their junior or
senior year of undergraduate studies, with approximately 50%-70% of students expressing a desire
to pursue future careers in health professions. The university provided demographic information
such as age, gender, and ethnic/racial information using an honest broker process by which the
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research team received the information without knowledge of the identities of the participants.
From the university data, the participants were 38% male and 62% female students. These
percentages are consistent with the typical number of women and men who receive college degrees
in biology in the US [293]. The gender data provided by the university include only binary options
of “male” and “female”. We recognize that gender is a socio-cultural and nonbinary construct;
however, the data provided by the university only included binary options (less than 1% of the

students did not provide this information and thus were not included in this study).

11.2.2 Instrument Validity

This study measured female and male students’ perception of the inclusiveness of the
learning environment including their sense of belonging, perceived recognition, and interaction
with their peers and how they explain students’ motivational beliefs for students enrolled in
introductory algebra-based physics courses for bioscience majors. Students motivational beliefs
include their physics identity, self-efficacy, interest. The survey items were constructed from items
validated by others [170, 175, 236] and re-validated in our own context using one-on-one student
interviews [26], exploratory factor analysis (EFA), confirmatory factor analysis (CFA) [182],
analyzing the Pearson correlation between different constructs [182], and using Cronbach alpha
[176]. The physics identity questions evaluated whether the students see themselves as a physics
person [230]. The physics self-efficacy questions measured students' confidence in their ability to
answer and understand physics problems [170-172, 230]. The interest in physics questions
measured students' enthusiasm and curiosity to learn physics and ideas related to physics [171].
The sense of belonging questions evaluated whether students felt like they belonged in the
introductory physics classroom [50, 175]. The perceived recognition questions measured the
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extent to which the students thought that their instructors and TAs see them as a physics person
[230]. Lastly, the peer interaction questions measured whether students thought that working with
their peers was beneficial, e.g., for increasing their confidence and enthusiasm to do physics [276,
277]. The physics identity instrument only included one question, which is consistent with past
studies since it has been difficult to make other questions that factor in this category in exploratory
factor analysis [5, 6, 249, 250]. The questions in the study were designed on a Likert scale of 1
(low endorsement) to 4 (high endorsement) except for the sense of belonging questions which were
designed on a scale of 1 to 5 to keep them consistent with the original survey [173]. A lower score
was indicative of a negative endorsement of the survey construct while a higher score was related
to a positive belief in the construct. Some of the items were reverse coded.

After performing an EFA to ensure that the items factored according to different constructs
as envisioned, a CFA was conducted to establish a measurement model for the constructs and used
in SEM. The squares of the CFA factor loadings (lambda) indicate the fraction of variance
explained by the factors. The model fit indices were good and all of the factor loadings (lambda)
were above 0.6, which indicates good loadings [182]. The results of the CFA model are shown in

Table 28.

Table 28 Survey questions for each of the constructs along with factor loadings from the Confirmatory Factor
Analysis (CFA) results for all students (N = 873). The rating scale for most of the self-efficacy and interest
questions was NO! no yes YES! while the rating scale for the physics identity, peer interaction, and perceived
recognition questions was strongly disagree, disagree, agree, and strongly agree. The rating scale for the
physics belonging questions 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.
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Construct and Item

Lambda

Physics Identity

| see myself as a physics person

Physics Self-Efficacy

| am able to help my classmates with physics in the laboratory or recitation
| understand concepts | have studied in physics

If I study, I will do well on a physics test

If I encounter a setback in a physics exam, | can overcome it
Physics Interest

| wonder about how physics works

In general, | find physics'

| want to know everything | can about physics

| am curious about recent discoveries in physics

Physics Perceived Recognition

My physics instructor and/or TA sees me as a physics person
Physics Belonging

| feel like I belong in this class

| feel like an outsider in this class

| feel comfortable in this class

| feel like I can be myself in this class

Sometimes | worry that | do not belong in this class

Physics Peer Interaction

My experiences and interactions with other students in this class...
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Made me feel more relaxed about learning physics 0.75

Increased my confidence in my ability to do physics 0.95
Increased my confidence that | can succeed in physics 0.94
Increased my confidence in my ability to handle difficult physics problems 0.85

Tthe rating scale for this question was very boring, boring, interesting, very interesting.
Zero-order pair-wise Pearson correlations are given in Table 29. These Pearson’s r values
signify the strength of pairwise relationships between variables. The inter-correlations vary in
strength, but none of the correlations are so high that the constructs cannot be separately examined.
The only high inter-correlations were between post interest in physics 1 and post interest in physics
2 (0.89) and between physics identity in physics 2. Prior research has shown there is a high
correlation in interest over the course of the introductory physics classes [26, 294]. The correlation

is low enough that they should be considered separate constructs.

207



Table 29 Pearson inter-correlations are given between all the predictors and outcomes. All p-values are <

0.001.

Pearson Correlation Coefficient

Observed Variable 1 2 3 4 5 6 7 8

1. Post Self-Efficacy in physics 1 -- -- -- -- -- - - -
2. Post Interest in physics 1 058 -- -- -- -- -- - -
3. Perceived Recognition in physics 2 0.30 0.32  -- -- -- - - -
4. Peer Interaction in physics 2 0.35 0.28 0.36 -- -- -- - -
5. Belonging in physics 2 052 0.38 0.41 0.63 -- -- S —

6. Post Self-Efficacy in physics 2 0.71 046 052 0.67 0.79 -- - -

7. Post Interest in physics 2 045 089 041 039 046 069 -- -
8. Physics Identity in physics 2 046 052 057 037 045 058 056 --
11.2.3 Analysis

Initially, we compared female and male students’ mean scores of the predictors and
outcomes for statistical significance using t-tests and for the effect size using Cohen’s d [182].
Cohen’s d is d = (i — Uf)/ Tpootear Where puy, is the average score of male students, u, is the
average score of female students, and 6,44 IS the pooled standard deviation for all students. In
general, d = 0.20 indicates a small effect size, d = 0.50 indicates a medium effect size, and d =
0.80 indicates a large effect size [182].

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
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a maximum likelihood estimation method [138]. SEM is a statistical method consisting of two
parts that are completed together; a measurement part which consists of CFA and a structural part
which consists of path analysis. Path analysis can be considered an extension of multiple regression
analysis, but it allows one to conduct several multiple regressions simultaneously between
variables in one estimation model. SEM also allows us to predict multiple outcomes
simultaneously. SEM 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
components. 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 (CFl), 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: CFl and TLI > 0.90, and RMSEA
and SRMR < 0.08 [139].

Initially, we performed gender moderation analysis by conducting multi-group 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”[138]. In particular,
our moderation analysis was similar to our mediation model in Figure 23 but there was no link
from gender, instead, multi-group 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 relation between only
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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 () 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 moderation 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. Then one can just focus on mediation analysis by gender (in
other words, we need not separately calculate the regression coefficients for women and men, and
we can introduce gender as an additional categorical variable in the model).

When the model is more complex than the preceding example of smoking and lung cancer
as in our SEM model, 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 measurement 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. Then we 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 Test [187]. A non-
significant 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
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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 construct) 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 separately 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, then we must check for differences in the path analysis part. The path analysis
part consists of regression coefficients () 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 (p).

Similar to “weak” and “strong” measurement invariance for the measurement part, the
predictive relationship (regression path) between two variables is tested for the two groups (e.g.,
women and men) simultaneously. If the predictive relationship is different for the groups (i.e., the
values of the regression coefficients (B) 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
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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 Figure 23). In other words, we can interpret our
model the same way 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 non-significant 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 O for female)
directly predicting items to examine the resulting structural paths between constructs (a schematic
representation of the path analysis for the gender mediation model is shown in Figure 23). In the
mediation analysis, if there are paths from gender to any of the constructs as we found in our results
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).
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11.3 Results and Discussion

11.3.1 Gender differences in predictors and outcomes

We find statistically significant differences in all predictors and outcomes disadvantaging
female students (Table 30). This pattern is similar to what we find in calculus-based physics
courses [59] by the end of physics 2 despite the fact that in our investigation, women are the
majority in the algebra-based courses for bioscience majors (62%). Since a student’s physics self-
efficacy, interest, and identity can impact not only their performance in that course but also impact
students’ future career plans, more should be done in the physics classroom to eliminate the gender

gap in these motivational factors by creating an equitable and inclusive learning environment.

Table 30 Mean predictor and outcome values by gender and effect sizes (Cohen's d) by gender. The p-values

are indicated by no superscript for p < 0.001 and superscript “a” for p = 0.001.

Mean
Predictors and Outcomes (Score Range) Cohen's d
Male Female

Post Self-Efficacy in physics 1 (1-4) 2.98 2.73 0.49
Post Interest in physics 1 (1-4) 2.81 2.38 0.71
Perceived Recognition in physics 2 (1-4) 2.31 2.06 0.33
Peer Interaction in physics 2 (1-4) 2.94 2.79 0.242
Belonging in physics 2 (1-5) 3.69 3.45 0.28
Post Self-Efficacy in physics 2 (1-4) 2.94 2.73 0.40
Post Interest in physics 2 (1-4) 2.77 2.32 0.73
Physics Identity in physics 2 (1-4) 2.19 1.85 0.45
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11.3.2 SEM path model

We initially conducted moderation analysis between variables using multi-group SEM
between female and male students to investigate if any of the relationships between the variables
were different across gender. There were no group differences between female and male students
at the level of weak, and strong measurement invariance at the level of regression coefficients, so
we proceeded to mediation analysis.

Then we used mediation analysis to investigate the extent to which gender differences in
students’ motivational outcomes at the end of the introductory physics courses (self-efficacy,
interest, and physics identity) were mediated by differences in students’ initial self-efficacy,

interest, and perception of the inclusiveness of the learning environment of the course.

11.3.3 Model 1

In Model 1 (Figure 24), the students’ perceived recognition, peer interaction, and sense of
belonging were part of the inclusiveness of the learning environment in the class that mediated
student motivational outcomes. The model fit indices indicate a good fit to the data: CFI = 0.931,
TLI = 0.921, RMSEA = 0.053, SRMR = 0.043. In this model, we found no direct effects from
gender to any of the student motivational outcomes: self-efficacy, interest, and identity in physics
2. We found that gender only had direct connections to self-efficacy (£ = 0.26) and interest (5 =
0.37) in physics 1. To expand further, the statistically significant path from gender to self-efficacy
in physics 1 means that men are predicted to have higher mean values in their self-efficacy than

women. The reason that there is no direct path from gender to students' identity in physics 2 is that
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the gender differences in students’ physics identity (Table 30) are statistically non-significant
when controlling for the other constructs in the model.

In our model, self-efficacy, interest, and perceived recognition influence physics identity
at the end of physics 2 directly. In addition, the total indirect path for physics identity was found
by adding all of the indirect paths together. For example, there are two indirect paths from peer
interaction to identity. The first path goes from peer interaction — self-efficacy physics 2 —
identity (0.25*0.23 = 0.06). The second path goes from peer interaction —interest physics 2 —
identity (0.11*0.30 = 0.03). Therefore, the total indirect path from peer interaction to identity is
0.06 + 0.03 = 0.09. Additionally, identity has a total indirect path from belonging of 0.08 and a
total indirect effect from perceived recognition of 0.07.

Interest in physics 2 has the largest direct from interest in physics 1 (£ = 0.83) with smaller
direct effects from peer interaction (£ = 0.11) and perceived recognition (£ = 0.10). Although
interest in physics 2 is mainly correlated with interest in physics 1, it does not mean that interest
cannot be changed throughout these courses. Instructors may be able to positively influence
students’ peer interaction and perceived recognition, which predict students’ interest in physics at
the end of the course. One possibility to improve students’ interest in physics is to provide more
problems in class that relate to students’ interests and career paths.

Self-efficacy in physics 2 has direct effects from self-efficacy in physics 1 (8 = 0.40),
belonging (4= 0.35), peer interaction (# = 0.25), and a small effect from perceived recognition (3
= 0.17). Self-efficacy is important for students’ persistence in the class and future careers. Since
the learning environment can have influence over students’ self-efficacy, it is important for
instructors to try and improve students’ sense of belonging, peer interaction, and perceived

recognition.
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While prior studies have investigated gender differences in students’ self-efficacy, interest,
and identity in introductory physics courses where women are underrepresented [5, 59], most have
not taken into account all these factors in the students’ perception of the inclusiveness of their
learning environment. From our model, we find that students’ perceived recognition directly
predicts students’ identity, self-efficacy, and interest at the end of the physics 2 course. Students’
belonging and peer interaction directly predict students' self-efficacy and interest while indirectly
predicting students’ identity. Additionally, from Table 30, women may have more negative
experiences with regard to perceived recognition from instructors and TAs and have lower scores
in identity than men. Thus, these findings suggest that instructors have the potential to improve
these perceptions of the inclusiveness of the learning environment factors in the classroom that

predict student motivational outcomes.
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Figure 24 Result of the path analysis part of the SEM showing mediation between gender and motivational

outcomes in physics through various mediating factors. The line thickness is a qualitative measure of the
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relative magnitude of g values. All p-values are indicated by no superscript for p <0.001, superscript “a” for p

=0.001, “b” for p=0.011, and “c” for p = 0.002.

11.3.3.1 Adding in High School Factors

We also analyzed a model to investigate if additional aspects of student motivational
outcomes can be explained by their prior high school academic measures provided during college
admissions. In this model visually represented in Figure 25, we added students” SAT math score
and high school GPA as control factors. Gender has a small direct effect on both SAT Math (£ =
0.14), and high school GPA (= -0.11), which means women have a slightly higher high school
GPA than men while men have a slightly higher SAT Math score than women. SAT Math only
has a direct effect on self-efficacy in physics 1 (8 = 0.23) whereas high school GPA only has a
small direct effect on belonging in physics 2 (= 0.11). Almost all other direct effects (and indirect
effects) stayed the same from the first model with some minor changes in the value of the direct
effect (for instance, the line from self-efficacy in physics 1 — perceived recognition went from
0.18 in the first model to 0.20 in this model). Thus, we conclude that these additional academic
factors do not have a significant influence on student motivational outcomes. We can analyze it

more clearly when we look at the variance explained in each outcome (see Table 31).
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Figure 25 Result of the path analysis part of the SEM showing mediation between gender and motivational
outcomes in physics through various mediating factors. The line thickness is the relative magnitude of g
values. All p-values are indicated by no superscript for p < 0.001, superscript “a” for p = 0.002, “b” for p =

0.001 and “c” for p = 0.017.

11.3.4 Variance explained by the models

After constructing the models, we calculated the coefficient of determination (adjusted R?),
which allows us to analyze the proportion of variance explained by each factor (Table 31). This
allows us to analyze if adding additional academic outcomes explains more variance in the student
outcomes for self-efficacy, interest, and identity in physics 2. We found that adding high school
factors explained about the same amount of variance in post self-efficacy in physics 1 (from 0.07
to 0.12), perceived recognition (0.13 to 0.13), and belonging (0.29 to 0.31). Additionally, high

school factors did not explain any more of the variance in any of the student motivational outcomes
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(self-efficacy, interest, or identity in physics 2). This is important since these motivational factors
have the potential to not only influence students’ performance in the course but also their future
career choices. Since high school academic measures don’t predict student motivational outcomes,
the inclusiveness of the learning environment factors that instructors can influence have a key role

to play in predicting the outcomes.
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Table 31 Adjusted coefficients of determination (Adjusted R?) for all variables in the two models pertaining
to the impact of the inclusiveness of the learning environment. Model 1 is from part a above and the other

model (+ H.S. Factors) is from part b above. H.S. refers to high school. All p-values are < 0.001

Adjusted R?

Variable

Model 1 + H.S. Factors
High School GPA - 0.01
SAT Math - 0.02
Post Self-Efficacy in physics 1 0.07 0.12
Post Interest in physics 1 0.13 0.14
Perceived Recognition in physics 2 0.13 0.13
Peer Interaction in physics 2 0.13 0.14
Belonging in physics 2 0.29 0.31
Post Self-Efficacy in physics 2 0.82 0.81
Post Interest in physics 2 0.83 0.83
Physics Identity in physics 2 0.49 0.49

11.4 Implications and Future Directions

In this research involving both descriptive and inferential quantitative analyses, we find
gender gaps in perceptions of the inclusiveness of the physics learning environment and physics
motivational beliefs disadvantaging women in introductory physics courses for bioscience majors.
This is despite the fact that women are not outnumbered by men in these courses. The results are

similar to what has been found earlier in introductory calculus-based courses in which women are
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severely underrepresented [5, 59]. Our SEM models show that perception of the inclusiveness of
the physics learning environment factors (sense of belonging, perceived recognition by
instructors/TAs and perception of the effectiveness of peer interaction) are important to help
explain student motivational outcomes with regard to physics self-efficacy, interest, and identity
at the end of physics 2. Physics instructors have the ability to influence these learning environment
factors and help improve the experiences of women in their classes. These factors influence each
other as well, so if an instructor can improve students’ peer interaction, possibly by allowing
students to work in groups equitably during class such that there is positive inter-dependence, it
could positively influence students’ sense of belonging as well. Thus, if instructors can provide
support and improve the factors they can control in their physics classrooms, they have the
potential to change student motivational outcomes for the better and make their classrooms more
equitable and inclusive in the process.

The motivational belief gaps may at least partly be due to physics instructors and teaching
assistants unwittingly reinforcing gender stereotypes and biases about who can excel in physics
and communicating lower expectations for women. They must recognize that what is important is
not what their intentions are but the impact they are having on the students. Therefore, instructors
and TAs need to create a learning environment that emphasizes recognizing their students
positively, allowing for positive peer interactions, and providing a space where all students can
feel like they belong in physics regardless of their gender or other demographic characteristics.
From our results, each perception of the inclusiveness of the learning environment factor plays an
important role in predicting students’ self-efficacy, interest, and identity in physics. We note that
student perception of the learning environment does not only consist of what happens in the

classroom. Student interactions with each other while they do homework, students’ experiences in
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an instructor or TA’s office hours, interactions between students and the instructor over email, and
other circumstances all contribute to students’ perception of the inclusiveness of the physics
learning environment. All of those interactions can affect students’ identity, self-efficacy, and
interest in physics at the end of the course.

There are a variety of ways that TAs/instructors can improve student interactions and the
learning environment in their physics courses. Instructors can influence students’ peer interaction
by providing time for the students to work together in class in an equitable and inclusive learning
environment and making sure all voices are heard equally when discussing problems as a whole
group. One strategy instructors can use to encourage equal contribution in group work is to assign
each student a role that rotates throughout the course. These changes could improve student
perception of the inclusiveness of the learning environment and increase students' motivational
beliefs 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 active-learning pedagogy is not implemented using teaching strategies that are
equitable and inclusive, the gender gap in students’ performance may increase disadvantaging
women [92]. It is also important for instructors to emphasize that struggling is normal during the
learning process, and it is the stepping-stone to learning new things. Therefore, students should
embrace their struggles. Additionally, short interventions, e.g., sense of belonging and mindset
interventions, have been shown to eliminate gender performance gaps [151, 186] and have lasting
effects beyond the class in which they are implemented [185].

The courses in this study were traditionally taught lecture-based courses. It would be
important to investigate these models in evidence-based active-engagement courses (e.g., studio

courses). In the future, it will also be useful to investigate, e.g., how students’ perceptions of peer
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interaction depend on the gender composition of the groups they were interacting with (same sex
groups vs mixed groups vs working alone) and how different evidence-based active engagement

classes affect these findings.
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12.0 Developing an innovative sustainable science education ecosystem: Fostering equitable

and inclusive learning environments

12.1 Introduction

There is an urgent need for workforce growth in science, technology, engineering, and
math (STEM) fields in many countries particularly because the global economy has become
increasingly dependent on rapid innovations in the STEM fields. However, individuals from
certain demographic groups, e.g., women and ethnic/racial minority (ERM) students, have largely
been left out from contributing to these exciting fields and continue to be severely
underrepresented in STEM majors [64, 65] and careers [295]. This lack of diversity not only
disadvantages these individuals from contributing to the STEM enterprise, it negatively impacts
the productivity and innovation in the STEM workplace [296, 297]. Prior research suggests that
gender diversity in the workforce is associated with increased revenue for organizations [297] and
an organization that values the talents of diverse individuals with different backgrounds can create
fertile grounds for disruptive innovation and better harness the unmet needs in under-leveraged
markets [296]. Thus there has been a focus on investigating the experiences and participation of
traditionally underrepresented students, e.g., women and ERM students in many STEM fields [52,
79, 115, 145, 149, 153, 260, 261] to improve equity and inclusion in these fields and increase the
participation of these underrepresented groups in the STEM workforce, which is critical for
innovation.

However, increasing the enrollment of traditionally underrepresented people in STEM

fields is not sustainable unless the environment is equitable and inclusive and there is an
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established supportive culture so that all individuals regardless of their demographic group feel
that they belong and can freely contribute their ideas. For example, some strategies to create an
equitable and inclusive environment and increase innovation include ensuring that everyone is
respected, valued, and heard, making it safe to propose novel ideas without any fear of judgment,
and giving actionable feedback [296]. Creating this type of sustainable STEM ecosystem in which
everyone can succeed begins with creating an innovative science education ecosystem with
research-based active learning pedagogies that centers equity and inclusion [219, 298-300]. In
particular, it is important to keep in mind that prior research shows that if the active learning
pedagogy is not implemented using teaching strategies that are equitable and inclusive, men have
been shown to not only dominate in asking and responding to questions in class but they also
dominate while working in groups, which can lower women’s self-efficacy [219]. In addition, in
the lab context, men and women have been shown to fall into gender roles when splitting up the
work which may disadvantage women [52]. Therefore, to make a sustainable science education
ecosystem, the learning environment in STEM classes must be curated and implemented with
equity and inclusion as a foundational and central tenet.

To develop an innovative sustainable science education ecosystem, our conceptualization
of equity in STEM learning includes three pillars: equitable access and opportunity to learn,
equitable and inclusive learning environment, and equitable outcomes. Thus, by equity in STEM
learning, we mean that not only should all students have equitable opportunities and access to
resources, but they should also have an equitable and inclusive learning environment with
appropriate support and mentoring so that the learning outcomes are equitable. For there to be
equitable learning outcomes, students from all demographic groups (e.g., regardless of their

gender) who have the pre-requisites to enroll in STEM courses should have comparable learning
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outcomes. This conceptualization of equitable outcome is consistent with Rodrigues et al.’s equity
of parity model [72]. An equitable and inclusive learning environment should be student-centered
in which students are provided appropriate support and have an equal sense of belonging regardless
of their prior preparation. It would also ensure that students from all demographic groups enjoy
the hands-on and minds-on learning and embrace challenges as opportunities to grow their
knowledge instead of being threatened by them. Equitable learning outcomes for STEM majors
include the ability of STEM courses to empower all students and make them passionate about
pursuing further learning and careers in related areas. We note that these three pillars are strongly
entangled with each other. For example, if the learning environment is not equitable and inclusive,
the learning outcomes are unlikely to be equitable.

Our conceptualization of equity in STEM learning is mindful of the pervasive societal
stereotypes and biases about physics as well as the lack of role models that can have a detrimental
psychological impact on women who are severely underrepresented. In general, when students
struggle to solve challenging problems, they often respond in one of two ways. Some question
whether they have what is needed to excel in STEM. Others enjoy the struggle because it means
that they are tackling new concepts and learning. The negative reaction is a manifestation of a
fixed mindset (believing that intelligence is immutable and struggling is a sign of a lack of
intelligence), whereas the positive reaction is the sign of a growth mindset (believing in the brain’s
capabilities can grow with deliberate effort). In an inequitable and non-inclusive learning
environment, due to societal stereotypes and lack of role models, the marginalized students are
more likely than others to fall prey to the fixed mindset trap and view their struggle with

challenging problems in a negative light.
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We note that not only should STEM courses have learning outcomes based upon STEM
related knowledge and skills we want students to learn but also those that focus on whether all
students (and especially those from marginalized groups) have a high self-efficacy, interest,
positive perception of recognition from others such as instructors, sense of belonging, peer
interaction, and identity as people who can excel in physics. Drawing analogy with sports, we note
that to help players excel in any game, such as tennis, coaches must ensure both good defense and
offense. Likewise, helping students learn requires that instructors equip all students with both
defensive and offensive strategies. Instructors can strengthen students’ defenses by creating
equitable and inclusive learning environments in which all students have high beliefs. Only if the
learning environment is equitable and inclusive so that all students have strong defenses about
learning can they effectively engage with the offense by tackling challenging problems and
developing problem solving, reasoning, and meta-cognitive skills. In the absence of equitable and
inclusive classrooms, students without strong defenses are unlikely to risk struggling with
challenging problems and engage fully with hands-on and minds-on activities.

Here we discuss a research study involving physics classrooms at a large research
university in the US to understand women's and men’s perceptions of the inclusiveness of the
learning environment, and how it predicts student outcomes (including their performance and
beliefs) in introductory physics courses. Lessons learned from our investigation about equity and
inclusion in physics classrooms can be invaluable for all STEM disciplines that suffer from similar
issues with students from marginalized demographic groups, particularly because societal
stereotypes and biases are some of the worst in physics, a field whose history is often told through
the stories of brilliant men [301]. These stereotypes, biases, and lack of role models can contribute

to lower student beliefs (such as self-efficacy, interest, and identity) and performance outcomes
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(e.g., grades) for women in physics [1-3, 53, 238] unless explicit efforts are made to make the
learning environment equitable and inclusive. We emphasize that in addition to performance
outcomes, students’ STEM beliefs are important to investigate since students’ beliefs in different
STEM domains can influence their continuation in related courses, majors, and careers [43, 118,
156, 238, 240, 242, 245]. Student beliefs such as students’ identity, self-efficacy, and interest in a
particular STEM field are important for students’ career interests [32, 54, 230], learning [40], and
continuation in STEM fields [39, 159, 286, 287]. Furthermore, in physics, prior research shows
that gender gaps can persist in many of these beliefs as well as in the performance outcomes at the
end of the course with certain student populations [1-3, 294]. Thus, in order to create a sustainable
STEM education ecosystem, equity and inclusion must be central to making sure that innovative
hands-on and minds-on activities benefit all students and that all students (and particularly those
from marginalized groups) can be supported equitably.

Therefore, investigating these beliefs and performance outcomes for students from
different demographic groups, e.g., women and men, can provide important information on how
students are persisting in these STEM courses and how educators can create an innovative
sustainable ecosystem that centers on an equitable and inclusive learning environment in which
students from all demographic groups have comparable outcomes. Prior work has mainly
investigated students’ performance outcomes as well as self-efficacy, interest, and identity and
connections between these factors in physics courses in which women are underrepresented [58,
59, 97]. However, societal stereotypes and biases may impact female students’ beliefs and
performance even in STEM courses in which they are not numerical minorities if the learning
environment is not equitable and inclusive. Therefore, research is necessary to examine how

mechanisms for structuring courses in instructors’ control can influence women's and men’s course
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outcomes in contexts not frequently studied in the past, e.g., introductory physics courses for
students on the bioscience track in which women are not numerical minorities. The findings of this
research can provide guidelines for developing an innovative and sustainable hands-on and minds-
on science education ecosystem that fosters equitable and inclusive learning environments. Since
in the research presented here, we investigate students’ motivational beliefs and their perception
of the inclusiveness of the learning environment, we start with a brief background on each.
Self-efficacy in a particular discipline is a student’s belief in their ability to solve a
particular problem or goal [27, 28]. Self-efficacy has been shown to impact students’ engagement,
learning, and persistence in science courses [14, 15, 27, 29-42]. When tackling difficult problems,
students with high self-efficacy tend to view the problems as challenges that can be overcome,
whereas people with low self-efficacy tend to view them as personal threats to be avoided [27].
However, in introductory physics courses in which women are underrepresented, studies have
found a gender gap in self-efficacy favoring men that sometimes widens by the end of the course
even in interactive engagement courses [11, 29, 43, 91, 92, 110]. Similarly, interest in a particular
discipline may affect students’ perseverance, persistence, and achievement in a course [16, 38, 41,
44-46]. One study showed that changing the curriculum to stimulate the interest of the female
students helped improve all of the students’ understanding at the end of the year [47]. Within the
expectancy-value theory, interest and competency beliefs (closely related to self-efficacy) are
connected constructs that predict students’ academic outcomes and career expectations [48].
Additionally, perceived recognition has been shown to play an important role in women’s
motivation [50]. However, studies have shown that female students do not feel recognized

appropriately even before they enter college [1, 4, 24]. In a study on students’ perception of
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support, teacher support was more strongly linked to the motivation and engagement of girls than
boys [50].

A student’s identity in STEM disciplines is important to study since it plays a key role in
students’ participation in classes as well as career decisions [5, 49, 54-57]. For example, “physics
identity” has been studied in physics classes and has been shown to be connected with a student’s
self-efficacy, interest, and perceived recognition [5, 58, 59, 134]. The science identity framework
draws on the work of Gee, who defined an individual’s identity as being recognized as a certain
kind of person in a given context and emphasized that identity can change over time [56]. It has
been adapted in the science context to address the identities of both students and scientists [55].
Carlone and Johnson’s science identity framework includes three interrelated dimensions:
competence (“I think I can”), performance (“I am able to do”), and recognition (“I am recognized
by others™) [55]. Hazari et al. modified the framework by adapting it to physics specifically rather
than science more generally [5]. “Competence” and “performance” were defined as students’
beliefs in their ability to understand the subject and students’ belief in their ability to perform
physics tasks. Additionally, recognition was framed as recognition by others as being a good
physics student. Lastly, a fourth dimension, interest, was added to the framework since students
have highly varying levels of interest in physics [60, 61]. In later studies by Hazari for introductory
students, performance and competence are combined into one variable [58]. In a slightly reframed
version of Hazari’s physics identity framework by Kalender et al. [59], performance/competence
was framed as self-efficacy (closely related to competency belief). Additionally, recognition was
framed explicitly as “perceived recognition” by students for clarity.

Students’ identity in STEM disciplines plays an important role in students’ participation in

classes as well as career decisions [5, 49, 54-57]. However, prior studies have shown that it can be
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more difficult for women to form a physics identity than men [1-3, 6]. This could be due to gender
stereotypes and biases about who can excel in physics courses. In general, the image of a physicist
is portrayed as male, which can make women feel less welcome and accepted in the physics
community. In addition, the innate abilities of genius and brilliance are often seen as important
factors to succeed in physics [23]. However, genius is often associated with boys [169], and girls
from a young age tend to shy away from fields associated with innate brilliance or genius. Archer
et al. [1] investigated the impact of physics-related cultural attributions on girls’ or women’s
decisions to pursue physics and reported that science-keen girls or young women who name
physics as their favorite subject slowly lose their interest due to alienation, discrimination, and
gender-biased beliefs about physics. All of the stereotypes and biases can influence women’s
perception of their ability to do physics before they enter the classroom. In addition, faculty
members’ unconscious gendered beliefs regarding the students’ ability can be one source of the
threat and alienation that women in STEM experience [26]. One study showed that science faculty
members in biological and physical sciences exhibit biases against female students by rating men
significantly more competent when the curriculum vitae are identical except for the name of the
student being a male or female name [26]. These highly problematic stereotypes and biases are
founded in the historical marginalization of certain groups, e.g., women in physics, and continue
to manifest today in many ways, including gendered beliefs and barriers to women excelling in
physics when there is no explicit focus on making the learning environment equitable and
inclusive.

In addition to motivational factors that predict physics identity, other motivational factors
that contribute to the student perception of the inclusiveness of the learning environment can also

influence how women perform in their STEM classes and beyond [62]. For example, students’
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interaction with peers has been shown to enhance understanding and engagement in courses. In
addition, students’ sense of belonging in physics has been shown to correlate with retention and
self-efficacy [50, 63], so it is important to understand how it predicts both the performance and
motivational outcomes of women and men at the end of the course.

Inequitable outcomes in students’ beliefs and performance may be a result of inequitable
access to resources, inadequate support, and inequitable learning environments. Thus, it is
important to investigate student perception of the inclusiveness of the learning environment in
STEM courses to foster an inclusive education ecosystem in which all students regardless of their
demographic group affiliations can succeed. The study reported here used structural equation
modeling (SEM) to investigate factors in physics 1 that are part of the inclusiveness of the learning
environment that can influence student motivational and academic outcomes. We analyzed factors
that instructors have control over as part of the inclusiveness of the learning environment in their
courses, specifically students’ interaction with their peers, students' sense of belonging in the
course, and their perceived recognition by others (including instructors and teaching assistants or
TAS).

While many studies have investigated gender differences in beliefs in introductory physics
courses, most have not considered the inclusiveness of the students’ learning environment. The
inclusiveness of the learning environment includes experiences students have in the classroom as
well as interactions outside of the classroom, such as students’ experiences during office hours or
via email correspondences with the instructor or TA and students studying or doing homework
together. We control for students’ high school factors that include their high school grade point
average (GPA) and standardized math scores (SAT math score) as well as their self-efficacy and

interest at the beginning of physics 1 since these are students’ beliefs about physics when they
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enter the course based on prior experiences. The perception of the inclusiveness of the learning
environment consists of the student's perception of the effectiveness of peer interaction, their sense
of belonging, and perceived recognition (from instructors, TAs, friends, and family). We discuss
an investigation of the students’ outcomes pertaining to their physics performance (as measured
by the end of the semester grade) as well as their physics self-efficacy, interest, and identity at the
end of physics 1 to answer the following research questions. Our final statistical model that shows
the path analysis is shown in Figure 26.
RQL1. Are there gendered differences in students’ beliefs at the end of the physics 1 course
and do they change from the beginning to the end of the course?
RQ2. Do academic measures (e.g., high school grade point average and standardized math
scores) predict students’ motivational beliefs and performance at the end of the physics

1 course?

RQ3. How does the students’ perception of the inclusiveness of the learning environment

predict their motivational and performance outcomes at the end of the physics 1 course?
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12.2 Materials and Methods

12.2.1 Participants

In this study, a motivational survey covering the components in our model was
administered to students at the beginning and end of one semester of a traditionally taught
introductory algebra-based physics 1 course at a large research university in the US. The course is
typically taken by students on the bioscience track in their junior or senior year of undergraduate

studies. The course had many sections and had three primarily traditionally taught lecture classes
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and one recitation per week. There was a similar grading policy across sections such that in
addition to some points for homework, students’ grades were mainly based on 2-3 midterm exams
and 1 final exam. In general, there were little to no evidence-based active learning strategies
implemented in the courses and there was no intentional effort to make the course equitable and
inclusive. We analyzed the data for more than five hundred students who completed the survey.
The university provided demographic information such as age, gender, and ethnic/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 35% male and 65% female students. We recognize that gender is not a binary construct.
However, the data provided by the university only included binary options of male or female (less

than 1% of the students did not provide this information and thus were not included in the analysis).

12.2.2 Motivational Survey Instrument Validity

The validated motivational survey instrument used in the study measured students’ physics
identity, self-efficacy, and interest as well as their perception of the inclusiveness of the learning
environment as measured by their sense of belonging, perceived recognition, and interaction with
their peers. Thus, the survey questions asked about different aspects of the students’ beliefs at two
points in time (beginning and end of the course) and student perception of the inclusiveness of the
learning environment at the end of the course. Students were asked to answer all of the survey
questions with regard to the physics course they were enrolled in. The physics identity questions
evaluated whether the students saw themselves as a physics person, i.e., a person who can excel in
physics [230]. The physics self-efficacy questions measured students’ confidence in their ability to
answer and understand physics problems [170-172, 230, 236]. The interest in physics questions
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measured students' enthusiasm and curiosity to learn physics and ideas related to physics [171].
The sense of belonging questions evaluated whether students felt like they belonged in the
introductory physics classroom [50, 175]. The perceived recognition questions measured the
extent the student thought that other people see them as a physics person [230]. Lastly, the
effectiveness of peer interaction questions measured whether students thought that working with
their peers was beneficial to their confidence to do physics [276, 302]. The questions in the study
were designed on a Likert scale of 1 (low endorsement) to 4 (high endorsement) except for the
sense of belonging questions which were designed on a scale of 1 to 5 [173]. A lower score was
indicative of a negative endorsement of the survey construct while a higher score was related to a
positive belief in the construct.

The survey items were adapted from previous research [170, 174, 175, 236] and
revalidated in our own context using one-on-one student interviews, Exploratory Factor Analysis
(EFA), Confirmatory Factor Analysis (CFA) [26], Pearson Correlations, and Cronbach alpha. The

survey questions for each construct and factor loadings for each question are given in Table 32.

Table 32 Survey questions for each of the motivational constructs along with factor loadings (lambdas, 1)
from the Confirmatory Factor Analysis (CFA) results for all students (N = 501). The rating scale for most of
the self-efficacy and interest questions was NO! no yes YES! while the rating scale for the physics identity,
peer interaction, and perceived recognition questions was strongly disagree, disagree, agree, strongly agree.
The rating scale for the physics belonging questions 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.

Construct and Item A
Physics Identity
| see myself as a physics person 1.00

Physics Self-Efficacy
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I am able to help my classmates with physics in the laboratory or recitation 0.60

| understand concepts | have studied in physics 0.74
If I study, I will do well on a physics test 0.76
If I encounter a setback in a physics exam, | can overcome it 0.72

Physics Interest

| wonder about how physics works® 0.57

In general, | find physics’t 0.75

I want to know everything I can about physics 0.74
I am curious about recent discoveries in physics 0.64

Physics Perceived Recognition

My family sees me as a physics person 0.89
My friends see me as a physics person 0.92
My physics instructor and/or TA sees me as a physics person 0.71

Physics Belonging

| feel like I belong in this class 0.81

| feel like an outsider in this class 0.74

| feel comfortable in this class 0.82

| feel like I can be myself in this class 0.62
Sometimes | worry that | do not belong in this class 0.69

Physics Peer Interaction
My experiences and interactions with other students in this class...
Made me feel more relaxed about learning physics 0.75

Increased my confidence in my ability to do physics 0.93
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Increased my confidence that | can succeed in physics 0.96

Increased my confidence in my ability to handle difficult physics problems 0.90

Additionally, Table 33 shows the Pearson’s correlation r values which signify the strength
of the relationship between constructs. The table shows that the correlations vary in strength, but
none of the correlations in our survey are so high that the constructs cannot be separately examined.
The only high inter-correlations were between pre interest and post interest (0.86). Past work has
shown that there is a high correlation in interest throughout the introductory courses in which no
explicit hands-on and minds-on efforts are made to make students more interested [26, 294]. All

correlations in Table 33 are low enough that they can be considered separate constructs.

Table 33 Pearson correlations are given between all the predictors and outcomes. All p-values are < 0.001

Pearson Correlation Coefficient

Observed Variable 1 2 3 4 5 6 7 8 9 10
1. SAT Math - - - - - - -- - - -
2.H.S. GPA n.s. - - - - - -- - - -
3. Pre Self-Efficacy n.s. n.s. - - - - -- - -- -
4. Pre Interest n.s. ns. 0.65* -- -- -- -- -- - --
5. Perceived Recognition 0.15**  n.s. 030 0.33 - - -- - -- -
6. Peer Interaction ns. ns. 021** 025 046 -- -- -- - --
7. Belonging 0.26 n.s. 036 025 059 0.62 -- - -- -
8. Post Self-Efficacy 0.30 n.s. 041 029 062 062 081 -- -- --
9. Post Interest ns. 0.132* 0.19* 066 061 047 051 0.60 -- --
10. Grade in physics 1 0.48 n.s. 0.13 n.s. 037 023 044 049 0.20 --
11. Physics Identity 0.14** ns. 031 038 079 043 058 060 0.62 0.29

*=p<0.05 **=p<0.01,no*=p<0.001, n.s. = non significant (p > 0.05)

12.2.3 Analysis.

Initially, we compared female and male students’ mean scores for the predictors and
outcomes in our model (see Figure 26) for statistical significance using t-tests and for the effect
size using Cohen’s d [182]. Cohen’s d is defined as d = (um — Uf)/ Gpootea, Where iy, is the
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average score of male students, u, is the average score of female students and 0,44 is the pooled
standard deviation (or weighted standard deviation for men and women) for all students. 6,54;¢q
is defined as 0,501eq = (om* + 0¢%)/2, where a,,, is the standard deviation for men and o is the
standard deviation for women.

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 [138]. 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 the goodness of fit are as follows: CFl and TLI > 0.90, and RMSEA and SRMR

< 0.08 [139]. Additional details about SEM can be found in the following papers [62, 303, 304].

12.3 Results

12.3.1 Gendered differences in predictors and outcomes

Statistically significant differences were found in the majority of the predictors and
outcomes in favor of male students, except for the high school grade point average which favors
women (see Table 34). Additionally, there was no statistically significant difference in the
standardized math scores between men and women. The societal stereotypes, biases, and previous
experiences women have before they come into the class could be one reason women have lower
scores on these beliefs than men even at the beginning of the course (pre). Moreover, student

perceptions of the inclusiveness of the learning environment at the end of the course are lower for
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women than men (see perceived recognition, perceived effectiveness of peer interaction, and sense
of belonging in Table 34). Since students’ beliefs have important implications for their course
engagement and learning outcomes, it is critical for instructors to create a sustainable educational
ecosystem in which hands-on and minds-on activities center equity and inclusion to ensure that all
students regardless of their demographic group have similar outcomes (both in terms of their
performance and their beliefs). In Appendix | we provide the percentage of men and women who
selected each response to the questions. This provides a sense of how students answered each

question.

Table 34 Mean predictor and outcome values as well as effect sizes (Cohen's d) by gender (N = 292 for women
and N = 144 for men for the pre values and N= 327 for women and N = 174 for the post values and high
school factors since we only required students to have the post values). Statistical significance (p-values) is

given by superscript a for p = 0.002, superscript b for p = 0.171, and no superscript for p < 0.001.

Mean
Predictors and Outcomes (Score Range) Cohen's d
Male Female

High School Grade Point Average (0-5) 4.02 417 -0.322
Standardized Math Score (200-800) 680 670 0.16"
Pre Self-Efficacy (1-4) 3.07 2.83 0.58
Pre Interest (1-4) 2.74 2.45 0.58
Post Self-Efficacy (1-4) 2.92 2.55 0.66
Post Interest (1-4) 2.66 2.27 0.69
Physics 1 Grade (0-4) 3.17 2.89 0.36
Perceived Recognition (1-4) 2.22 1.92 0.43
Peer Interaction (1-4) 2.90 2.58 0.43
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Belonging (1-5) 3.58 3.01 0.60

Physics ldentity (1-4) 2.04 1.64 0.59

12.3.2 SEM path model

We used SEM to investigate the relationships between the constructs and to unpack each
construct’s contribution to explaining the self-efficacy, interest, physics identity, and grades of
women and men at the end of physics 1. We initially tested moderation analysis of variables using
multi-group SEM between female and male students to see if any of the relationships differed
across gender. There were no group differences at the level of weak or strong measurement
invariance and regression coefficients, so we proceeded to mediation analysis. We used mediation
analysis to understand the extent gendered differences in students’ outcomes at the end of physics
1 (self-efficacy, interest, grade, and physics identity) were mediated by differences in student’s
initial self-efficacy, interest, pre-college academic measures (high school grade point average and
standardized math scores), and the perception of the inclusiveness of the learning environment in
the physics class.

In our model, the inclusiveness of the learning environment (students’ sense of belonging,
perception of the effectiveness of peer interaction, and perceived recognition) mediated the
outcomes. The result of the SEM is presented in Figure 27. The model fit indices indicate a good
fit to the data: CFI = 0.924 (>0.90), TLI = 0.914 (>0.90), RMSEA = 0.051 (<0.08), and SRMR =
0.080 (<0.08). Self-efficacy, interest, and perceived recognition had a direct effect on physics
identity, and there were no direct effects from gender, grade in physics 1, or any of the pre college

and pre test factors. Students’ perceived recognition had the largest correlation (p = 0.59) while
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self-efficacy (B = 0.13) and interest (f = 0.18) had similar, but smaller direct effects on physics
identity.

Additionally, self-efficacy at the end of physics 1 is largely correlated by student’s sense
of belonging (B = 0.44) with additional effects from students’ pre self-efficacy (p = 0.26), peer
interaction (p = 0.26), standardized math scores (3 = 0.14), and perceived recognition ( = 0.12).
Similarly, interest at the end of physics 1 had the largest correlation from pre interest (f = 0.71)
with smaller effects from peer interaction (3 = 0.21), perceived recognition (f = 0.11), and high
school grade point average (B = 0.12). Lastly, student’s grade in physics 1was correlated with their
standardized math score (f = 0.40), student’s sense of belonging ( = 0.25), and perceived
recognition (B = 0.15).

Interestingly, we found that gender only directly correlated with students pre self-efficacy
(B = 0.32) and pre interest (p = 0.33) as well as smaller correlations with peer interaction (p =
0.14) and belonging (B = 0.13). The gendered differences in the pre-test values may be partially
caused by past experiences and societal stereotypes about physics women have before they enter
the physics classroom. However, women have additional negative experiences in the classroom
from the perceptions of the inclusiveness of the learning environment factors despite women

making up the majority of students in the class.
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Figure 27 Result of the SEM between gender and outcomes in physics through various mediating factors.
Perceived recognition, peer interaction, and belonging are factors in the inclusiveness of the learning
environment. The line thickness corresponds to the relative magnitude of B values. All p-values are indicated

by no superscript for p < 0.001, superscript “a” for p < 0.005 and superscript “b” for p < 0.05 values.

12.4 Discussion and Implications

In accordance with our framework, all students, especially those from marginalized
demographic groups such as women, must be given adequate support to excel in their coursework
as well as to develop high STEM related motivational beliefs in order to foster a sustainable science
education ecosystem and a sustainable STEM workforce. If the STEM learning and work
environments do not provide equitable opportunities for individuals from all demographic groups

to contribute their talents, quality and innovation will be compromised. In other words, in order to
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create a sustainable STEM ecosystem, equity and inclusion must be centered so that all students
can be supported in order for them to realize their potentials. However, using an example from an
introductory physics 1 course for students on the bioscience track at a large university in the US
in which women are not underrepresented, we find evidence of an inequitable and non-inclusive
learning environment. In particular, we find that women have lower grades and motivational
beliefs than men at the end of physics 1. This trend is comparable to the calculus-based physics
courses [4, 59] in which women are underrepresented showing these inequities cannot simply be
explained by the numerical representation of women and have their roots in stereotypes and biases
related to who belongs in these STEM disciplines and who can excel in them as well as the
dominant culture in these disciplines that perpetuates the inequities.

In response to RQ1, we find that women had lower motivational beliefs and perceptions
of the inclusiveness of the learning environment in physics 1. The course learning environment
was not equitable and inclusive to eliminate these gender differences. Our finding shows that the
percentage of women in a physics course is not enough to create a sustainable educational
ecosystem, instead, the learning environment must be equitable and inclusive in order for women
(and other marginalized students) to excel. Since students’ performance and beliefs in physics
courses can impact their future career choices, it is important to create a sustainable educational
ecosystem and make physics learning environments equitable and inclusive so that the gaps
between marginalized and dominant groups can be eliminated.

In response to RQ2, our SEM model indicates that the high school factors (high school
grade point average and standardized math scores) predicted students’ interest, self-efficacy,

perceived recognition, and grade at the end of the course. However, the perception of the
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inclusiveness of the learning environment factors had larger correlations with students’ beliefs at
the end of the course.

In response to RQ3, the inclusiveness of the learning environment factors were important
for explaining students’ physics self-efficacy, interest, grade, and identity at the end of the course.
Perceived recognition predicted all of the motivational and academic outcomes at the end of the
course while the effectiveness of peer interaction predicted students' self-efficacy and interest and
sense of belonging predicted students' grades and self-efficacy. Although interest at the end of the
course was primarily predicted by interest at the beginning of the course, intstructors have the
potential to improve students interest in physics if they explicitly focus on it as a goal. One possible
way to influence students’ interest is to engage them with problems that relate to their prospective
majors and occupations or that are of interest to them in general.

We note that the physics course in this study was a traditionally taught lecture-based course
in which student grades heavily depended on two or three midterm exams and a final exam. The
courses consisted of 3 hours of lecture per week taught by the instructor and 1 hour of recitation
per week taught by a TA. It is important to recognize that even in this traditionally taught lecture-
based course, students often received feedback from their instructors in multiple ways, including
receiving praise for asking or answering a question in class (which often advantages male students
since they dominate these situations) and their interactions with students during office hours or
over email. In addition, students interact with their TAs in recitation classes by asking questions
about the homework or class material at the start of recitation, when completing group work during
recitation, and during the TA’s office hours.

Instructors have the ability to positively transform the inclusiveness of the learning

environment (which would lead to an increased sense of belonging, effectiveness of peer
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interaction, and perceived recognition) and make their classes more equitable and inclusive. These
beliefs can influence each other as well. For example, if an instructor can improve the students’
perception of the effectiveness of peer interaction, by allowing students to work in groups during
class and ensuring that all students feel safe, valued, and respected participating in the discussions
without the fear of being wrong, they could influence the students’ sense of belonging as well. In
other words, if instructors can provide support for one of the factors they can most readily control
(e.g., effectiveness of peer interaction) and make their classes more equitable and inclusive, they
are likely to improve student outcomes in the process. In the hands-on lab, it would be beneficial
to have students contribute equally to each task as opposed to splitting the group work so that all
students have the opportunity to engage in all the types of work that make up science (as opposed
to women becoming secretaries and managers and men doing the tinkering with lab equipment)
[112]. Moreover, brief social-psychological classroom interventions have also been shown to
eliminate or reduce the gender gap in performance [151, 152, 185, 186].

Other researchers have pointed to the structural changes to implement at the institution and
classroom level to make the learning environment more equitable and inclusive and make the
science education ecosystem sustainable [47, 253, 305, 306]. Structural changes at the institution-
level require centering disadvantaged students in the design of curricula and pedagogies.
Instructors can make their courses student-centered, e.g., by adopting pedagogy that focuses on
societal implications of physics [47] in addition to providing mentoring/support for students who
are marginalized [253]. These students must be provided appropriate mentoring, guidance,
scaffolding, and support in college so that the structural hurdles they encounter in STEM fields

can be dismantled and they are not put at a disadvantage relative to their privileged peers [306].
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In summary, instructors and teaching assistants need to provide an inclusive learning
environment that emphasizes recognizing their students, allows for positive peer interactions, and
provides a space where all students can feel that they belong. From our analysis presented here, it
is clear that student perception of the inclusiveness of the learning environment factors play a
central role in predicting not only students’ grades but also their self-efficacy, interest, and identity
at the end of the course. We emphasize again that it is important to note that student perception of
the inclusiveness of the learning environment is not shaped only by what happens in the classroom.
Student interactions with each other while they do their homework, students’ experiences during
an instructor's or TA’s office hours, interactions between students and the instructor over email,
and other circumstances all contribute to the students’ perceptions of the inclusiveness of the
learning environment.

We hope that this research conducted in traditionally taught physics classes in the US can
serve as an example of how the current science education ecosystem is not sustainable because
students from marginalized groups, e.g., women, are continuing to have concerns about the
inclusiveness of the learning environment and this perception predicts their performance as well
as beliefs at the end of the course. In accordance with our framework, it is important to make
intentional efforts to create an innovative equitable and inclusive learning environment to help
create a sustainable science education ecosystem so that all students can benefit from the hands-

on and minds-on learning regardless of their demographics.
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13.0 How perception of learning environment predicts male and female students’ grades

and motivational outcomes in algebra-based introductory physics courses

13.1 Introduction and Theoretical Framework

While prior studies have investigated issues pertaining to women’s representation in
science, technology, engineering, and math (STEM) fields [19, 77, 114, 115, 145-153, 163], most
studies in college physics courses have focused on courses in which women are outnumbered by
men. In addition, several studies also reported gender disparity in students’ performance in some
STEM disciplines [76, 90, 307]. In these studies, several factors have been studied that negatively
impact women and could lead to their underrepresentation and underperformance. Some of the
factors include societal stereotypes and biases about who belongs in these fields as well as the
potentially intertwined issue of motivational beliefs, such as self-efficacy, interest, and identity
pertaining to STEM disciplines [29, 30, 34, 117, 156, 240, 241, 243, 244].

Self-efficacy in a discipline refers to students’ belief in their ability to accomplish tasks or
solve problems [27, 28]. Self-efficacy has been shown to impact students’ engagement, learning,
and persistence in science courses as well as contribute to the students’ science identity [27, 29,
31, 33, 35, 38, 39, 42]. For example, when tackling difficult problems, students with high self-
efficacy tend to view the problems as challenges that can be overcome whereas people with low
self-efficacy tend to view them as threats to be avoided [27]. Similarly, interest in a particular
discipline may affect students’ perseverance, persistence, and achievement in STEM courses [16,
38, 41, 44-46, 286]. One study showed that changing the curriculum to stimulate the interest of the

female students helped improve all of the students’ understanding at the end of the year [47]. In
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Eccles’ expectancy-value theory, interest and self-efficacy can influence each other as well as a
student’s performance in a class [48, 308]. This is important in physics courses since several
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 [8-13]. Some hypothesize
that causes of this gender gap include career goals, prior preparation, and motivational beliefs [12-
22].

In addition, self-efficacy and interest have been shown to influence students’ identity in
STEM courses. Science identity is defined as identifying with academic domains in science, i.e.,
whether students see themselves as science people or people who can excel in science disciplines
[2, 5, 266]. Students’ identity in STEM disciplines has been shown to play an important role in
their in-class participation in related courses and choices of majors and careers [5, 49, 54-56, 267].
The science identity framework by Johnson et al. [55] includes three dimensions: competence (“1
think I can”), performance (“I am able to do”), and recognition (“I am recognized by others”).
Hazari et al. modified the framework specifically for physics. “Competence” and “performance”
were defined as students’ beliefs in their ability to understand the subject and students’ belief in
their ability to perform physics tasks. Additionally, recognition was framed as recognition by
others as being a good physics student. Lastly, a fourth dimension, interest, was added to the
framework by Hazari et al. since students have highly varying levels of interest in physics [60,
61]. Here we use a slightly reframed version of the physics identity framework by Kalender et al.
[59]. In particular, performance and competence were combined into a single latent variable, self-
efficacy (closely related to competency belief). Studies have shown that it can be more difficult
for women to form a physics identity than men [1-3, 6]. However, most of the studies in the college

context concerning physics identity and factors that influence it are conducted in classes in which
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women are underrepresented [4, 5]. According to Gee’s identity framework [56], students’ identity
in a domain can be context dependent. Therefore, it is important to examine the physics identity
of students in physics courses in which women outnumber men, e.g., in introductory physics
courses for bioscience majors in which women are not underrepresented.

Students in these courses may be influenced by societal stereotypes and biases even before
they enter the classroom. One common stereotype is the idea of genius and brilliance are important
factors to succeed in physics [23]. However, genius is often associated with boys [169], and girls
tend to shy away from fields associated with innate brilliance or genius from a young age [24].
Studies have found that by the age of six, girls are less likely than boys to believe they are “really
really smart” and less likely to choose activities that are designed for “brilliant people” [24]. As
these students get older, often the norms in the science curriculum tend not to represent the interests
and values of girls [1, 309]. All of these stereotypes and factors can influence female students’
perception of their ability to do physics before they enter the classroom. So, it is possible that
although women are the majority in algebra-based physics courses, these societal stereotypes can
still influence their outcomes in those classes if the learning environment is not equitable and
inclusive.

Although other studies have investigated gender differences in motivational beliefs and
correlations between students’ attitudes and performance in introductory physics courses, most
studies have not considered students’ perception of the learning environment in influencing their
outcomes particularly in courses in which women are not underrepresented. In our study, within
the perception of the learning environment, we include students’ self-reported sense of belonging,
perceived recognition, e.g., by instructors and teaching assistants, and interaction with peers in the

class. Students’ sense of belonging in physics has been shown to correlate with their retention and
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self-efficacy [50, 63] and students’ interaction with peers has been shown to enhance their
understanding and engagement in courses [274]. A student’s perceived recognition by others has
been shown to play an important role in a student’s identity [49] and is especially related to
women’s other motivation beliefs [50]. Studies have shown that female students do not feel
recognized appropriately even before they enter college [1, 4, 24]. Our prior individual interviews
suggest that students’ perceived recognition by instructors and teaching assistants (TAS) impacts
their self-efficacy and interest in physics (e.g., see [52, 53]). In addition, other learning
environment factors, such as students’ sense of belonging and interaction with their peers, can play
a significant role in their learning and motivational outcomes.

This study uses Structural Equation Modeling (SEM) to examine the difference between
male and female students on the role of the learning environment in influencing motivational and
performance outcomes at the end of a mandatory two-semester algebra-based introductory physics
course sequence for bioscience majors, controlling for their high school GPA, SAT math scores,
grade, self-efficacy and interest in college physics 1. We controlled for students’ past performance
in high school and in the physics 1 course as well as their motivational beliefs when they started
the course to try and isolate the effect of the learning environment on student outcomes. In our
algebra-based introductory physics courses, 62% of the enrolled students are women. Even though
women are not underrepresented in the algebra-based courses, it is important to investigate their
motivational beliefs and performance outcomes since stereotypes about who can excel at physics
could still have consequences in these courses.

Combining these important motivational beliefs and outcomes in our study, a visual of our
model that focuses on the role of the learning environment is shown in Figure 28. All regression

paths were considered from left to right in our model. However, only some of the paths are shown
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for clarity.

High school factors, SAT math scores, and GPA, as well as outcomes from physics 1

(self-efficacy, interest, and grade), are controlled for at the beginning of the model. We then

investigate how the perception of the learning environment (perceived recognition, peer

interaction

, and belonging) predicts student outcomes at the end of the two-semester physics

course sequence (grade, self-efficacy, interest, and physics identity). Our research questions are

as follows:

RQI.

RQ2.

RQ3.

RQ4.

RQS5.

RQ6.

RQ7.

Are there gender differences in students’ grades and physics motivational beliefs at the
end of the mandatory two semester course sequence?

Is there moderation (interactions) by gender for any of the regression paths (predictive
relationships)?

If moderation does not affect any path, does gender mediate

3.a.  the factors that were controlled for?

3.b. the perception of the physics learning environment controlling for the

controlled factors?

3.c.  the student outcomes after controlling for everything else in the model?
Which factors, including those in the physics learning environment, post interest, post
self-efficacy, and grade at the end of the course, predict physics identity?

How does the perception of the physics learning environment predict student outcomes
in physics 2, controlling for factors at the beginning of the course?

Which aspects of the perception of the learning environment explain a major portion
of the variance in each outcome?

What unique role did each of the factors in the learning environment play in mediating

student outcomes?
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Figure 28 Schematic representation of the model based on the theoretical framework. From left to right, all

physics 1

possible paths were considered. Some, but not all, of the regression paths are shown (since others were not

statistically significant).

13.2 Methodology

In this study, a validated survey covering different motivational constructs in our
theoretical framework was administered to students at a large public research university in the U.S.
The survey was given at the end of the semester in two semesters of traditionally taught lecture-
based introductory algebra-based physics courses over the course of two years. The courses each
had one recitation per week and were similar in the grading policy where students’ grades mainly

consisted of 2-3 midterms and 1 final exam. In general, there were little to no evidence-based
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active learning strategies implemented in the courses. This course is primarily taken by junior or
senior bioscience majors for whom this two-semester physics course sequence is mandatory. We
analyzed the results for 854 students who completed the survey in introductory physics 1 and
physics 2 classes. The University provided demographic information such as age, gender, and
ethnic/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 38% male and 62% female students. We recognize that gender is fluid and not a
binary construct; however, the data collected by the institution is in binary terms, so we use that in
this study. Less than 1% of the students did not choose male or female and thus was not included

in the study.

13.2.1 Instrument Validity

The survey used in this study measured students’ physics identity, self-efficacy, interest,
sense of belonging, perceived recognition, and perception of interaction with peers for students
enrolled in introductory algebra-based physics courses. The survey was adapted from previous
research [170, 175] and revalidation of the motivational beliefs at our institution involved
conducting one-on-one student interviews [26], Exploratory Factor Analysis (EFA), Confirmatory
Factor Analysis (CFA), and calculation of the Pearson Correlations. The survey questions for each

construct and factor loadings for each question are given in Table 35.

Table 35 Survey questions for each of the motivational constructs along with factor loadings (Lambda) from
the Confirmatory Factor Analysis (CFA) for all students (N = 854). The rating scale for most of the self-
efficacy and interest questions was NO! no yes YES! while the rating scale for the physics identity, peer

interaction, and perceived recognition questions was strongly disagree, disagree, agree, strongly agree. The
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rating scale for the physics belonging questions was not at all true, a little true, somewhat true, mostly true,

and completely true All p-values are < 0.001.

Construct and Item Lambda

Physics Identity

| see myself as a physics person. 1.000
Physics Self-Efficacy

| am able to help my classmates with physics in the laboratory or recitation. 0.641
| understand concepts | have studied in physics. 0.710
If I study, I will do well on a physics test. 0.734
If I encounter a setback in a physics exam, | can overcome it. 0.664
Physics Interest

| wonder about how physics works. ¥ 0.696
In general, | find physics ' 0.810
| want to know everything | can about physics. 0.759
| am curious about recent discoveries in physics. 0.705

Physics Perceived Recognition

My family sees me as a physics person. 0.914
My friends see me as a physics person. 0.914
My physics instructor and/or TA sees me as a physics person. 0.678

Physics Belonging

| feel like I belong in this class. 0.795
| feel like an outsider in this class. 0.676
| feel comfortable in this class. 0.845
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| feel like I can be myself in this class.

Sometimes | worry that | do not belong in this class.

Physics Peer Interaction

My experiences and interactions with other students in this class...
Made me feel more relaxed about learning physics.

Increased my confidence in my ability to do physics.

Increased my confidence that | can succeed in physics.

Increased my confidence in my ability to handle difficult physics problems.

0.688

0.614

0.748

0.946

0.942

0.846

T The rating scale for this question was never, once a month, once a week, every day.

T the rating scale for this question was very boring, boring, interesting, very interesting.
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Table 36 Pearson inter-correlations are given between all the predictors and outcomes.
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The pair-wise Pearson correlations are given in Table 36. Pearson’s r values signify the
strength of the pairwise correlations between constructs. The inter-correlations vary in strength,
but none of the correlations are so high that the constructs cannot be separately examined. The
only high inter-correlations were between post interest in physics 1 and post interest in physics 2
(0.89) and between physics identity in physics 2 and perceived recognition in physics 2 (0.82).
Prior study shows that there is a high correlation in interest from the beginning to the end of the
physics courses and from physics 1 and physics 2 in calculus-based introductory physics courses
[26]. Additionally, perceived recognition is associated with external identity whereas physics
identity asks about internal identity so there tends to be a high correlation between the constructs.
Both correlations are low enough that they can be considered separate constructs.

The physics identity question evaluated whether the students see themselves as a physics
person [230]. The physics self-efficacy questions measured students’ confidence in their ability to
understand physics and solve problems [170-172, 230]. The interest in physics questions measured
students' enthusiasm and curiosity to learn physics and ideas related to physics [171]. The sense of
belonging questions on the survey measured whether students felt like they belonged in the
introductory physics classroom or not [50, 175]. The perceived recognition questions measured
the extent to which students thought that other people see them as a physics person [230]. Lastly,
the perception of peer interaction questions (which we will refer to as peer interaction for brevity)
measured whether students thought that working with their peers is beneficial for their confidence
to do physics [276, 277].

The questions in the study were designed on a Likert scale of 1 (low endorsement) to 4
(high endorsement) except for the sense of belonging questions which were designed on a scale of

1to 5[173]. A lower score was indicative of a negative endorsement of the survey construct while
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a higher score was related to a positive belief of the construct. Some of the questions were reverse

coded (e.g., I feel like an outsider in this class).

13.2.2 Analysis

Initially, we analyzed the descriptive statistics and compared female and male students’
mean scores on the predictors and outcomes for statistical significance using t-tests and to
investigate the effect size using Cohen’s d [182]. Cohen’s dis d = (up, — tf)/ Tpootear WHETe fhy,
is the average score of male students, i is the average score of female students and oy,4;¢q IS the
pooled standard deviation (or weighted standard deviation for men and women) for all students.
To quantify the statistical significance and relative strength of our frameworks’ path links, we used
Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with a
maximum likelihood estimation method [138]. SEM is an extension of multiple regression and
allows one to conduct several multiple regressions simultaneously between variables in one
estimation model. This is an improvement over multiple regression since it allows us to calculate
the overall goodness of fit and allows for all estimates to be standardized simultaneously so there
can be direct comparisons between different structural components. SEM also has an option to
handle missing data using the full estimation maximum likelihood “ML” estimation feature, which
improves power since it imputes missing data so students only missing some data are not dropped.
We report model fit for SEM by using the Comparative Fit Index (CFI), Tucker-Lewis Index (TL1I),
Root Mean Square Error of Approximation (RMSEA), and Standardized Root Mean Square
Residuals (SRMR). Commonly used thresholds for goodness of fit are as follows: CFl and TLI >

0.90, and SRMR and RMSEA < 0.08 [139].
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The model estimates were performed using gender moderation analysis to check whether
any of the relations between variables show differences across gender by using “lavaan” to conduct
multi-group SEM [187]. In moderation analysis, the predictive relationship (regression path)
between 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 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 moderation 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. Initially, we tested different levels of measurement invariance
model. In each step, we fixed different elements of the model to equality across gender and
compared the results to the previous step using the Likelihood Ratio Test [187]. Since we did not
find any statistically significant moderation by gender, we tested the theoretical model in a
mediation analysis, using gender as a variable directly predicting items to examine the resulting
structural paths between constructs (in the mediation analysis, if there are paths from gender to
any of the constructs as we found in our results discussed in the next section, it implies that women
and men did not have the same average value for those constructs even though the regression
coefficients between the constructs are the same for women and men). We made various models
with different learning environment factors to investigate the effects of the various factors on the

student outcomes as shown in Figure 28.
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13.3 Results and Discussion

13.3.1 Gender differences in predictors and outcomes

Women had statistically significantly lower mean values in the majority of the predictors
and outcomes than men, except for High School GPA, which favors women (see Table 37). There
was also no statistically significant difference in the mean of the physics 2 grade between men
(3.14) and women (3.05). The gender differences in motivational outcomes in physics 2 despite
women having no statistically significant grade difference is a cause for concern since student
motivational outcomes can impact their future career trajectories. Therefore, it is important to
improve the physics learning environments to make them equitable and inclusive so that these gaps

in motivational outcomes can be eliminated.
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Table 37 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 Mean
p-value Cohen's d
(Score Range) Male Female

High School GPA (0-5) 4.05 4.14 0.003 -0.22
SAT Math (200-800) 682 660 <0.001 0.32
Post Self-efficacy in physics 1 (1-4) 2.98 2.73 <0.001 0.49
Post Interest in physics 1 (1-4) 2.81 2.38 <0.001 0.71
Physics 1 Grade (0-4) 3.39 3.23 0.003 0.40
Perceived Recognition in physics 2 (1-4)  2.24 1.98 <0.001 0.39
Peer Interaction in physics 2 (1-4) 2.94 2.79 0.001 0.24
Belonging in physics 2 (1-5) 3.69 3.45 <0.001 0.28
Post Self-efficacy in physics 2 (1-4) 2.94 2.73 <0.001 0.40
Post Interest in physics 2 (1-4) 2.77 2.32 <0.001 0.73
Physics 2 Grade (0-4) 3.14 3.05 0.104 0.12
Physics Identity in physics 2 (1-4) 2.19 1.85 <0.001 0.45

13.3.2 SEM Path Model

We used SEM to investigate the relationships between the constructs and to unpack each
construct’s contribution to explaining the self-efficacy, interest, and physics identity of women
and men at the end of physics 2. We initially conducted gender moderation analysis between
variables using multi-group SEM to investigate if any of the predictive relationships between the

motivational constructs were different across gender. There were no group differences at the levels
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of weak and strong measurement invariance and at the level of regression coefficients. Thus, there
is no moderation effect by gender. Therefore, we proceeded to gender mediation analysis. In
particular, we proceeded to gender mediation analysis to understand the extent to which gender
differences in students’ outcomes at the end of the introductory physics sequence (self-efficacy,
interest, grade, and physics identity) were mediated by differences in students’ initial self-efficacy,
interest, prior knowledge in physics, pre-college academic measures (High School GPA and SAT

Math) and the perception of the physics learning environment.

13.3.2.1 Model 1: Perceived Recognition

In our first model, the only learning environment factor included was perceived recognition
(we keep this factor because it has been previously found to be a predictor of physics identity in
the theoretical framework we adapted). The result of the SEM path model is presented visually in
Figure 29. The model fit indices indicate a good fit to the data: CFI = 0.931 (> 0.90), TLI =0.919
(>0.90), RMSEA = 0.052 (<0.08), and SRMR = 0.044 (<0.08). Interestingly, we found that the
only direct connections to gender involved the high school factors, SAT Math ($ = 0.15) and H.S.
GPA (B =-0.11), as well as self-efficacy in physics 1 (f = 0.22) and interest (0.37) at the end of
physics 1. For example, gender directly mediates SAT Math and self-efficacy in physics 1 favoring
men but the regression coefficient showing the predictive relation between SAT Math and self-
efficacy in physics 1 is 0.24 for both women and men (if this regression coefficient was not the
same for women and men, we would not have been able to do mediation analysis by gender since
in that case, gender would have moderated the relation between these two constructs). We note
that gender has indirect effects on physics 1 grade, perceived recognition, and the outcome

variables (physics 2 grade, self-efficacy, interest, and identity).
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Thus, in this model shown in Figure 29, self-efficacy, interest and perceived recognition
in physics 2 had a direct effect on physics identity, and there were no direct effects from gender,
grade in physics 2, or any of the pre-college and physics 1 variables. Students’ perceived
recognition in physics 2 had the largest direct effect (regression coefficient 3 = 0.69) while self-
efficacy (B = 0.13) and interest ( = 0.10) had similar, smaller direct effects on the physics identity.

Self-efficacy in physics 2 is largely predicted by self-efficacy in physics 1 (f = 0.60) and
perceived recognition ( = 0.32). Similarly, interest in physics 2, has direct effects from interest in
physics 1 and perceived recognition with interest in physics 1 has the largest direct effect ( =
0.82), and perceived recognition has a smaller direct effect (f = 0.14). The students’ grade in
physics 2 has the largest direct effect from their grade in physics 1 (f = 0.59), and small direct
effects from their SAT math scores ( = 0.17) and perceived recognition (B = 0.08). Perceived
recognition plays an important role in predicting student motivational outcomes and therefore

instructors must find different ways to positively recognize students in their classroom.
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Figure 29 Result of the path analysis part of the SEM showing mediation between gender and outcomes in
physics through various mediating factors for Model 1. Perceived recognition is the only motivational
construct in the learning environment. The line thickness is the relative magnitude of the regression
coefficients B. The dashed lines indicate covariances between constructs. All p-values are indicated by no

superscript for p < 0.001, superscript “a” for p < 0.01, and superscript “b” for p < 0.05.

13.3.2.2 Model 2: Perceived Recognition and Peer Interaction
In our second model, we added perception of peer interaction into the learning environment
of physics 2. The result of the SEM is presented visually in Figure 30. The model fit indices
indicate an even better fit to the data than the first model: CFI =0.943 (>0.90), TLI =0.934 (>0.90),
RMSEA = 0.048 (<0.08), and SRMR = 0.045 (< 0.08). There are minimal differences in the direct
effect of gender to the other factors in the model. Additionally, identity has the same direct paths
and 3 values as in Model 1. However, there are differences in the outcomes of grade, self-efficacy,

and interest in physics 2. The direct path from perceived recognition to grade is not present in this
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model and instead is replaced with a direct path from peer interaction ( = 0.11). The direct paths
from perceived recognition and interest in physics 1 to interest in physics 2 are slightly smaller
compared to Model 1and there is a new direct path from peer interaction (f = 0.16). The largest
change is in the direct paths to self-efficacy in physics 2. The direct paths from self-efficacy in
physics 1 and perceived recognition decrease by approximately a  value of 0.10 (from 0.60 to
0.50 and from 0.32 to 0.21, respectively). Additionally, a direct path from peer interaction to self-
efficacy in physics 2 is significant in this model ( = 0.40). Therefore, students’ perception of their
peer interaction plays a significant role in predicting their learning and motivational outcomes.
Thus, it may be beneficial for instructors to influence peer interaction by introducing more active
learning pedagogy in their classroom in an equitable and inclusive learning environment (e.g.,

ensuring that men do not dominate and ignore or marginalize women during peer interaction).
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Figure 30 Result of the path analysis of the SEM between gender and outcomes in physics through various
mediating factors for Model 2. Perceived recognition and peer interaction are the two factors included in the
learning environment. The line thickness is the relative magnitude of gvalues. The dashed lines indicate
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covariances between constructs. All p-values are indicated by no superscript for p < 0.001, superscript “a” for

p < 0.01, and superscript “b” for p < 0.05.

13.3.2.3 Model 3: Perceived Recognition and Belonging

In our third model, the learning environment consisted of perceived recognition and
belonging in physics 2. The result of the SEM is presented visually in Figure 31. The model fit
indices indicate a comparable fit to the data as the first model: CFI = 0.931 (> 0.90), TLI = 0.922
(0.90), RMSEA =0.049 (<0.08), and SRMR =0.045 (<0.08). There are minimal differences in the
direct effect of gender to various factors. The same direct paths and (3 values to identity from the
first two models are present. However, there are some differences in the outcomes of grade, self-
efficacy, and interest in physics 2. The only direct path to physics 2 grade from the learning
environment factors is from belonging ( = 0.17). Similar to the model with peer interaction and
perceived recognition, the path between perceived recognition and self-efficacy was reduced and
a direct path from belonging to self-efficacy is present in this model ( = 0.50). Since belonging
is important for students’ outcomes in the course, it is crucial that instructors increase students’
sense of belonging. For example, instructors could ensure that students’ ideas are respected by
others in the class and students recognize that everyone struggles while learning physics and

struggling is the stepping stone to learning physics.
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Figure 31 Result of the path analysis part of SEM between gender and outcomes in physics through various
mediating factors for Model 3. Perceived recognition and belonging are factors in the learning environment.
The line thickness is the relative magnitude of gvalues. The dashed lines indicate covariances between
constructs. All p-values are indicated by no superscript for p < 0.001, superscript “a” for p < 0.01, and

superscript “b” for p < 0.05.

13.3.2.4 Model 4: Perceived Recognition, Peer Interaction, and Belonging

Our fourth and final model included all three perceptions of the physics learning
environment factors; belonging, peer interaction, and perceived recognition in physics 2. The result
of the SEM is presented visually in Figure 32. The model fit indices indicate a good fit to the data:
CFI = 0.936 (> 0.90), TLI = 0.927 (> 0.90), RMSEA = 0.047 (< 0.08), and SRMR = 0.046 (<
0.08). One difference in this model from the second model is that the direct path from peer
interaction to physics 2 grade does not appear and instead there is a direct path from belonging to

physics 2 grade (5 = 0.17). Self-efficacy has a direct path from belonging (£ = 0.34). The direct
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paths to self-efficacy from peer interaction and perceived recognition are reduced (from 0.40 to
0.26 and from 0.21 to 0.17, respectively). The direct paths to identity from perceived recognition,
self-efficacy, and interest in physics 2 remain unchanged in all four models. Thus, all three learning
environment factors (perceived recognition, peer interaction, and belonging) predict student

outcomes in the physics 2 course.
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Figure 32 Result of the path analysis part of the SEM between gender and outcomes in physics through
various mediating factors for Model 4. Perceived recognition, peer interaction, and belonging are the
motivational constructs included in the learning environment. The line thickness indicates the relative

magnitude of B values. The dashed lines indicate covariances between constructs. All p-values are indicated

by no superscript for p < 0.001, superscript “a” for p < 0.01, and superscript “b” for p < 0.05
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13.3.3 Direct and Indirect Paths

Since not all of the factors directly relate to student outcomes, we found the direct and
indirect paths of all the control variables and learning environment factors to the student outcomes
in Model 4. An indirect path is measured by finding the product of each path (f) from a given
variable to an outcome variable. The total indirect path for a given variable and outcome was found
by adding all of the indirect paths together. For example, there are two indirect paths from peer
interaction to identity. The first path goes from peer interaction — S.E. physics 2 — identity
(0.26*0.13 = .03). The second path goes from peer interaction — interest physics 2 — identity
(0.16*0.10 =.02). So, the total indirect path from peer interaction to identity is 0.03 + 0.02 = 0.05.
The total path was calculated by adding the direct path and total indirect path together. A summary

of all direct and indirect paths can be found in Table 38.

Table 38 Regression coefficients for direct paths and indirect paths from the controlled variables and

learning environment factors to every student outcome in Model 4.
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Direct Total Indirect Total

Outcome Predictor
Path Path Path
Grade SAT Math 0.16 0.24 0.40
physics 2 High School GPA 0.00 0.18 0.18
Grade physics 1 0.56 0.00 0.56
Self-efficacy physics 1 0.00 0.10 0.10
Interest physics 1 0.00 0.00 0.00
Peer Interaction 0.00 0.00 0.00
Perceived Recognition 0.00 0.00 0.00
Belonging 0.17 0.00 0.17
Self-efficacy SAT Math 0.00 0.17 0.17
physics 2 High School GPA 0.00 0.04 0.04
Grade physics 1 0.00 0.02 0.02
Self-efficacy physics 1 0.38 0.32 0.70
Interest physics 1 0.00 0.06 0.06
Peer Interaction 0.26 0.00 0.26
Perceived Recognition 0.17 0.00 0.17
Belonging 0.34 0.00 0.34
Interest SAT Math 0.00 0.02 0.02
physics 2 High School GPA 0.00 0.00 0.00
Grade physics 1 0.00 0.01 0.01
Self-efficacy physics 1 0.00 0.08 0.08
Interest physics 1 0.80 0.04 0.84
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Peer Interaction 0.16 0.00 0.16

Perceived Recognition 0.11 0.00 0.11

Belonging 0.00 0.00 0.00

Identity SAT Math 0.00 0.07 0.07
High School GPA 0.00 0.03 0.03

Grade physics 1 0.00 0.07 0.07

Self-efficacy physics 1 0.00 0.23 0.23

Interest physics 1 0.00 0.35 0.35

Peer Interaction 0.00 0.05 0.05

Perceived Recognition 0.69 0.03 0.72

Belonging 0.00 0.04 0.04

13.3.4 Variance explained by each model

After constructing the models with each additional learning environment factor, we
calculated the coefficient of determination (Adjusted R?) of each construct in every model to
investigate the proportion of variance explained by each model (Table 39). We found that each
model explained the same amount of variance for physics interest, grade, and identity in physics
2. This means that adding in peer interaction and belonging did not explain any more variance in
those three outcome variables. However, the variance in self-efficacy for physics 2 increased for
each consecutive model. Model 1 explained 61% of the variance in self-efficacy, model 2
explained 75% of the variance, model 3 explained 78%, and model 4 explained 81% of the
variance. Therefore, all three of the learning environment factors play a crucial role in predicting
student outcomes (and particularly self-efficacy) in the course. Thus, it is important that instructors
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consider all three learning environment factors to create a more equitable and inclusive

environment so all students can succeed.
Table 39 Adjusted coefficients of determination (Adjusted R?) for all variables in the four different models on
the impact of the learning environment. P.R. is perceived recognition, Peer is peer interaction, and Bel is

belonging.

Adjusted R?
Variable Model 1 Model 2 Model 3 Model 4

P.R. P.R. +Peer P.R.+Bel P.R.+ Peer+ Bel

High School GPA 0.00 0.00 0.00 0.00

SAT Math 0.01 0.01 0.01 0.01

Post Self-Efficacy in physics 1 0.11 0.11 0.11 0.11
Post Interest in physics 1 0.12 0.12 0.12 0.12
Physics 1 Grade 0.30 0.30 0.30 0.30
Perceived Recognition in Physics 2 0.29 0.29 0.29 0.28
Peer Interaction in physics 2 -- 0.13 -- 0.13
Belonging in physics 2 - - 0.30 0.32
Post Self-Efficacy in physics 2 0.61 0.75 0.78 0.81
Post Interest in physics 2 0.82 0.82 0.82 0.82
Physics 2 Grade 0.49 0.49 0.50 0.50
Physics Identity in physics 2 0.69 0.69 0.69 0.69

*all p-values are < 0.001
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13.4 Summary and Implications

Women taking traditionally taught algebra-based physics courses have lower motivational
beliefs than men at the end of physics 2, a pattern similar to what we observed in the calculus-
based physics courses [4, 59], despite the higher representation of women in the former—62% of
students versus 30%, respectively. In response to RQ1, we find that at the end of physics 2, women
had lower self-efficacy, interest, perceived recognition, peer interaction, belonging, and physics
identity (Table 37). Women and men did not have statistically significant differences in course
grade at the end of physics 2, but women had statistically significantly lower grades than men in
physics 1 (Table 37). One hypothesis for gender difference in grades in physics 1 (but not in
physics 2) is that the high school physics course that many students take overlaps with the content
of physics 1 (mechanics) and male students might benefit more from the way those high school
courses are taught and their greater familiarity with this content may provide them an advantage
in college physics 1 particularly if college instructors do not make an effort to create an equitable
and inclusive learning environment and level the playing field. However, what is also a cause for
concern is that women had lower motivational beliefs in both courses than men. Also, women had
lower self-efficacy coming into the physics 2 course, which we hypothesize to be due to societal
stereotypes about who can excel in physics and previous gendered experiences women had before
they came into the class. The learning environment in physics 2 did not alleviate these gender
differences. Since students’ self-efficacy has important implications for student performance in
the course and can also impact their career trajectories, it is important to make physics learning
environments equitable and inclusive so that the gap can be eliminated. This entails creating a

learning environment in which women feel recognized by their instructors and have a high sense
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of belonging in the course since these beliefs are important for excelling in the course and play a
key role in predicting physics identity, interest, and self-efficacy.

In response to RQ2, we did not find moderation by gender for any regression path in our
models. Therefore, SEM mediation models were implemented to help answer RQ3. We find that
gender mediates certain factors we controlled for, such as the high school GPA, SAT math scores,
interest, and self-efficacy at the end of physics 1. However, gender did not directly predict any
learning environment or student outcome factors. This was true for all of our models and further
supports the finding that women begin and end physics 2 with lower motivational beliefs than men.
This is potentially due to societal stereotypes and biases women experience about who belongs in
physics and can excel in physics throughout their life and persist if instructors do not create an
equitable and inclusive learning environment. Thus, instructors must be provided incentives and
support to make physics learning environments equitable and inclusive in order to eliminate these
differences.

To answer question RQ4, in all four models perceived recognition, interest, and self-
efficacy at the end of physics 2 directly influenced identity. Perceived recognition had the most
influence on identity (5= 0.69) followed by self-efficacy (# = 0.13) and interest (£ = 0.10). This
is consistent with past studies [59]. Indirect effects on identity include belonging and peer
interaction, as seen in Table 38. However, there was no direct path from students’ grades to their
physics identity so that how well students did in the course did not predict whether they felt like a
physics person. Since students’ physics identity may have important implications for their future
career choices, it is important to improve all students’ physics identity in these introductory physics

courses.
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Turning to the learning environment factors, we focus on responses to RQ5 and RQ6. The
factors that predicted self-efficacy in both physics 1 and 2 were perceived recognition (§ = 0.17),
peer interaction (f = 0.26), and belonging ( = 0.34). Interest in physics 2 was predicted by the
learning environment factors of perceived recognition ( = 0.11) and peer interaction ( = 0.16)
as well as interest in physics 1 (B = 0.80). Unlike self-efficacy, which was predicted by all learning
environment factors, interest at the end of the physics 2 course was primarily predicted by interest
at the end of physics 1. Despite this finding in traditionally taught courses, interest in physics has
the potential to show desired change at the end of the course if instructors explicitly focus on this
goal. One possible way to influence students’ interest is to engage them with problems that relate
to their prospective majors or occupations or that are of interest to them in general. The only
learning environment factor that predicted physics 2 grade in the fourth and final model was
belonging (B = 0.17). In addition, physics 1 grade and SAT math also affected this outcome. While
the only direct path to grade in the final model was students’ sense of belonging, perceived
recognition and peer interaction may still predict physics 2 grade through some of the shared
variances in these factors. As we observed in models 1 and 2, peer interaction and perceived
recognition had direct paths to physics 2 grade when belonging was not included as a learning
environment factor. From these results, it is clear that the learning environment is important when
predicting student outcomes. Therefore, physics instructors should embrace their role in improving
student outcomes in their courses and create an equitable and inclusive learning environment in
which all students thrive.

In response to RQ7, Table 39 shows the unique role each of the learning environment
factors plays in mediating student outcomes. The variance explained in interest, grade, and identity

in physics 2 do not change significantly when more learning environment factors are added. For
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interest, this is because most of the variance in all models is explained by interest in physics 1
instead of the learning environment factors. For grade in physics 2, this is because most of the
learning environment influence comes from the shared variance between the learning environment
factors. When only perceived recognition is included in the model, it directly influences physics 2
grade; when perceived recognition and peer interaction are included in the model, peer interaction
directly influences physics 2 grade; and in the final model, only belonging influences physics 2
grade. It is important to note that only about 50% of the variance is explained for the physics 2
grade, so there are still other factors that predict grade that are not included in the model. Perceived
recognition plays a large role in predicting identity and was included in each of our models. Unlike
other outcomes, self-efficacy had more variance explained when more learning environment
factors were added. In particular, peer interaction played an important role in predicting self-
efficacy and it explained 14% more of the variance when included in the model. When belonging
is also added to the model, it explains an additional 6% of the variance. Thus, it is important to
include all three learning environment factors in the model to help explain the student outcomes.
While each factor plays a unique role in explaining student outcomes, sense of belonging, peer
interaction, and perceived recognition can influence each other to create better outcomes in
equitable and inclusive learning environments [310]. Not only can the learning environment
factors influence each other, but as seen from Table 37, self-efficacy and grade, self-efficacy and
interest, as well as self-efficacy and perceived recognition are all correlated with each other.
Instructors could potentially change student outcomes for the better if they can provide
support for factors they can control (i.e., learning environment factors). It is important to note that
the physics 1 and physics 2 courses in this study were traditionally taught lecture-based physics

courses where student grades heavily depended on two or three midterms and a final exam. There
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were little to no research-based active engagement strategies used in the classroom. Instructors can
influence students’ peer interaction with each other by providing time for students to work in
groups during class or recitations and making sure that all student voices are heard equally while
discussing problems. This could in turn help increase students’ sense of belonging in the classroom
if they observe that their ideas are respected by other students in the classroom. In addition, by not
letting men dominate the conversations in class and explicitly praising effort and affirming women
when they do well or make progress in the class, the gender gap in students’ perceived recognition
could potentially be decreased. This is especially important when implementing active learning
pedagogy in the classroom. If not implemented using teaching strategies that are equitable and
inclusive, men have been shown to not only dominate responding to questions in class but also
while working in groups which can lower women’s self-efficacy [219]. Moreover, instructors
should be careful not to say that problems are “trivial”, “easy” or “obvious” when students ask
them for help after trying their best because otherwise female students are more likely to feel
disparaged (or negatively recognized). What instructors need to realize is that what is important is
the impact they are having on the students and not their intentions. Brief social-psychological
classroom interventions, or mindset or sense of belonging interventions, have also been shown to
eliminate or reduce the gender gap in performance [151, 152, 185, 186]. It would also help if
instructors make it clear to students that they have high expectations of them, but they know that
they have what it takes to meet those expectations and excelling in physics entails working hard
and working smart and using effective approaches to learning and getting help from instructors
and peers frequently as needed.

In summary, instructors and TAs need to create a learning environment that emphasizes

recognizing their students, allowing for positive peer interactions, and providing a space where all
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students can feel like they belong in physics. From our analysis, these factors play important roles
in predicting students’ grade, self-efficacy, interest, and identity in physics. We hypothesize that
many of these differences are due to the stereotypes and past experiences women have that
perpetuate through to the end of these introductory physics courses even though women are not
underrepresented in them. It is important to note that the learning environment includes not only
what happens in the classroom. Student interactions with each other while they are doing
homework, students’ experiences in an instructor or TA’s office hours, interactions between
students and the instructor over email, and other circumstances all contribute to the students’
learning environment. All of those interactions can affect students' identity, self-efficacy, and

interest in physics by the end of the semester.
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14.0 Future Directions

The research presented here gives insight into gender differences in physics motivational
beliefs in the introductory physics courses and how the inclusiveness of the physics learning
environment predicts students’ motivational beliefs and performance for students on the bioscience
track. These findings can be very useful for instructors interested in making these courses more
equitable and inclusive. However, more research is needed.

The research presented here focuses on gender differences in these courses. The data
obtained from the university only included the binary options of male and female; however, gender
is a more complex, multidimensional construct. Therefore, in future research, it would be
important to provide students with multiple options to investigate a more nuanced gender
construct. Moreover, qualitative research would also be useful to gain further insights into the
quantitative findings discussed here.

In addition, there is a need to investigate and address the impact of other facets of students’
identity that can lead to inequitable outcomes in these physics courses. For example, other factors
such as students’ race/ethnicity, income status, first-generation college status, disability, and
sexual orientation may be important to consider in future analyses.

This research was carried out at a large research institution and may not be generalizable
across institutions of different types. Thus, studies that investigate student motivational beliefs for
institutions with different student populations should be conducted such as students at two-year
colleges, all-women’s colleges, and racially diverse colleges, e.g., minority serving institutions

(MSI).
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While there is more research needed, investigating students’ motivational beliefs can
provide insight into the reasons for inequitable outcomes in physics courses in which women are
not numerical minorities. This research and future research on students’ motivational beliefs can
be useful to improve equity and inclusion in introductory physics courses in which women are not

numerical minorities.
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Appendix A Full SEM Models

In the main text, we included four SEM models, here we include more detail about each
model. We have included data of results from a motivational survey given to introductory physics
2 course for bioscience majors. We used the physics identity framework (as explained in section
IV) as an example to show how the proposed framework is used to select a good model from
several statistically equivalent ones. The models predicted students’ physics identity through self-
efficacy, interest, and perceived recognition. According to the Lee—Hershberger replacing rules
[136], the best known rules in the SEM literature for generating equivalent structural models, there
are 27 statistically equivalent models with different predictive relations between the three
mediating constructs (self-efficacy, interest, and perceived recognition). Here we discuss four of
the models to show how our framework could guide us to select a good model. While each model
is statistically equivalent, the instructional implications of each model are different.

Initially, we compared female and male students’ mean scores of the predictors and
outcomes for statistical significance using t-tests and for the effect size using Cohen’s d [182].
Table 40 shows that were statistically significant differences in all of the predictors and outcomes
in favor of male students despite the fact that women are the majority in the algebra-based courses

(60%).
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Table 40 Mean pre predictor and outcome values in physics 1 by gender as well as statistical significance (p-

values) and effect sizes (Cohen's d) by gender. All p-values < 0.001.

Mean
Predictors and Outcomes (Score Range) Cohen'sd
Male Female
Perceived Recognition (1-4) 2.24 1.98 0.39
Self-Efficacy (1-4) 2.94 2.73 0.40
Interest (1-4) 2.77 2.32 0.73
Physics Identity (1-4) 2.19 1.85 0.45

To quantify the significance and relative strength of our frameworks links, we used
Structural Equation Modeling (SEM) as a statistical tool by using R (lavaan package) with a
maximum likelihood estimation method [138]. The level of SEM model fit can be represented 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 the goodness of fit are as follows: CFl and TLI > 0.90, and SRMR and RMSEA
<0.08[139]. We initially tested gender moderation between different constructs using multi-group
SEM (between male and female students) to see if the relationship between the motivational
variables were different across gender. There were no group differences at the level of weak and
strong measurement invariance including at the level of regression coefficients. Therefore, we
proceeded to gender mediation analysis to understand how gender mediates physics identity at the
end of the introductory physics 2 course for bioscience majors. As noted, there are 27 possible
statistically equivalent models showing different predictive relationships among the three
mediating constructs (self-efficacy, interest, and perceived recognition). For brevity, here we
explicitly illustrate four of them, which are representative of the models in prior research.
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First, we consider a model in which there is no predictive relationship among self-efficacy,
interest, and perceived recognition. Instead, there are covariances between each motivational
factor. Figure 33 shows the path analysis results of this SEM model. The model fit indices indicate
a good fit to the data: CFI = 0.966, TLI = 0.954, RMSEA = 0.061, SRMR = 0.038. As shown in
Figure 33, there is a statistically significant regression line from gender to each of the three
mediating constructs (self-efficacy, perceived recognition, and interest), consistent with Table 40
showing that women have significantly lower scores than men in all of these three motivational
constructs. However, the direct effect of gender on physics identity is statistically insignificant
even though women's identity is significantly lower than that of men, as shown in Table 40. This
result indicates that self-efficacy, interest, and perceived recognition mediate the effect of gender

on physics identity. In addition, perceived recognition has the largest direct effect on identity (5=

0.70) while self-efficacy and interest play smaller roles (£ =0.12 and = 0.10 respectively).

Gender

Figure 33 Results of the path analysis part of SEM Model 1, in which there are only covariances between each
pair of constructs: self-efficacy, perceived recognition (R.R.), and interest. The dashed lines represent
residual covariances between constructs. The solid lines represent regression paths, and the numbers on the

lines are standardized regression coefficients (g values), which represent the strength of the regression
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relations. Each regression line thickness qualitatively corresponds to the magnitude of the g value. Regression
coefficients with p < 0.010 are indicated by superscript ** and with p < 0.001 are indicated by no superscript.

For clarity, we have removed the statistically insignificant regression path from gender to identity.

Next, we consider two models in which self-efficacy and interest each act as predictors of
the other two mediating constructs (see Figure 34). In Model 2, self-efficacy predicts interest and
perceived recognition, and interest predicts perceived recognition. In Model 3, interest predicts
self-efficacy and perceived recognition, and self-efficacy predicts perceived recognition. Each of
the model indices indicate a good fit to the data with Model 2 indices: CFI = 0.966, TLI = 0.955,
RMSEA = 0.060, SRMR = 0.038 and Model 3 indices: CFI = 0.966, TLI = 0.956, RMSEA =
0.059, SRMR =0.038. From Figure 34, gender directly predicts self-efficacy and interest in Model
2 while gender directly predicts interest in Model 3. In addition, in both models, physics identity

is predicted by self-efficacy, perceived recognition, and interest with similar g values to Model 1.

(a) Model 2

Self

Efficacy
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(b) Model 3

Interest

Figure 34 Results of the path analysis part of the SEM models that show how the relationship between gender
and physics identity is mediated through self-efficacy, interest, and perceived recognition (PR). (a) In Model 2,
self-efficacy predicts interest and perceived recognition, and interest predicts perceived recognition. (b) In
Model 3, interest predicts self-efficacy and perceived recognition, and self-efficacy predicts perceived
recognition. Regression coefficients with p < 0.010 are indicated by superscript ™ and with p < 0.001 are

indicated by no superscript. For clarity, we have removed the statistically insignificant regression paths

Finally, we consider a model in which perceived recognition predicts self-efficacy and
interest, and self-efficacy predicts interest (see Figure 35). The model fit indices indicate a good
fit to the data: CFI = 0.966, TLI = 0.954, RMSEA = 0.061, SRMR = 0.038. In Model 4, gender
directly predicts perceived recognition, self-efficacy, and interest. Similar to Models 1-3, there is
no statistically significant direct regression line from gender to physics identity in Model 4. In
addition, self-efficacy, perceived recognition, and identity directly predict physics identity with

similar g values to Models 1-3.

286



Figure 35 Results of the path analysis part of SEM Model 4, in which perceived recognition predicts interest
and self-efficacy, and self-efficacy predicts interest. Each regression line thickness qualitatively corresponds
to the magnitude of B values. Regression coefficients with p < 0.010 are indicated by superscript ™ and with p
<0.001 are indicated by no superscript. For clarity, we have removed the statistically insignificant regression

path from gender to identity.

To compare the equivalence of different mo