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Zeynep Yasemin Kalender, PhD

University of Pittsburgh, 2019

Physics is one of the science, technology, engineering, and mathematics (STEM)
disciplines in which the participation of women and ethnic/racial minorities is unacceptably low.
The representation gaps among certain groups of students in physics have motivated education
researchers and practitioners to understand and address the underlying reasons of low diversity in
physics. Although there has been an increasing effort in the physics community to increase the
participation of women, only 20% of the all bachelors’ degrees in physics across U.S. is currently
earned by women. Lack of prior preparation, low encouragement from mentors, gender-based
ability attributions, and stereotype threat are some of the proposed reasons that can undermine
women’s sense of belonging and self-efficacy and lead to have higher anxiety and self-doubt in
their physics content knowledge and related skills. In this thesis, | focused on understanding the
gender differences in students’ motivational characteristics in introductory physics courses for
STEM majors and how they vary across time by investigating the relation between gender, physics
performance, and motivational characteristics. In particular, | examined how physics self-efficacy,
interest, intelligence mindset views (e.g., whether intelligence is innate or can grow with effort)
and getting recognition can predict students’ physics course performance overall and on
standardized conceptual physics tests after controlling for their prior academic preparation (e.g.,
SAT scores, AP exam, High School GPA) and their demographics (gender, ethnicity/race). Since

physics is one of the pillar courses in STEM programs and first-year college experiences in these



courses are significantly influential for students’ retention in STEM, | also examined the physics
identity of students as STEM majors in the introductory physics courses. Specifically, | have
studied the female and male students’ perception of how their peers and teaching
assistant/instructors recognize them as someone who is good at physics. In all of the studies | have
conducted, | have found large gender differences in the motivational constructs examined which
created gendered-patterns in students’ identity formation as STEM majors. The implication of
these results for how to enhance women’s participation and achievement in STEM disciplines in

which they are severely underrepresented is discussed throughout the thesis.
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1.0 Introduction

The representation of women in many science, technology, engineering, and mathematics
(STEM) fields is unacceptably low. Although there have been several efforts to increase women’s
involvement in STEM majors and jobs, unequal gender participation among students majoring in
a number of STEM fields persists with little change [1]. There is greater participation of women
in biology, chemistry, industrial engineering, and chemical engineering, but physics, computer
science, and electrical engineering have made little progress in increasing the representation of
women [1,2].

In the US, the discipline of physics has had a low level of participation from women at all
educational levels [1,2]. Even though the number of female students enrolling in regular high
school physics classes has increased in the past several decades, female students are less likely to
enroll in more advanced high-school physics courses (AP physics B and C) [2]. Similarly, the
number of women majoring in physics has increased since the 1980s, but the percentage of all
bachelor’s degrees in physics earned by women is still only around 20% [2]. The
underrepresentation of women in physics exhibits similar trends in Ph.D. degrees. This pervasive
issue surrounding the lack of gender diversity in physics—beginning at the high school level and
becoming increasingly salient in college, advanced degrees, and academic leadership positions—
is of concern to the physics community. Despite existing efforts to understand low diversity in
physics [2], the reasons for women’s low enrollment and participation in physics are not fully
understood. In recent years, the investigation of origins of the gender gap in physics and the
effective approaches to creating a more inclusive and equitable learning environment have gained
traction in both the physics education and broader science education research communities. The

1



specific focus of this thesis is examining students’ motivational characteristic differences by
gender in the foundational college-level introductory calculus-based (and to a lesser extent
algebra-based) physics courses. These introductory level physics courses are one of the sets of
fundamental pillar courses in students’ academic program, so investigating students’ attitudes in
these physics courses is a matter of great importance to identify the experiences of under-

represented groups, such as women.

1.1 Factors that can impact the underrepresentation of women in STEM fields

Deciding to pursue a STEM field and continuing to remain in the field are generally
affected by several interrelated factors, including students’ prior preparation and skills, quality of
teaching and type of teaching approach, sociocultural factors, and motivational factors [3-11].
Researchers have hypothesized that these factors affect women’s choices to pursue STEM degrees
that produce the underrepresentation of women in these fields [7,12-14]. In particular, enroliment
and proficiency in math and science courses in high school have a positive impact on students’
choice of an engineering major and their persistence in the major [11,15]. However, high school
girls are significantly less likely than boys to enroll in engineering courses and majors [16].

Furthermore, the quality of teaching can also affect students’ motivation to persist in
engineering fields. Experiences in freshmen science courses are influential in students’ decision to
switch out of the major [17], and a majority of students who switched out of science-related majors
said that they were concerned about the poor quality of teaching in their science courses [8].
However, teaching approaches such as the use of real-world and challenging tasks, cooperative

learning groups, and evaluation practices that emphasize effort and improvement over normative



ability can foster student motivation to persist in STEM fields [18-20]. Some research suggests
that in-class active-learning activities and “flipped courses” can reduce the gender gap in
performance and improve student attitudes and motivation [21,22]. However, there are also other
studies indicating that the performance gap between female and male students increases in active-
engagement physics courses [23].

In addition, sociocultural factors can also affect students’ career choices [10]. Stereotypes
about engineering, e.g., that engineers are stereotypically male or that engineering is “thing-
oriented” as opposed to “people-oriented” can deter female students from choosing to major in
and persist in engineering fields [23]. In addition, since women are underrepresented in STEM
disciplines, they may experience stereotype threat (i.e., the fear of confirming negative stereotypes
about one’s group). Negative stereotypes about women’s abilities (e.g., that men perform better
than women in STEM courses) can discourage them from majoring in STEM fields and reduces

their sense of belonging in STEM [24-26].

1.2 Students’ motivational factors in STEM learning

Motivational factors, such as intelligence mindset, interest in science, and self-efficacy in
science can also influence students’ motivation to major and persist in STEM fields. For example,
when individuals believe that intelligence is an innate, unmodifiable trait, they become frustrated
when confronted with challenging tasks, give up more easily, and attribute their struggles to a lack
of talent [27,28]. Research also suggests that female students who view intelligence as a fixed trait
and experience stereotype threat in STEM courses may have decreased motivation and interest in

pursuing STEM careers [27,28]. Furthermore, interest in science can play a role in students’ career



aspirations, and students leave engineering fields partly due to a decreased interest in engineering
[29]. Research suggests that from early adolescence, girls express less interest in math or science
careers than boys do [13,30].

Interest in a particular field is also influenced by one’s self-efficacy [31]. Self-efficacy is
the belief in one’s capability to be successful in a particular task, course, or subject area [32-34]
and it can impact one’s interests [35]. Because self-efficacy can shape interest, it also influences
engagement during learning [36]. Furthermore, students with high self-efficacy in a domain often
enroll in more difficult courses in that domain than those with low self-efficacy because they
perceive difficult tasks as challenges rather than threats [37]. Self-efficacy in STEM also predicts
initial career goals and enrollment in STEM courses [27,28] as well as persistence toward long-
term career goals [35,38].

Self-efficacy in particular can have large long-term effects because of its role in feedback
loops. Obviously, as students complete short-term goals (e.g., complete a physics course
requirement for an engineering major), they obtain feedback about their performance that shapes
their self-efficacy. More surprisingly, the reverse effect also occurs: for a variety of reasons, self-
efficacy beliefs constrain performance in science courses beyond the more normative effects of
students’ prior knowledge and skills [39]. For example, students with high self-efficacy are more
likely to exhibit effective learning strategies such as self-monitoring [35,40 ,41] and tend to make
more efficient use of problem-solving strategies and time-management [35]. In addition, students
with high self-efficacy are less likely to reject correct hypotheses prematurely and tend to be better
at solving conceptual problems than students with low self-efficacy but equal performance [42].

As a result, there are feedback loops in which higher initial self-efficacy produces higher



performance which further strengthens self-efficacy; by contrast, lower initial self-efficacy
produces lower performance which further weakens self-efficacy.

Unfortunately, several studies have shown that female students have significantly lower
self-efficacy than male students in STEM-related domains [10,43], including mathematics,
engineering [3,13,44], computer science [45,46], and physics [47-55]. Research has shown that
female freshmen engineering students exhibit lower self-confidence about their background
knowledge and skills, problems solving abilities, and overall engineering abilities, and have
negative perceptions about how engineers contribute to society than did male freshman
engineering students [3]. Furthermore, female students experience a decline in self-efficacy
throughout their engineering education at college [44]. In our preliminary study, we investigated
the self-efficacy of engineering students in different domains (mathematics, chemistry, physics
and engineering). We find that physics self-efficacy shows a larger gender gap compared to other
domains (see Figure 1-1). A strong sense of self-efficacy, especially for female students in
engineering courses, can help them persist on an engineering track and become practicing
engineers [56-60]. Given the central role of self-efficacy in career choice and career persistence,
the self-efficacy gap likely contributes to the low representation of female students pursuing
careers in engineering fields. Therefore, understanding the source and nature of the gap is

important.
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Figure 1-1 The mean self-efficacy scores of engineering students at the end of their freshman, sophomore, and
senior years in each of the foundational subjects in engineering are plotted along with their standard error.

Self-efficacy was measured on a Likert scale from 1 to 5.

One major focus of this thesis is investigating the impact of motivational factors on
students’ learning for both men and women in introductory physics courses and how their
motivational characteristics change over the course of an introductory physics sequence. The
results of this thesis can be a stepping stone for developing better learning tools and determining
more effective ways to implement learning tools in order to increase student engagement and

success in physics courses. One primary goal of this thesis is to determine the motivational factors



for which there are gender differences and when those differences are present (e.g., at the
beginning of a physics course sequence or later). Studies in this thesis can also inform future
instruction and interventions. For example, if there are differences between male and female
students’ interest at the beginning of a physics course sequence, interventions may involve
strategies for boosting female students’ interest in physics early on in the course (e.g., by using

examples that are more meaningful to them).

1.3 Investigating students’ motivational characteristics in the introductory physics courses

This thesis consists of several studies conducted to understand the motivational
characteristics of students in the introductory physics courses. The first study presents a framework
for helping all students learn in science courses that takes into account four factors: 1) the
characteristics of instruction and learning tools, 2) implementation of instruction and learning
tools, 3) student characteristics, and 4) the students’ environments. While there has been much
research on factor 1 and 2 (characteristics of instruction and learning tools), there has been less
focus on factor 3 (students’ characteristics, and in particular, motivational factors). In this study, a
longitudinal analysis of students’ motivational characteristics in two-semester introductory
physics courses was performed by administering pre- and post-surveys that evaluated students’
self-efficacy, grit, fascination with physics, value associated with physics, intelligence mindset,
and physics epistemology. | found that female students reported lower levels of self-efficacy,
fascination and value associated with physics, and held a more “fixed” view of intelligence in the
context of physics compared to male students. Female students’ fascination and value associated

with physics decreased significantly more than males’ after an introductory physics course



sequence. In addition, female students’ view of physics intelligence became more “fixed”
compared to male students’ by the end of an introductory physics course sequence. Grit was the
only factor for which female students reported averages that were equal to or higher than those of
male students throughout introductory physics courses. The findings inform the framework and
have implications for the development and implementation of effective pedagogies and learning
tools to help all students learn.

The chapter three focuses on self-efficacy and how it can affect performance, career goals,
and persistence. This study examines the self-efficacy of male and female students with similar
performance in introductory physics courses and investigates whether gender gaps in self-efficacy
are persistent across different instructors and course formats. Students filled out a self-efficacy in
physics survey before Physics 1, before Physics 2, and at the end of Physics 2. Students’
achievement was measured by their performance on research-based conceptual physics tests and
course grades. The physics courses were taught by several instructors and varied in the type of
pedagogy used, with some using a “flipped” format and others using a traditional, lecture-based
format. | found that female students had lower self-efficacy than male students at all performance
levels in both Physics 1 and Physics 2. The self-efficacy gaps continued to grow throughout the
introductory physics course sequence, regardless of course format (i.e., traditional or flipped) and
instructor. The findings suggest that female students’ self-efficacy was negatively impacted by
their experiences in introductory physics courses, and this result is persistent across various
instructors and course formats. Female students’ lower self-efficacy compared to similarly
performing male students can result in detrimental short-term and long-term impacts.

The chapter four focuses on the female and male students’ self-efficacy and its relation to

learning outcomes in physics. In a longitudinal-study, we surveyed approximately 600 students in



calculus-based Physics 2 courses to investigate students’ attitudes in physics. | examined female
and male students’ self-efficacy scores and the extent to which self-efficacy mediates the relation
between gender and learning outcomes. There were also several other control variables: AP
physics test scores, SAT math, and conceptual pre-test results in physics. | found gender effects
on learning outcomes by the model variables. In particular, initial self-efficacy differences show
direct effect on outcomes even when controlling for students’ prior physics knowledge and skill
differences, and self-efficacy also has the strongest total effect in explaining the relationship
between gender and learning outcomes.

The next study in chapter five investigates gender differences in students’ physics identity
in introductory physics courses. Exploring the components that influence these identities is critical
to developing a better understanding of the under-representation of women in physics courses and
physics-related majors. Using the physics identity framework, | investigated whether the relation
between gender and physics identity was mediated by motivational factors, such as self-efficacy,
interest, and perceived recognition by others. We surveyed approximately 500 students in
introductory level calculus-based physics courses in which 30% of the students are women.
Analysis revealed that the relation between gender and physics identity was mediated by students’
self-reported motivation at the end of the semester. The model showed that perceived recognition
by others played a major role in students’ endorsement of physics identity with female students
less likely to endorse statements that others perceived them as a “physics person.” Individual
interviews with the first-year students provided further evidence that unlike male students, female
students’ experiences in physics courses may reinforce their perception that they are not likely to
be recognized by their instructors, teaching assistants, and peers as someone who is “good” at

physics.



Ina similar study in chapter six, | examined the gender differences in how students identify
themselves as a physics person and how their perceived recognition from others, such as their
TAs/instructors, peers or family members explains their physics identity. | tested a model that
examined how different motivational constructs relevant for physics classrooms can explain
students’ physics identities by gender. | found that the perception of being recognized by the
influential others such as the course instructor or teaching assistants was differentially related to
female and male students’ sense of belonging and self-efficacy in the physics classroom. These
findings have implications for strategies to improve female students’ sense of belonging and self-
efficacy in the physics classroom so that they can develop a stronger physics identity.

Despite the existing studies on motivational characteristics of students in physics, views of
intelligence mindset (fixed versus growth mindset) in the context of physics have been rarely
examined. Considering that physics is one of the few STEM disciplines that has been commonly
associated with being brilliant or “gifted” man to be successful, students might carry fixed mindset
views in physics courses, which can be especially detrimental for minority groups’ achievement.
Therefore, in chapter seven, | also examined physics mindset views in the calculus-based physics
courses and contrasted these views between female and male students. In my mindset framework,
I divided students” mindset views into four group (My growth, My fixed ability, Others’ growth
and Others’ fixed ability) to identify the specific mindset views that can largely explain students’
course performance in physics. | found that underrepresentation and underperformance of women
in physics courses is correlated with specific mindset view, which can further impact their
achievement and persistence in the field. Physics mindset can be important aspect in students’
course achievements and for designing certain interventions that can help improve learning of

diverse groups of students in physics.
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In the final chapter, I conducted a longitudinal analysis of students’ motivational
characteristics in introductory physics courses across three racial/ethnic groups: White, Asian, and
Underrepresented Racial/ethnic Minorities (URM). In this study, the three racial/ethnic groups’

self-efficacy and interest in physics are reported, and implications for instruction are discussed.
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2.0 A longitudinal analysis of students’ motivational characteristics in introductory physics

courses: gender differences

2.1 Introduction

Women are underrepresented in many STEM courses [1], and this is especially true in the
field of physics [1]. Furthermore, prior research suggests that women generally under-perform in
introductory physics courses [2-10]. Some efforts have been made to increase the diversity in
physics courses [11-23], yet, the reasons for the low percentages and the under-performance of
women in physics are not yet fully understood. Some researchers have hypothesized that the
reasons may include, e.g., their prior preparation, career goals, self-efficacy, sense of belonging,
mindset, and epistemology [24-63]. Increasing the diversity in the field of physics hinges, in part,
on taking student characteristics into account in instructional design and implementation to
improve teaching and learning for all students in physics courses.

In the past few decades, physics education researchers have investigated the challenges
students face in learning physics and developed research-based instructional tools to improve
student understanding of physics and their problem-solving and reasoning skills [64-76]. Indeed,
effective pedagogies and learning tools build on students’ prior knowledge and skills and provide
appropriate coaching and support to help all students learn [77-81]. However, there has been less
focus on how other factors such as aspects of students’ motivation, students’ environments, and
the implementation of instructional strategies affect the efficacy of instructional interventions.
Here, we first describe a holistic framework for engaged learning that not only takes into account

students’ cognitive skills but also incorporates their motivational beliefs (e.g., their self-efficacy,
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intelligence mindsets, and epistemologies), their environments, and the implementation of the
pedagogies and learning tools to help all students learn physics. We then focus on the baseline
measures of motivation of introductory physics students (in particular, women) obtained from
survey data. This baseline data on students’ motivation can aid in understanding the interaction

between instructional interventions and aspects of motivation.

2.2 Background and theoretical framework informing the investigation of students’

motivational characteristics

Below, we describe the theoretical framework, Strategies for Engaged Learning
Frameworks (SELF) [82] and how prior research informs the framework. The Strategies for
Engaged Learning Framework (SELF) (see Figure 2-1) is a holistic framework which suggests
that instructional design and learning tools, their implementation, student characteristics, and
social and environmental factors collectively determine how effectively students engage with and
learn from instruction in a particular course. The framework consists of four quadrants as shown
in Figure 2-1 and all of them must be considered holistically to help a diverse group of students
learn effectively. The horizontal dimension involves the characteristics of learning tools (e.g., how
the tool provides efficiency and innovation in learning and builds on students’ prior knowledge)
and students (e.g., the students’ prior preparation and motivational characteristics), which both are
taken into account when developing effective learning tools. The vertical dimension involves
internal and external characteristics of the learning tools and the students. This dimension focuses
on how the characteristics of the learning tools and students as well as the environments in which

the tools are implemented are important to consider when helping students engage with and learn
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from instruction. The internal characteristics of the tool pertain to the tool itself (e.g., whether it
includes formative assessment) and the external characteristics of the tool pertain to how the tool
is implemented (e.g., whether the tool is framed appropriately to get student buy in). The internal
characteristics of the students pertain to, e.g., their prior preparation, motivation, goals, and
epistemological beliefs. The external characteristics of the students pertain to social and
environmental factors such as support from mentors and balance of coursework. The SELF
framework can be used as a guide in thinking holistically about students, learning tools, and the

environment to inform instruction. Below we describe how the SELF framework is informed by

cognitive theories and prior empirical research.
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o  Maximizing important activities that may not
appear to be urgent (e.g., leaming physics)

Figure 2-1 Strategies for Engaged Learning Framework (SELF).
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2.2.1 Factors 1 and 2: Internal characteristics of learning tools and students

Factors 1 and 2 of the framework (the internal characteristics of the learning tool and
students) are informed by several cognitive theories that point to the importance of knowing
students’ prior knowledge and difficulties in order to develop effective instructional tools. For
example, Hammer proposed a “resource” model that suggests that students’ prior knowledge,
including their learning difficulties, should be used as a resource to help students learn better [78].
Similarly, the Piagetian model of learning emphasizes an “optimal mismatch” between what the
student knows and is able to do and the instructional design [79]. In particular, this model focuses
on the importance of knowing students’ skill levels and reasoning difficulties and using this
knowledge to design instruction to help them assimilate and accommodate new ideas and build a
good knowledge structure. Vygotsky developed a theory which introduces the notion of the “zone
of proximal development” (ZPD). The ZPD refers to the zone defined by the difference between
what a student can do on his/her own and what a student can do with the help of an instructor who
is familiar with his/her prior knowledge and skills [80]. Scaffolding is at the heart of this model
and can be used to stretch students’ learning beyond their current knowledge by carefully crafted
instruction. These cognitive theories all point to the fact that one must determine the initial
knowledge states of the students (i.e., students’ prior knowledge and skills in Factor 2) in order to
design effective instruction commensurate with students’ current knowledge and skills (i.e.,
learning tool characteristics in Factor 1).

For example, instructional design that conforms to the field tested cognitive apprenticeship
model [81] can help students learn effectively (see Factor 1). The cognitive apprenticeship model
involves three major components: modeling, coaching and scaffolding, and weaning. This

approach has also been found effective in helping students learn effective problem-solving
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heuristics and develop their cognitive skills. In this approach, “modeling” means that the instructor
demonstrates and exemplifies the skills that students should learn. “Coaching and scaffolding”
refer to providing students suitable practice, guidance, and feedback so that they learn the skills
necessary for good performance. “Weaning” means gradually fading the support and feedback
with a focus on helping students develop self-reliance.Much research in physics education has
focused on these cognitive factors in developing effective instruction and assessment. For
example, in physics, tutorials, peer instruction (clicker questions with peer discussion),
collaborative group problem solving with context-rich physics problems, POGIL (process-oriented
guided-inquiry learning) activities, etc. have been found effective in helping students learn [64-
76]. Furthermore, several validated conceptual standardized surveys have been developed [83] to
assess students’ conceptual understanding of various physics topics.

However, Factors 1 and 2 are also informed by several “non-cognitive” aspects such as
students’ motivational characteristics, affective factors, and self-regulation. Several studies have
focused on students’ motivation (e.g., factors such as fascination and value associated with
physics, self-efficacy, grit, intelligence mindset, and physics epistemology) [25-63]. For example,
researchers have focused on students’ interest in and value of science and their relationship to
performance and STEM degree achievement [25-35]. Research suggests that interest in math and
science is associated with the number of math and science courses taken in high school and career
aspirations [28]. In addition, self-efficacy is another factor that can impact students’ motivation
and learning [36-46]. Self-efficacy is the belief in one’s capability to be successful in a particular
task, subject area, or course [36]. Students with high self-efficacy often exhibited effective learning
behaviors during conceptual learning, such as self-monitoring and persistence, were less likely to

reject correct hypotheses prematurely, and were better at solving conceptual problems than
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students with low self-efficacy but of equal ability [41]. Self-efficacy has been shown to positively
predict performance in science courses and scores on the Force Concept Inventory [16]. Moreover,
in Peer Instruction [69] environments in a physics course, students with low self-efficacy are more
likely to switch to a wrong response after discussions with a peer than those with high self-efficacy
[44]. Self-efficacy is also positively correlated with expected grades in physics [40], enrollment in
STEM courses, and career choices in STEM [27].

Another factor that is associated with motivation is the construct of grit, introduced by
Duckworth et al [47-52]. They defined grit as a trait-level perseverance and passion for long-term
goals—a capacity to sustain both effort and interest in projects that take months or even longer to
complete and adherence to goals even in the absence of positive feedback. Grit has been shown to
predict achievement in challenging domains over and beyond measures of talent [47]. However,
to our knowledge, there are no studies of students’ grit within an introductory physics course
sequence.

Dweck and colleagues defined another motivational construct that can affect motivation
and learning, i.e, theories of intelligence (or intelligence mindset) [53-57]. Theories of intelligence
involve views about the nature of intelligence—an “entity theory” in which intelligence is viewed
as a fixed trait that one is born with or an “incremental theory” in which intelligence is viewed as
malleable and can be shaped by the environment. Research has shown that children’s implicit
theories about the nature of intelligence impacts the goals they pursue, their response to difficulty,
and how well they do in school [53]. Students who view intelligence as a fixed trait are concerned
with demonstrating intelligence and prefer tasks in which they feel capable and smart. When faced
with difficult tasks, students who view intelligence as a fixed trait tend to become debilitated and

disengage. On the other hand, students who view intelligence as malleable are concerned with
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learning new concepts and improving competence. When faced with difficult tasks, these students
appear to experience less anxiety, put forth more effort, and increase their engagement [53].
Students’ epistemologies, or their beliefs about knowledge and learning, can also affect
their motivation and learning of science [59-63]. Students’ epistemologies in physics includes
beliefs about the nature of physics (the belief that that physics knowledge is a set of disconnected
facts and formulas or an organized system of interconnected concepts and principles), agency in
learning physics (the belief that physics knowledge comes from authority as opposed to
constructing their own knowledge), and study strategies (the belief that one should memorize
formulas as opposed to understand them). Hammer’s study on college students showed that
students’ ideas about knowledge and learning in physics affected how they solved homework
problems during think-aloud interviews [58]. Physics education researchers have developed
surveys that assess students’ epistemologies in physics [59,84]. Research has found that students’
responses to epistemological surveys stay approximately the same or become less “expert like”
after taking traditionally taught introductory physics courses, e.g., students view physics
knowledge as a collection of formulas as opposed to a set of interconnected concepts and view

knowledge as coming from authority as opposed to developing their own understanding [59].

2.2.2 Factors 3 and 4: External characteristics of learning tools and students

We note that instructional tools and student characteristics (Factors 1 and 2) do not exist in
a “vacuum.” One must also take into account the interplay between instruction, students, and the
environment. Factors 3 and 4 focus on the environment, i.e., how instructional design is
implemented in a particular course and students’ social environments, respectively. One example
of Factor 3 involves “framing” of instruction to achieve student “buy-in,” which is helpful in
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motivating students to engage with learning. Several studies have shown that providing rationales
that, e.g., identify why it is worth the effort to engage and communicates why it is useful to students
can help them engage constructively with a lesson [85,86]. Motivational researchers also posit that
providing stimulating and interesting tasks that are personally meaningful, interesting, relevant,
and/or useful to students can increase their interest and value in a subject, increasing their
motivation and engagement in learning [87]. In physics, researchers have developed “context-rich”
physics problems, i.e., problems that involve “real-world” applications of physics principles and
are complex and ill-defined [88]. These types of problems can often increase students’ interest and
value associated with physics. Furthermore, instruction that fosters a community of learners can
also encourage productive engagement in learning. Within this community of learners, students
are encouraged to construct their own knowledge and are held accountable to others, which can,
in part, encourage them to engage deeply with the content [89,90]. Factor 4 focuses on the student-
environment interaction. Indeed, having supportive parents, teachers, and mentors can be
beneficial in fostering students’ motivation and engagement in the classroom [91]. Students’ time
management skills have also been shown to correlate with performance in college [92].

In sum, the four factors of the SELF Framework can be thought of holistically when
designing instruction. We note that each of the factors can interact with other factors. For example,
the way in which instructional tools are implemented (Factor 3) is informed by the characteristics
of the learning tool (Factor 1), the characteristics of the students (Factor 2), and the way the
students interact with their social environments (Factor 4). Furthermore, the student characteristics
in Factor 2 can inform the learning tool characteristics (Factor 2), the implementation of learning
tools (Factor 3), as well as how the student interacts with the environment (Factor 4). Here, we

investigate baseline measures of, e.g., student characteristics in Factor 2 such that instructors,
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instructional designers, and researchers can develop effective learning tools and implement them

appropriately to help all students

2.2.3 Gender differences in factor 2 of the SELF framework

In this study, we focus on baseline measures of student characteristics in Factor 2, and in
particular, we focus on gender differences in motivational characteristics throughout an
introductory physics course sequence. Prior research has already revealed several gender
differences in regards to Factor 2 of the SELF framework. For example, on many physics
conceptual tests, female students underperform male students [2-8,83]. Docktor and Heller found
a consistent gap in the scores of men and women on the Force Concept Inventory in introductory
undergraduate physics courses, with men scoring, on average, approximately 13% higher than
women on the posttest [7]. A prior study has also showed that women had lower gains on the Force
Concept Inventory than men, despite the fact that there were no differences in course grades [6].
Similarly, women score lower than men on other conceptual surveys, such as the Test of
understanding Graphics in Kinematics and Determining and Interpreting Resistive Electric Circuit
Concepts Tests [83].

Researchers have also discovered gender differences with regard to motivational
characteristics (see Factor 2 of the SELF framework). For example, one of the reasons women
choose not to pursue STEM degrees is because their career interests focus on altruistic efforts and
helping others, and they did not view STEM fields as those in which they could help others [30].
However, one study has shown that when a STEM career was presented to females as beneficial
to society, their interest in the field increased [30]. Furthermore, females demonstrate lower self-
efficacy relative to males beginning in middle school and throughout high school and college [27].
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Females’ intelligence mindset has also been investigated. It was found that girls who attributed
intelligence to effort and learning had math grades comparable to those of their male classmates
and superior to girls who viewed intelligence as a fixed trait [54]. Research has also shown that
individuals targeted by ability stereotypes (e.g., underrepresented students in STEM courses) tend
to show similar characteristics of individuals who believe that intelligence is fixed—they tend to
choose easier, success-assuring tasks when their abilities are subject to scrutiny or if their ethnicity
or gender is made more salient [55], experience anxiety when the tasks are evaluative and
challenging [56], and devalue ability domains in which they have performed poorly [57].
Additional research has also shown that girls who viewed math ability as a trait (had a fixed view
of intelligence) and also experienced stereotype threat (that girls are not good at math) had
decreased motivation and interest in pursuing math careers [53]. However, to our knowledge, there
have been relatively few studies of students’ theories of intelligence in physics courses [76]. On
the Colorado Learning Attitudes about Science Survey (CLASS) [84], which is a survey of
students’ epistemological views about physics, women are generally less “expert-like” on
statements involving real-world connections, personal interest, problem solving confidence, and

problem-solving sophistication than males.

2.2.4 Longitudinal studies of factors related to students’ motivation

Here we examine male and female students’ motivational characteristics longitudinally,
i.e., over the course an introductory physics sequence. We note that there have been relatively few
longitudinal studies of students’ motivation in physics [16,93-98]. In the study by Bates et al. [93],
researchers used the Colorado Learning Attitudes about Science Survey (CLASS) to investigate
how undergraduate physics students’ attitudes changed over a period of three years. They found
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that “expert-like thinking” was unchanged over the duration of the undergraduate physics program.
Gire et al. [96] also performed a similar study in which the CLASS was administered to students
in undergraduate and graduate physics courses over a period of two years. They found that physics
majors have relatively “expert-like” views when they begin their undergraduate study of physics
and maintain these views throughout the undergraduate physics program. Cavallo et al. [16]
investigated gender differences in learning constructs and shifts in a yearlong, inquiry-based
physics course for life science majors. They found that males had significantly higher self-efficacy,
performance goals, and physics understanding compared to females, and these differences
persisted throughout the course. In addition, they found that self-efficacy significantly predicted
physics understanding and course achievement for both men and women. Lindstrom and Sharma
[97] investigated students’ self-efficacy in a first-year university physics course. They found that
women consistently reported lower self-efficacy than males. Both gender and prior formal physics
instruction impacted students’ self-efficacy.

However, none of these studies focused on students’ fascination with physics, value
associated with physics, grit, or intelligence mindset—all of which may play a role in students’
motivation and learning and need to be taken into account holistically as posited by the SELF
framework. Furthermore, to our knowledge, there have been no longitudinal studies in physics that
focus on factors related to females’ motivation. Thus, we investigated student characteristics
(factor 2), i.e., fascination with physics, value associated with physics, self-efficacy, grit,
intelligence mindset, and physics epistemology. We report baseline data on these measures for
both men and women in physics and how their motivational characteristics change over the course
of an introductory physics sequence. The baseline data can be a stepping stone for developing

better learning tools (factor 1) and determining more effective ways to implement learning tools
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(factor 3) in order to increase student engagement and success in physics courses. Providing a
baseline can also help determine for which motivational factors there are gender differences and
when those differences are present (e.g., at the beginning of a physics course sequence or later).
This information can inform future instruction and interventions. For example, if there are
differences between male and female students’ interest at the beginning of a physics course
sequence, one intervention may involve boosting female students’ interest in physics early on in

the course.

2.3 Methodology

To investigate students’ fascination with physics, perceived value of physics, physics self-
efficacy, grit, intelligence mindset, and physics epistemology, we created a 29-item questionnaire
in which we adapted items from previously published surveys for each construct [48,53,59,84,99-
101]. We administered the survey in introductory physics courses three times over a period of one
academic year. Below, we describe the validation and administration of the survey as well as how
the student demographics (such as gender and race) were linked to students’ responses on the

SUrveys.

2.3.1 Development of the survey

The survey on motivational factors was developed by four of the researchers iteratively.
The researchers first decided which constructs to assess based upon a review of the literature on

student motivation (see the background section). Then, initial versions of the survey were iterated
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which included a set of questions from other well-validated surveys in the literature on motivation
[48,53,59,84,99-101]. Surveys that served as sources were selected based on prior empirical
validation and appropriateness for university undergraduate students. Individual items were
selected to cover the conceptual space of each construct without redundancy; surveys sometimes
improve reliability by including nearly identical questions. Minimalistic scales for each construct
were necessary because many constructs were included in the overall survey, and the researchers
decided that the students must be able to complete the survey in fifteen minutes or less to encourage
high completion rates and longitudinal use. The final version of the survey includes 29 Likert-
scale items. All items were on a Likert scale of 1-4 except for grit, which was on a scale of 1-5.
Table 2-1 shows a representative list of items in survey, the corresponding motivational or
epistemological factor, and the original survey the item comes from. The final version of the survey

is included in the appendix.
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Table 2-1 For each factor, number of items, Cronbach alpha from each of the first two administrations (o and

a2), example survey items, and source of items.

Factor Example Survey ltem Scale Original survey
Fascination with | 0 I wonder about how nature works Never see rel. [99]
Physics Once a month
3 items Once a week
o=0.63, a,=0.67 Every day
0 Ingeneral, I find physics Very boring
boring
Interesting
Very interesting
Valuing Physics | 1 Knowing physics is important for being a good citizen | No! see ref. [99]
5 items . no
0r=069,0,=0.70 | 0 Physics makes the world a better place to live ... ){Ies \
es!
Physics Sell- O 1 am often able to help my classmates with physics in | No! see refs. [84,99-
Efficacy the laboratory or in recitation ... no 101]
6 items O IfI study, I will do well on a physics test .. yes
0,075, a,=0.74 Yes!
Intelligence 0  Youhave acertain amount of intelligence, and you can’t | Strongly disagree see refs. [53,59]
Mindset really do muchto change it _._.. Dasagree
4 ttems 01 Anyone can become good at solving physics problems | A8ree
a1=0.65, a,-0.64 through hard work ... strongly agree
Grit O I often set a goal but later choose to pursue a different | Not like me at all see ref. [48]
4/3 items one ... Not much like me
a:=0.58,02=0.68 | [1 I finish whatever I begin .. .. Somewhat like me
0 T have difficulty maintaining my focus on projects that | Mostly like me
take more than a few months to complete. Very much like me
Physics 00 I do not expect to understand physics equations in an | Strongly disagree | see ref. [59,84]
Epistemology intuitive sense; they must just be taken as givens. Disagree
8 1tems 0 When doing an experiment, I try to understand how the | Agtee
01064, a;=0.70 experimental setup works ... Strongly agree

For each survey item, students were given a score of 1-4 (or 5, for the questions related to

grit). For the items related to fascination, value, grit, and self-efficacy, a high score means that a

student is highly fascinated by physics, values physics highly, and has a high level of grit and self-

efficacy. Furthermore, for the factor of intelligence mindset, a high score means that a student has

a malleable view of intelligence, whereas a low score means that a student views intelligence as a

fixed ability. For the factor of physics epistemology, a high score means that a student has a more

“expert-like” view of knowledge and learning in physics, whereas a low score means that a student

has a “novice-like” view. We note that some of the items on the survey were reverse coded since

the statement was posed in a negative way (e.g., a student who strongly agrees with the statement
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“l do not expect to understand physics equations in an intuitive sense; they must just be taken as
givens” would be given a score of 1). For each factor (e.g., fascination, value, grit, self-efficacy,
intelligence mindset, and physics epistemology), each student was given an average score. For
example, a student who answered “Yes!” to two of the fascination questions and “no” to the other

fascination question would have an average fascination score of (4+4+2)/(3 total questions) = 3.33.

2.3.2 Administration of the survey

The survey was administered to students in algebra-based and calculus-based physics
courses at the beginning of the fall semester of 2015, the beginning of the spring semester 2016,
and the end of the spring semester 2016. The physics courses were varied in the type of pedagogy
used, but the majority of the courses were lecture-based physics courses. Physics 1 courses
included topics such as kinematics, forces, energy and work, rotational motion, gravitation, and
oscillations and waves. Physics 2 courses included topics such as electricity and magnetism,
electromagnetic waves, images, interference, and diffraction. The algebra-based physics courses
are typically taken by students majoring in many different areas but planning on pursuing medicine
or other health professions, for which the two-semester physics sequence is required. The calculus-
based physics courses are typically taken by engineering and physical science majors as a required
course for those majors. The physics courses included three lecture hours and one recitation hour
per week. The recitations were mandatory and included a weekly, low stakes quiz. Most of the
physics courses were in a traditional, lecture-based format, but there was one calculus-based and
one algebra-based course that was in the “flipped course” format. In the “flipped” courses, students
watched lecture videos before attending the lectures. In the lectures, they worked on collaborative
group problem solving and clicker questions. Thus, some of the courses involved in this study
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involved characteristics from Factors 1, 2, and 3 in the SELF framework, i.e., providing
scaffolding support, involving formative assessment, taking into account students’ prior
knowledge and skills, and use of collaborative learning and grade incentives to encourage students
to engage with learning tools. However, we note that most of the courses did not explicitly take
into account students’ motivational characteristics in factor 2 and did not necessarily include
features from factor 3 such as framing the importance of learning from tools and to get student buy
in and embedding motivational features within tools that are conducive to effective learning.

The survey was typically administered in the first and last recitations of the course,
although some instructors chose to give the survey in the lecture portion of the course.
Furthermore, in the first round of administration (Fall semester 2015), some instructors chose to
give the survey in a written format, whereas others chose to give the survey in an online format
outside of class. In the first round of administration (Fall semester 2015), we found that the
participation rates were significantly lower for students who were given the online format of the
survey. Thus, in subsequent administrations of the survey (Spring semester 2016), we asked
instructors to administer the survey in a written format. The survey was completed by most
students in about 10-15 minutes. In general, there were no grade incentives given to students who
took the survey. The instructor or teaching assistant responsible for giving the survey was given
the following script to announce before administering the survey to the students: “We are
surveying you on your beliefs about physics in order to improve the class. Your responses will not
be evaluated for grades except to make sure the responses were done seriously, rather than

randomly.” This script encouraged students to take the survey seriously.
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2.3.3 Validation of the survey

At the beginning of fall 2015 and the beginning of spring 2016, we analyzed the internal
consistency of the subscales, i.e., fascination, value, self-efficacy, intelligence mindset, grit, and
physics epistemology. After the initial reliability of the subscales in the fall 2015, we removed one
of the statements in the grit subscale (“Setbacks don’t discourage me”) since the wording may
have been confusing for students and it did not correlate well with other statements related to grit.
All alphas are above 0.60 across both time points (see Table 2-1) which is considered fairly good,
especially since some of the scales have only three items. The scales with five or more items all
had a Cronbach’s alpha of 0.70 or higher. No substantial increases in alpha for any of the scales
could have been achieved by eliminating items.

To establish the separability of six different subscales along with validity of items as clear
indicators of the scale to which they were assigned, we performed an exploratory factor analysis
on the items in the survey based upon the data at the beginning of the spring 2016. A principal
components analysis with Varimax rotation method was used, and the initial eigenvalues indicated
that the first six components (all with eigenvalues greater than 1) explained a total of 49% of the
variance (the 7" component explained only an additional 3.6% of the variance). ltem loadings on
each component are given in the appendix. Component 1 is related to self-efficacy, component 2
is related to value associated with physics, component 3 is related to physics epistemology,
component 4 is related to fascination with physics, component 5 is related to intelligence mindset,
and component 6 is related to grit. Thus, the data supported the existence of six separable scales,
and items loaded on the scales as intended.

We hypothesized that males and females may respond differently to the intelligence

mindset items on the survey. For example, two of the items in the survey related to “general” views
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about intelligence mindset: “You have a certain amount of intelligence, and you can’t really do
much to change it” and “No matter how much intelligence you have, you can always change it
quite a bit.” However, the other two items related to intelligence mindset in the survey were
embedded in a physics context: “Anyone can become good at solving physics problems through
hard work” and “Only very few specially qualified people are capable of really understanding
physics.” We postulated that males and females may answer questions related to “physics”
intelligence mindset differently due to the stereotype that men perform better in logical, math-
intensive fields and women perform better in communication and writing-intensive fields [53].
Thus, in the results section, we report students’ average “general” intelligence mindset and

“physics” intelligence mindset separately.

2.3.4 Connecting student demographics to the survey

To connect student demographics such as gender and race to students’ responses on the
survey, we collected data on students who were enrolled in physics courses from the University’s
data warehouse. Both sets of data were linked by an identification number for each student that
was based on a hash-function of their university email; that is, the researchers only had access to
the demographics data in this de-identified form. Gender and ethnicity were included in the
demographic data. We removed students whose gender was missing.

For the results related to gender, we report data for students who were enrolled in Physics
1 in the fall 2015 and Physics 2 in the spring 2016 (i.e., students who were enrolled in the “on-
cycle” sequence of the courses) to simplify interpretations of changes across the courses. Results

are discussed separately for students who were enrolled in calculus-based and algebra-based
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introductory physics courses, given the differential representation across those divides, the likely
differences in haven taken high school physics, and the centrality of physics to their own majors.

Table 2-2 shows the percentages of males and females in introductory physics courses who
completed the survey at the three points in time. The number of students is different at different
points of time due to the fact that some students did not take physics 2 courses and some students
may not have been present in the lecture or recitation section in which the survey was administered

(and therefore did not participate in the survey).

Table 2-2 The total number of students and the percentages of students who completed the survey at different

points in time broken down by males (M) and females (F).

Algebra-Based Algebra-Based Calculus-Based Calculus-Based

Physics 1

Physics 2

Physics 1

Physics 2

Fall 2015 (N=1,095)

n=421; 64%F, 36% M

=85; 60%F, 40% M

n=467;31% F, 69% M

n=122; 28%F, 72% M

Beginning of Spring
2016 (N=1,149)

n=306; 59%F, 41% M

=380,63%F,37% M

n=119, 38%F, 62% M

n=344; 34%F, 66% M

End of Spring 2016

=243; 61%F, 30% M

=295 63%F, 37% M

n=59; 41% F, 59% M

=274; 35%F, 65% M

{N=871)

2.4 Results

2.4.1 Gender differences at the beginning of the physics 1

We found that there were significant gender differences in male and female students’
motivational factors at the beginning of Physics 1 in both calculus-based and algebra-based
courses. We performed a one-way multivariate analysis of variance (MANOVA) with the
dependent variables being students’ average reported self-efficacy, fascination, value, intelligence

mindset, physics epistemology, and grit at the beginning of Physics 1 and the independent variable
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being gender. For the calculus-based course, the results of the MANOVA revealed that there was
a statistically significant difference in male and female students’ overall motivation,
F(7,459)=10.344, p<0.001; Wilks’ Lambda=0.864. Follow-up univariate tests revealed that males
reported statistically significantly higher levels of self-efficacy, fascination, value associated with
physics, and physics intelligence mindset. See Table 2-3 and Figure 2-2 for p-values and Cohen’s
d effect sizes (Cohen’s dis d = (1y — 2)/Opootear Where py is the average score of males and u,
is the average score of females and a,,,4.¢4 IS the standard deviation of the average score of all
students).

For the algebra-based course, the results of the MANOVA revealed that there was a
statistically significant difference in male and female students’ overall motivation,
F(7,412)=10.213, p<0.001; Wilks’ Lambda=0.852. Follow-up univariate tests revealed that males
reported statistically significantly higher levels of self-efficacy and fascination. On the other hand,
females reported statistically significantly higher levels of grit. See Table 2-3 and Figure 2-3 for

exact p-values and effect sizes.
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Table 2-3 Effect sizes showing the comparison of factors related to males’ and females’ motivation throughout
introductory physics course sequence. Bolded effect size values indicate statistically significant differences at

the level of p < 0.05.

Male > Female effect size
Caloulus Based Begimmng of Physics 1 Begimmng of Physics 2 End of Physics 2
Self-Efficacy 0.75 0.80 095
Fascmation 0.37 0.63 0.39
Value 0.32 0.35 0.70
Physics Intellipence Mindset 022 043 028
Physics Epistemology 0.05 0.08 0.18
General Intelhgence Mindset -0.09 -0.01 -0.12
Grit -0.17 017 0.02
_Algebra Based
Self-Efficacy 0.63 0.61 0.62
Fascination 0.60 0.83 0.56
Value 0.20 0.39 035
Physics Intelligence Mindset 020 024 0.48
Physics Epistemology 0.02 0.13 0.11
General Intelligence Mindset -0.04 0.02 0.03
Grit -0.26 -0.20 042
Very much likeme 5
++ 4 Mostly like me 4 2 _\-1'
It
a¥® *
o 3o Lo Rt ¥
* -] , 1l
+ 3 > e i ; 031 * 5= 00> Somewhat like me 3 mFemale
: a _ = = B H Male
_ 2 | Notmuch likeme 2
T Not like me at all 1
Self-Efficacy Fascination Value Physics Physics General Grit
Intelligence Epistemology Intelligence
Mindset Mindset

d = Cohen’s d effect size
k¥ p<0.001

** p=<0.01

* p=<0.05

Figure 2-2 Females’ (N=144) and males’ (N=323) average reported motivational characteristics at the beginning
of calculus-based Physics 1, with standard error bars. The “+” signs indicate positive valence responses and the
*“ — “ signs indicate negative valence responses. We separate the construct of grit since it was a 5-point Likert

scale.
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Figure 2-3 Females’ (N=270) and males’ (N=151) average reported motivational characteristics at the
beginning of algebra-based Physics 1, with standard error bars. The “+” signs indicate positive responses and

the “-* signs indicate negative responses. We separate the construct of grit since it was a 5-point Likert scale.

2.4.2 Changes in students’ motivational characteristics over the course of an introductory

physics course sequence

We calculated change scores for the change in students’ motivational characteristics
between the beginning of Physics 1 and the beginning of Physics 2. For example, in order to
calculate a student’s self-efficacy, change score in Physics 1, we subtracted the student’s average
self-efficacy score at the beginning of Physics 1 from the student’s average self-efficacy score at
the beginning of Physics 2. This change score allowed us to determine the extent to which students’
motivational characteristics changed after taking an introductory Physics 1 course focusing on
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mechanics and Newton’s laws. A one-way MANOV A was performed with the dependent variables
being the change scores in students’ average self-efficacy, fascination, value, physics intelligence
mindset, general intelligence mindset, physics epistemology, and grit and the independent variable
being gender. We found that there was not a significant difference in the change in male and female
students’ overall motivation from the beginning of Physics 1 to the beginning of Physics 2 in either
calculus-based or algebra-based courses. In other words, on average, the gaps between male and
female students’ motivational characteristics remained the same. We did find that there was a
significant difference in the change scores of males and females in regards to fascination in
calculus-based Physics 1 courses (result of ANOVA gives F(1, 280)=5.688, p=0.018). That is,
females’ average reported fascination with physics decreased significantly more than males’ after
taking a Physics 1 course and the gap between male and female students’ reported fascination
increased. See Figure 2-4 for the change in male and female students’ fascination after taking a

calculus-based Physics 1 course.

Fascination with physics
(calculus-based physics 1)

+ 3 $ =e—{cmale

4

~s~male

(%]

Beginning of Physics 1 Beginning of Physics 2
Figure 2-4 Male and female students’ fascination with physics before and after taking calculus-based Physics

1, with standard error bars. The “+” signs indicate positive responses and the “-“ signs indicate negative

responses.
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We also calculated change scores for the change in students’ motivational characteristics
between the beginning of Physics 2 and the end of Physics 2. For example, in order to calculate a
student’s self-efficacy change score in Physics 2, we subtracted the student’s average self-efficacy
score at the beginning of Physics 2 from the student’s average self-efficacy score at the end of
Physics 2. This change score allowed us to determine the extent to which students’ motivational
characteristics changed after taking an introductory Physics 2 course focusing on electricity and
magnetism. A one-way MANOVA was performed with the dependent variables being the change
scores in students’ average self-efficacy, fascination, value, physics intelligence mindset, general
intelligence mindset, physics epistemology, and grit and the independent variable being gender.
We found that there was not a significant difference in the change in male and female students’
overall motivation from the beginning of Physics 2 to the end of Physics 2 in either calculus-based
or algebra-based courses. In other words, the gaps between male and female students’ motivational
characteristics remained approximately the same after taking a Physics 2 course. However, we did
find that there was a significant difference in the change scores of males and females in regards to
fascination and value in calculus-based courses. That is, females’ average fascination decreased
significantly more than males (ANOVA result gives F(1,246)=6.412, p=0.012) after taking a
calculus-based Physics 2 course. Furthermore, females’ value associated with physics decreased
significantly more than males’ (ANOVA result gives F(1,246)=5.637, p=0.018) in calculus-based
Physics 2. In other words, the gap between female and male students’ reported fascination and
value associated with physics increased after taking a calculus-based Physics 2 course. See Figure
2-5 for the change in male and female students’ fascination and value after taking a calculus-based

physics 2 course.
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Figure 2-5 Students’ fascination and value associated with physics at the beginning and end of calculus-based
physics 2, with standard error bars. The “+” signs indicate positive responses and the “-* signs indicate negative

responses.

In addition, algebra-based Physics 2, we found that there was a significant difference in the
change scores of male and female students in regards to physics intelligence mindset. That is,
females’ reported physics intelligence mindset became more “fixed” relative to males and the gap
between female and male students’ physics intelligence mindset increased (ANOVA result gives
F(1, 278)=5.359, p=0.021). See Figure 2-6 for the change in male and female students’ physics
intelligence mindset after taking an algebra-based physics 2 course. See the appendix Figure 2-7
— Figure 2-13 for male and female students’ average self-efficacy, fascination, value associated
with physics, physics intelligence mindset, physics epistemology, general intelligence mindset,
and grit over the course of an introductory physics course sequence (we note that Appendix Figure
2-7 — Figure 2-13 include all students who responded to the survey, not just the common cohort of

students taking both Physics 1 and Physics 2).
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Figure 2-6 Students’ physics intelligence mindset at the beginning and end of algebra-based physics 2, with
standard error bars. The “+” signs indicate positive responses (i.e., a more malleable view of intelligence) and

the “-* signs indicate negative responses (i.e., a more fixed view of intelligence).

2.5 Summary and discussion

We found gender differences with regards to students’ views of several motivational
factors throughout a two-semester introductory physics courses. At the beginning of a Physics 1
course, females’ average self-efficacy, fascination, value associated with physics, and physics
intelligence mindset were significantly lower than males’. We also found that females’ fascination
and value associated with physics decreased significantly more than males’ after taking a calculus-
based physics course sequence. Furthermore, after taking an algebra-based physics 2 course
focusing on electricity and magnetism, females’ physics intelligence mindset became more “fixed”
as compared to males’ physics intelligence mindset. This result suggests that women may view

intelligence in physics differently than intelligence in general, e.g., that one must be “brilliant” to
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do physics. We found that grit was the only construct on which females reported average scores
higher than males.

We discussed a holistic framework, SELF, that can be used as a guide to increase students’
engagement with introductory physics courses. The SELF framework posits that instructional
design, learning tools and their implementation along with student characteristics and
environments play a critical role in helping students learn effectively. Since student characteristics
can play a central role in whether students are engaged in learning effectively, the baseline data
we discussed for students’ characteristics can be a useful stepping stone for developing and
implementing pedagogies and learning tools to help all students succeed in introductory physics

courses.

2.6 Implications

Students’ characteristics discussed here can play a central role in students’ engagement
with a course and impact their learning. We found important gender differences on motivational
factors such as value, fascination, self-efficacy, and intelligence mindset. Researchers, curriculum
developers, and instructors can take these differences into account when developing and
implementing instruction and learning tools to help all students engage effectively with physics
courses.

Our findings suggest that that females who were interested in physics initially (had high
value and fascination associated with physics at the beginning of a physics course) lose interest
over the introductory physics course sequence. Instructors, researchers, and curriculum developers

may be able to boost females’ engagement with physics courses by framing physics as a science

42



that can benefit society throughout a physics course sequence. Indeed, a recent study showed that
when a STEM career was presented to females as more altruistic, communal, and beneficial to
people, females’ interest in STEM fields increased [30,102]. Framing instruction and learning tools
appropriately to get buy-in from students (factor 3 in the SELF framework), e.g., framing physics
as a science that can benefit society, is one way to motivate all students in introductory physics
courses to be engaged with curriculum and learning tools effectively.

In addition, we found that women tend to enter physics courses with lower self-efficacy
than men, and their self-efficacy remains low after taking introductory physics courses. Low self-
efficacy may be associated with women feeling like they do not belong and that they are not
capable of doing physics. Certain types of instruction and learning tools in Factor 1 in the SELF
framework (when implemented appropriately) can improve students’ self-efficacy. For example,
research has shown that instructional strategies such as collaborative learning, conceptual
problems, and inquiry-based labs contributed to students’ improved self-efficacy and improved
classroom climate [40]. Modeling Instruction has also been shown to improve students’ self-
efficacy, especially for females [11]. Furthermore, the implementation of instruction and learning
tools (Factor 3 of the SELF framework) can impact students’ self-efficacy. For example, research
suggests that when implementing collaborative group work, collaborative groups should include
at least two underrepresented students in a group because an underrepresented student’s ideas and
contributions are sometimes ignored if he/she is the only underrepresented student in the group
[103]. The timing of instructional interventions can also be taken into account—e.g., since women
tend to have lower self-efficacy at the beginning of a physics course sequence, this issue should

be addressed early on in the course.
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Our research also suggests that women tended to view intelligence in physics as a fixed
ability, compared to men. This type of mindset can affect learning. For example, Dweck found
that students who believe that intelligence is fixed are more likely to attribute academic setbacks
to a lack of ability than students who believe that intelligence is malleable and improvable with
hard work and effort [53]. These views shape how students respond to setbacks, either by
withdrawing effort or redoubling effort, seeking help, using a better strategy, etc. It may be
beneficial to provide explicit support to students to improve their views about intelligence during
the implementation of learning tools (Factor 3 of the SELF framework), such as discussing the
importance of using effective learning strategies, attributing failure to inappropriate learning
strategies as opposed to intellectual ability, and viewing mistakes as an opportunity for learning
and growth throughout an introductory physics course sequence. Indeed, interventions have been
developed that help students view intelligence as malleable. For example, Blackwell and
colleagues designed an intervention for middle school students in which they attended an eight-
session workshop to learn about study skills and scientific research showing that the brain grows
connections and “gets smarter” when a person works on challenging tasks. Students who learned
that intelligence is malleable earned better math grades over the course of the year than students
in the control group [54]. Other interventions involved providing effort v. intelligence praise after
success [104] and orchestrating email exchanges with a mentor during a yearlong program [105].

Instructors, researchers, and curriculum developers can create and implement effective
instruction and learning tools in physics, in part, by considering students’ motivational
characteristics. Focusing on students’ motivational characteristics, especially those of
underrepresented students, may prove fruitful in helping more students succeed in STEM courses

and increase the diversity in STEM fields.
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2.8 Appendix A

Additional plots

Self-efficacy -Calculus-Based Physics Self-Efficacy - Algebra-Based Physics
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Beginning of Fall  Beginning of End of Spring Beginning of Beginning of End of Spring
2015 Physics 1 Spring 2016 2016 Physics 2 Fall 2015 Spring 2016 2016 Physics
Physics 2 Physics 1 Physics 2 2

Figure 2-7 Female and male students’ average self-efficacy scores throughout an introductory physics course

sequence for calculus-based courses (left) and algebra-based courses (right) with standard error bars.
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Fascination-Calculus-Based Physics Fascination - Algebra-Based Physics
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Figure 2-8 Female and male students’ average fascination scores throughout an introductory physics course

sequence for calculus-based courses (left) and algebra-based courses (right) with standard error bars.

Value-Calculus-Based Physics Value - Algebra-based Physics
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Figure 2-9 Female and male students’ average value scores throughout an introductory physics course sequence

for calculus-based courses (left) and algebra-based courses (right) with standard error bars.

55



"Physics" Intelligence Mindset in Calculus- "Physics" Intelligence Mindset - Algebra-

Based Physics Based Physics
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Physics 2 Physics 1 Physics 2 2

Figure 2-10 Female and male students’ average “physics” intelligence mindset scores throughout an
introductory physics course sequence for calculus-based courses (left) and algebra-based courses (right) with

standard error bars.
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Figure 2-11 Female and male students’ average physics epistemology scores throughout an introductory
physics course sequence for calculus-based courses (left) and algebra-based courses (right) with standard error

bars.
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"General" Intelligence Mindset in Calculus- "General" Intelligence Mindset in Algebra-

Based Physics Based Physics
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Figure 2-12 Female and male students’ average intelligence mindset scores throughout an introductory physics

course sequence for calculus-based courses (left) and algebra-based courses (right) with standard error bars.

Grit in Calculus-Based Physics Grit in Algebra-Based Physics
5 5
3.83
4 361 3.59 4 3,53
3 3
-~female
2 2 Hmale
. R . S B A
Beginning of Fall  Beginning of End of Spring Beginning of Beginning of End ofSpring
2015 Physics 1 Spring 2016 2016 Physics 2 Fall 2015  Spring 2016 2016 Physics
Physics 2 Physics 1 Physics 2 2

Figure 2-13 Female and male students’ average grit scores throughout an introductory physics course sequence

for calculus-based courses (left) and algebra-based courses (right) with standard error bars.
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Survey and Exploratory Factor Analysis

1. Iwonder about how nature works
a. Never
b. Omnce a month
c. Once aweek
d Every day
2. In general, I find physics
a.  Very boring
b. bonng
c. interesting
d Very inferesting
3. Knowing physics helps me understand how the world works:
a. Never
b. Sometimes
c. Most of the time
d Al of the time
4. Knowing physics is important for:
a. Nojobs
b. A few jobs
c. Most jobs
d Alljobs
5. Icancomplete the physics activities I get in a lab class
a. Rarely
b. Halfthe time
¢. Most of the time

d Al the time
6. Iflwentto a museum, I could figure out what is being shown about physics in:
a. Noneofit
b. A few areas
¢. Most areas
d All areas
No! no yes Ye:
7. I want to know everything I can about physics a b ¢ d
8. Physics makes the world a better place to live. a b ¢ d
9. Knowing physics is important for being a good citizen. a b ¢ d
10. Leaming physics helps me understand situations in my everyday life. a b ¢ d
11. I am often able to belp my classmates with physics in the laboratory or in recitation. a b ¢ d
12. 1 pet a sinking feeling when I think of trying to tackle difficult physics problems. a b ¢ d
13. IfIwanted to, I could be good at doing physics research. a b ¢ d
14. If'1smdy, I will dowell on a physics test. a b ¢ d

Strongly disagree  Disapree Agree Strongly apree
15. Youhave a certain amount of intelligence, and a b c d
you can’t really do much to change it.

16. No matter how much ntelligence you have, a b c d
you can always change it quite a bit.

17. Anyone can become good at solving physics a b c d
problems through hard work.

18.  Omly very few specially qualified people are a b c d
capable of really understanding physics.

Figure 2-14 Motivational survey questions from 1 to 18 and their response options.
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Notlike Notmuch Somewhat Mostly Very much
me at all like me like me likeme like me

19. I often set a goal but later choose to pusue a a b c d e

different one.

20. Ihave difficulty maintaining my focus on a b c d e

projects that take more than a few months to
complete.

21. 1 finish whatever I begin. a b [ d e
Strongly Strongly
disagree  Disagiee Apree  agree

22.  1do not expect to understand physics equations in an intuitive  a b [ d
sense; they must just be taken as givens.

23. Knowledge in physics consists of many pieces of information a b c d
each of which applies primarily to a specific situation.

24. Leaming physics is mainly about remembering the laws, a b c d
principles, and equations given in class and/or in the textbook.

25.  Problem sclving in physics mainly invelves maiching a b [ d
problems with facts or equations and then substituting the
values to get a oumber.

26. In doing a physics problem, if my calculation gives a result that a b c d
differs significantly from what I expect, I'd have to trust the
calculation.

27. "Understanding" physics basically means being able to recall a b [ d
something you've read or been shown.

28.  When doing an experiment, I try to imderstand how the a b [ d
experimental setnp works.

29.  The primary purpose of doing a physics experiment is to a b c d
confirm previcusly known results.

Figure 2-15 Motivational survey questions from 19 to 29 and their response options.
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Table 2-4 Factor analysis results for the motivational survey

Rotated Component Matrix*

Component

1 2 3 4 5 6

I wonder about how nature works 276 337

In general, 1 find physics 383 456 444

Knowing physics helps me understand how the world works: 221 562 350

Knowing physics 1s important for: 641

I can complete the physics activities I get in a lab class 678

If T went to a museum, I could figure out what 15 being shown 572 277
about physics in...

I want to know everything I can about physics 302 552 A23

Physics makes the world a better place to live 244 496 228

Knowing physics is important for being a good citizen 719 -210

Learmng physics helps me understand situations in everyday hife 661

I am often able to help my classmates with physics in the 43
laboratory or in recitation

I get a sinking feeling when I think of trying to tackle difficult 595 226 286
physics problems

If T wanted to, I could be good at doing physics research 582 | .240 322

If I study, I will do well on a physics test 509 336 230

Y ou have a certain amount of intelligence, and you can't really do 825
much to change it

No matter how much intelligence you have, you can always 814
change it quite a bit

Anyone can become good at solving physics problems through 411 511
hard work

Only very few specially qualified people are capable of really 210 306 A44
understanding physics

I often set a goal but later choose to pursue a different one 764

I have difficulty maintaining my focus on projects that take more an
than a few months to complete

I finish whatever I begin 743

I do not expect to understand physics equations in an intwtive 311 A05 358
sense; they must be taken as givens

Knowledge in physics consists of many pieces of information each 584
of which applies primanly to a specific situation

Leaming physics 15 mainly about remembering the laws, 666
punciples, and equations given in class and/or in the textbook

Problem solving in physics mainly involves matching problems 646
with facts or equations and then substituting the values to geta
number

In doing a physics problem, if my calculation gives a result that 392 332
differs significantly from what I expect, I'd have to trust the
calculation

Understanding physics basically means being able to recall 671
something you've read or been shown.

‘When doing an experiment, I try to understand how the 563
experimental setup works

The pnmary purpose of doing a physics experiment 1s to confirm 547
previously known results

Extraction Method: Principal Component Analysis.
Rotation Method: Vanmax with Kaiser Normalization.

a. Rotation converged in 10 iterations.
b. Factor loadings less than 020 were omitted.
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3.0 Female A’s have similar physics self-efficacy as male students with C’s in introductory

courses: a cause for alarm?

3.1 Introduction

3.1.1 Underrepresentation of women in STEM fields

In many countries, there has been much focus on the underrepresentation of women in
engineering and physical science fields, from elementary to high school, at the undergraduate
level, in career fields, and in leadership positions. In the United States, the numbers of women
studying science, technology, engineering, and mathematics (STEM) and pursuing STEM careers
have not changed significantly in the last decade [1]. For example, since 2000, women have earned
approximately 20% of the bachelor’s degrees awarded in physics and engineering, with a similar
under-representation at the Masters and PhD levels [2-4]. Some efforts have been made to increase
the diversity in STEM courses and STEM occupations, yet, the reasons for the low percentage of
women in science and engineering are not fully understood and progress has been slow (e.g., less

than 1% change over the period from 2006 to 2014).

3.1.2 Self-efficacy and engagement in STEM fields

Deciding to pursue a STEM career and continuing a pathway to physical sciences and
engineering is generally affected by several interrelated factors, including students’ prior

preparation and skills [5-16], quality of teaching and type of teaching approach [17-21],
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sociocultural factors [22-35], and motivational factors [36-49]. Motivational factors, such as
intelligence mindset, interest in science, and self-efficacy in science, can also influence students’
decisions to major and persist in STEM fields [36-38]. In particular, self-efficacy is the belief in
one’s capability to be successful in a particular task, course, or subject area [40-43] and it is one
aspect of motivation. Self-efficacy can impact one’s interests [44]. Because self-efficacy can shape
interest, it also influences engagement during learning [45]. Furthermore, students with high self-
efficacy in a domain often enroll in more difficult courses in that domain than those with low self-
efficacy because they perceive difficult tasks as challenges rather than threats [46]. Self-efficacy
in STEM also predicts initial career goals and enrollment in STEM courses [37,43,47] as well as
persistence toward long-term career goals [44,48].

Self-efficacy in particular can have large long-term effects because it can thrust a student
into a feedback loop which can impact students’ self-efficacy and performance in a positive or
negative way. As students complete short-term goals (e.g., complete a physics course requirement
for a physical science or engineering major), they obtain feedback about their performance that
shapes their self-efficacy. More surprisingly, research suggests that the reverse effect also occurs:
for a variety of reasons, self-efficacy beliefs constrain performance in science courses beyond the
more normative effects of students’ prior knowledge and skills [49]. For example, students with a
high self-efficacy are more likely to exhibit effective learning strategies such as self-monitoring
[44,50,51] and tend to make more efficient use of problem-solving strategies and time-
management [44]. In addition, students with high self-efficacy are less likely to reject correct
hypotheses prematurely and tend to be better at solving conceptual problems than students with
low self-efficacy but equal performance [52]. As a result, there are feedback loops in which higher

initial self-efficacy produces higher performance which further strengthens self-efficacy; by
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contrast, lower initial self-efficacy produces lower performance which further weakens self-
efficacy.

Unfortunately, several studies have shown that female students have significantly lower
self-efficacy than male students in STEM-related domains [23,53,54] including in mathematics,
engineering [14,24,55], and computer science [56,57]. In physics, female students report
significantly lower self-efficacy than male students [58-62], even in interactive engagement
courses [60] and even if female students had received prior physics instruction in high school [61].
Furthermore, female students experience a decline in self-efficacy throughout their engineering
education at college [55]. A strong sense of self-efficacy, especially for female students in physical
science and engineering courses, can help them persist in STEM fields [63-67]. Given the central
role of self-efficacy in career choice and career persistence, the self-efficacy gap likely contributes
to the low representation of women pursuing careers in physical science and engineering fields

[21]. Therefore, understanding the source and nature of the gap is important.

3.1.3 Rationale for the study and research questions

Prior studies have mainly focused on using self-efficacy to predict performance outcomes
[44,49,58]. However, this study aims to investigate whether there are differences in the self-
efficacy of male and female students throughout introductory physics courses at matched
performance levels. In particular, it is important to investigate whether self-efficacy is a reflection
of students’ actual performance, or whether there is a self-efficacy gender gap over and above
performance that may be due to environmental factors such as stereotype threat. There are two
types of performance that we look at: conceptual learning test results and students’ grades.
Differences in self-efficacy even within similarly performing male and female students can have
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many detrimental effects. A large underestimate of one’s capability and/or performance can impact
interest and goals. For example, if female students inaccurately perceive that they are not capable
of succeeding in a STEM field, that could lead to decreased interest in STEM disciplines and
underrepresentation of women in STEM fields.

In mathematics, prior research has shown that male students assess their own mathematical
ability more favorably than female students of similar ability in high school [68]. Male students
were more likely than equally performing female students to enroll in calculus courses in high
school, and this difference was shown to be due to differences in male and female students’ self-
efficacy [68]. Since enrolling in calculus in high school has a large influence on the decision of
women to choose a STEM major, female students’ self-efficacy in mathematics is correlated with
whether they enroll in advanced mathematics courses in high school and whether they decide to
major in a STEM discipline [68]. Research also suggests that many women believe that they must
achieve at exceptionally high levels in mathematics and science to be successful STEM
professionals [69]. Interviews with and surveys of women in engineering programs suggest that
the exit of women from engineering programs is not driven primarily by their performance or
success, but partly because women have low self-efficacy and negatively interpret their grades
[38]. For example, female students may view a “B” grade as a poor performance even though a
“B” grade is above average [68]. Furthermore, research suggests that women who are equally
successful as men at a mathematical task are less likely to compete at the task at the same rate as
male students [70]. Much less research has examined whether self-efficacy in science has a
similarly gendered misperception of ability.

The most common dropout points for women from physical science or engineering

pathways are during the first and second years of college [38]. Since college level physics is a key
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prerequisite to obtaining a physical science or engineering degree and students usually take physics
sequences in their first year, it is important to examine the self-efficacy of similarly performing
male and female students in college level physics courses for scientists and engineers. However,
research has not systematically examined the self-efficacy of male and female students who have
similar performance outcomes in physics. It may be that female students simply have lower
performance levels and lower self-efficacy that reflects the lower performance levels;
alternatively, it may be that female students’ self-efficacy in physics is below similarly performing
male students in college level physics courses. Women who have high standards for achievement
in physics may drop out of physics courses and leave a STEM major at a higher rate than male
students if they underestimate their own capability to succeed in physics. Thus, we systematically
investigated the self-efficacy of similarly performing male and female students in the context of
the typical two-semester physics course sequence for engineering and physical science majors.

Matching students by performance requires selecting a common performance metric.
Student performance can be assessed in many different ways, and there can be gender biases in
particular assessment formats [71-77]. For example, grades based upon participation or
explanation quality in open-ended responses may reflect biases in the evaluator or rater. Therefore,
using standardized research-based assessments provides one strong method for examining this
topic. However, performance shapes self-efficacy through explicit feedback, and so the grades that
students obtain in courses provide another important performance metric for this topic. Therefore,
we examine self-efficacy by gender in two different ways: once matched by research-based
standardized conceptual physics assessments and again matched by course grades.

Since prior research has suggested that instructor attitudes, assessment practices, and

course format can differentially influence learning, attitudes, and retention in STEM courses
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[19,28,29,30,78,79], we also examine students’ self-efficacy across different course types (e.g.,
flipped vs. traditional format) and different instructors. In particular, it has been found in some
research studies that students’ self-efficacy is impacted by different teaching methodologies
[58,60,61,80-84]. Our investigation can shed light on whether self-efficacy gender differences at
matched performance levels are broadly generalizable across different instructional contexts.

In particular, our research questions (RQ) are as follows:
RQL. What is the self-efficacy of female and male students throughout a two-semester physics
course sequence when prior knowledge differences on physics conceptual surveys are accounted
for?
RQ2. What is the self-efficacy of female and male students throughout a two-semester physics
course sequence when students’ course performance is accounted for?
RQ3. Are the effects consistent across different instructors and different types of physics courses,

e.g., flipped vs. traditional formats in physics 1 and physics 2?

3.2 Methodology

To investigate the self-efficacy of introductory students with similar performance
outcomes in physics, we administered a motivation survey and physics conceptual assessments in
several sections of a two-course calculus-based introductory physics sequence. We collected data

across two consecutive academic years.
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3.2.1 Participants and class context

Participants were students enrolled in 9 sections in Physics 1 and 11 sections in Physics 2.
These two large introductory physics courses arranged in a two-semester sequence at the
University of Pittsburgh, a large R1 public university. This calculus-based physics sequence is
typically taken by engineering and physical science majors as a requirement. Physics 1 includes
topics such as kinematics, forces, energy and work, rotational motion, gravitation, and oscillations
and waves. Physics 2 includes topics such as electricity and magnetism, electromagnetic waves,
reflection, interference, and diffraction. Both courses included four lecture hours and one recitation
hour per week. The recitations were mandatory and included a weekly, low stakes quiz. Most of
the sections of both courses were taught in a traditional, lecture-based format, but there were four
sections of Physics 1 and four sections of Physics 2 that were taught in a “flipped” format [85,86]:
students watched lecture videos before attending the lectures, during which they worked on
collaborative group problem solving and clicker questions (in which the students answered
questions individually, discussed their answers with a peer, and then answered the questions
again).

Table 3-1 shows the number of students in introductory physics courses who completed
the motivation survey and/or physics conceptual survey throughout the introductory physics course
sequence. The number of students is different at different points of time because some students
did not take Physics 2 and some students were not present in the lecture or recitation section in
which the surveys were administered (however, when the analysis is performed again for matched
students, the results are qualitatively similar).

The cohort of both courses was approximately 32% female. Seventy-five percent of the

students were White, 13% of the students were Asian, and 12% of the students were Black,
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Hispanic, or Multi-racial. Most of the students were between 18 and 19 years old. Sixty-eight
percent of the students were enrolled in an engineering track, and the rest were science majors or

other majors requiring physics.

Table 3-1 The number of students completing the self-efficacy survey and the physics conceptual assessments

at different points in time.

Moetivation Survey Conceptual Assessment

Pre Post Pre Post
Physics 1 N=1,054 data not collected  N=726 N=644
Physics 2 N=914 N=630 N=845 N=807

3.2.2 Validity and reliability of the survey

The motivation survey was adapted and validated based upon previously developed survey
instruments [82,87-89] and used in prior research studies [62,90,91]. The survey includes
questions focused on several aspects of motivation, including interest and value associated with
physics, intelligence mindset, and self-efficacy. In this paper, we focus only on students’ responses
to the self-efficacy questions. Table 3-2 shows the physics self-efficacy survey items, which all
involved 4-point Likert scales. We note that the scale for some of the self-efficacy questions was
in the form of “NOI, no, yes, YES!” This response scale has been extensively validated in prior
studies, including studies of self-efficacy [54]. Our findings are similar to the validation of these
rating scales in prior investigation [54]. In particular, this scale was used as opposed to “strongly
disagree, disagree, agree, strongly agree” because students interpret these rating scales
appropriately and because it reduces students’ cognitive load, which is especially important for
non-native speakers and for questions that ask raters to consider subtle differences in survey items
[54]. The four-point scale also allows printing the scale next to each item so students do not need
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to search the instructions or map back to the initial scale as some surveys do, thereby further
reducing potential errors in mapping or misremembering scale numbers. The physics self-efficacy
survey items represent a diverse set of contexts and forms of interaction with physics and are meant
to capture a general sense of efficacy with physics content. The item types are purposely varied to
encourage processing of each item, rather than quickly responding similarly to each item. Internal
coherence and discriminability from other motivational constructs (e.g., identity, interest, and
valuing of physics) was established through factor analysis, and item separation is shown in detail
in our previous work [62]. We measured Cronbach’s alphas for each construct to check internal
consistency of the questions. The Cronbach’s alpha is above 0.70 for all of the constructs and for
self-efficacy questions it is 0.74, which is considered adequate [91,92]. Individual interviews with
students also provided useful feedback for refining or discarding survey items.

We also ensured content validity, i.e., the degree to which the survey items reflect the
domain of interest (in our case, self-efficacy), by taking steps to ensure that the respondents
interpreted the survey questions as was intended. We conducted one-on-one interviews with 12
students (8 male and 4 female students) in introductory, calculus-based physics courses and 3
students in graduate-level physics courses (2 male and 1 female students) using a think-aloud
protocol [93] to verify that the students interpreted each question as intended. Students voluntarily
participated in the interviews and were compensated for their time. Most of the students enrolled
in the introductory physics courses planned to major in engineering or physical science. The
interviewed students’ responses were audio-recorded. Each interview took approximately an hour.
During the individual interviews, students were asked to read each question aloud and explain how
they interpreted the question. They were also asked to respond to the survey questions and give an

explanation for their responses. During the interviews and discussions, we paid attention to
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respondents' interpretations of the questions and modified them accordingly in order to clarify their

intent. We note that none of the interviewees had difficulty interpreting the “NQ!, no, yes, YES!”

response scale.

Table 3-2 The physics self-efficacy survey. One item indicated with an (R) is reverse coded.

Survey Iiem

Response options

research.

6. If1study, I will do well on a physics test.

1. Ican complete the physics activitics I get in a lab class o Rarely
o Half of the time
o Most of the time
o All of the time
2. IfIwentto amuseum, I could figure out what is being a. Noneofit
shown about physics in [sec options to the right]: b. A few areas
c. Most areas
d. All areas
3. Iam ofien able to help my classmates with physics
the laboratory or in recitation.
4. 1 get a sinking feeling when I think of trying to tackle a. No!
difficult physics problems. (R) b. no
5. If T wanted to, I could be good at doing physics ; ?ess'

3.2.3 Measures

Conceptual physics knowledge. In Physics 1, the Force Concept Inventory [94] was

administered. In Physics 2, the Conceptual Survey of Electricity and Magnetism [95] was

administered. Both assessments have been extensively validated as measures of conceptual

understanding of core physics phenomena and principles within each of the two topic areas

[94,95]. They also correspond to the earlier parts of the course that would be covered by all

sections; coverage of later course content often varies across sections (e.g., optics topics are not

consistently covered in Physics 2).
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For a number of the analyses, we grouped the students by performance into three equal-

width performance bins (i.e., the number of students in each bin was approximately the same).

Since students learned content from pre to post, the cutoff scores were determined relative to the

time point. See Table 3-3 for the cutoff scores for each bin at each time point.

Table 3-3The cutoff scores (in assessment percentages) for each FCI pretest/posttest and CSEM pretest/posttest

performance bin, along with percentage of female students within each bin.

Assessment Time point Bin cutoff scores %
Female

pretest Low (0%-45%) 52%
N=726 Medium (46%-67%) 33%
(FP%SiCS N Hish (68%-100%) 14%
339 Fema]e) posttest Low (0%-56%) 51%
N=644 Medium (57%-81%) 33%
High (82%-100%) 15%
pretest Low (0%-33%) 48%
CSEM N=845 Medium (34%-44%) 26%
(Physics 2; High (45%-100%) 22%
300, Femz;le) posttest Low_(0%—42%) 44%
N=807 Medium (43%-63%) 30%
High (64%-100%) 26%

Course grades. We also obtained students’ final grades in each course. Students’ final

grades are mostly based on high-stakes assessments that may have more impact on their self-

efficacy than their performance on the physics conceptual surveys. Since some grades occur

infrequently, for analysis, students were grouped into bins by grade ranges: 1) C- and below

(considered insufficient to move on to the next course), 2) C and C+, 3) B-, B, B+, and 4) A-, A.

Table 3-4 shows the grade distribution for students’ final grades in each course, along with the

percentage of students in each bin who are female.
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Table 3-4 The letter grade distributions for students’ final grades in each course, including the percentage of

female students within each bin.

Course Total C-orbelow C,C+ B-, B, B+ A- A
N=1.130 N=210 N=375 N=368 N=177
Physics 1 os 34% Female 44% Female 33% Female 24%
33% Female
Female
N=1.059 N=195 N=308 N=384 N=172
Physics 2 ’ 30% Female 35% Female 34% Female 22%
32% Female Female

3.2.4 Procedures

The self-efficacy survey was given at three time points: at the beginning of Physics 1, the
beginning of Physics 2, and the end of Physics 2; the end of Physics 1 was excluded to avoid
survey fatigue/redundancy with the beginning of Physics 2 only a few weeks later. The relevant
physics conceptual assessment was given as a pre/posttest in each course. The self-efficacy survey
and physics conceptual assessments were typically administered in the first and last recitations of
the course, although one instructor chose to give the survey in the lecture portion of the course. In
the first year of administration, some instructors chose to give the survey and assessments in a
written format, whereas others chose to use an online format completed outside of class. We found
that the participation rates were significantly lower for students who were given the online format.
Thus, in subsequent administrations, only the written format was used. The self-efficacy survey
was completed by most students in a couple of minutes (embedded in a larger motivational survey
taking between 10-15 minutes), and the students worked through the conceptual physics

assessments in the remaining class time (approximately 35-40 minutes).
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Instructors were encouraged to give a small amount of course credit to students for
completing the surveys. The instructor or teaching assistant responsible for giving the survey was
given the following script to announce before administering the survey to the students to encourage
students to take the assessments seriously: “We are surveying you on your understanding and
beliefs about physics in order to improve the class. Your responses will not be evaluated for grades
except to make sure the responses were done seriously, rather than randomly.”The university
provided course grades and student demographics (gender, ethnicity, and major), and this
information was linked to the conceptual assessments and self-efficacy surveys through an honest
broker; that is, the researchers only had access to the linked data in a de-identified form. We

removed a small number of students whose gender was unidentified.

3.2.5 Analysis

To determine whether there are differences in the self-efficacy of female and male students
(overall, combining different instructors and across flipped vs. traditional formats) controlling for
performance on physics conceptual surveys, we performed a linear regression in which the
dependent variable was students’ average post self-efficacy score in either Physics 1 or Physics 2
and the independent variables were gender and the students” FCI or CSEM posttest scores. This
analysis was also conducted separately for each instructor and format of physics course (i.e.,
flipped or traditional lecture-style format). This by-section analysis allowed us to determine
whether gender had a significant impact on students’ end of semester self-efficacy (controlling for
their post FCI/CSEM scores) across various instructors and course formats.

To determine whether there are differences in the self-efficacy of female and male students
(overall, combining different instructors and across flipped vs. traditional formats) controlling for
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performance on physics conceptual surveys, we performed a linear regression in which the
dependent variable was students’ average post self-efficacy score in either Physics 1 or Physics 2
and the independent variables were gender and the students’ FCI or CSEM posttest scores. This
analysis was also conducted separately for each instructor and format of physics course (i.e.,
flipped or traditional lecture-style format). This by-section analysis allowed us to determine
whether gender had a significant impact on students’ end of semester self-efficacy (controlling for
their post FCI/CSEM scores) across various instructors and course formats.

The same analysis was conducted using grade bins rather than conceptual assessment bins.
In this analysis, we focused only on self-efficacy differences between male and female students
who passed the course (i.e., received a grade of C or better in the course since a C or better is
required to remain on the engineering or physical science track). For each final letter grade, we
calculated the effect size between male and female students’ average self-efficacy scores and we
checked whether the differences were significant using a two-way ANOVA. We also repeated this
analysis at the level of individual self-efficacy survey items to ensure that the gender differences
in self-efficacy were robust to physics self-efficacy more broadly, rather than just efficacy about a

particular aspect of physics (e.g., test taking).
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3.3 Results

3.3.1 Gender differences in self-efficacy, controlling for performance on standardized

conceptual physics tests

In regards to Research Question 1, at the beginning of Physics 1, a two-way ANOVA (self-
efficacy is the outcome, gender and conceptual test bin are the factors) revealed a small but
significant gender difference (F(1, 690) = 8.25, p < 0.01), a significant effect of FCI bin (higher
performing students had higher confidence levels, p < 0.01), and no significant interaction effect
between gender and FCI bin. However, as shown in Table 3-5 and Figure 3-1 (upper left), male
students’ self-efficacy was higher than female students’ primarily in the low and medium FCI
performance groups. The effect size differences in female and male students’ self-efficacy for the
medium and low pre FCI bins were greater than 0.30 (but less than 0.50); which is considered a
medium effect size. To contextualize the effect size, female students in the medium FCI group had
the same self-efficacy as male students in the low FCI group.

At the end of Physics 1, the main effect of gender was also statistically significant (F (1,
318) =22.28, p <0.001) and even larger overall, and the interaction of gender and FCI performance
bin was statistically significant (F (2, 317) = 3.76, p < 0.05). As shown in Table 3-5 and Figure
3-1 (upper right), the gender effect size was largest in the low group, moderate in the medium
group, and approaching large in the high group. Interestingly for male students, self-efficacy was
the same in the medium and low group (i.e., their self-efficacy was not influenced by relative
performance levels). As a result of both patterns, the top performing female students had roughly

the same self-efficacy as the lowest performing male students.
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Table 3-5 Self-efficacy scores in Physics 1 binned by FCI scores (high, medium, low) for female and male

students (M=mean, SD=standard deviation, N=number of students), along with Cohen’s d for the gender

contrast in means.

Self-Efficacy FCI Physics 1
Low Medium High
Pre Post Pre Post Pre Post
M SO N M SO N| M SO N M S N| M SO N M SO N
Female 258 047 122 230 054 46| 276 035 68 265 032 32304 038 34 283 043 20
Male 273 039 112 278 039 38| 291 041 139 277 043 68| 305 037 216 304 044 115
dsize 033 — — 090 — —|037 — — 030 — —|003 — — o048 — —

d sizes are Cohen’s d’s between female and male students
*  Significant at the 0.05 probability level
** Significant at the 0.01 probahility level
==+ Sipnificant at the 0.001 bility level
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Figure 3-1 Pre self-efficacy (left column) and post self-efficacy (right column) scores of female and male
students binned by temporally proximal conceptual test score in Physics 1 (top row) and Physics 2 (bottom

row) courses. Error bars represent standard error of the mean.

At the beginning of Physics 2, both main effects of gender and CSEM performance bin
were statistically significant (for gender, F(1, 777) = 49.44, p < 0.001; for CSEM bin, F(2, 776) =
60.70, p < 0.001), with no significant interaction effect between gender and CSEM bin. As shown
in Table 3-6 and Figure 3-1 (lower left), the gender effect size was generally large (greater than

0.50), with female students in the medium CSEM group showing similar self-efficacy scores as

77



male students in the low CSEM group, and female students in the high CSEM group having equal
self-efficacy with male students in the medium group.

By the end of Physics 2, both main effects of gender and CSEM performance bin were
statistically significant (for gender, F(1, 594) = 71.94, p < 0.001; for CSEM bin, F(2, 593) = 27.00,
p < 0.001), with no significant interaction effect between gender and CSEM bin. In other words,
students who earned higher scores in CSEM reported higher self-efficacy. As shown in Table 3-6
and Figure 3-1 (lower right), the gender differences become even larger for the high CSEM
performance group, increasing from d = 0.31 to d = 0.78 (which is considered a large effect size).
Importantly, at the end of this physics sequence, female students in the high CSEM group report

similar post self-efficacy as male students in the low CSEM group.

Table 3-6 Self-efficacy scores in Physics 2 binned by CSEM scores (high, medium, low) for female and male
students (M=mean, SD=standard deviation, N=number of students), along with Cohen’s d for the gender

contrast in means.

Sdf-Efficacy CSEM Physics 2
Low Medium High
Pre Post Pre Post Prc Post
M SO N M SO N| M SO N M SO N| M SO N M SO N
Female 238 045 135 218 045 79| 260 045 83 248 049 75| 292 046 61 254 05 47
Male 269 045 137 256 047 90| 290 040 182 277 045 154| 306 043 200 2.9 047 150
dsize 065 — — 074 — —|066 — -— 0610 — — |031" — — o078 — —

d sizes are Cohen’s d’s between female and male students
*  Significant at the 0.05 probability level

** Significant at the 0.01 probability level
*** Significant at the 0.001probability level

3.3.2 Gender differences in self-efficacy controlling for physics course grade

In regards to Research Question 2 (self-efficacy by grade level), a two-way ANOVA

(where self-efficacy is the outcome, gender and grade bin C, B, A are the factors) revealed that the
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differences in male and female students’ self-efficacy were statistically significant (F(1, 608) =
66.31, p < 0.001), and the effect size was large (greater than 0.50; see Table 3-7 and Figure 3-2
top) in Physics 1. There was also a main effect of course grade (F(2, 607) = 43.06, p < 0.001) and
no interaction effect between gender and grade (F(2, 607) = 1.65, p = 0.19). Female students had
significantly lower self-efficacy compared to their male counterparts in all grade groups (A, B, C).
Moreover, as the top of Figure 3-2 shows, female students receiving As have similar self-efficacy

as male students receiving Cs in Physics 1.

Table 3-7 Self-efficacy scores in Physics 1 binned by course grade (A, B, C) for female and male students

(M=mean, SD=standard deviation, N=number of students), along with Cohen’s d for the gender contrast in

means.
Physics 1
Post Self-Efficacy C B A
M SD N M SD N M SD N
Female 233 042 86 2.59 045 80 2590 041 31
Male 275 042 134 290 043 173 3.14 038 105
d size 089" — |o67" — — | 060" — —

d sizes are Cohen’s d’s between female and male students’ self-efficacy scores.
*  Significant at the 0.05 probability level

**  Sigmficant at the 0.01 probability level

**x Ciomficant at the 0.001probability level

Similarly, the gender gap in self-efficacy controlling for final course grade continues to
persist in Physics 2 with equally large effect sizes. The ANOVA had significant effects of gender
(F(1, 555) =52.44, p < 0.001) and course grade (F(2, 554) = 21.32, p < 0.001), and no interaction
((F(2, 554) = 1.14, p = 0.32). Students who earned higher grades reported higher self-efficacy. In
other words, the effect of gender on self-efficacy does not change based on the course grade.
Female students had much lower self-efficacy than did male counterparts at each matched letter

grade group and the gender effect sizes are all large (greater than 0.50). Again, women receiving
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As had similar self-efficacy scores to men receiving Cs in Physics 2 (see Table 3-8 and Figure

3-2).
Table 3-8 Self-efficacy scores in Physics 2 binned by course grade (A, B, C) for female and male students

(M=mean, SD=standard deviation, N=number of students), along with Cohen’s d for the gender contrast in

means.
Physics 2
Post Self-Efficacy C B A
M SD N M SD N M SD N
Female 230 051 70 243 049 87 276 054 27
Male 2.65 053 133 2.87 043 158 303 047 81
d size [ Xy A p— — | 089" — 0.60" — —

d sizes are Cohen’s d’s between female and male students’ self-efficacy scores.
*  Significant at the 0.05 probability level

**  Significant at the 0.01 probabulity level

**x Ciomficant at the 0.001probability level
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Figure 3-2 Post self-efficacy scores of female and male students binned by course grade (A, B, C) in Physics 1

(top) and Physics 2 (bottom) courses. Error bars represent standard error of the mean.

In order to explore what fraction of the self-efficacy gender gap was related to students’
course performance versus students’ biased perception, we first measured students’ raw post self-
efficacy differences between female and male students for Physics 1 and Physics 2, which are 0.39
(p < 0.001) and 0.40 (p < 0.001), respectively and which favors the male students. Next, we

controlled for students’ grade in Physics 1 and Physics 2 and performed an ANCOVA with gender
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and grades as independent variables and post self-efficacy as dependent variable. We found that
the mean value of the gender gap in self-efficacy decreased only a small amount to 0.34 (p < 0.001)
in Physics 1 and 0.38 (p < 0.001) in Physics 2 courses. In other words, a small part of the gender
gap in self-efficacy might be attributable to differences in performance, but the gap mainly comes
from biased perceptions: 87% in Physics 1 and 95% in Physics 2 (see Figure 3-3). Consistent with
our results discussed earlier, existing gender gap in students’ self-efficacy is largely due to
students’ self-perception rather than how they actually perform in the course. In other words,
gender gap in self-efficacy does not come from performance differences by gender but mainly

from biased beliefs about physics among female and male students.

Self-Efficacy Gender Gap
Physics 1 Physics 2

Performance-
based, 13%

Biased
Perception, 95%

Biased
Perception, 87%

Figure 3-3 The relative contributions of performance and biased perception to the post self-efficacy gender

gap in each course.
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We also repeated the analysis with each self-efficacy survey question. This analysis
allowed us to verify that the gender difference in self-efficacy was not dominated by only a few
aspects of self-efficacy such as test-taking or in-class performance. Specifically, we performed a
two-way ANOVA in which the dependent variable is the student’s score on the survey item and
the independent variables are gender (coded as 0 for female, 1 for male students) and course grade
(0 to 4) in Physics 1 or Physics 2. The standardized regression coefficients for gender, denoted by
B, in Eq. 1 are shown in Table 3-9. There was always a statistically significant gender effect—
male students were more positive in their responses to all of the self-efficacy questions than female
students in both Physics 1 and Physics 2 courses, even when taking into account students’ course
grades. The effects were slightly smaller for the questions about lab classes and physics research,
but generally were consistent in size across questions.

Self-Efficacy Survey Item Score=pixgender+p2xgrades +Constant (1)
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Table 3-9 Gender effect £ values for each self-efficacy question at pre- and post-test in Physics 1 and Physics

2 courses. R indicates that the survey item was reverse coded.

Physics 1 Physics 2
Survey Item Pre Post Pre Post
1. I can complete the physics activities I getin  0.14" 0.21™ 0.19™" 0.19°

alab class

2. IfIwentto amuseum, I could figurc outwhat 0.22™* 0277 0.24 028"
1s being shown about physics mn:

3. I am often able to help my classmates with  0.19™*  0.23" 025" 025"
physics in the laboratory or in recitation.

4. I get a sinking feeling when I think of trying  0.24™  0.24™" 025" 027"
to tackle difficult physics problems. (R)

5. If I wanted to, I could be good at doing 0.17" 017" 0.17 0.18™
physics research.

6. If I study, I will do well on a physics test. 0.18™ 026" 024" 026"

*  Significant at the 0.05 probabality level
**  Sigmficant at the 0.01 probability level
**x Sionificant at the 0.001 probability level

3.3.3 Gender differences in self-efficacy across different course types and instructors

We also explored whether gender differences in self-efficacy exist for different instructors
and teaching methods in introductory level physics courses to determine the generalizability of the
findings of Research Questions 1 and 2. There were 9 sections in Physics 1 and 11 sections of
Physics 2 courses in the dataset. All of the instructors were male, but with some having several
years of teaching experience and others new to teaching. Some of these sections were led by the
same instructor, and thus not a meaningful generality test, leading us to merge sections within
Physics 1 or within Physics 2 that were taught by the same instructor. However, we did not merge

sections across courses or if they were of different formats within a course (traditional vs. flipped).
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As a result, we analyzed four sections of Physics 1 (three traditional sections and 1 flipped section)
and four sections of Physics 2 (three traditional sections and 1 flipped section).

To formally quantify the gender effect on self-efficacy controlling for performance across
the various physics courses, we performed a linear regression within each section in which post
self-efficacy is the dependent variable, and gender and physics performance level (FCI or CSEM
as appropriate) are the independent variables (see Egs. 2 and 3). Of particular interest is the g,
estimate (the gender effect) within each section.

Post Self-Efficacy in Physics 1 = fixgender+p2XFCI pre scores+Constant  (2)

Post Self-Efficacy in Physics 2 = fixgender+p2xCSEM pre scores+Constant (3)

As shown in Table 3-10, the gender effects were statistically significant in all but one case
across courses, instructors, and formats, and that one exception case had a similar sized 8, and a
small number of students, so the most likely explanation is low statistical power. Figure 3-4 plots
the B, values across sections: it is clear that the gap in self-efficacy for female and male students
did not diminish in flipped, i.e., active engagement courses in either Physics 1 or Physics 2. For
example, in Physics 1, the standardized beta coefficient for gender S, in the flipped course (~0.3)
was similar to the B; in the traditional courses (between ~0.2-0.4). Similarly, in Physics 2, the
standardized beta coefficient for gender B1 in the flipped course (~0.3) is similar to the 1 in the
traditional courses (between ~0.3-0.4). Even though flipped instruction might improve learning

and possibly self-efficacy overall, it does not decrease this gender effect.
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Table 3-10 For different instructors and class types in Physics 1 and Physics 2 courses, number of students (N),

gender standardized coefficient (B.) and p-values are given.

Class Number Section/Instructor/Class Type N P1values p-values

Physics 1 Instructor 1 Traditional 140 0.19 0.018**
Instructor 2 Traditional 26 018 0951
Instructor 3 Traditional 25 042 0.017**
Instructor 4 Flipped 128 030 0.001**

Physics 2 ‘Instructor 4 Tradiional ~ nz- - " 034 T <0.001%**
Instructor 4 Flipped 286 029 <0.001***
Instructor 5 Traditional 96 035 <0.001***
Instructor 6 Traditional 101 029 0.003**

* Significant at the 0.05 probability level
** Significant at the 0.01 probability level

*** Significant at the 0.001probability level
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Figure 3-4 Gender standardized coefficients (B1 values) for different instructors and class types in Physics 1

(top row) and Physics 2 (bottom row) courses. Darker and lighter bars represent flipped and traditional physics

courses, respectively. Error bars represent standard error of the 1 values.
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3.4 Discussion and summary

Extensive prior research has shown that self-efficacy in science is an important driver of
interest in science [40], STEM career choice [69], and persistence towards those career goals [48].
Prior research has also shown that female students have significantly lower self-efficacy than male
students in STEM fields [23,53], and this gap in self-efficacy partly contributes to the
underrepresentation of women in science and engineering fields [68,69]. However, few studies
have focused on self-efficacy differences between female and male students controlling for
performance, either to remove a natural confound or to understand how the self-efficacy gap might
vary across performance levels. Therefore, we investigated self-efficacy differences of male and
female students with equal performance levels in introductory physics courses, which are generally
recognized as gateway courses for obtaining a physical science or engineering degree.

Our findings indicate that female students had significantly lower self-efficacy than male
students throughout a two-semester introductory physics course sequence at every matched
performance level. Further, the gap persists regardless of whether performance was measured
through research-validated instruments or through the performance indicators provided to students
(i.e., grades). Importantly, the gender self-efficacy gap grew after instruction in Physics 1 and
Physics 2 courses, most notably within the highest achieving student group, in both traditional and
flipped courses. The findings suggest that the self-efficacy of female students, and especially high
achieving female students, is negatively impacted by their experiences in introductory physics
courses.

Furthermore, the gender gap in students’ post self-efficacy is found to largely stem from
students’ perceptions in the course and the contribution from students’ actual performance is very

small. There can be several possible reasons for students’ incorrect judgements about their
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competence. Most saliently, societal stereotypes and cultural beliefs about gender and STEM
achievement can bias students’ self-assessment of their competence. For instance, female and male
students’ self-confidence is likely to be influenced by beliefs about the discipline and who can
succeed in it. Further, as noted in the background section, women can be subject to implicit or
explicit stereotype threat in physics courses [97,98]. Negative stereotypes about women in physics
may cause women to have different perception of success than men when they initially enter in a
male-dominated discipline in which contributions of “brilliant” men are over-emphasized. Female
students may even assume that they have to make extra efforts to succeed in physics relative to
male students and their achievement is not a reflection of how good they are in physics unlike the
achievements of “successful” men. Likewise, women might undergo additional stress and struggle
to demonstrate their skills to be valued equally as men in a classroom in which they are
underrepresented. Also, as mentioned in the introduction, some prior research has found that
teaching practices and interactions may treat female students differently than male students. For
example, if female students are not called upon to answer questions or not given the same type of
positive feedback as male students, this could have a negative effect on self-efficacy. In addition,
students generally compare themselves to others who are similar where gender can be one
determinant of being similar [24]. The thought of “there are not many people like me” can
negatively influence women’s self-efficacy and reinforce stereotypical beliefs about women’s
ability in physics. Similarly, men may portray higher confidence in their ability regardless of how
they perform due to these biased perceptions which favor their gender. Correll found that men
assess their math competence higher than women even though they perform similarly [68]. In this
research, Correll also found that boys were more likely to pursue careers requiring math

competence and skills at higher rates than girls, not because they were actually better at math but
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rather because they thought they were better. Describing her research on gender differences in
math, Tobias notes that “when girls succeed at a math lesson or on a math quiz, they attribute their
success to luck; boys attribute it to their own inner ability. When girls fail, they attribute their
failure to a lack of ability; boys attribute theirs to a lack of effort. That's why even girls who do
well in mathematics in school don't develop the kind of confidence males do.” [99]. This type of
dichotomy in how male and female students internalize their successes and failures may be partly
responsible for the lower self-efficacy of women in physics courses. In summary, these types of
environmental and sociocultural biases and gender-based beliefs about physics can have a large
impact on students’ self-beliefs in their competence than how they actually perform in the course.
Moreover, it is possible that if female students had higher self-efficacy about physics, they would
have less anxiety about learning physics and all of their cognitive resources while solving physics
problems would be devoted to learning which would have the potential to boost their performance

to a higher level than what we observed in this study.

3.4.1 Implications for the physical sciences and engineering

The observed effect is particularly alarming because of its large size. In a research sense,
the effect can be considered large because the Cohen’s d approached 1. In a more practical sense,
the effect can be considered large because we found that female students with high scores on
physics conceptual surveys (or who are receiving As) had similar self-efficacy as male students
with only medium or low scores on physics conceptual surveys (or are receiving Bs and Cs).
Whether this effect is framed as under-confidence among women, over-confidence among men,
or some combination (perhaps the most likely interpretation), the practical outcome could be the
same: worse outcomes for women in STEM.
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In the introductory physics course sequence, the self-efficacy gaps may produce higher
levels of anxiety during exams, negatively impacting exam performance [100]. In addition, self-
efficacy problems have been shown to impact interest, and therefore high achieving female
students may begin to lose interest in engineering and physical science due to their inaccurate
assessment of their capability in physics. Self-efficacy is also related to self-regulated learning
strategies, that is, higher self-efficacy is associated with better self-regulated learning [44]. This
decreased interest and the lower self-efficacy may trigger female students to devote less time to
homework or studying, or even to drop out of physics courses / decide to exit the STEM major
track altogether.

In sum, inaccurate assessments of one’s capability and/or performance can influence
interests and career goals. Gender differences in self-efficacy, especially in fields which have been
historically male-dominated, may inhibit progress toward increasing the diversity in these fields.
We discovered alarming trends in female students’ self-efficacy in introductory physics courses
which are generally required for engineering and other STEM majors—in particular, female
students with A grades often had similar physics self-efficacy as male students with C grades.
These self-efficacy gaps may result in an “accumulation of disadvantage” for women in physical
science and engineering domains. In other words, female students’ lower self-efficacy in physics
than male students may partly contribute to the underrepresentation of women (and even highly
qualified women) in some STEM fields. Even minor gender differences in self-efficacy in early
college experiences can add up to major inequalities later in STEM careers [101,102].

The current research examined only physics, but similar patterns are likely to occur in other
courses for which there are negative gender stereotypes such as difficult mathematics, engineering,

computer science, and other STEM courses. For example, research has already shown that male
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students have higher self-efficacy than female students of similar performance in mathematics
[68]. Such broader gender gaps in STEM-related self-efficacies may result in differential
educational experiences between male and female students who major in STEM-related fields and,
ultimately, the underrepresentation of women in those fields. Thus, it is imperative to reflect on
ways to broadly improve the environments of introductory STEM courses for which there are
negative gender stereotypes in order to help female students reconcile their self-efficacy with their

actual performance and capability.

3.4.2 Implications for instruction

What might be causing the differences in male and female students’ self-efficacy, or
alternatively, what might be done to reduce these differences? Since the effect grows with
instruction, features of instruction seem particularly important to consider, both the instructional
style of the instructor and the general pedagogy used in the class. Past research suggests that some
instructors may have implicit (or even explicit) negative gender biases [75]. Although instructional
style was not formally measured, the study included a wide range of instructors (tenure-stream and
non-tenure stream; some having won teaching awards) and pedagogies (from very traditional
lecture to including a number of active learning strategies as part of flipped instruction). Yet we
found that the gender differences in self-efficacy were consistent across the instructors and class
types, i.e., lecture-based and active-engagement courses. Thus, whatever the source, the recently-
explored adjustments to pedagogy to increase learning appear not to be relevant to this gender gap
in self-efficacy [103,104]. It may be that messages conveyed by students to each other [25] or the
broader culture [55] may at least partly be the root cause and thus a different kind of counter-
messaging is required.
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Why might active learning not reduce the gender gaps in self-efficacy? While active
learning may be beneficial for both male and female students in terms of performance outcomes,
the nature of these in-class interactions may result in a decrease in female students’ self-efficacy.
Felder et al. [25] note that women usually play less active roles than men in cooperative learning
groups in engineering and instead women report feeling that group work benefitted them because
there were opportunities to have the material explained to them (i.e., reinforcing stereotypes of
relative weakness). In addition, women also report feeling that their contributions in group work
are undervalued and their contributions in active learning situations may also be ignored or
discounted by other male students in the group [25]. Therefore, it is important for instructors to
think carefully about how active learning is implemented and ways to help all students benefit
from it. For example, instructors may need to frequently remind students that all group members’
contributions are important and valuable. In addition, cooperative learning groups can be
structured such that women outnumber men in any group containing women—in this way, women
may not feel as intimidated by male members in the group. Investigations of the types of
pedagogies and interventions that help women accurately assess their capability and performance
in introductory physics courses are crucial in reducing the alarming self-efficacy gender gaps and

their detrimental effects.
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4.0 Enduring damage of women’s lowered self-efficacy in physics learning

4.1 Introduction

In the disciplines of science, technology, engineering, and mathematics (STEM), there
have been efforts to enhance the participation and advancement of women, yet the historical
pattern of overall unequal gender representation remains in many STEM disciplines. Over the past
decades, some STEM fields, such as biology and chemistry, have shown great improvement in the
number of degrees earned by women. However, other STEM fields, like physics, have seen little
progress. For instance, the percentage of bachelor and Ph.D. degrees in physics earned by women
in the US is approximately 20% [1]. Even more asymmetric participation occurs for postdoc and
academic leadership positions in physics [2].

Education researchers have considered several reasons to explain the gender gap in physics
participation [3-12]. These reasons include biased learning tools [3,5], non-inclusive teaching
methods and physics department climate [4], sociocultural beliefs in physics, and motivational
factors [6]. Although there has been much interest in improving the pedagogy of physics teaching
and reforming the content of the physics curriculum, there is less focus on investigating students’
motivational factors and how they are related to male and female students’ learning of physics.
These factors can serve as a potential underlying explanation for why women do not pursue physics
as often as men do. One of the central motivational factors in educational studies is students’ self-
efficacy, which refers to individuals’ own beliefs about how well they expect to do in a particular
subject or task [13]. Prior work in many areas of education has found that self-efficacy predicts

students’ retention and academic performance even after controlling for knowledge [6-16].
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Therefore, in understanding gender disparity in physics, self-efficacy can be an important factor
to examine.

This study examines the role of self-efficacy in explaining the gender gap in calculus-based
physics courses. At the college level, there are typically fewer than 30% women in calculus-based
physics classrooms, compared to algebra-based physics courses in which women are often in the
numerical majority [9]. Therefore, it is especially important to understand the role of self-efficacy
in explaining gender-based achievement gaps in calculus-based physics courses where women are
under-represented. In the following sections, we present an overview of the literature on self-
efficacy research in physics learning and its relation to prior knowledge, academic preparation,

and achievement differences by gender.

4.2 Background

4.2.1 Gender differences in physics performance, prior physics experience, and academic

preparation

Previous studies have documented large gender differences in physics performances across
various institutions [6-24]. In college level calculus-based physics courses, women often score
lower than men on exams [18] and standardized conceptual physics tests [19]. Interactive
engagement teaching methods have been proposed to address the gender gaps [25]. While some
prior work found a reduced gender gap in active-engagement courses [23], other studies reported
that the performance gap remained [21] and even became larger in calculus-based physics courses

despite the use of the interactive teaching methods [22].
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Interestingly, the performance gap on standardized conceptual physics assessments has
been found to exist on pre-tests (at the beginning of the course before instruction), which could
explain part of the differences in post-test after instruction [19,20]. Therefore, some researchers
have suggested that the gender differences in college level physics performance stem from the
differences between female and male students’ high school experiences and preparations [26,27].
In high school in the US, Advanced Placement (AP) physics courses are one of the learning
opportunities that benefit students as they prepare for college physics. AP physics courses can help
students develop a deeper understanding of physics principles and enhance their confidence and
interest in pursuing physics-related careers. Female students enroll in AP physics at lower rates
than their male counterparts. Moreover, the number of female students decreases in the more
advanced AP physics, such as BC Physics [28]. The differential participation by gender also
continues among those who choose to take the AP Physics exam that counts for college credit—
taking the exam is optional and requires a fee [28].

Relatedly, developing robust mathematical skills can help students in college-level physics
courses [27]. For example, the number of mathematics courses taken in high school is a strong
independent predictor of students’ college achievements in introductory science courses [27].
Likewise, research suggests that high school math grades and SAT math scores can predict college
physics course success [29-31]. In one particular study, high school preparation in math was found
to be the strongest predictor of students’ physics grades in college [7]. Mathematics as a foundation
to physics is particularly relevant because there have also been gender differences in math
performance [32,33]. Despite female students’ high math performance during elementary and
middle school, male students score higher on high school math assessments [32,33]. This shift in

math achievement during high school might be due to environmental factors such as lack of
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encouragement for girls in taking more advanced math classes or a belief that math is only for boys
[34]. More importantly, gender performance gap in pre-college math can further impact women’s

performance and self-efficacy beliefs in college science courses [35].

4.2.2 Self-efficacy and academic performance

In learning science and educational research, self-efficacy is one of the central factors
pertaining to students’ beliefs about their capability to perform well in a particular domain [36].
Self-efficacy has been found to shape and be shaped by students’ interests, as well as their effort
and engagement in class [13]. In particular, self-efficacy can influence students’ self-regulation
processes, such as goal setting, time management skills and self-judgement [37]. Students with
high self-efficacy become more task-centered [38], and they are more likely to exhibit advanced
level learning strategies, such as self-monitoring and self-regulation [13,38]. Likewise, the higher
the students’ self-efficacy in a particular learning activity, the more perseverance and resilience
they are likely to show when faced with adversity [37].

The role of self-efficacy becomes particularly salient when students tackle difficult
problems. During problem solving, students with high self-efficacy interpret the struggle as an
opportunity for developing their skills while those with low self-efficacy may see the challenge as
a large hurdle and further evidence of their lack of competence in the subject [37]. When
encountering challenging activities, students with low confidence become less interested, spend
less effort and time, and eventually disengage from the class [39]. These behaviors act as a barrier
to learning and development.

There is also a strong link between students’ self-efficacy and academic performance.
Studies in middle and high school have shown that self-efficacy can predict student performance

105



in science courses when controlling for prior knowledge and academic skill differences [40-42].
Relatedly, non-physical science majors’ self-efficacy belief was also shown to be a predictor of

conceptual understanding and course achievement in physics [21].

4.2.3 Self-efficacy, gender, and performance in physics

Unfortunately, many studies have shown a prevailing gender gap in students’ self-efficacy
levels in science and math courses, and overall academic achievements. In other words, female
students have consistently reported lower self-efficacy than male students in STEM courses
[6,21,43-51]. In one study, female students were found to feel less efficacious in physics learning
than male students regardless of the type of instruction (i.e., evidence-based active-engagement
versus traditional) [45]. Another study identified a large self-efficacy gender gap for equally
performing female and male students for all achievement groups (low, medium, high) [11,12]:
women obtain A’s in physics often had self-efficacy levels similar to men obtaining C’s in physics.

One of the major factors that can influence students’ self-confidence is student-
environment interaction [52]. Highlighted in Bandura’s influential self-efficacy theory, verbal
persuasion (such as guiding or giving feedback) is key to boosting students’ self-confidence [36].
Support from family, instructors, or academic advisors is especially important for women and other
minority groups to maintain their interest in historically male-dominated domains (involving
white-male students) and careers [36]. For instance, positive encouragement from academic course
instructors can support women’ self-confidence by motivating them to engage in challenging
physics activities, whereas feelings of stress, anxiety and self-doubt due to lack of recognition and

biases in the classroom can negatively influence women’s beliefs about their competence.
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Unfortunately, there can be subtle biases regarding students’ competence held by science faculty,
which mostly favor male students [53].

The unintentional biases held by faculty can signal who is expected to succeed in physics.
These biases against women’s skills in physics often stem from the overwhelmingly masculine
culture of the physics community [54-56]. Pervasive masculine stereotypes continually reinforce
the idea of how important gender is to succeed in physics. In particular, masculine norms in the

physics community may act as a threat to students’ “gender” identity, suggesting to women that
their gender might not be an appropriate match for physics. Furthermore, masculine stereotypes
are often associated with a “chilly” climate in physics departments and physics classrooms,
producing an unwelcoming learning environment for women [55].

Further, there are not many female physicists who can act as role models for women (i.e.,
female instructors, teaching assistants, or mentors). Having female peer mentors early in college
was found to increase women’s retention and enhance their experiences in STEM majors [57].
However, it may be even more important for women to receive recognition and support from
faculty and academic mentors.

Another common stereotypical belief associated with physics is the emphasis on brilliance
as a key to success [58]. In a society where being a genius or gifted is associated with boys [59],
girls avoid disciplines that are thought to require innate brilliance and talent [58]. Moreover,
societal stereotypes are such that boys are perceived as being “smart” and “talented” in math-
intensive science fields. These gender-based social beliefs about who can succeed in physics not
only act as a barrier for women’s participation in the field but also negatively affect their self-

efficacy and alter their interest at early ages [54]. Leslie et al. found that gender stereotypes emerge

at early ages at which 6-years-old boys and girls are more likely to relate to boys being “really
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really smart” and girls also avoid activities that are believed to be for those who are “really really
smart” [60]. These gender stereotypes about intellectual capability promote a fixed mindset, i.e., a
view of intelligence as an innate and static attribute as opposed to a growth mindset, where people
view intelligence as malleable and something that can be developed with effort [61].

One of the most well-researched consequences of gender-based beliefs about ability is
stereotype threat. In this phenomenon, stigmatized groups such as women in physics have a fear
of confirming stereotypical expectations about their gender performing poorly in physics. This fear
creates further anxiety and can impact the marginalized group’s performance, which becomes a
self-fulfilling prophecy [62]. In other words, gender stereotypes cause women to doubt their
competency and skills in learning physics. For example, stereotype threat has been shown to
negatively impact women’s performance in high school physics exams and college level physics
course performance [63,64].

Building on the success of self-efficacy studies in predicting students’ achievement and
retention, here we focus on the impact of self-efficacy across gender on students’ college level
calculus-based introductory physics achievements. Physics is one of the pillar courses taken during
the first year of college and it is fundamental to almost all STEM degrees. Positive experiences in
freshmen physics courses are especially important since students typically decide to stay or exit
the major at the end of the freshman year. Therefore, affirmative first-year experiences in physics
courses can play an important role in sustaining female students’ interest and self-efficacy in
STEM majors [65].

The research presented here focuses on the introductory level calculus-based physics 2
courses that students take in the second half of their first year. Although there is research indicating

the gender differences in physics self-efficacy, relatively few prior studies have attempted to relate
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self-efficacy [6,21], gender, and performance to physics learning. Most of the previous studies
have examined physics self-efficacy for physics courses taken by only biology majors or all majors
combined (including STEM and non-STEM majors) [6,21,66] instead of investigating self-
efficacy differences only for physical sciences and engineering STEM majors. Typically, algebra-
based physics courses taken by health-related majors and some non-majors are majority female.
Studies conducted even in gender-balanced physics classrooms have reported self-efficacy
differences favoring male students [6,21,66], and we would expect these gender differences to
become even more salient in calculus-based physics courses since women are in the minority and
might be subject to an additional source of stereotype threat. Given that, understanding gender
differences in students’ attitudes and achievements specifically in calculus-based physics courses
can shed some light on the issue of low participation rate of female students in the traditionally
male-populated STEM fields.

Additionally, the past studies mostly examined the relations between the students’ attitudes
and performances in physics 1 courses [19,46]. However, there has not been much work
investigating the correlations between student achievement and motivational factors across gender
in the context of physics 2. One important rationale for studying physics 2 courses is that students
mostly find the topics related to electricity and magnetism in this course more abstract and less
intuitive (i.e., not being able to observe some of the concepts in their daily lives) as opposed to
Newtonian physics, and therefore more dependent on resilience in the face of adversity.
Furthermore, more students have prior high-school experiences in the physics 1 context as opposed
to physics 2, which can influence students’ initial self-efficacy in the physics 2 courses in a

different way than physics 1.
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Also, it is not clear from prior research to what extent gender differences in self-efficacy
predict gender-based gaps in physics achievements after controlling for various prior knowledge
differences. Few studies have investigated theoretical models that predict gender-performance
relations controlling for SAT math and general student attitudes [19,67]. Kost-Smith et al. partially
explained the gender effect in course grades, but the gap was not fully explained in the final model
[67]. However, they did not directly control for students’ self-efficacy in particular and instead
used a predictive model that combined multiple attitudinal factors. Since the size of gender
differences in attitudes is not identical across physics attitudes [9], combining attitudes has the
potential to reduce a model’s explanatory power. On the other hand, we specifically focus on self-
efficacy, which consistently shows large differences by gender.

Moreover, it is not clear from prior research how to integrate prior differences in academic
preparation. It is highly likely that prior physics experiences (e.g., AP physics performance) and
knowledge (e.g., as measured by conceptual tests) as well as mathematics performance (e.g., as
measured by SAT math scores) are correlated with gender, physics self-efficacy, and physics 2
performance. However, it is unclear how they should be integrated into one overall model. For
example, are gender differences in physics self-efficacy the result of AP physics performance and
SAT math differences or a separate effect based, e.g., on cultural and social stereotypes?

Here, our primary goal is to explore the mediational mechanism of self-efficacy in
explaining gender differences in physics 2 learning outcomes, while also integrating academic
skills (SAT math and AP physics test scores) and initial physics knowledge into the path model.
We hypothesize that gender differences in learning outcomes (post standardized conceptual test

scores or course grades) will be mediated with prior knowledge and self-efficacy. Moreover, we
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also explore the contributions of SAT math and prior knowledge in a standardized conceptual test
as additional possible mediators of gender differences in learning outcomes (see Figure 4-1).

Therefore, our first research question is: To what extent can gender differences in students’
physics learning outcomes be explained by differences in physics self-efficacy at the beginning of
the course? Here we contrast the relative roles of self-efficacy, prior knowledge, and SAT math in
explaining gender gaps in learning outcomes.

Another important related issue involves the sources of gender differences in physics self-
efficacy. Previous work has documented the various ways in which men and women have different
exposure to physics within both in and out-of-school learning experiences [68], as well as
differential preparation in mathematics. These pre-college differences sometimes result in an
initial physics knowledge gap and overall mathematics performance gap between men and women
when they enter college. These experience differences could also underlie the self-efficacy
differences. Therefore, we also posit a second research question: To what extent are gender
differences in physics self-efficacy based on prior physics knowledge differences and measures of
pre-college academic scores? Here we consider AP Physics (a common relevant high school
experience with college-level physics) and SAT math (a common academic skill measure that
strongly influences acceptance in selective STEM programs). While those factors are plausible
drivers of self-efficacy beliefs, the connections to gender in this population are unclear. In
particular, given selective participation of female and male students in physical science and
engineering majors, it is not clear in advance whether there are gender differences in AP Physics

or SAT math among this population.
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Figure 4-1 Conceptual framework connecting gender to learning outcomes (conceptual post-test and course
grade) via key experience (Advanced Placement), attitude (Self-efficacy), and skill (SAT Math) variables. Single

arrows correspond to linear regression relation and double arrows correspond to correlational relation.

4.3 Methodology

Data were collected from calculus-based physics courses over the course of two
consecutive years. Our focus is introductory level Physics 2 courses that encompass topics in
introductory level electricity and magnetism, very challenging topics even for physical science and
engineering students because they have had relatively little exposure to this specific content in
high school. We examine two different measures of learning outcomes: a research-based

standardized conceptual test and course grades.
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4.3.1 Participants’ demographic information and class context

Participants were 642 students in calculus-based physics courses who intended to major in
engineering or physical sciences. The demographic data (i.e., gender, ethnicity or age) were
obtained from the university data warehouse that also kept extensive records about students’ pre-
college test scores (AP tests, SAT, etc.) and university grades. When motivational and conceptual
survey responses were collected, they were sent to an honest broker to be linked with students’
demographic information from the university records. Completion of this process gave researchers
access to students’ survey results merged with their gender and ethnic-racial identities as de-
identified dataset.

In terms of demographics, 31% of the students were reported by the university as female;
less than 1% of the students had not given gender information and were therefore excluded from
this analysis. Students were predominantly White (78%), with the remaining students coming from
a number of other ethnic/racial backgrounds: Asian (12%), African American (4%), Multi-racial
(3%), Hispanic (2%) and Others (1%). Also, 90% of the students in this course were freshman
with a mean age of 19.

Students in the sample were enrolled in eight sections of Physics 2 courses that were taught
by 4 male instructors having varying teaching experience. The course topics included
electrostatics, magnetostatics, resistance, capacitance, inductance and simple electric circuits,
Faraday’s law of electromagnetic induction, Ampere-Maxwell’s law, Maxwell’s equations,
electromagnetic waves, and wave optics. Regarding the class instructional format, 46% of students
were in “flipped” courses (i.e., in which more active engagement tools were used) and 54% of

students were in traditional lecture courses. In both traditional and flipped courses, there were
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weekly recitations given by graduate teaching assistants (TA). Attendance at recitations was

mandatory, and students were given quizzes each week contributing to their final grade.

4.3.2 Measures

Physics Self-efficacy. We have previously developed a self-efficacy survey that was built
from prior survey instruments [69-72]. Our instrument was iteratively refined and validated with
exploratory factor analysis (EFA) and individual student interviews [9-12]. The self-efficacy
survey included 6 items (Cronbach’s alpha > 0.7) [73]. Self-efficacy questions assessed students’
belief in their ability to understand concepts in physics and their self-perceptions of how they
perform certain physics-related activities in and out of the classroom. Table 4-1 presents the self-
efficacy items and response options for various questions. Varying response options were selected
to anchor responses in more objective ways and encourage respondents to slow down while
responding to read each item (see Table 4-1). Students were given a score from 1 (low) to 4 (high)
for each response, with higher scores indicating higher levels of self-efficacy. For example, a
student who answered “All of the time” to the first question, “All areas” to the second questions
and “no” to the other four self-efficacy question would have an average self-efficacy score of
(4+4+2+3—nbecause this item is reverse coded—+2+2)/(6 total questions) = 2.83 which is between
positive and neutral self-efficacy. Item Response Theory analyses verified roughly equivalent
distance between response items and these averages were highly correlated with IRT factor scores,

further justifying the use of simple averages.
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indicated as (R).

Table 4-1 The physics self-efficacy survey with response options. One item in the survey is reverse coded and

Self-Efficacy Survey Item Response options
I can complete the physics activities | get in a lab a. Rarely
class. b. Half of the time
c. Most of the time
d. All of the time
a. None of it
2. If 1 went to a museum, I could figure out what is being b. A few areas
shown about physics in [see options to the right]: c. Most areas
d. All areas
3. 1 am often able to help my classmates with physics in
the laboratory or in recitation.
4. 1 get a sinking feeling when I think of trying to tackle No!
difficult physics problems. (R) z m;’-
. . C. yes
5. If I wanted to, I could be good at doing physics d Yes
research. ' ’
6. If I study, I will do well on a physics test.

Conceptual Test. The Conceptual Survey of Electricity and Magnetism (CSEM) [74] was
administered to measure students’ conceptual understanding of introductory electricity and
magnetism, in contrast to their ability to solve quantitative problems (which can sometimes be
solved algorithmically without conceptual understanding of the underlying concepts). The CSEM
has been extensively validated as a measure of conceptual understanding of core physics
phenomena and principles within the course topic areas of electricity and magnetism [74], and it
has also been successfully used for comparing different teaching methods on a standardized basis
[11,67]. The test consists of 32 multiple-choice questions. The test was given at the beginning

(pre) and end (post) of the course. We calculated the proportion correct in pre and posttests. Typical
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mean scores on the CSEM for calculus-based physics students (out of 1) was approximately 0.32
in pre-test and 0.47 in post-test [11,74]. As it is appropriate for scales based upon dichotomous
items (e.g., correct/incorrect), we use Armor’s 0 values to report reliability [75]. The 06 values were
0.76 for pre-test and 0.84 for post-test, indicating good reliability [75].

Course grades. Students’ course grades were also used as a measure of their learning
outcome. The final course grade was largely determined by students’ midterm and final exam
scores. Weekly given homework, students’ class participation, concept quizzes, attendance and
recitation quizzes also contributed to the course grade. The final course grades were obtained from
the data obtained from the university records. The conversion between the letter grade and
corresponding grade point is given in Table 4-2. To correct for instructor variation in grading
grades were z-scored using the class mean y and standard deviation ¢ to calculate z = (Grade —
w) /o, essentially converting each student’s grade to units of standard deviation. Although a
students’ course grade is fine-grained thereby noisier measure influenced by attendance, TA, and
peer support of homework completion, and uneven test quality, this measure is better aligned to
exact content covered in each course and also represents an important outcome of learning for

students (e.g., whether they must repeat the course).

Table 4-2 Letter grades and corresponding grade points.

Flp |p |+l | c c+ | B | B | B+ | A | AA+
Grade | | 4551100 125|175 | 200 | 225 |275| 300 |325|375| 4
Point
= g =13
g |e 5o g 2o 5 §
g |3 EE 55 3 B
g | @ EE8 g5 3 G-
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Pre-college test scores. The university provided a wide range of scores that are used to
determine admission to the university, including high school GPA, standardized assessment scores
for mathematical and verbal ability (SAT), and standardized assessment scores for advanced
coursework. In prior research, we established that two scores were the primary predictor of student
performance in the introductory Physics courses. The first is the Scholastic Assessment Test (SAT)
Math scores, which ranged from 400-800. The SAT is designed to predict first year university
performance. Prior research suggests that students may overgeneralize the implications of their
performance on the SAT, believing that lower Math SAT scores imply lower ability for physical
sciences [31].

The second measure is the standardized final exam score obtained in an Advanced
Placement Physics course. Many students in physical science and engineering majors already took
the equivalent of Physics 1 in their high school via the Advanced Placement program. However,
there are two versions offered: algebra-based (AP Physics 1) and calculus-based (AP Physics AB).
Based on a nationally administered and scored final exam, students receive a score of 1 to 5. Many
universities treat a score of 4 or 5 (and sometimes also a 3) as the equivalent of passing their own
university course. To create one composite measure across the two possible courses, we performed
an analysis to test if there was any difference between the two test takers’ subsequent performance
in the college level physics 1 courses. The analysis was conducted separately for algebra-based
and calculus-based AP physics takers. We calculated the mean grade of physics 1 for each AP
score group (1 to 5) and a sixth group for those who had not taken the course. The physics 1
achievement patterns among the algebra-based and calculus-based AP physics test takers showed
similarities across all AP test score groups indicating that the course grades in physics 1 had similar

trends. Therefore, we combined the two groups of AP test scores (algebra-based and calculus-
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based; see Appendix Figure 4-4 and Figure 4-5). Relatedly, we also analyzed the physics 1 grades
of students who did not have an AP test score (i.e., did not take the course or took the course but
did not take the exam). The results indicated that non-AP test takers performed similarly in physics
1 to those who had an AP test score of 1. Therefore, we gave those students a score of 1 on this

measure.

4.3.3 Procedures

Motivational and conceptual tests were given during recitation. Both surveys were
administered by the responsible recitation TAs at the beginning and end of the Physics 2 courses.
The self-efficacy survey was completed by most students in a couple of minutes (embedded in a
larger motivational survey taking between 10-15 minutes), and the students worked through the
conceptual physics assessments in the remaining class time (approximately 35-40 minutes).

Instructors were encouraged to give a small amount of course credit to students for
completing the surveys. The instructor or teaching assistant responsible for giving the motivation
and conceptual physics surveys was given the following script to announce before administering
the surveys to the students to encourage students to take the assessments seriously: “We are
surveying you on your understanding and beliefs about physics in order to improve the class. Your
responses will not be evaluated for grades except to make sure the responses were done seriously,

rather than randomly.”

118



4.3.4 Analysis

An initial examination compared female and male students’ scores in predictors and
outcomes for statistical significance using t-tests and for effect sizes using Cohen’s d [76]. Further,
we calculated the correlations between the key constructs for two reasons: highly correlated
constructs (> 0.90) would signal that they measure non-distinguishable dimensions whereas low
correlations (< 0.20) would indicate that the interrelation between the constructs was so low as to
not require a direct link in the model (or could be excluded as a variable if not connected to any
other variable.

To test the hypothesized path between the variables, we used Structural Equation Modeling
(SEM) as a statistical tool by using R (lavaan package) with a maximum likelihood estimation
method [77]. SEM enables calculation of interrelated dependence between variables within a
single analysis, which has greater statistical power and better controls for indirect correlations
through third variables. SEM involves several commonly used fit parameters to test the goodness
of the fit: Comparative Fit Index (CFI), which compares the fit of the proposed model to the null
model; Tucker-Lewis Index (TLI), which is similar to CFI but takes into account a more complex
model — TLI is more strict than CFI; Root Mean Square Error of Approximation (RMSEA), which
refers to residuals and measures how closely the model fit to the data; and Standardized Root Mean
Square Residual (SRMS), which is the standardized difference between the observed correlation
and the predicted correlation. There are commonly used thresholds for deciding whether the fit is
acceptable or not: CFI and TLI > 0.90; SRMR and RMSEA < 0.08. Here, we tested the proposed
theoretical model and examined the resulting structural paths between constructs. In creating a

final acceptable model, we began with the saturated model (i.e., included all possible pathways),
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and then dropped the connections of variables that were non-significant predictors to obtain a
model that produced an acceptable fit to the data and contained only statistically significant paths.

Finally, within the path models, the indirect effects of gender to the outcome variables were
found by multiplying the coefficients of the particular predictor that connected gender and learning
outcome. If the predictor had more than one path between gender and learning outcome, we

summed each path’s contribution.

4.4 Results

4.4.1 Correlations

Zero-order pair-wise Pearson correlations are given in Table 4-3. Pearson’s r values signify
the strength of relationship between the variables, uncontrolled for other correlated variables.
Focusing on the correlational relations among the predictors (self-efficacy, SAT math, AP physics,
the CSEM pre), there were medium-level correlations ranging from 0.3 to 0.4, showing that the
predictors are not so correlated as to be impossible to separate in the regression analyses, but also
sufficiently inter-correlated that simple Pearson correlations with outcomes can be artificially
higher than the true direct relationships. The strongest correlation was between the students’ initial
self-efficacy and CSEM pre-test scores, which assessed prior knowledge of physics 2 topics in the
curriculum. Thus, these self-efficacy judgements had a basis in reality. But the r = 0.43 correlation
represents less than 20% shared variance, so self-efficacy is not identical to performance measured

by this test or necessarily free from biases based on stereotypes and social interactions.
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Furthermore, CSEM pre was moderately correlated with AP physics test scores, suggesting that
prior experience with college-level physics is quite important.

The last two rows of Table 4-3 present the correlation values between the learning
outcomes (the CSEM post and course grade) and the main predictors. The CSEM pre-test was
most closely correlated with students’ CSEM post-test results and self-efficacy, with smaller but
potentially important roles of SAT math and Physics AP. Course grades were roughly equally
correlated with CSEM pre-test, Math SAT and self-efficacy.

The correlation between the two outcomes variables was sizeable but far from identical,
supporting the need to separately analyze the relationship of the predictors to the two outcomes.
Further, the pattern of simple correlations with the predictor variables was also different, further

suggesting that separate analyses are warranted.

Table 4-3 Zero-order Pearson inter-correlations within the predictors, and between the outcomes and the

predictors with given p-value statistics.

Ph“;fics SAT | CSEM | Self- | CSEM
Test Score Math Pre efficacy Post
Predictors | AP Physics Test
Score B
SAT Math 0.33
<0.001 B
CSEM Pre 040 036
<0.001 <0.001 B
Self-efficacy 0.34 0.28 0.43
<0.001 <0.001 | <0.001 B
Outcomes | CSEM Post 0.30 0.31 0.50 042
<0.001 <0.001 | <0.001 | <0.001 B
Course Grade 0.20 0.34 0.37 0.30 045
<0.001 <0.001 | <0.001 | <0.001 | <0.001
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4.4.2 Gender differences in predictors and outcomes

Statistically significant gender differences in favor of male students were found on all of
the variables (see Table 4-4). A very large gender gap occurred in students’ initial self-efficacy
reports [76]. While men reported approximately a mean score of 3 in self-efficacy beliefs which
corresponded to a positive confidence level, women more typically reported a neutral level of
confidence (~ 2.6) in physics at the beginning of the course, despite all students being physical
science or engineering majors. Further, the gender differences in the objective performance
measures were smaller, with medium differences in CSEM (pre and post), and small differences
in AP Physics, Math SAT, and Physics grade. Thus, while there are pre-existing differences based
on high school experiences, the largest gender difference appeared to be one of perceived, rather
than actual, physics skills / knowledge.

It is interesting that the gender gap was smaller in students’ course grades than in CSEM
performance. Students’ course grades were composed of multiple formative assessments (i.e.,
weekly homework assignments, short quizzes or short lab reports) in addition to midterm and final
exams that can be considered high-stakes assessment since they counted for a significant portion
(more than half in all courses) of the course grade. The variation in gender difference may reflect
a differential likelihood to complete assignments, quizzes, and lab reports or a reduced effect of

stereotype threat in low-stakes assessments.
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Table 4-4 Mean predictor and outcome values by gender, along with statistical significance (t-test p-value) and

effect sizes (Cohen’s d) for the gender contrast. Score ranges for each variable are also shown.

Predictors and Mean ttest Cohen’s
Outcomes Sl Male S “
(N=174) | (N=368)

AP Physics Test 1.83 211 <0.05 0.20
1-5)
SAT Math

<
(400-800) 70 > oo o
Self-Efficacy 0 57 293 <0.001 0.76
(-4)
CSEM Pre

<
©-1) 0.37 0.42 0.001 0.38
CSEM Post 0.48 0.56 < 0.001 0.44
0-1)
Course Grade

<
0-4) 2.58 2.72 0.05 0.20

4.4.3 SEM path model

To understand whether the gender differences in students’ learning outcomes in physics
were mediated by differences in students’ initial self-efficacy, prior knowledge in physics, and

pre-college academic skills, path models were applied to each of the learning outcomes.

4.4.3.1 Using CSEM as a learning outcome

After iterations to remove non-significant links, the final mediation model produced
acceptable fit parameters: CFl = 0.99 (> 0.95), TLI = .98 (> 0.95), RMSEA = 0.04 (< 0.08), and
SRMR = 0.013 (< 0.08). In this model, SAT math, self-efficacy and CSEM pre-test had direct
effect on students’ CSEM post scores (see Figure 4-2), where there were no direct connections

KKk

with gender or AP Physics. Students’ initial CSEM scores had the strongest effect (4=0.35"") on

123



the conceptual test results. This result is not surprising especially considering the earlier results
that showed medium level correlation between pre and post CSEM scores. Self-efficacy was the
second strongest variable that had a direct effect on the CSEM post-test. In particular, self-efficacy
remained a strong and significant predictor of learning outcome even after controlling for pre-
college academic skills and prior knowledge differences in physics.

More interestingly, we find that the direct association with gender became non-significant
for AP physics test scores, CSEM pre- and post-test. The only direct connections to gender
involved a large relationship with self-efficacy (8 = 0.30™") and small relationship with SAT math
(B =0.14™). This finding suggests a substantial and powerful impact of students’ self-efficacy on
learning outcomes even after adjusting for prior knowledge differences. More importantly, the
gender gap in self-efficacy strongly mediated the gendered differences in pre- and post- physics
test achievements. We note that self-efficacy differences were measured at the beginning of the

course, which can be one indication of initial stereotype threat in physics courses that may

negatively impact female students’ performance.
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Figure 4-2 Results of the structural equation modeling between gender and standardized post-test (the CSEM
post-test) through self-efficacy, SAT math, AP physics test score and the CSEM pre-test. The line thicknesses
correspond to the magnitude of Bvalues. All p-values are indicated by ™ for p < 0.001 and ™ for p < 0.01. The

arrow below the diagram indicates the direction of regressions.

4.4.3.2 Using course grade as a learning outcome

For course grade, a similar model proved to fit the data well, and in fact provided an even
stronger fit: CFl = 0.99, TLI = 0.99, RMSEA = 0.02, and SRMR = 0.01. As with CSEM, direct
predictors of course grade were CSEM pre-test score, SAT math, and self-efficacy variables.
CSEM pre-test again had the strongest connection (£ = 0.27°), but this time SAT math (3 =
0.13™) and self-efficacy (8 = 0.12™") were of similar size (see Figure 4-3), reflecting a smaller

effect of self-efficacy. The weaker connection of grade to self-efficacy is consistent with the

smaller gender difference in grade than in CSEM post scores.
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Figure 4-3 Results of the structural equation modeling between gender and course grade through self-efficacy,

SAT math, AP physics test score and the CSEM pre. The line thicknesses correspond to the magnitude of g
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values. All p-values are indicated by ™ for p < 0.001 and ™ for p < 0.01. The arrow below the diagram indicates

the direction of regressions.

4.4.4 Total mediated effects

Since gender is not directly connected to either CSEM-post or grade in the final path
models, it is possible to examine the relative contribution of gender to outcomes via different
mediators (i.e., calculate the total mediated effects). For instance, one of the path that SAT Math
had was the connection between gender and physics course grade, therefore we multiplied the
coefficients from gender to SAT Math and SAT Math to course grade (i.e. 0.10 x 0.13 = 0.013).
Similarly, one of the self-efficacy paths between gender and grade flowed through SAT math so

the calculation was: (gender - Sat Math) x (SAT Math - self-efficacy) x (self-efficacy - grade),
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i.e. 0.10 x 0.13 x 0.12 = 0.002. The other self-efficacy indirect paths were also calculated with a
similar procedure and then added to calculate the total effect.

Total mediated effect calculations were conducted separately for both outcome variables
(CSEM post and course grade) and shown in Table 4-5 along with each predictor’s direct
relationship to the outcome. All of the total mediated effects were found to be significant. Self-
efficacy is by far the largest mediator of the gender effect for CSEM, with half as large contribution
via CSEM pre and one quarter the contribution from SAT Math. The gender effect on grades is
smaller, so it is not surprising that the mediated effects are all smaller for course grades. Again,
self-efficacy was the largest effect, but this time similar in size to CSEM-pre. Overall, gender had
the highest mediated effect through self-efficacy for both of the learning outcomes, followed by
CSEM pre-test and SAT math. In other words, the gender gap in students’ final course

performances was predominantly mediated by the large gender differences in self-efficacy.

Table 4-5 Direct contribution of predictor to each outcome and the size of the total mediated contribution of

the gender effect to each outcome via each predictor.

CSEM Post Course grade
Direct Gender to Direct Gender to
Predictor to QOutcome via Predictor to Outcome via

Predictors Outcome Predictor Outcome Predictor
CSEM pre 035" 0.04"™* 027" 0.03"*
Self-efficacy 021" 0.08"** 0.12" 0.04™
SAT Math 0.12"* 0.02* 0.13" 0.01"
* Significant at the 0.05 probability level (p-value)
** Significant at the 0.01 probability level (p-value)
*** Significant at the 0.001 probability level (p-value)
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4.5 Discussion

4.5.1 Summary of results

In Physics 2 courses which are required for most students, there were small gender
differences in course grade and medium differences in conceptual test performance (CSEM effect
size d ~ 0.40). One possible explanation for the smaller effect on course grades is that students’
overall grades are composed of multiple other assessments, such as class participation, homework,
quizzes or reports from short lab experiments in addition to high-stakes exams like midterm exams
and the final exam. Prior research suggests that women perform at higher levels in low-stakes
assessments and in activities that include more interactive learning [78].

We modeled the relationship between gender of students and learning outcomes as
potentially driven by math performance, AP physics outcomes, initial prior knowledge of physics
2 conceptual content, and physics self-efficacy. Each of those factors could have mediated the
learning outcome differences because there were statistically significant gender differences for all
of the variables (although of varying effect sizes), with male students scoring higher. Consistent
with prior work [31-33], SAT math showed a medium level gender gap in the favor of male
students (d ~ 0.30) but the gender performance gap was much smaller in AP physics test scores (d
~0.20).

The most striking result in our initial gender difference analysis was the large gender gap
in students’ self-efficacy at the beginning of the course (d ~ 0.8). These self-efficacy belief
differences across gender are well beyond differences in their actual physics performances, as we

previously found [11,12]. For example, we find that even equally performing female and male
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students in calculus-based physics courses (both in Physics 1 and Physics 2) have large self-
efficacy differences [11,12].

Prior research has shown a relationship between self-efficacy and students’ achievements
[6,9-13,21,37-46] with self-efficacy predicting students’ learning after controlling for prior
knowledge [11,46]. Our path analyses went beyond that prior work to show that self-efficacy
predicts performance even after controlling for prior physics knowledge and high-school-based
academic differences.

Our most important finding is that the connection between gender and learning outcomes
becomes non-significant in the final models of conceptual or grade outcome measures. Further,
the analysis of indirect effects revealed that the gendered patterns in conceptual test performance
and course grades were mainly associated with students’ self-efficacy, with a modest contribution
of prior physics preparation and a very small contribution from mathematics skill (see Table 4-5).
We note, however, that mathematics skills and prior physics preparation appeared to be part of the
causes of the large differences in self-efficacy. In particular, prior mathematics and physics
learning appears to play a small direct role in shaping later physics learning outcomes but plays an
indirect role in shaping physics learning outcomes via undermining/supporting student self-

efficacy, which then itself influences learning.

4.5.2 Implications

Research suggests that self-efficacy is related to students’ learning/performance even after
controlling for their prior academic performance differences [11,13,46]. There are several
mechanisms that explain the strong impact of self-efficacy on students’ self-motivation, academic
achievement, goal orientation, and academic outcome expectations [13-16,79]. Students with
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positive self-efficacy can engage in more challenging tasks and they are more likely to persist
when they face failure in such activities. Furthermore, students with higher self-efficacy may use
constructive study strategies more effectively and engage more in classroom or with the instructor,
which can increase their interest, enjoyment, sense of belonging and persistence. Students’
perceptions about their physics self-efficacy can be related to students’ past and current learning
experiences, and student-environment interactions.

In addition to being driven by prior preparation differences, students’ self-efficacy is
related to their interactions with peers and classroom experiences [65]. In a male-dominated
classroom environment such as in calculus-based introductory physics, a woman might experience
a lower level of sense of belonging and higher anxiety with low confidence [80]. In addition, non-
supportive instructional pedagogies, lack of recognition and classroom interactions can further
decrease women’s self-efficacy in physics. With that in mind, the instructor’s focus on inclusivity,
and approaches to recognizing students in poorly gender-balanced classrooms become even more
vital in supporting women’s confidence and promoting engagement in the classroom. Since
women have sometimes been found to feel more comfortable working in interactive learning
environments, instructors’ implementation of explicitly inclusive active-engagement strategies
might help women feel more confident and competent in physics. These inclusive strategies that
provide a supportive environment in which women feel recognized and valued might also bolster
women’s interest in taking more physics-related courses.

We emphasize that the gender gap in physics course performance can increase in active
engagement classrooms [22], so the new reforms towards active-engagement courses in physics
will not generally be sufficient on their own to address performance gender gaps. In particular,

attention to other factors, such as inclusivity, the extent to which women feel valued and
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recognized and details of the support for classroom discussions will matter in order to benefit all
students equally. For example, during classroom activities, instructors will likely need to make
sure that all students’ opinions are valued and respected by all of the group members. In group
activities during labs or lectures, female students typically have tasks that require a low level of
cognitive engagement with the subject matter, such as notetaking or simply reporting the work
[80]. Male students might dominate the conversations in these group discussions, which can cause
female students’ self-confidence to drop even more. Therefore, in such active-engagement
activities, instructors need to assign each student a role and later rotate the student’s role and ensure
that all students have a sense of belonging and contribute to the task equally. These types of
inclusivity considerations in which all students feel recognized and valued and have a more equal
opportunity to learn and feel that they are equally contributing to group work, are likely to improve
outcomes for all students.

Another common social and cultural aspect within physics needs to be considered seriously
in identifying possible sources of self-efficacy differences across gender. The domain itself, at all
levels, is mainly populated by male faculty and students [81], which creates a gender-based biases
about who can succeed in physics. While this stereotypical portrayal of a “male” scientists can
boost students that fit in to this biased image, it stands as a major barrier for others who do not
identify themselves as such. The over-representation of men in the discipline of physics not only
generates a lack of sense of belonging and a stereotype threat against women’s performance but
also impacts the way in which women form identities in physics-related fields. For instance, male-
dominated culture and practice of physics can signal to women that their gender is not appropriate
to be in the field and force female students to negotiate between their gender and physics identities

[82-85]. For this reason, there needs to be a radical change within the culture of the physics
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community to eliminate “gender-related ability” biases so that it can become more inclusive for
all students.

One primary cause of these biased beliefs is the field-specific intelligence attributions. As
Leslie et al. found, women recede away from the domains that are thought to require innate ability
and brilliance for success in the field [58]. Physics is one of the exemplar fields that illustrates the
negative correlation between the number of women and high expectations for brilliance [58].
These biases provoke fixed intelligence mindset attributions regarding how success is achieved
only via innate ability. Individuals discerning intelligence as a fixed characteristic then perceive
struggles as a threat to their ability and failure as an indication of a lack of ability [61]. By contrast,
fostering a growth mindset view encourages students to view struggle as a stepping stone that
enhances learning, enabling students to become more enthusiastic about spending effort to develop
their skills in physics. There are several classroom interventions designed to create better student
engagement with growth mindset [86-90]. Some of these interventions have focused particularly
on minority groups as they aim to normalize students’ struggles in academic life and increase their
sense of belonging [86].

We also note that failure to support women’s self-efficacy especially during their first-year
college experiences will not only have meaningful short-term results, but is likely to lead to long-
term effects, such as gendered-patterns of retention in STEM domains. For instance, initial low
self-efficacy of women can increase their anxiety in the exams [80] and cause them to perform
worse than they actually otherwise would [91]. Since negative self-efficacy can impact students’
interest [80], women’s desire to engage in and dedicate time for physics learning can also diminish.
Similarly, female students with low self-efficacy and higher anxiety are more likely to relate their

poor performance to the lack of ability [80]. In other words, women’s low self-efficacy can prompt
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them to become more fixed in their mindset, and to internalize the reasons of failure to lack of
their talent in the field. These women can prematurely withdraw from the course or decide to leave
the STEM field due to their biased self-judgements about their competence. Felder et al. found
that among women and men who failed the course, men are more likely to repeat the course and
stay in the engineering track while women switch out of the engineering degree [80].

Women’s biased self-efficacy in physics can further have a negative impact on their
choices of academic career. Some engineering fields are mostly male dominated and contain more
physics-focused topics throughout their curricula, while other engineering degrees appear to be
more gender-balanced and have less focus on physics materials [80]. Due to first-year college
experiences in physics 2 courses, women might switch out from physics-intensive engineering
majors, such as mechanical or electrical engineering despite having initial interest in these majors.
Equally importantly, due to stereotypes, women’s career choices might rely on fixed mindset and
the ability-related negative beliefs such as beliefs about women having low ability in physics.
Therefore, supporting women’s achievement also necessitates promoting and supporting positive
recognition and endorsement for their competence from mentors, academic advisors and course
instructors as well as their families [82]. In particular, academic encouragement, support and
recognition have the potential to enhance their self-efficacy and interest, and help them develop

positive identities in the physics-related fields [92,93].

4.6 Limitations and future directions

This study investigated gender differences in a calculus-based introductory physics 2

course. The gender data obtained by university records included binary response options, however
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we recognize that gender is a sociocultural and multidimensional construct. In future studies, we
hope to incorporate gender measurement with multiple options, which can allow us to measure
masculinity and femininity in more nuanced ways.

In this paper, SEM was chosen as the data-analytic strategy due to its advantages, such as
the availability of multiple fit measures to identify strong models, and more effective methods for
controlling for random-error and latent variable variances [94]. However, there are also certain
limitations in using this analysis technique. For instance, SEM does not handle non-linear relations
and is fundamentally based on correlations and therefore is an indirect measure of causality [94].

In the theoretical model, we did not control for students’ physics 1 grades, which could
also explain the self-efficacy gender gap at the beginning of physics 2. However, we have shown
in our previous work that 87% and 95% of students’ self-efficacy gender gap comes from biases
rather than their actual performance in physics 1 and physics 2, respectively [11]. Moreover, since
conceptual test scores and students’ grades were correlated with each other, models including both
variables produce problematic model fits.

Also, we have not tested the extent to which self-efficacy gender gaps moderate the
learning outcome differences across different instructors using different teaching methods.
However, in some previous work we have shown that self-efficacy gender gap exists in calculus-
based physics 2 courses for different instructors regardless of the teaching methods (i.e., whether
they used active engagement versus traditional teaching methods) [11].

Moreover, our study focuses only on the calculus-based physics courses. In the future, we
intend to do similar analysis of algebra-based physics courses. Apart from the differences in
curriculum content and math-intensity, there are differences in student demographics and

classroom structure. First, calculus-based physics classes are taken by engineering and physical
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science majors, whereas health-sciences, biology, and pre-medical students enroll in algebra-based
physics courses. Students” academic goals and level of interest in understanding physics may differ
in the two kinds of physics classes. Equally importantly, algebra-based courses are generally taken
in sophomore and junior years as opposed to introductory calculus-based physics courses, which
are typically taken by freshmen students in physical science and engineering majors. While the
younger students in the calculus-based physics courses may still maintain high-school-based
beliefs about physics, those who are in the algebra-based course have gone through several years
of college and campus life experience and their attitudes might have shifted since high school.
Finally, while women are a minority in calculus-based physics classes (approximately 30% of the
cohort), this proportion is double in algebra-based courses. Each of these factors may change the
core determinants of self-efficacy and the role of self-efficacy in learning outcomes for students
in the algebra-based introductory physics courses.

Another future plan is to design, implement and evaluate instructional strategies to address
the issue of gender gap in physics self-efficacy. As discussed earlier, there are some interventions
in literature for improving women’s self-efficacy [88-90,95,96] in non-physics contexts, which
have the potential to further promote higher interest and sense of belonging with a better

performance and engagement in the physics classrooms.
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4.8 Appendix B
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Figure 4-4 Representation of students’ physics 1 grades in groups of AP Physics AB scores from 1 to 5. The
“No AP test” group corresponds to the group of students who did not have an AP Physics AB test prior to

college. Error bars represent standard error of the Physics 1 grade.
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Figure 4-5 Representation of students’ physics 1 grades in groups of AP Physics 1 scores from 1 to 5. The “No
AP test” group corresponds to the group of students who did not have an AP Physics 1 test prior to college.

Error bars represent standard error of the Physics 1 grade.
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5.0 Why female STEM majors don’t identify with physics: they don’t think others see them

that way

5.1 Introduction

There has been much interest and effort to enhance diversity in science, technology,
engineering, and mathematics (STEM) majors and careers, yet women remain under-represented
in many STEM disciplines [1,2]. Among the natural sciences, physics has shown the slowest
progress in increasing the representation of women compared to other disciplines such as biology
and chemistry [3,4]. Several interventions have been proposed to address the issue of low
representation of women in physics including developing better pedagogical methods [5];
improving the efficacy of physics teaching by making the curriculum relevant to all students [6];
and investigating and improving students’ attitudes in the physics classroom [5]. The majority of
this work has focused on students’ cognitive difficulties such as understanding the physics content
(e.g. problem solving, reasoning and meta-cognitive skills), and on developing pedagogical
strategies to address these difficulties. There have been several studies investigating motivational
aspects of learning physics; e.g., self-efficacy, interest, and recognition [7,8], however the
implications of these studies have not translated into practice and reform of physics teaching and
learning environments. These motivational factors can have a significant influence on learning
physics [8] as well as class enrollment and decisions about students’ selection of major [9].

In explaining participation in STEM careers, identity has been argued to be a particularly
important motivational construct [10]. There are many forms of identity, but most relevant here is

identifying with an academic domain, such as physics: students’ views about whether they see
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themselves as a “physics person” [9-16]. Physics identity, which can shape and be shaped by
students’ learning experiences and classroom interactions, has been shown to predict students’
career choices and outcome expectations [9-16].

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

We build on prior work by Hazari and colleagues on physics identity in which they
developed a framework for physics identity in high school by adapting the well-known science
identity framework by Johnson et al. [11]. Previous studies have focused on documenting gender
differences in some of the motivational factors hypothesized to be related to physics identity such
as interest in physics, beliefs about conceptual understanding of physics and performance, and
perceived recognition by others as well as how these identities impact students’ career choices for
female and male students [12,13]. However, it is not clear from the prior work to what extent these
factors relate to and interact with each other and gender in calculus-based physics courses since

the context of the course can be important for the relationships between these factors. Are some
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factors more important than others in their influence on physics identity? Do these motivational
factors meditate the relation between gender and physics identity and if so, how?

To investigate these questions, we examined students’ physics identities as well as the
hypothesized underlying motivational constructs within the physics identity framework.
Specifically, we focused on the college-level calculus-based introductory physics courses at a large
state-related research university. Students in these classes are generally physical science or
engineering majors and they are typically freshman students, so this study allows us to monitor
their motivational attitudes early in their academic program. Typical for courses aimed at such
majors, female students in calculus-based physics courses comprise approximately 30% of the
classroom.

Our research methodology uses quantitative methods to explore which motivational factors
cause change in other factors and mediate the relation between gender and physics identity. As
part of this analysis, we administered a motivational attitude survey at the end of the first physics
course, a point at which students have now revised their attitudes towards physics based on their
first university-level experience and is also the point at which they are less likely to continue in
physical sciences and engineering (i.e., it is a very consequential moment). This work can help
inform the selection of strategies needed for improving students’ physics learning via a lowering

anxiety and creating a more supportive environment.
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5.2 Background

5.2.1 A sources of gender disparity in physics

Many research studies focus on low representation of women in many STEM fields in
terms of societal biases. Seymour and Hewitt argued that the masculine image of current STEM
culture is a deterring factor for those who do not identify as masculine [17]. In general, the image
of a physicist is portrayed as male, which can make a woman feel less accepted in the physics
community. Likewise, the lack of female role models (i.e., famous female physicists or female
physics instructors) and being one of the few female students in a physics classroom can
communicate to women that their gender is not appropriate for the field. In addition, physics is
one of the disciplines that is believed to require a natural ability to be successful in it [18,19], and
the concept of being a “genius” or “inherently brilliant” is generally associated with men [20].
These two factors — the perceived masculine nature of the field and gender-based beliefs about
brilliance in physics — foreground societal biases about who can excel and thrive in physics, which
can impact female students’ identity and dissuade them from pursuing study in physics-related
disciplines. Archer et al. investigated the impact of physics-related cultural attributions on
girls/’women’s decisions to pursue physics with ten-years of longitudinal data [21] and reported
that science-keen girls/young women who name physics as their favorite subject slowly lose their
interest due to alienation, discrimination, and gender-biased beliefs about physics.

Further, gendered beliefs, biases, and discrimination can negatively impact women and act
as a stereotype threat against them, constraining their performance in the field. In particular,
women may fear confirming the negative stereotypical beliefs about their gender in physics if they
perform poorly and it can increase their anxiety [22-27]. Faculty’s gendered beliefs regarding the
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students’ ability can be one reason for the negative threat that women experience [25]. One study
showed that science faculty in biological and physical sciences exhibit biases against female
students by rating men significantly more competent when the curriculum vitae are identical except
for the name of the student being male or female [25]. Gender-biased culture in physics and
negative experiences of female students can create a “chilly” environment for women which can
undermine their motivation to engage in learning within the “unwelcoming” culture of physics and
other STEM disciplines. For example, women are typically assigned by their male lab mates to
“female roles” (e.g., recording data as opposed to collecting data or doing other menial work) in
labor division in research lab experiments [26].

Underlying these macro-level factors (e.g., gender biases, traditional gender roles,
discrimination against women), students’ motivational attitudes and beliefs, which are shaped by
biases and discrimination, can at least partly provide a mechanistic explanation for women’s
under-representation in STEM disciplines. Several studies in physics education have focused on
students’ motivational characteristics (e.g., factors such as students’ interest in and value of
science, beliefs about their competence, intelligence mindset views, sense of belonging and
identity formation) [9,28-30]. Individual variation in these factors can impact students’ learning,
persistence in degree attainments, and professional career choices [30-35]. While having positive
attitudes can lead to better grades on exams [35] or higher rates of retention in challenging domains
[7], negative attitudes, such as low self-confidence or not feeling recognized, can lower interest
and increase disengagement from class participation [36].

In physics, researchers have developed and validated various instruments to assess
students’ motivational beliefs and attitudes about learning [37-47]. Investigating students’

motivation in physics can provide education researchers information about how students engage
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(or not) in learning activities and why some students persist while others do not in physics courses.
Although there are several studies of gender differences in students’ competency belief ( or self-
efficacy) [7,8,40-44] and interest [8,40,46] in physics, there are relatively few studies on gender
differences in other motivational constructs such as identity, which likely plays a central role in
students’ retention in physics [11]. Prior work in reducing the gender gaps in self-efficacy and
promoting interest in all students has focused on using more interactive teaching approaches [48],
adopting active-engagement teaching pedagogies such as Modeling Instruction [49] or describing
specific classroom interventions such as Value-Affirmation [50] Further, prior work has
investigated some of these motivational factors separately, but it is not clear how they relate to
each other and which has the strongest relation to students’ physics identities, which is central to

students thriving in a discipline.

5.2.2 Prior work on science identity and physics identity

Gee’s seminal framework describes identity as “the “kind of person’ one is seeking to be
and enact in here and now” [51]. As an example, a physics person typically associates his/her
physics identity with being good at physics and math or enjoying solving physics problems which
often involves applying mathematical concepts in diverse physical concepts. Identity therefore is
hypothesized to be influenced by motivational characteristics which can change over time with
individuals’ in-class and out-of-class experiences and interactions with peers, teaching assistants
and instructors in different circumstances and learning environments [11-16].

Researchers have considered a number of different perspectives on identity formation. One
aspect under debate is whether identity is predominantly internal (the individual’s private view of
themselves) or whether it is a combination of internal and external components (i.e., includes
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perceptions of how others also view the individual) [52]. For example, external identities can
pertain to individuals” manifestation of their identities when performing or acting out who they are
in a particular classroom (e.g., in a science classroom, how students perform on the given tasks,
how they display their understanding of the subject or the way they communicate in the context of
science) [53].

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

Hazari et al. modified the framework by adapting it to physics specifically rather than
science more generally [11]. First, “competence” and “performance” were defined as students’
beliefs in their ability to understand the subject, and students’ beliefs in their ability to perform
physics tasks [11]. Specifically, competence and performance dimensions focus on students’
beliefs and perceptions about their physics-related skills, performances, or conceptual
understandings rather than how students can practice and exhibit them in class, as in Carlone and
Johnson’s science identity framework. Second, the “recognition” variable was renamed as “self-
recognition” which, again, stresses the internalized feature of this identity component. Hazari et
al. also added a fourth component: “interest” [11]. Carlone and Johnson had investigated scientists’
identity among professionals who already had developed a certain level of interest in the science

domain. But Hazari et al. studied students’ identity formation in physics classrooms. Students
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typically have highly varying levels of interest in physics, and therefore it was thought to be a
substantial factor in developing students’ identities [11-15].

After bringing these modifications together, Hazari et al.’s physics identity framework
hinges on four factors: students’ interest, beliefs about their competence and performance, and
their views on being recognized by others [11]. Those four dimensions of the physics identity

framework together make up students’ “internalized” identities. Past studies have focused on
physics identities’ impact on students’ physics-related career choices and gender differences in
high-school identities [11-16]. Also, some other work has adapted Hazari et al.’s framework to
engineering and math contexts and investigated general populations of college students’ physics,
math, and engineering identities to relate students’ engineering choices [16]. Since physics
identities are influential in students’ career choices and trajectories in physics-related fields,
understanding how students’ classroom experiences impact the affective factors that forms physics
identity is vital. The prior work, however, has not investigated how these factors are related to one
another in a predictive framework. Below, we describe our modified framework based on these

foundational theories and discuss how to address these questions (i.e., connecting beliefs about

competence to major theoretical frameworks in motivation.)

5.2.3 Theoretical model of physics identity

Prior data and theoretical considerations suggest that some further revision to the
framework is required. Here, we propose a slightly reframed version of the physics identity
framework (see Figure 5-1). Hazari et al.”s performance (i.e., belief in one’s ability to perform
required physics tasks) and competence (i.e., belief in ability to understand physics content)
dimensions are treated as two separate variables, but the factor analysis they conducted on the data
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of general population of college students suggested that performance/competence is actually a
single latent variable [54]. Carlone and Johnson’s separation of competence and performance was
justified for scientists, but it may be reasonable to represent them with one single construct for a
population which has less experience within the discipline and competence and performance
become difficult to dis-entangle. Moreover, challenges associated with these issues also suggest
that more research with different student populations in different physics learning contexts is
needed. In this investigation, our student population consists of freshmen year college students in
engineering and physical science majors for whom we propose to combine these two constructs of
performance and competence in a more broadly-used motivational construct of self-efficacy. This
construct of self-efficacy is defined as students’ beliefs in their capability to succeed in a certain
situation, task, or particular domain [55]. Self-efficacy has been a central focus in many
educational studies and predicts students’ actual performance even after controlling for their prior
knowledge [56,57]. Students’ self-efficacy has also been found to be related to career goals and
enrollment in STEM courses [58], as well as the level of persistence in their academic track and
long-term goals [34,59]. Equally importantly, recent studies in self-efficacy have shown large
gender differences in physics (i.e., female students with lower average self-efficacy than male
students) [7,8,40-43]. The gender gap in self-efficacy also exists when comparing similarly
performing female and male students [44,45]. These alarming trends show that female students
feel less competent in physics than male students regardless of their actual performance. Because
self-efficacy can influence students’ interest and engagement in the classroom [34], female
students’ choice of pursuing physics-related careers can be negatively impacted by their lower
self-efficacy. With these issues in mind, we replace competence/performance with self-efficacy

for the following reasons: 1) to make the connection to the very large literature on self-efficacy;
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2) to deal with the empirical finding in both our data and in Hazari et al.” data that competence and
performance (at least as perceived by students) is really one construct rather than two separate
constructs [54]; and 3) the construct is really about beliefs (which is clearer when self-efficacy is
used as a construct) rather than about objective success (which is implied in performance and
competence as labels) and may be more suited at least for the students in introductory physics

courses.

Self-Efficacy

Perceived
Recognition

Physics
Person

Interest

Figure 5-1 Schematic representation of the theoretical framework regarding physics identity.

Each factor is hypothesized to affect identity. For example, the second factor hypothesized
to influence physics identity is interest. Much prior work has examined interest and its effect on
motivation and learning. Making the science courses more relevant to students’ lives and
reforming curricula to promote interest in learning can improve students’ achievement [60].

Interest is also well paired theoretically with self-efficacy dimensions as connected constructs that
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predict students’ academic outcome expectations and career aspirations within Expectancy-Value
Theory [61]. In the theory, Eccles et al. propose that expectancies of success (i.e., self-beliefs) for
the domain such as physics are related to students’ persistence and engagement that further impacts
their course (in the short-term) and career choices (in the long-term). Value of the task is the other
aspect of the theory that can enhance students’ motivation and persistence in the particular task or
field. Value is composed of four components: intrinsic value, attainment value, utility value, and
cost. While intrinsic value explains individuals’ personal interests and enjoyment in engaging with
the task, attainment value refers to the importance of the task for individuals and relate to their
identities. Utility value, pertains to how students can relate the task to their lives or to what extent
the task can help them succeed in various fields. Finally, cost corresponds to negative aspect of
engagement such as the amount of anxiety or opportunity cost due to the time spent on the task.
These components of value together with expectations can impact cognitive and affective factors
of academic learning. In particular, perceiving the task as valuable and connected with individuals’
goals, and having an interest in the task and enjoying the task promote better engagement and
motivation. We focus on intrinsic value (interest and enjoyment) and label it as “interest”.

As the third and final factor of physics identity, we investigate the recognition by others.
In particular, we use the construct of “perceived recognition,” which refers to students’ perception
about whether others see them as a physics person or not. We believe the addition of “perceived”
is important: while the perceptions held by others about the student is important, we argue that it
influences the individual primarily by the extent to which those perceptions of others influence the
perceptions of the students of themselves and about being differentially viewed or recognized by
others. Individuals can have biased perceptions. They can mis-perceive the intent of others’ actions

and words, particularly when viewed through the lens of societal expectations and biases. So, an
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act meant to support an identity (e.g., offering to help) might be viewed as denying an identity
(e.g., implying lack of sufficient competence to be in the ‘club’). And from a measurement
perspective, if researchers are collecting information from individuals about how others recognize
them rather than directly from the ‘others’ doing the recognizing, the individuals are necessarily
reporting on their perceptions of the recognition provided by others, not the actual recognition.
Thus, while prior researchers might have intended to measure actual recognition, in reality they
measured perceived recognition.

In this framework, recognition may be an important driver of both personal identity and of
self-efficacy: students’ classroom experiences and interactions with instructors, course assistants
and peers (which shape their perception of recognition) can in turn impact their self-efficacy to
achieve and class participation. In general, the motivational factors that comprise physics identity
relate to and can interact with each other in meaningful ways. However, it is not clear which
directions of influence are strongest/generally act as pre-cursors of the others. For example, does
interest primarily drive self-efficacy (e.g., by increasing meaningful participation which then
builds self-efficacy) or does self-efficacy primarily drive interest.

Students’ expectancies and values can also help them build a field-specific identity [61].
In Hidi and Renninger’s four phase model of interest development, interest is influenced by self-
efficacy, and it later develops into something that is recognized by others [62-64]. In research
literature on other motivational constructs (interest, career preferences, etc.), it is indeed common
to view self-efficacy as an input, and there is much empirical support for that “causal” direction
[59]. However, within the central and well-supported literature on self-efficacy, the focus is on the
reverse causal direction: what other attitudes and experiences supports changes in self-efficacy

[55]. For example, Bandura’s seminal self-efficacy theory proposes that four factors are major
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sources that influence one’s self-efficacy. Of particular relevance to the current work, one of the
sources for strengthening individuals’ self-efficacy is the social/verbal encouragement and
persuasion that one receives from others such as mentors, teachers or family members (or lack of
these types of positive enforcements) [55]. Therefore, based upon Bandura’s theory, we test the
effect of Perceived recognition on self-efficacy. In other words, we hypothesize that these
motivational factors are intimately enter-twined in that recognition by others has an effect on the
other two factors, self-efficacy and interest, which have an impact on identity. Both expectancy-
value theory and the four phase model prominently include self-efficacy (expectancy) and interest
as related to identity and its development. However, expectancy-value theory does not appear to
include recognition by others. The four-phase model mentions that others (e.g., teachers) can play
a role during the emerging individual interest phase and there is focus on how others can support
understanding or encouragement. We propose that these beliefs are particularly important for a
domain such as physics that has strong socio-cultural biases, e.g., pertaining to a field consisting
of brilliant men, and not feeling recognized might have strong effects on one’s views of self-
competence and interest. We also note that if we find that recognition by others or lack thereof
mediates self-efficacy and interest, it may be possible to change the patterns of recognition by
instructors and mentors via appropriate professional development activities.

The current research was conducted in the context of introductory level calculus-based
physics courses. Carlone and Johnson examined scientists’ science identities whereas Hazari et al.
studied physics identity of high school students as well as a general population of college students.
In the context of physics at the college level, with many stereotypes about the high difficulty level,
the primary pathway is unclear. Thus, some model testing work is required that examines

variations of the inter-relationships between the components of physics identity. In addition, prior
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research has tended to use only qualitative methods [10] or quantitative methods [13].
Psychological processes are sometimes implicit, in that individuals can be unaware of the factors
that are influencing their actions and beliefs [65]. At the same time, quantitative measures of
attitudes can have biases and high levels of noise, and correlations among attitudes can be
sufficiently high that separating causal connections from common-cause relationships can be
difficult. Thus, cross-validation research that uses quantitative methods which is supported by
prior or concurrent qualitative data can be important in this area [10].

We use Structural Equation Modeling (SEM) method to investigate the origins of gender
differences in identity in calculus-based introductory physics classes in which women are
underrepresented. In other words, the identity framework was used to directly test the underlying
relationship of gender to identity components through a mediation model. In a similar study
conducted by Godwin et al, students’ high school identities and choices in engineering careers
were investigated by using SEM for a general population of students [16]. Here, we specifically
focus on college female and male students’ physics identities in introductory calculus-based
physics courses. In particular, we investigate the relation between gender and physics identity via
a mediation analysis by using SEM technique. Additionally, we note that Godwin et al. compared
the impact of female and male students’ physics and math identities on their engineering career
choices during the transition period from high school to college with their framework of critical
engineering agency. In our study, we are interested in explaining the possible motivational
constructs that create gendered patterns in students’ physics identity in specific physics courses,
i.e., calculus-based introductory physics courses for physical science and engineering majors— in
which women are severely underrepresented. Also, in our analysis, self-efficacy is used as a

measure of students’ beliefs about how competent they are in physics instead of performance and
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competence dimensions as in previous identity works for the reasons described earlier including
the fact that self-efficacy is a broadly used construct in education literature and it is possible to
connect the findings with other studies focused on this construct.

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

across gender.

5.3 Methodology

For the current study, a survey covering the components of the theoretical framework was

administered to 559 students at the end of the semester of a calculus-based physics course.
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Primarily quantitative methods were used to provide converging analysis in addressing the central

research question.

5.3.1 Participants

The 559 participants completing the surveys were students enrolled in one of four different
sections of introductory calculus-based physics, which is generally taken by engineering and
physical science students in their first year of undergraduate studies. The university provided
students’ demographic information such as age, gender, ethnic/racial, and academic major
information as part of a larger research study using an honest broker process. Both sets of data —
demographic and survey responses— were linked by the honest broker representative. During this
process, an identification number was given for each student that was based on a hash-function of
their university email or student ID number. Therefore, the researchers only had access to the
demographics data in this de-identified form.

Note that, the gender data provided by the university records included only binary options
given as “female” or “male”. We understand that the gender identity is a socio-cultural and non-
binary construct and can be described by multi-level categories, but here we are limited with our
binary gender dataset for this study. Based on this university data, the survey participants were
33% female and 67% male students; one student did not have a reported gender status and was
excluded from further analysis. In terms of ethnic/racial distribution, students were 77% White,
11% Asian, 4% Hispanic, 3% Black, 4% Multi-racial and 1% Other. Regarding academic majors,
61% of students were in engineering track and 39% of students were in physical science majors.

Also, 90% of the students were in their first year with an average age of 19.
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5.3.2 Survey instruments

We used the motivational surveys of identity, perceived recognition, and self-efficacy, and
interest based on prior instruments related to students’ motivational characteristics associated with
physics [8]. There were other constructs in the survey, but we focus on these four. The survey
questions for each construct are given in Table 5-1. The scales were adapted from existing
motivational research in physics which was discussed in detail in our prior works [8,40], and the
validity of several of the scales examines here were reported in our previous work [8]. The physics
identity scale was added later, and therefore additional psychometric validation (CFA results) for
that scale is reported in Table 5-1. The prior survey validation and refinement work involved
iterative use of Exploratory Factor Analysis (EFA) and one-on-one student interviews both with
introductory and graduate level students [8,40,44].

We also performed IRT to check the response option distances for survey constructs. Some
of the items have response scales of “Strongly Disagree, Disagree, Agree, and Strongly Disagree”
while other items had response scale “NO!, no, yes, YES!”. The first group—"Strongly Disagree,
Disagree, Agree, and Strongly Disagree”— response scale discrimination was 1.23 and 1.38 while
the second group—*“NO!, no, yes, YES!”"—had 1.55 and 2.11.

Additionally, we checked the inter-reliability for the added identity items. The perceived
recognition aspect of the theoretical framework relates to students’ perception of how others view
them as a “physics person”. The survey included three separate items (Cronbach’s alpha = 0.86)
for family, friends, TAlinstructors, respectively. Moreover, this construct focuses on the
respondents’ beliefs about being recognized, and therefore is called perceived recognition and is

appropriately answered by the respondent rather by another individual.
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Each of the identity and perceived recognition items involved a four-point Likert response
on the scale: Strongly Disagree, Disagree, Agree, and Strongly Agree. “l see myself as a physics
person” constitutes the core internal physics identity construct and corresponds to students’ beliefs
and self-perception in how they designate themselves as a physics person. The survey initially had
two identity-related items. However, after an initial factor analysis, we omitted one of the items:
“l see myself as scientist/engineer” since it was not loading with the identity construct (or any

other construct in the survey).

Table 5-1 Survey questions for each of the motivational scales, along with CFA item loadings (beta and p-values

of the significance test for each item loading).

Construct and Item Beta |p
Physics Identity

I see myself as physics person 1.000 | 0.00
Physics Perceived Recognition

My parents sec me as physics person 0.914 | 0.00
My friends see me as physics person 0.899 | 0.00
My TA/Instructor see me as physics person 0.660 | 0.00
Physics Self-Efficacy

f-;?tazfiﬁi to help my classmates with physics in the laboratory or n 0662 | 0.00
I understand concepts I have studied in physics 0.723 | 0.00
If I wanted to, I could be good at physics research 0.722 | 0.00
If I study, I will do well on a physics test 0.720 | 0.00
If I encounter a setback in a physics exam, I can overcome it 0.710 | 0.00
Physics Interest

I wonder about how physics works 0.652 | 0.00
In general, I find physics 0.772 | 0.00
I want to know everything I can about physics 0.786 | 0.00
I am curious about recent physics discoveries 0.803 | 0.00
I want to know about the current research that physicists are doing 0.746 | 0.00
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The self-efficacy component of our framework was captured by five self-efficacy items
(Cronbach’s alpha = 0.83 ) sampling different manifestations of perceived competence in academic
physics (e.g., understanding and performing in various ways); they were all answered on a “NO!,
no, yes, YES!” scale that has good psychometric properties and a low reading load, which is
important for accurately measuring attitudes of students for whom English is not their native
language or have other reading difficulties.

The final construct in the framework is interest, which refers to positive affect towards
doing physics-related activities and being curious about the physical world [66] and was measured
with five items (Cronbach’s alpha = 0.86). The question “In general, | find physics:” had response
options “Very Boring, boring, interesting, Very interesting” whereas the question “I wonder about
how nature works” had temporal response options: “Never, Once a month, Once a week,
Everyday”. Three remaining three items were answered on the “NO!, no, yes, YES!” scale.
Varying the response scale can lead respondents to slow down and read the items more carefully.

For each survey item, students were given a score from 1 (low) to 4 (high), with higher
scores indicating greater levels of interest, self-efficacy, and (recognized) identity. Mean scores
across items were calculated items in each scale. For example, a student who answered “Yes!” to
three of the self-efficacy questions and “no” to the other two self-efficacy questions would have
an average self-efficacy score of (4+4+4+2+2)/5= 3.2. Iltem Response Theory analyses were
previously conducted with these scales to show that the psychological distance between adjacent
response items and across items was roughly similar; further more complex factor scores derived
from IRT or CFA are so highly correlated with the mean score that there is no practical advantage

in using the more complex methods [8].
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5.3.3 Quantitative analysis of survey data

In this section, we describe our analysis approach to answer our research question. To
examine this question as to whether there are gender differences in identity, we initially conducted
MANOVA on students’ identity, self-efficacy, interest and recognition scores comparing female
to male students. Simple Pearson correlations between constructs provided an initial validation of
the proposed theoretical framework.

To provide quantitative validation test of the instruments / separability of the constructs in
the current dataset, we performed a Confirmatory Factor Analysis (CFA) on identity and the
identity components (perceived recognition, self-efficacy, and interest). The model provides a
good fit to the data if fit parameters are above certain threshold measures. Commonly reported fit
parameters are the Comparative Fit Index (CFI), which compares the fit of the proposed model to
the null model; Tucker-Lewis Index (TLI), which compares the fit of the proposed model the null
model but also taking into account the complexity of the proposed model; Standardized Root Mean
Square Residual (SRMR), which is the standardized difference between the observed correlation
and the predicted correlation; and Root Mean Square Error of Approximation (RMSEA), which is
the absolute fit of the model to the data taking into account the amount of data available. CFI >
0.90, TLI>0.90, SRMR < 0.08 and RMSEA < 0.08 (mediocre fit < 0.10) are considered acceptable
fit parameters [67]. However, recent literature considers more stringent cut off points where
RMSEA < 0.08 is moderate and < 0.06 is acceptable fit [68].

To quantify the significance and relative strength of the hypothesized path links between
gender, identity components, and physics identity with the survey data, we used Structural
Equation Modeling (SEM), with a maximum likelihood estimation method vis-a-vis lavaan

package in R [67]. Simultaneously estimating all the model links within SEM (rather than
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separately with different regression models) has increases the statistical power of the analysis and
produces estimates for the strength of different paths within the model (e.g., the contribution of
self-efficacy to the gender differences in identity). The same model fitness parameters as with CFA
are examined to find a model which produced an acceptable fit to the data: CFI, TLI, SRMR, and
RMSEA. We began with the saturated model and then created model variations by dropping
connections or variables of low strength. In the final model, data from 517 students were included
in the analysis because 7% of the initial population had some missing responses.

During testing our hypothesis with SEM model, we used modification indices which
suggest certain links between the constructs that can change the structure in order to make the fit
better, but we only used the suggestions that were theoretically plausible. In particular,
modification indices basically give suggestion to modify the model in order to improve the fit. R
lavaan package has built-in function that was used to calculate modification indices based on a
given fit measures and give suggested links (positive or negative) between the variables so we
could add (if positive) or remove (if negative) those relations from our model. The suggested
changes can be regarding covariates or regression models.

We also calculated the indirect effects between gender and physics identity after we run
the SEM model. Indirect effect calculations estimate the strength of the mediation between the
causal variable (e.g., gender) and the outcome variable (in our case, “physics person”) through
hypothesized mediators (e.g., perceived recognition). The indirect effect of gender is calculated by
multiplying the coefficients along a given path (i.e., from independent variable to mediator and
from mediator to dependent variable). Since there can be multiple paths between a given
independent and dependent variable through different mediators, the total indirect effect is

calculated as the sum of the contributions through each path. The total indirect effect shows how
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much of an overall effect is produced by the given set of mediating variables. Examination of the

strength of different paths shows the relative contribution of each mediator.

5.4 Results

5.4.1 Test of the measurement model factor structure

The CFA conducted on the proposed model produced an acceptable fit to the data: CFI =
0.975 (> 0.90), TLI =0.968 (> 0.90), SRMR = 0.035 (< 0.08) and RMSEA = 0.054 (< 0.08). Thus,
there is quantitative support for dividing the four constructs as proposed. Further, the factor
loadings for each component were higher than 0.7 which is considered as acceptable (see Table
5-1). Therefore, each of the items in the survey were good items for each of their respective

constructs.

5.4.2 Gender and physics identity mediation model

As shown in Table 5-2, female students had lower scale means on physics identity with a
medium effect size [68]. On average, female students’ responses were close to ‘no’ on the scale
whereas on average male student’s responses were close to ‘yes’ on the scale. All three
motivational factors also showed lower scores for the female students with similar effect sizes.
MANOVA Wilk’s Lambda test showed significant gender differences with F (4, 542) = 16.70 p <
0.001. In addition, as shown in Table 5-3, each of the variables was strongly correlated with each

other as expected within the theoretical framework. But the inter-correlations were not so high that
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the constructs could not be separately examined in the SEM. Thus, the pattern of gender
differences and inter-correlations were consistent with the overall framework and the SEM would
be needed to unpack whether each of the foundational constructs contributed towards explaining

the gender differences in physics identity.

Table 5-2 Descriptive statistics for female and male students in which M stands for construct mean value, SD
is the standard deviation and N is the number of students. Effect sizes and p-values are presented in the right-

most column where ™ indicates p < 0.001 and a minus sign indicates that male students have higher scores than

female students.

Females | Males
N=182 | N=365
Construct M SD| M SD| Cohen’sd pvalue

Statistics

Physics Person | 2.1 0.9 |2.6 0.8 -0.6 e
Recognition | 2.2 0.8|2.6 0.7 -0.5 e
Self-efficacy | 2.6 0.6 29 05 -0.6 =

Interest 27 07131 06 -0.7 -

Table 5-3 Zeroth order correlation coefficients of the constructs in the mediation model.

Observed Variable 1 2 3 4

1. Physics Person - - — -

2. Perceived Recognition 0.79 - - -
3. Self-efficacy 064 065 _ —
4. Interest 065 060 054 -

We initially tested a moderation relation between variables and did multi-group SEM

analysis between female and male students. There was no group difference as a result of
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moderation analysis at the level of weak and strong measurement invariance and at the level of
regression coefficients, so we proceeded with mediation analysis using SEM (see Appendix C).
The results of the SEM are presented visually in Figure 5-2. The model fit indices suggest
an excellent fit to the data (acceptable fit thresholds in parentheses): CFl = 0.942 (> 0.90), TLI =
0.927 (> 0.90), RMSEA = 0.075 (< 0.08) and SRMR = 0.046 (< 0.08). Figure 5-2 presents the
standardized coefficients between each of the variables, and all were statistically significant. From
a mediation perspective, it is noteworthy that when all of the predictor variables are entered in the
model, the fit of model with the gender variable connected directly to the physics identity gives
poor fit parameters (RMSEA = 0.11 > 0.08). That is, the relation between gender and physics
identity is mediated by the intervening variables that are given in our initial theoretical framework;
female students appear to have a lower physics identity because they have lower levels of physics
perceived recognition and interest which in turn strongly drives self-efficacy, which, together with
perceived recognition and interest, strongly drives physics identity. Since the strength of the
relationships between the components to physics identity were unequal, we also calculated the
amount of the gender effect flowing through each of the three key motivational constructs by
comparing indirect effects to one another. We calculated the indirect effects by multiplying the
coefficients of different paths for each of the model constructs that had a direct connection to
physics person. For instance, the self-efficacy’s indirect gender effect was calculated by adding
two paths: one via perceived recognition and one via interest. For example, for the first path, we
calculated 0.27 (gender — perceived) x 0.54 (perceived — self-efficacy) x 0.15 (self-efficacy —
physics person) = 0.022. All of the indirect effects are statistically significant, and perceived

*k*k

recognition had by far the largest indirect effect (0.16 "), followed by interest at approximately

* Kk

half the size (0.07 ™), and self-efficacy with less than one fourth the size (0.034 ™).
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Figure 5-2 Results of the structural equation modeling between gender and being a physics person through
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and p-values <.001 are indicated by ™ and p-values < .01 are indicated by ™

5.5 Summary and discussion

Students” motivational characteristics in introductory physics courses can inform
educational researchers and instructors about how to sustain student engagement and persistence
in physics classrooms and beyond [35]. Physics identity is a particularly important motivational
characteristic because positive physics identities can foster students’ interest in learning, reduce
anxiety, increase focus and time-on-task as well as improve performance and retention in STEM
majors and careers [11-15]. In this study, we investigated the role that motivational characteristics
such as self-efficacy, interest, and perceived recognition play in forming physics identities for male
and female students in the calculus-based introductory physics classes that are recognized as
gateway courses in college for physical science and engineering STEM majors and careers. This
study, in part, adds to the growing evidence on the possible reasons for the large and pervasive

gender disparity in STEM participation in physical science and engineering.
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For this study, our slightly reframed physics identity model aims to capture the inter-
relationships between several closely related motivational constructs and supports earlier work by
highlighting the nuances for an important population consisting of college calculus-based
introductory physics students. In the context of early university engineering and physical science
students, student survey responses were separable according to those four factors as hypothesized.
Consistent with prior work [69], we have found statistically-significant gender differences, where
male students scored higher than female students in all of the four factors in the modified physics
identity framework. These differences suggest that female and male students’ identity
development may show differences since students’ attitudes in physics learning like self-efficacy
are influenced in a different way throughout the course.

Most importantly, the modified identity framework provides support for a mediational
explanation of the gender disparity in physics in terms of the underlying identity components. Not
only did all four components show similarly-sized gender differences; the path model partially
explained the gender gap in physics identity. The analysis demonstrated how gender was related
to recognition and interest and more importantly how recognition is related to interest and self-
efficacy. It is also interesting to note that some relations were not present in the final path model.
For example, there was no direct relation between gender and self-efficacy (much of that relation
appears to flow through recognition by others). This relation is very consistent with theory that
external feedback plays critical role in self-efficacy development. Women appeared to not see
themselves as a physics person because they thought others did not seem them as a physics person.

As discussed above, our findings suggest that there are perceived differences between
female and male students’ experiences and interactions in physics classrooms. These gender

differences in students’ perceived classroom experiences impact their motivational characteristics.
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Female students may experience a decrease in interest and develop lower self-efficacy than male
students that may further shape their physics identities in negative ways and can cause gendered
patterns in STEM majors and career decisions. These results have implications for both theory of
identity and motivational theory. Building on the prior work, this work adds to the theory of
physics identity forward to understand the influence of motivational factors on women’s physics
identity formation. Consistent with early work, we also have shown connections between
motivational constructs like recognition by others, self-efficacy, interest, and identity in the context
of calculus-based introductory physics courses which could be integrated/revised in the four-phase

model and expectancy-value theory.

5.6 Implications

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

positively impacted by teachers’ implementation of strategies in classroom to increase students’
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perception of recognition [71]. Getting meaningful recognition from instructors becomes
especially important factor to support women’s motivation and engagement when we consider the
lack of few female role models and teachers in the physics community. Equally importantly,
teaching assistants (TA) who facilitate lab courses and recitations also can play a key role in
supporting female students’ belongingness and perceived recognition. In fact, TAs may have more
opportunities to interact with students at a personal level because they teach smaller student groups
in recitations and labs.

During the semi-structural interviews that we conducted earlier during survey validation
[8,45], female students gave very detailed explanations for why they did not think their TA/
Instructor see them as physics person. For example, one female student noted “I disagree [with the
statement], neither of them has really got to know anybody in the classroom on a personal level.
We just started this class [Physics 2] but even last semester [in Physics 1], my TA did not really
make any effort to know anybody!” Another female student gave the following explanation for
why she does not think that her TA/Instructor see her as someone who is good at physics: “That is
going to be a “hard no!” because | don’t believe compared to other people I stand out that much in
physics, so | don’t think they [instructors/TA] really see my name and [say/think] ‘ah yes, she is
wonderful in physics’, no!”. Discussions with her suggest that this female student’s perception of
not being recognized might partly hint at her lower self-efficacy, i.e., feelings of low recognition
can further impact women’s self-efficacy and interest which is supported by the model in Figure
5-2. Similarly, another female student during the survey validation gave an explanation for her
disagreement with the TA/Instructor recognition as her not having innate ability that others in the
class had: “Strongly disagree, I am mostly thinking that some talents still yet to come out [to be

recognized].” Additional qualitative data collection is needed to better understand the underlying

173



factors related to interactions between instructors/TAs and students in physics courses and how
the perceived recognition or lack thereof relates to self-efficacy and interest in physics.

These statements suggest that women may have had negative experiences regarding
receiving recognition from their instructors and TAs. The quantitative results given in Table 5-2
showed that both female and male students reported a mean score of recognition and physics
person below a positive threshold (i.e., score of 3). However, women had much lower scores for
the constructs of perceived recognition and identity as a physics person, which corresponded to a
negative response (i.e., score of 2 corresponds to disagreeing with others see them as a physics
person). One female student shared her experience in the recitation by stating that when she asked
the TA about a particular problem, her TA responded with a comment like “oh, that is an easy
question!”. That student noted that she felt that her question was devalued in front of the entire
class and she felt stupid. She never asked another question in the recitations for the rest of the
semester, which emphasizes the essential role of instructors’ and TAs’ explicitly supportive or
perceived non-supportive attitudes in maintaining women’s active engagement and sense of
belonging in physics courses. We note that to give the benefit of doubt to the TAs, they may not
mean anything negative about a student’s intelligence when saying that the problem is easy and
may respond similarly to men and women. However, due to stereotypes about women in a physics
class, male and female students can internalize such responses very differently. Moreover, in
calculus-based introductory physics courses in which women are underrepresented, such
stereotypes may cause an even larger threat for female students when their questions are devalued
(negative perceived recognition), and then their self-efficacy and physics identity can plummet.

At a broader level, the American Association of Physics (APS) and the American

Association of Physics Teachers (AAPT) have started to create organizational spaces for women
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in physics to come together and discuss the current issues to improve diversity, equity and
inclusion in physics [71,72]. Moreover, the APS has also been giving Women in Physics Awards
to acknowledge the success of accomplished women in the field in order to support women’s
advancement. However, we argue that there are instructional level strategies that need to be
implemented and improved to recruit and retain more women at the undergraduate level and to
recognize them.

The investigation presented here suggests that students’ perception of receiving recognition
from TA/Instructor and peers played an important role in their positive physics identity, and female
students had lower perceptions of being recognized than did male students. While small gestures
of recognition can have a large positive effect on women’s persistence in the field, not receiving
any recognition can be interpreted by female students as an indication of a lack of skills or ability
since they are the minoritized groups in physics and more susceptible to negative interpretation in
such ambiguous situations. Eileen Pollack, who graduated from Yale with a B.S. degree in Physics
in 1978, discusses why she pursued a career in writing and being a novelist instead of her dream:
getting a PhD from Princeton in Physics. “Not a single professor—not even the adviser who
supervised my senior thesis—encouraged me to go to graduate school,” and she continues
"Certainly this meant | wasn’t talented enough to succeed in physics, | left the rough draft of my
senior thesis outside my adviser’s door and slunk away in shame™ [73,74].

So, how can we improve mentor-mentee or student-teacher interactions in physics? One
approach involves organizing professional development workshops to train graduate teaching
assistants and course instructors, in which they learn about under-represented groups’ experiences
and their vulnerability in unsupportive classroom environments. These training programs can give

some guidance and provide certain strategies in terms of how the TAs communicate with minority
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groups. Currently TA/Instructor training workshops do not typically focus in any depth the
motivational constructs that can severely impact students’ learning and have major implications
for diversity, equity and inclusion in physics classrooms.

Another approach involves using brief social-psychological classroom interventions.
These interventions, e.g., mindset or sense of belonging interventions, are typically done at the
beginning of the semester and have been found to boost women’s self-confidence and interest in
physics, and to reduce the possible stereotype threat in the classroom [75-78]. Such interventions
can replace students’ stereotypical beliefs that most cannot succeed in physics with the view that
brains grow through effort and learning. After such short classroom interventions, students in
collaborative learning environment might have more positive approaches when they struggle in
group activities despite some students with better prior preparation performing class activities in a
quicker way.

Research suggests that developing and implementing field-tested classroom interventions
can improve certain minority groups’ persistence and belonging in a particular course or their
academic achievement in general [50,75-78]. Miyake et al. conducted a values affirmation
intervention in college level physics courses as an in-class activity and observed a reduced
achievement gap between female and male students’ course grade [50]. Similarly, social belonging
intervention was conducted for first-year engineering students and the findings show increased
GPAs for women in male-dominated engineering majors [75]. Incorporating these types of
classroom interventions into teaching can increase women’s sense of belonging and self-efficacy
and may help them develop positive feelings of recognition by peers and instructors. To address
the issue raised in this study, we have recently implemented a 25-minute mindset-belonging

intervention in the second week of a calculus-based Physics 1 course during the recitations. Our
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preliminary results showed promising outcomes in terms of women’s performance: While the
control group showed large gender gap in Physics 1 performance, this gap was eliminated in the
intervention group [78].

Academic and personal support such as family encouragement or peer and faculty
relationship and mentoring by faculty can increase the persistence of women and particularly
women of color in STEM fields [79-83]. Ong et al. suggests that lack of supportive mentorship
relations with the faculty can be crucial but rarely provided for minority groups in STEM
disciplines such as women of color [81]. Relatedly, cultural attributions or gender roles in society
can be another important aspect that can generate differences in students’ motivational
characteristics and identities in particular STEM fields [79,84,85]. These biased attributions
include sociocultural expectations (e.g., culturally endorsed image of a physicist as “male”) and
negative stereotypes (e.g., beliefs about men being better at physics than women). Women
experience implicit and explicit biases and stereotypes far before they come to college [23].
Instructors’ inclusive teaching strategies can help to mitigate this negative threat that many women
may experience in physics [71]. Relatedly, one study has found that incorporating discussion
sessions about the underrepresentation of women in physics improved female students’ physics
identities whereas it did not change male students’ physics identity [86]. In contrast, women can
have lower sense-of-belonging and confidence in physics if instructors exhibit unsupportive,
biased attitudes, and discriminating behaviors. In such an “unwelcoming” learning environment,
many women can lose their interest further and disengage from course activities which can result
in withdrawing from the course and possibly from a STEM major altogether because of these types

of experiences [87]. In fact, one study shows that women with equal or better credentials than men
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exit STEM disciplines due to their negative and non-inclusive classroom experiences, and
interactions in their first-year college STEM courses [87].

Unfortunately, negative stereotypes partially arise from the persistent masculine culture
and practice of physics, which can act as identity threats for women. Physics is a traditionally
male-dominated field. Hence, there is an issue of few female role models for girls and young
women to identify with in the physics discipline. In other words, this historical low representation
of women can reinforce biased beliefs and stereotypes, and it can send inaccurate messages about
how important gender is to succeed in physics [85]. Due to the minority status of women, biases
and masculine culture of physics can actually turn into internalized threats for women that
negatively affect their behavior pertaining to their academic choices and careers.

Hulleman and Harackiewicz’ values affirmation intervention in classroom increased
students’ interest and exam performance in the course especially for low performers [88]. The
positive impact of such interventions on students’ interest and course performance can also
increase in students’ identity in the domain [76]. Female and male students exhibit differences in
the value they attribute to certain practices and activities. When teaching, it is important to take
into account both group’s interest, values, and achievement goals. However, the mainstream
teaching and practice of physics generally does not represent the interests, goals and values of girls
[87]. In particular, women are more likely to have communal goals and their career choices may
align better with using science to help others or the environment [89]. Prior research suggests that
when a STEM career is introduced to female students as beneficial to society, their interest in the
field increased [90-95]. However, these types of communal goals are not strongly valued in physics

which can impact their physics identities negatively. In order to increase women’s interest, it may
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be useful to clearly point out how physics is directly related to helping others and society (such as
the applications and practice of physics in medical fields, energy, and environment).

In summary, gender-based differences in physics identities and other motivational factors
can reflect the gendered trends in physics and other related STEM disciplines. Gender biased
attributions about brilliance, stereotype threat and the emphasis on masculinity in the culture of
physics can negatively impact physics identity and potentially lead to less participation and
retention of women in physics-related majors and careers. Enhancing gender inclusivity in the
physics community and other male-dominated STEM fields can improve women’s physics identity
and identity in other STEM fields and may yield benefit to women and the STEM discipline itself.
Therefore, the issue surrounding the lack of diversity in physics and other science and engineering
fields needs urgent action from educational researchers, practitioners, and policymakers. In this
regard, fostering women’s discipline-based identities in STEM can help increase the retention and

advancement of talented and competent women in the STEM disciplines.

5.7 Future directions and limitations

With the findings presented here, it is also imperative to ask what might be causing the
differences in female and male students’ motivational characteristics and identities and how we
may be able change these patterns. In the future studies, we also intend to investigate how measures
of performance, such as high school GPA or standardized test scores (i.e., SAT or AP) or physics

course grades in college, can interact with students’ physics identities.
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Although it is a common practice in the research literature on identity, using only one item
to measure students’ identity may incompletely measure the construct, and future studies should

consider including other related items for measuring students’ physics identity.
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5.8.2 Appendix C

Multi-group Structural Equation Modeling

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

loadings, intercepts, and residuals to equality. In this step, there was a statistically significant
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difference from the previous models, therefore “strict invariance” did not hold when we compared
to scalar measurement (Ay? = 37.728, Adf = 13, p = 0.0003). However, strict invariance is unlikely
to hold in most situations. Therefore, since strong measurement invariance holds for this model,
we continued on to perform other group comparisons. Next, we ran a multi-group SEM where all
regression estimates were fixed to equality for female and male students in addition to the factor
loadings and intercepts and we compared this model with freely estimated model. There was no
statistically significant difference between two models, so we report the model where regression
pathways are equal for men and women. The model fit parameters for this case were not moderate
but acceptable (RMSEA = 0.082, SRMR = 0.060, CFI =0.930, TLI = 0.924). The multi-group
SEM results suggest that regression pathways (e.g., from self-efficacy to physics identity or
interest to identity) did not show differences across gender when we compared to freely estimated
model (Ay? = 25.86, Adf = 26, p = 0.4707) or to the scalar model (Ay?=8.57, Adf =6, p=0.1988).
However, the means of the latent variables showed the same gender differences that are reported
in the mediation model. That is, there were initially large differences in students’ perceived

recognition and slight differences in interest that mediated the effect of gender on identity.
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6.0 Navigating your identity in physics courses: the complexity and vulnerability of being a

woman

6.1 Introduction

Among science, technology, engineering and math (STEM) degrees awarded in the United
States, there is a pervasive issue of low diversity that signals an alarming lack of participation,
retention, and advancement of women and underrepresented racial and ethnic minorities [1-4].
Recent work has identified some of the factors and mechanisms underlying the lack of diversity in
many STEM disciplines, see a review in Ref. [5], but much remains to be investigated. These
ongoing efforts have shown some progress, such that the numbers of female students in some
STEM majors (e.g., biology) have dramatically increased in the last few decades [1]. However,
there are still other STEM domains, such as computer science, math, and physics, in which men
are overrepresented [1].

In the physics community, researchers have started to focus on why certain groups of
students, such as women, choose not to pursue physics or physics-intensive fields as a career [6-
17]. This research has included an examination of motivational characteristics, such as students’
epistemological beliefs about and attitudes toward physics learning [18-36]. Many motivational
factors have been shown to affect students” engagement, persistence, and achievement in STEM
learning [37-42]. For historically underrepresented student groups such as women, these
motivational characteristics might be undermined due to lack of encouragement, negative
stereotypes, and inadequate prior preparation, leading to withdrawal from STEM fields [43-52].

Hence, investigating the differences in motivational factors within different student demographics
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is critical to understanding and addressing diversity, equity, and inclusivity in the physics
community.

Here, we describe a study of students’ motivational characteristics in introductory physics
courses taught at a large, public research university. In particular, we are interested in examining

the development of science and engineering students’ “physics identity” in the first year of college,
a critical time during which the majority of them experience college-level physics for the first time.
These calculus-based physics courses are particularly important to study because women are
consistently numerical minorities (female students roughly make up 30% of the classes), which
can, in part, contribute to the differences in the development of female and male students’ physics
identities (over and above all of the accumulated societal stereotypes individuals are exposed to
growing up) and can impact their career choices. Specifically, we focus on the gendered patterns

in students’ physics identities and the ways in which motivational factors influence the

development of students’ physics identity as STEM majors in physics courses.

6.2 Background

6.2.1 Critical student attitudes and beliefs regarding physics

In a learning environment, a variety of motivational beliefs and attitudes, such as students’
goal orientations [53-55], expectations for success, and beliefs and attitudes in the classroom, have
been linked to academic outcomes [18-25,37,41,52,55-61]. Students with positive motivational
beliefs and attitudes exhibit better use of self-regulated learning strategies, participate more in class

activities, and show higher-level cognitive processing of the course material [61].
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Identity in a particular STEM discipline, has been positioned as a particularly central driver
of students’ participation, career intentions, and professional choices in many disciplines [62]. For
example, having a strong science identity was associated with a higher likelihood of minority
students choosing science-related occupations [63]. In physics, high school experiences were
linked to physics identity formation, which were then linked with later career intentions [34].
Several other studies extended these findings to identities in other related STEM disciplines, such
as mathematics and engineering [64-66]. In one of these studies, physics identity and math identity
were found to be strong predictors of choices to major in engineering [65].

However, forming a science topical identity, e.g., a physics identity, can be difficult for
women and under-represented racial and ethnic minorities because they must negotiate conflicts
between a science identity and the demographic identities of being a woman or a person of color
[67-70]. In general, the challenges women face in developing physics identities have been
examined through qualitative studies in middle/high school contexts [71], and during the time that

students pursue undergraduate physics degrees [72], and doctoral degrees in astrophysics [73].

6.2.2 Motivational factors of students and physics identity

In Gee’s foundational theoretical framework, identity is described as “the ‘kind of person’
one is seeking to be and enact in the here-and-now” [69]. Individuals can have multiple identities
that are based upon personality, roles, interactions with others, and social group memberships, and
these together define the individuals’ core identities [74,75]. Under this broad definition, domain-
specific (e.g., physics) identities form a subset. In particular, a domain-specific identity can be
defined as a collection of distinctive characteristics shared by all members of a particular social
group (e.g., examining students’ STEM identities shared by the members of STEM community)
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[75]. Domain-specific identities can explain why individuals may decide whether or not to become
involved in and progress within the particular domain. For instance, understanding students’
science identity may act as a lens in explaining their academic and professional career choices
[34,67].

Another important distinction involves internal vs. external identity. Internal identity
pertains to individuals’ own perception of how they identify themselves within the domain.
External identity, on the other hand, focuses on perceptions of how other individuals interpret
one’s identity, whether based on one’s actions in a given domain or stereotypes. Since there are
many possible others that may have different perceptions, research has identified three critical
groups of others: family, friends, and instructor or teaching assistant (TA) [34]. Note that in both
cases, it is the individual’s perception (about oneself or others’ perception of oneself), because the
individual’s perception is what drives personal choices. There is a basic drive to have a coherent
identity in which internal and external identities agree, and thus each can influence the other [76].
However, at a given point in time, experiences may lead internal and external identities to be out
of alignment with one another (e.g., an instructor provides ambiguous comments or comments
based on very limited interactions that can impact a student’s identity in a discipline).

Some studies have found sizeable gender differences in students’ physics identities (i.e.,
male students in a course, on average, having stronger physics identities), mirroring the
representation gap in the physics community [34,64]. The open question pertains to why the
difference occurs. The shared working theory is that identity is built upon other motivational
factors, and these other motivational factors are shaped by experiences in and out of class (e.g.,
interactions with peers, teaching assistants, or instructors in different circumstances and learning

environments) [34,64-66]. Thus, the prior literature assumes: 1) that women experience stereotype
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messages, micro-aggressions, male-dominated classrooms, and male-only role models in physics;
2) these gendered experiences influence foundational motivational beliefs and attitudes towards
physics; and 3) gender differences in these foundational motivational beliefs and attitudes towards
physics produce gender differences in physics identity. In this study, we expand the third
hypothesis and investigate the mechanism connecting between gender and foundational
motivational factors and whether this interaction can relate to students’ physics identities (see
Figure 6-1). Although not tested directly, we assume such gender differences at this step can
happen because of stereotypes regarding careers and career-related identities, such as physics
identity.

What are the foundational motivational factors that explain the physics identity across
gender? The widely-used Expectancy-Value Theory (EVT) proposed by Eccles et al. integrates
three of the foundational motivational factors: expectations for success, subjective task value, and
intrinsic interest [77]. The first portion of the model—Expectancy— involves individuals’ beliefs
about how well they will do in a task either in the near or distant future and borrows from Bandura’s
concept of self-efficacy [78]. Prior research regularly shows large gender differences in students’
physics self-efficacy with male students having higher self-efficacy [18,20-22,31,33,35,36].
Several models have proposed self-efficacy as a foundation of identity [79].

The second part of the EVT model—Value—actually involves multiple components. The
most commonly discussed value components are intrinsic value (enjoyment) and utility value
(usefulness). When individuals perceive a task or domain as intrinsically valuable or extrinsically
valuable to their goals, this can promote better engagement and motivation [34,67,77,80]. Intrinsic
value in the original model is now often discussed as Interest, which is defined by positive

emotions accompanied by curiosity and engagement in the particular content [81-83]. Relatedly,
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Hidi and Renninger investigated several phases of how to form and increase interest in specific
domain. Their model, in particular, highlights that interest cannot be maintained unless it is
supported by the environment [82]. For instance, teachers need to encourage students by providing
them useful feedback and providing mentoring and support that can bolster students’ interest in
the subject being taught. Several models have been proposed regarding both utility value and
interest being foundational to the development of individual’s identity in a domain [77,81],
although other models propose closer connections mainly to interest [40,81].

Sense of belonging is not part of EVT but is another factor that has been proposed as
important to the development of an individual’s identity in a domain [84,85]. It pertains to making
students feel that they belong within a particular community [85]. The feeling of belongingness is
related to being valued, respected and accepted in academic spaces [85]. Studies suggest that
women in STEM fields might have lower levels of sense of belonging due to societal cues and
masculine culture of STEM [86,87]. Furthermore, implicitly or explicitly biased attitudes of
faculty (e.g., academic advisors, instructors or graduate teaching assistants) can also make women
feel that they do not belong in the community [88]. Therefore, developing a strong sense of
belonging in science courses can be a significant factor in whether and when students start building

their identity as a scientist.

6.2.3 Theoretical model

In this study, we test a model that physics identity is developed from four key motivational
factors (see Figure 6-1): self-efficacy, interest, value, and sense of belonging in a physics course.
These factors are thought to affect both whether students view themselves as a physics person and
whether they perceive others’ recognition of their identity (these internal and external identities
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can interact with each other to form an individual’s identity in a particular domain). There are
numerous studies establish the role of physics identity in career intentions and choices in the STEM
fields [34,64,65,72,73], but there are very few studies that have attempted to explore the
connection between motivational factors and identity formation [79]. Moreover, no prior studies
have examined whether the connections between the motivational factors and identity are gender-

specific in calculus-based physics courses.

I see myself as a physics person

Motivational Factors
Self-
efficacy

| Interest |

| My family sees me as ...

| My friends see me as ... /

Physicsrelated
Career Choices

‘ Value

Sense of
belonging

| My TA/Instructor sees me as ...

Figure 6-1 Schematic representation of gendered relationships of foundational motivational factors to the

components of physics identity, which has been previously linked to career choices.

There are multiple ways in which identity in a discipline, e.g., physics, could be
differentially related to motivational factors. For example, in one proposed model, identity could
be a coherent and independent construct from the other motivational factors across both genders
but there may be differential strengths of association between identity and the motivational factors
(e.g., a stronger connection between physics identity and self-efficacy in women compared to
men). This theoretical model can be tested using factor analysis and regression. For example,
operationally, a factor analysis would produce a separate factor for identity, and then regression

analysis would find differential relationships between the foundational motivational factors and
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identity (e.g., significant interaction terms between gender and a motivational component in the
multiple regression).

In a second proposed model, identity could be so closely aligned with one of the
motivational factors that it does not produce a separate factor, but which factor identity aligns with
varies by gender (e.g., identity aligns with interest in men but with self-efficacy or competency
beliefs in women). If this model is correct, operationally, a factor analysis would not produce a
separate factor for identity but generate loadings under one of the motivational constructs proposed
in our model such as Interest, Self-efficacy, Value or Sense of Belonging. Relatedly, the factor
analyses done separately by gender would produce different alignments for how physics identity
items load under different constructs. For instance, the identity items can factor under sense of
belonging for female students while they load under interest for male students. In other words, we
would find that identity items factor out under a particular construct for both gender groups or
there might also differences across gender.

In a third proposed model, the different components of identity (internal versus external
items) do not cohere with each other overall but may cohere for only one gender group (as
proposed in the second model). Individuals seek to have coherent identities in which the way they
perceive themselves is consistent with how others view them. However, in cases of stereotypes
and under-representation, the under-represented groups can perceive mismatches between how
they think of themselves and how others think of them. In particular, internal identity might be
closely connected to interest but external identity, in the case of women, might be closely
connected to self-efficacy or sense of belonging due to the stereotype about women’s ability to
excel in physics. The third model adds further dimension to our interpretation in which the identity

component itself shows differences how they factor out and there might also be interaction effects
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when we investigate by gender. For instance, men’s internal and external identities can factor under
one of the motivational constructs such as interest but there might be differences between the two
kinds of identity for women.

Calculus-based physics courses are fundamental to STEM curricula and are required to be
taken by all engineering students. Since achievements in these gateway courses predict students’
success later in the academic program [89], examining the ways in which freshman students build
physics identities in these introductory level physics courses is a particularly important objective
of our research. Our primary research question is: What motivational factors relate to male and
female students’ internal and external identities? In addressing this question, we aim to understand

how the survey results relate to each of the three models.

6.3 Methodology

6.3.1 Development of motivational survey and instrument validity

This study used previously validated surveys to measure students’ physics identity, self-
efficacy, interest, and sense of belonging within students enrolled in calculus-based physics
courses. All of the motivational constructs were embedded in the context of physics (e.g., self-
efficacy in physics). The survey instruments were part of a larger survey that included other
motivational constructs. The development and validation of these surveys are reported in prior
work [18-22,60]. The surveys were based upon previous instruments [24,55-59] and validation of

the revised instruments involved iterative use of Exploratory Factor Analysis (EFA), Confirmatory
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Factor Analysis (CFA), and one-on-one student interviews both with introductory undergraduate
and graduate students [18,60].

The Physics Identity survey evaluated the extent to which students see themselves as a
physics person and their perception about whether others see them as a physics person [34]. The
Interest in Physics survey measured students’ enthusiasm in learning physical laws and their
curiosity about cutting-edge research in physics [90]. The Value of Physics survey focused on
students’ views of whether learning physics will help them succeed in their major or later STEM
career [90]. The Physics Self-efficacy survey measured students’ confidence in their understanding
and solving physics problems [91-94]. Finally, the Sense of Belonging survey measured whether
students feel that they belong in the surveyed (introductory physics) classroom or not [95], and it
focused on students’ sense of being accepted and valued by their peers and instructors/TAs in the

academic classroom setting [85].
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The items in the survey were designed on a Likert scale of 1 (low endorsement) to 4 (high
endorsement) (for Sense of Belonging, 1 to 5) [96]. The specific rating scales were purposely
varied to provide a more valid overall measure of intensity by including frequency (e.g., Never,
Once a month, Once a week, Every day) and intensity (NO!, no, yes, YES!; Strongly Disagree,
Disagree, Agree, Strongly Agree). While having a lower score was an indication of negative
endorsement (e.g., lower level of interest, self-efficacy, value, identity, and sense of belonging),
higher scores corresponded to more positive beliefs (e.g., average self-efficacy score of 4 referred
to the highest confidence level for a student). Some questions were reverse coded. For instance,
one of the items in the sense of belonging was “Sometimes | worry that | do not belong in this
physics class”. A student responding to this question as “Mostly true” was given a score of 2. We
only included 2-3 such questions because too many reverse coded questions could create ambiguity
for respondents.

Table 6-1 shows all the constructs and the observed scale reliabilities in this dataset
(Cronbach’s o) for each motivational construct [97]. The reliabilities were good (>0.8) to excellent
(> 0.9). We calculated mean scores for each motivational construct that showed roughly equal
separation between levels on the Likert scales. For example, a student who answered “Yes!” to
three of the self-efficacy questions and “no” to the other two self-efficacy questions would have

an average self-efficacy score of (4+4+4+2+2)/5= 3.2.
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Table 6-1 Listed for each motivational construct are number of items, sample items, Likert scale range, and

observed Cronbach a. (R) corresponds to a reverse coded item.

it of . Likert | Cronbachs’
Measure stems Sample item Scale o
. . 00 I see myself as a physics person
Physics Identity [34] 4 [ My friends see me as a physics person (1-4) 0.950
[0 Iwonder about how physics works
Interest in Physics [90] 5 O Iam curious about the recent (1-4) 0.86
discovenes in physics
O IfI encounter a setback in a physics
; exam, | can overcome 1t
Phyﬂcsfgsﬁlgfaﬂicacy 5 O I am able to help my classmates {14 0283
with physics in the laboratory or in
Tecitation.
[l Learning physics will help me succeed
; ; in my future career
Valuing Ph 90 4 . . . 1-4 0950
ysics [90] 0 Learning physics will help me geta -4
job that | want.
.. [1 Sometimes I worry that I do not belong
ﬁyﬁszﬁgéﬁ";g[;?j] 5 in this physics class (R) (1-5) 0.84
P [1 I feel like I can be myself in this class

6.3.2 Participants

The 559 participants completing the surveys were students enrolled in one of four different
sections of introductory calculus-based physics. Each section was taught by a different instructor.
This course is generally taken by engineering and physical science students in their first year of
undergraduate studies.

Students’ demographic information such as age, gender, ethnic/racial and academic major
information were provided by the university using an honest broker process that linked survey
responses with students’ demographics in a de-identified way. Based on this university data, the
survey participants were 33% female and 67% male students; one student did not have a reported

gender status and was excluded from further analysis. In terms of ethnic/racial distribution,
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students were 77% White, 11% Asian, 4% Latinx / Hispanic, 3% Black, 4% Multi-racial and 1%
Other. Regarding academic majors, 61% of the students were in an engineering track and 39% of
students were in physical science majors. Also, 90% of the students were in their first year with an

average age of 19.

6.3.3 Procedures

The motivational survey was administered in paper form during the last recitation of the
semester by the graduate Teaching Assistants (TA). The survey took approximately 5-10 minutes
for respondents to complete. Course instructors were encouraged to give students extra credit to
participate in the survey. The survey response rate was 73% of students enrolled in the course. We
have used the current dataset in a previous study to examine the attitudes that mediate the relation
between gender and students’ views of the extent to which they see themselves as a physics person
[60]. In this study, we used the same dataset to carry out an in-depth analysis of the factors that
influence the formation of female and male students’ views of the extent to which they see
themselves as a physics person as well as their perception about how others recognize them as a

physics person.

6.3.4 Analysis

MANOVA Analysis of Gender Differences in Physics Identity. We first analyzed the survey
data to compare the mean scores by gender for two components of physics identity. Multivariate
analysis of variance (MANOVA) was used to test for statistical significance differences between

female and male students on each identity component. MANOVA is appropriate when multiple
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correlated dependent measures are being examined in parallel. Based upon prior research, we
selected the first item for physics identity — “I see myself as a physics person”— as a separate
“physics person” construct [60]. Then we obtained an average score for the three remaining
identity questions by labeling it perceived recognition by others (i.e., by family, friends and
TA/Instructor), based in work by Hazari et al. [34]. We also examined each identity item in the
perceived recognition construct separately since there might be variations in students’ responses
depending on who is recognizing them as a physics person. For instance, students’ perception
about being recognized by friends versus by TA/Instructor may vary.

Principle Component Analysis by Gender. To test for gender differences in the
motivational factors underlying physics identity, we performed a Principal Component Analysis
(PCA), which is essentially Exploratory Factor Analysis in our case. PCA is a widely-used method
to extract underlying dimensions within large datasets of survey data. Separate PCAs were
conducted for male student and female student data in order to understand whether male and
female students’ group identities behaves in similar or different ways compared to other
motivational constructs, both at the overall identity level and also for the different components of
identity separately (see Figure 6-1). With this framework, we tested the extent to which there were
four independent motivational factors (self-efficacy, sense of belonging, interest, and value) and
the extent to which these were integrated into students’ physics identities.

We implemented PCA using a Promax rotation with Kaiser Normalization given that we
expected the factors to be correlated with one another. We initially used the standard criterion of
eigenvalues > 1 for determining the number of extracted factors. We also examined the scree plot
to observe the relative change in modeled variance with growing number of generated factors. The

scree plot leveled off as three factors (see Appendix D), and results with more than three factors
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did not produce more theoretically coherent factors nor different patterns of results for the core
research guestions than models with three factors. Therefore, we focus on the PCA analysis results
with three output factors.

We then analyzed the component loadings for each survey item in terms of their connection
to each of the three resulting factors. Higher loading values correspond to a closer affinity with the
particular factor. Researchers usually suppress the factor loading below 0.3 or 0.4 since those
contribute very little to variance in the factor (equals to the square of the factor loading). Therefore,

we discuss results for 0.4 and above as primary, and between 0.4 — 0.3 as secondary.

6.4 Results and discussion

6.4.1 Gender differences in physics identity

Comparing female and male students’” average physics identity scores for each item in the
survey, we found a gender gap in students’ perception of both being a physics person and being
recognized by others as a physics person (see Figure 6-2). MANOVA with Wilks’ test revealed
that there is a statistically significant gender difference for all physics identity items in the survey
(F (1,556) = 11.95, p <0.001). In other words, female students reported significantly lower identity
scores than male students.

We also calculated effect sizes (Cohen’s d values) of the gender gap in each physics
identity item to provide a standardized measure (see Figure 6-2). Effect sizes range from 0.4 to ~
0.6 suggesting moderate level effect size, which correspond to approximately 0.5 standard

deviation difference between female and male students’ physics identities [98]. The gender gap
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becomes especially important when we consider that the data were collected at the end of freshman
students’ first semester, which is often a critical transition point for many STEM majors in
engineering and physical sciences deciding whether to continue within STEM overall and select
particular majors. The gender differences in identity are similar in size to the ones in interest
(d=0.63), self-efficacy (d=0.55) and belonging (d=0.51), and larger than the ones in value
(d=0.26).

Mean scores across family or friends’ recognition were very similar. However, the mean
score’s for TA/Instructor’s recognition were lower than means for the other physics identity items
in the survey. Using a paired t-test to contrast responses to Q18 against the mean of Q15-17, the
difference was statistically significant for both female (t = 2.63, p < .01) and male (t = 8.37, p
<0.001) students. This analysis gives a clear demonstration that students’ views regarding how
others see them as a physics person might vary depending on the level of recognizer’s role in
students’ learning (e.g., whether the person is a family member or TA/instructor), which can
further impact how a student see herself/himself as a physics person as a result of receiving (or

not) this recognition.
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| see myself My family sees me My friends see me My TA/Instructor sees me
as a physics person as a physics person as a physics person as a physics person

Figure 6-2 Mean scores (with standard error bars) for each physics identity item for female and male students.
“d” denotes Cohen’s d for the gender contrast. Red dotted line indicated the score of 2.5, which corresponds to

neutral response for identity.

6.4.2 Principal component analysis by gender

The separate PCAs by gender resulted in several very important and intriguing findings
(see the rotated factor matrix by gender in Table 6-2). In Table 6-2, the factor loading values
between 0.3 and 0.4 are shown (which yields what we call secondary order results). However, it
is also commonly accepted and practiced analysis to show and interpret only the values 0.4 and
above (which we call primary order results and show with boldface font in the Table 6-2). General
approach is to suppress the values under 0.4, therefore we highlight those in the Table 6-2, but
community also often interprets the values between 0.4 and 0.3 so we include those loadings in
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our analysis as secondary results. For the primary order results, the estimated factor loadings or
weights are similar for both gender groups in a number of ways. First, the items associated with
“Interest” and “Value” dimensions consistently factored out as two separate constructs from one
another. Although more intrinsic and extrinsic motivational drivers are conceptually distinct within
Expectancy Value Theory, the two are often so highly correlated that it is hard to separate them
within factor analysis [77]. It appears that within this population of engineering and physical
science majors, interest in and value of physics are strongly independent components (each one
has average item factor weighting values greater than 0.7). Thus, the first component in Table 6-2
is labeled as “Interest” and the third component is labeled as “Value”.

Second, the component related to self-efficacy, the third component of Expectancy Value
Theory, is a separate factor. Focusing on factor loadings above 0.4, the self-efficacy items
consistently load on their own factor separate from interest and value, as predicted by Expectancy
Value Theory. The factor weights are somewhat lower, especially for items that also loaded with
weights between 0.3 and 0.4 on the interest scale.

Third, despite our initial hypothesis of having four separate motivational constructs
(interest, value, self-efficacy, belonging) that might be separate or integrated with identity, the
PCA analysis reveals that for both genders, sense of belonging and identity were not separate from
the EVT constructs. Instead, sense of belonging was closely tied to self-efficacy, which was
therefore labeled as “Self-efficacy/Belonging”. Identity was closely tied (with one gendered-
exception) to interest, which is therefore labeled “Interest/Identity”.

There was one main and important difference between genders from the primary results:
Q18 — “My TA/Instructor sees me as a physics person” loaded similarly with the other Identity

items (i.e., with Interest) for male students (~0.56), it strongly factored with *“Self-
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efficacy/Belonging” for female students (~0.68). In other words, female students’ perception of
being recognized as a “physics person” by their TA/Instructor is intimately related to their sense
of belonging and self-efficacy in a physics classroom. By contrast, for male students, TA/Instructor
recognition was closely aligned with their internal interest in physics.

Next, we discuss the secondary results (weaker effect than the primary results) given in
Table 6-2, which includes factor loading values between 0.3 and 0.4. For male students, Q18 —
perceived recognition of their TA/Instructor— shows a smaller connection with Self-
efficacy/Belonging (~0.34) like female students as discussed in the primary results. In particular,
students’ perception of getting recognition from their course instructor or teaching assistant
appears to be generally important aspect for building positive self-efficacy and sense of belonging
for all students, but it is particularly strong for female students. Similarly, Q17 (My friends see me
as a physics person) shows a gender difference in the secondary results. Q17 factors out under the
“Interest” component for male students with a high loading (~ 0.82). For female students, the same
item also shows a main contribution to the “Interest” component (~0.52), but for female students
only, there is an additional loading under the Self-efficacy/Belonging component. In other words,
female students’ Self-efficacy/Belonging is positively related to recognition by friends as a physics
person but not for male students. These results (both for Q17 and Q18) highlight that the extent to
which students’ physics identity integrates with other motivational factors may vary across gender
groups.

Finally, Q1-Q5 measure students’ interest and curiosity with discoveries in physics or
current research in physics and shows a higher loading on the “Interest” factor for female students
compared to male students. We also note that the Value component did not connect with any aspect

of student’s physics identity, even within the 0.3 to 0.4 factor loading range, for either gender. This
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suggests that motivational factors such as identity are inherently internal constructs, whereas utility

Value that one may derive from physics as measured by the validated survey is a more external

construct.

Table 6-2 Factor loadings from the Principle Component Analysis (PCA) results for female and male students.

Loadings > 0.4 are in bold. Loadings below 0.3 are hidden.

Female Male
Components Sdfi-
» Interest Interest | Sdf-efficacy
stions . efficacy Value . - Value
Que: Ndentity | o clonging Adentity | /Belonging
1. | I wonder about how physics works 085 0.79
3. I want to know everythimg I can about physics 0.91 0.69
4. | I am cunious about recent physics discoveries 095 069
5. | I want to know about the current research that physicists 091 0.65
are doing
6. | I am able to help my classmates with physics in the
1ab of in recation 0.67 036 0.50
7. | I understand concepts I have sindied in physics 0.74 035 051
8. | IfI wanted to, I could be good at physics research 052 038 0.40
9. If1 study, 1 will do well on a physics test 075 0.65
10. | If1 encounter a setback m a physics exam, I can
ov eit 0.63 0.68
11. Lcaming physics will help me in courses in my major. 0.79 0.81
1Z. | Leaming physics will help me achicve admission mto 0.84 078
gradunate school and/or medical school. - -
13. Leaming physics will help me get a job that I want. 0.98 0.81
14 | Leammg physics will help me succeed m my Tuture
career. 0.38 0.34
15. | ysce myself as a physics person. 064 .68
16. My family sees me as a physics person. 046 82
17. My friends see me as a physics person. 051 0.33 82
18. | My physics mstructor and/or TA sces me as a physics 0.68 56 034
person. - ) i
19- | 1 fed like an outsider in this class. 0.69 0.71
20. | [ feel comfortable in this class. 0.74 0.74
21. | I fed like I can be myself in this class. 0.67 0.59
22 | Sometimes | worry that I do not belong in this physics 0.9 0.58
class. - ]
23. | When 1 get a poor grade on a physics assignment or 0.98 0.80
cxam_ | feel that maybe I don’t belong in physics class ) )
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6.5 General discussion

6.5.1 Summary

This study investigated male and female students’ physics identities during an important
transition point in the educational pathways for physical sciences and engineering: midway during
introductory level calculus-based physics courses. Prior research has revealed the importance of
physics identity on students’ career intentions and choices in STEM, and therefore understanding
why and how students’ physics identity formation may differ across gender is critical to enhancing
women’s experiences in STEM. Our novel results indicate a moderate level of gender differences
in students’ internal and external physics identities, both in their internal coherence and their
relations to other motivational factors that have been previously linked to identity formation [79].
Moreover, while some of the motivational constructs shown in Figure 6-1 such as self-efficacy,
interest, and sense of belonging exhibited some gendered patterns in terms of how they factor out
and relate to students’ identities in physics, value as the other construct in the framework showed
similar patterns across both genders.

In the research discussed here, we found that the components of Expectancy Value Theory
(interest, self-efficacy, utility value) were independent of one another but sense of belonging in
physics was so strongly aligned with physics self-efficacy that it did not factor separately for either
gender. A similar result was found for physics identity (“I see myself as a physics person”) in that
it was so strongly aligned with interest and they did not factor out separately for either gender.
This result is consistent with the second proposed model where physics identity was not found as
a separate construct but closely related to other motivational constructs such as interest.
Researchers rarely examine the factor structure of multiple motivational factors together. Here, we
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find that this matters much in that certain factors load — or are considered together and the results
were consistent for both gender groups which has implications for what we think about these
factors in this context.

Similar relations between the constructs of sense of belonging and self-efficacy were found
in factor analysis in that they loaded as one latent variable instead of two distinct components. In
the literature, while students’ physics self-efficacy across gender has been examined in numerous
research studies [18,31,33,35,36], little regard has been given to examining students’ sense of
belonging in physics classrooms. Our findings reported here suggest that students’ sense of
belonging in physics is strongly connected to their physics self-efficacy (in the exploratory factor
analysis, the sense of belonging items and self-efficacy items on the survey always factored under
the same latent variable), which is unfortunate because there are often large gender differences in
self-efficacy and sense of belonging, much larger than any actual performance differences. While
the causal direction is ambiguous based on the current data (e.qg., self-efficacy causes belonging or
belonging causes self-efficacy), prior research supports both directions [85,99]. Therefore,
creating learning environments in which students feel comfortable to discuss their opinions and,
in return, feel valued by peers and the instructor/TA is likely to be influential in increasing
students’ self-efficacy in physics.

Equally importantly, while there were general similarities across gender in how identity
related to other motivational factors in exploratory factor analysis, there was one major difference.
In particular, factor analysis by gender gave consistent results with the second model that female
and male students’ factor loadings for the identity items that measure student’s perception of how
others see them as a physics person showed differences in terms of the alignment with the 3 factors

given in Table 6-2. Q18 —“My TA/Instructor sees me as a physics person” factored with
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Identity/Interest for male students but with Self-efficacy/Belonging for female students. The
primary results for Q17 —“My friends see me as a physics person” showed a similar pattern.
Furthermore, the results are also consistent with our model 3 in which we proposed that there
might be some differences in how students see themselves as a physics person (internal identity)
and how they think others see them as a physics person (external identity). This mismatch between
the internal and external identity was more salient among female students as discussed above. In
other words, for female students, internal identity was aligned with the Interest/Identity component
while the external identity such as recognition by peers or TA/Instructor’s recognition showed
moderate or strong correlation under the Self-efficacy/Belonging component, respectively. Again,
the causal direction is unclear: are female students in calculus-based introductory physics course
interpreting how others see them through a self-efficacy belief or are they more likely than male
students to be given messages of exclusion based on stereotypes? There are reasons to think both
directions are plausible, but additional data are required to tease these apart and estimate the extent
to which each direction contributes to one of our central findings discussed here.

Given that achievements and experiences in gateway courses, such as physics, are an
important part of students’ STEM identities [100], supporting female students’ physics identity
formation and bolstering their positive attitudes towards physics may help sustain women’s
participation and advancement in STEM disciplines. In the next section, we discuss the possible
sources and implications of physics identity differences across gender so that education
researchers, physics departments, policy makers, and instructors can develop and implement more

inclusive teaching approaches to address these gender discrepancies in physics classrooms.
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6.5.2 Implications for physics instruction

The gender differences in students’ physics identities can be attributed to several factors:
unsupportive classroom experiences of female students in classes in which they are
underrepresented, gender stereotypes, the masculine culture of physics, and the lack of female role
models [88]. We found that for female students, their peers’ and TA/instructors’ perceptions,
which contribute to their identity formation, relate to their sense of belonging and self-efficacy.
Positive or negative classroom experiences and classroom interactions with peers and course
instructors can enhance or reduce female students’ motivation to engage, as well as their course
performance, persistence in the major and their identity as STEM majors [100].

Stereotypes often undermine individuals’ self-efficacy by increasing their anxiety (which
can reduce the level of engagement and time on task) and can cause them to perform worse in test-
taking situations than they actually can due to the limitations on working memory (part of the
working memory is robbed by the anxiety when solving problems) [101,102]. Research suggests
that women who feel stereotyped have lower science-related aspirations [103]. Students might rely
on such stereotypes (whether they are positive or negative) especially in ambiguous situations. In
the first semester of university, students are not familiar with college course sequences, and they
need assurance for their performance as well as their choice of major [88]. In particular, for under-
represented students who experience stereotype threat, belonging uncertainties in a particular
setting may become even more heightened in ambiguous situations [103,104]. Our findings
underline the important connection between students’ self-efficacy and being identified by others
as a physics person. Due to the negative stereotypes discussed, female students’ self-efficacy may
not only decrease and further negatively impact their identity in physics regardless of female

students’ actual physics skills.
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We found that students’ interest in physics was strongly connected to perception of oneself
as a physics person, for both female and male students. This result highlights the importance of
engaging both gender groups’ interests into instructional strategies. For example, using relevant
examples, incorporating classroom activities that tap into students’ curiosity, and tailoring the
curriculum towards students’ values and learning goals can be stepping stones to enhance the way
that female and male students identify themselves with physics. Students are more likely to
develop positive physics identities if the topics they learn resonate with them. In this sense, our
results show that using students’ interest as a resource can be one way to improve students’
learning and to support their physics identity.

One of the other highlights of our results is that getting positive recognition by the course
instructor and graduate teaching assistant as someone who is good at physics is particularly
important for women and relate to their sense of belonging and self-efficacy. While feelings of
being recognized can boost female students’ feelings of belonging in a physics classroom, lack of
recognition from TAs and instructors can be especially detrimental to women’s sense of belonging
and self-efficacy. As an example, women, as a gender minority in physics courses, might
experience constant fear of confirming the stereotypes about their gender group in freshman
courses and are more likely to think that their instructors or peers doubt their skills in the physics
classroom when they ask them how to solve a problem and the instructor/TA respond by saying
that the problem is trivial, obvious or easy [105]. The ambiguity of what is meant by the
instructor/TA activates the stereotype threat and female students are likely to interpret such a
statement as being told they are not smart enough to do those types of problems and be in the
discipline. Negative societal stereotypes and generalizations about who can succeed in physics and

other STEM disciplines can lower women’s sense of belonging and undermine their experiences,

214



so that they may not form the necessary STEM identities as often as men do to excel. Therefore,
gender-based generalizations have implications regarding the mechanism of identity formation in
physics and the development of teaching strategies to support students’ identities in physics
classrooms.

Additionally, our results revealed that female students possess negative beliefs about their
TA/instructors’ recognition in physics courses. Although instructors might intend to treat all
students equally, they might carry subtle biases about students’ competence based upon their
gender, race or ethnicity, and they can implicitly or explicitly manifest these biases when
interacting with students. For example, these preconceptions regarding students’ competence
mostly favor male students over female students [106]. For instance, instructors more often praise
male students for correct answers, while they overlook female students’ displays of correct
knowledge [107].

Moreover, when instructors praise students’ performance as a sign of their intelligence
rather than their effort, students can adopt fixed mindset views (i.e., intelligence is a fixed trait and
innate intelligence that only men have is necessary to become successful in physics) [59]. A recent
study finds that STEM faculty, who endorse fixed mindset beliefs (i.e., they believe some students
have innate talent and others do not), have larger achievement gaps and inspire less students to
succeed in their classes [108]. In general, being a genius or exceptionally smart is attributed to
boys [109], and starting from early ages, boys and girls are externally exposed to these fixed
intelligence views in our society and begin to internalize them [100]. One study found that women
are underrepresented in fields, such as physics, that associate being “brilliant” with being
successful [111]. Furthermore, norms of science curricula also promote the view that science is for

high achievers or naturally gifted students [67], and women believe that they must achieve at
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exceptionally high levels in math and science to be successful in STEM professions [46]. In order
to help all students learn physics, it is important that instructors do not convey fixed-mindset views
but encourage beliefs that students who work hard using effective approaches can excel in physics.

Peer recognition is also an influential factor that moderates women’s classroom
experiences. In particular, our research presented here shows that female students’ perceived
recognition from friends was related to Self-efficacy/Belonging (in a similar way to TA/Instructor
recognition although with a smaller factor loading), while there was no such connection for male
students. This result highlights the role of peer interaction which may be more related to female
students’ self-efficacy beliefs and sense of belonging in physics classes.

Some instructional approaches, such as active engagement classrooms, incorporate
collaborative group problem solving, which requires frequent peer interaction [16]. Well-designed
collaborative classroom activities can increase students’ engagement and learning but these
activities need to be implemented in such a way that all students can equally benefit [112]. In
particular, prior research suggests that evidence-based active engagement methods help all
students but increase the gender gap in performance in that they do not help women as much as
men (unless explicit efforts are made to mitigate the stereotype threat that is even more salient
when people are working in groups as in an active-engagement course) [112]. One study found
that female students who were assigned to more gender balanced groups during problem solving
sessions demonstrated higher verbal participation and confidence as opposed to those who had
been assigned to female minority groups [113]. In general, female students are often assigned to
do menial tasks in cooperative activities (e.g., notetaking or data recording) and play less active
roles, while male students are more likely assigned to leading roles, such as explaining materials

to others [72,73,100]. In such group activities, female students might feel that their opinions are
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not valued, or they may feel that their contributions to group work are discounted, which can
undermine their self-efficacy and sense of belonging. These differential learning experiences
between female and male students can accumulate over time and lead to lack of gender parity in
students’ physics identities and performance.

Research-based classroom interventions are suggested to enhance women’s sense of
belonging and confidences as they focus on increasing students’ persistence and achievements in
physics courses [114-116]. For example, the Belonging-Mindset interventions target removing
feelings of uncertainty created when students ask themselves: Do people like me belong here?
[114,115]. These types of interventions acknowledge students’ struggle in learning a new subject
as normal and inform them that most students have similar difficulties. For this reason, it is
important that instructors tailor these short interventions in their classes to dispel students’
stereotypical beliefs early in the semester. Since our results presented here suggest that physics
instructors/TAs play an important role in female students’ sense of belonging and self-efficacy,
instructors can use classroom interventions in order to help then recognize that they are not the
only ones struggling in learning physics. Implementing these classroom interventions may take
some class time but they can have lasting effects in supporting women’s STEM identities and

creating more diverse learning spaces [114].

6.5.3 Implications for STEM diversity

Students with strong physics identities can have better achievement, engagement and
persistence in physics courses, which are foundational to their STEM curricula [34,89]. Positive
experiences in the first-year college courses, such as physics, can foster students’ interest and
retention in STEM programs. Research suggests that the most common dropout points for women
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from physical science or engineering pathways are during the freshman and sophomore years
[117]. Hewitt and Seymour extensively discussed the underlying reasons for first-year college
students’ decisions to leave STEM fields, a majority of whom were women and under-represented
racial and ethnic minorities [87]. They found that the non-inclusive STEM environments, negative
classroom experiences (e.g., peers’ biased attitudes), and lack of support and encouragement from
faculty are some of the primary reasons for switching out of STEM [88]. Because of these types
of factors, women can lose their interest in pursuing STEM [118]. Likewise, these experiences can
adversely impact female students’ identities in physics and in other related STEM domains. Due
to insufficient identity formation in physics courses, female students may hesitate to pursue
engineering degrees that use advanced levels of physics.

Furthermore, the gender disparity in physics identity can translate into the representation
gaps in postgraduate degrees in related STEM programs or vocational choices after graduation
[41]. Lack of a sense of belonging can be detrimental in the long-term even for students who
choose to continue in STEM fields. Female students, who often experience a lack of sense of
belonging from the early years in STEM, may continue to feel less capable than their male
counterparts as they proceed in their academic and professional careers. Over time, these feelings
might turn into the “imposter phenomenon”, where individuals feel that they are not capable
enough to deserve their successes, think that they are just “lucky” to be in their positions, or
constantly carry feelings that others may eventually perceive them as being a “fraud” [119]. Since
women undervalue their skills and possess less strong identities in STEM [103], they may fail to
promote their strengths especially in the competitive and male-dominated STEM occupations.
Vesturlund et al. found that female students are less likely to compete against male students (as

opposed to other women) despite their similar math skills and performance [120]. In our prior
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study, we also found similar results in that there were large self-efficacy gender gaps between
similarly performing female and male students in physics courses [22,23].

Moreover, there are gender differences in students’ educational and occupational
aspirations depending on their goals and values. When female students make their professional
career choices, they put more value on selecting fields that aim to help others and contribute to
society. One approach to increasing female students’ participation may include reforming STEM
curricula to be relevant to both gender’s interests and goals [121]. Moreover, based upon our
research finding discussed here that shows that recognition by others plays a key role in female
students’ physics identity, we advocate making STEM occupations and workplaces more
supportive for women so that they feel recognized, valued and empowered to succeed in physics.

Considering the possible consequences of identity gaps early in STEM careers, STEM
culture in general must change in order to become more welcoming and less chilly for everyone at
all levels; otherwise, the diversity issues in physics and other related STEM domains will

perpetuate.

6.5.4 Future directions

In this study, we focused on the quantitative aspects of female students’ internal and
external physics identities in introductory level physics courses. However, examining female
students’ experiences in STEM disciplines with a qualitative study can expand our current
understanding of how motivational factors impact female students’ identities, performance and
decisions in STEM fields.

As illustrated earlier, in ambiguous situations, women are likely to be victims of stereotype
threat and negatively interpret what their physics TA/Instructor thinks about them and whether
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they see them as a physics person. Our research presented here suggests that TA or/and Instructor’s
views and communications can be extremely influential particularly for female students’ sense of
belonging, engagement and their physics identity. However, there might be some variations in
students’ responses to the survey questions if we had separated TA and instructor recognition as
two separate questions. In particular, instructors teaching traditionally in big lecture halls have less
opportunity to give students feedback, whereas TAs teach small recitation classes so that they can
more frequently interact with each student and get to know them at personal level. Therefore, it
would be worth conducting future investigation to test if the students’ perception of TAs and
instructors’ recognition vary and play different roles in female students’ sense of belonging and
self-efficacy or whether they are similar.

Future research will investigate male and female students’ identity in algebra-based physics
classes. Unlike calculus-based courses, women are often the majority group in algebra-based
courses, often making up 60% or more of the classroom (only algebra-based physics courses are
required for students interested in health-related professions, which are more common career goals
among women). Since students’ goals and aspirations are likely to be different in these classes
compared to the calculus-based courses, there might be differences in students’ motivational

beliefs and attitudes and their relation to their physics identities.
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Figure 6-3 The Scree plots for the PCA analyses for female students (top) and male students (bottom).
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7.0 Maybe others could but I surely can’t: a framework for unpacking gendered mindset

views in physics

7.1 Introduction

Over the last several decades, the higher education physics community in the US has been
concerned with the low number of women in the field. Although there has been some increase in
women’s college enrollment in physics courses in the past several decades, the percentage of
physics bachelor’s degrees earned by women is still only 20% [1-4]. Moreover, several studies
have documented performance gaps between female and male students in their course grades [5]
and conceptual physics tests [6-9]. Several reasons for these representation and performance gaps
in physics have been proposed including: prior knowledge differences [10], gender biases in test
questions [11], stereotype threat and ensuing anxiety affecting females students’ learning and
performance [9,12], and motivational differences that can influence learning, test performance,
and career choices [13-18].

With regard to motivational differences, the prior literature has identified a number of
motivational factors that are central to effectively engaging students in learning [19-23]. Students
with positive beliefs and attitudes about the learning domain (e.g., physics) actively participate in
learning activities, more often seek help from others, have more interest in aptitude development
in that domain despite facing setbacks, and frequently use self-regulated study strategies
[22,24,25]. Within the broad field of motivational research, one attitudinal construct which has
received a lot of attention and support as central to learning outcomes is students’ mindset about

intelligence [26]. Dweck and colleagues’ beliefs of intelligence theory conceptualizes students as
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having one of two types of intelligence mindsets: a fixed mindset (i.e., intelligence is innate and
unchangeable, you either have it or not) and a growth mindset (i.e., intelligence is malleable and
can be developed through effort). Even though numerous studies have shown positive links
between a growth mindset and academic achievement [26-28], including studies showing that brief
interventions that change student’s mindsets can have positive outcomes even years later [29],
there has not been much focus on students’ mindset views within the context of physics [13,30,31],
and there are reasons to suspect that students might have different views about physics than about
general academics or even other STEM disciplines, e.g., biology and chemistry, as described
below.

We investigated students’ intelligence mindset views about learning physics. Specifically,
for students enrolled in introductory level calculus-based physics courses, we examined female
and male students’ mindset views about physics. In addition to societal stereotypes of who belongs
and can succeed in physics, female students are underrepresented (roughly 30% of students) in
these calculus-based physics courses. Therefore, the differences by gender in intelligence mindset
views, which may arise more likely from environmental input, are particularly important to address

in order to improve female student participation, retention and performance.

7.2 Background

7.2.1 Intelligence mindset theory

Carol Dweck, the pioneer researcher of intelligence mindset theory, has investigated the

link between students’ mindset and their learning behaviors and academic outcomes [26]. When
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individuals have a fixed mindset (also called an entity theory of intelligence), they see intelligence
as an innate and unchangeable quality and one’s potential in academic areas as being bounded by
certain limits. By contrast, when individuals have a growth mindset (also called an incremental
theory of intelligence), they believe that intelligence can be cultivated with practice and effort. In
the original conception, like in many other binary motivational theories (e.g., mastery vs.
performance goal orientations [32-34]), students were thought to vary along a single continuum,
from strongly growth-mindset oriented to strongly fixed-mindset oriented. We first review the
literature from that perspective, and then present a new conceptualization that is more multi-
dimensional and includes dimensions that allow for differentiation between an individual’s

intelligence mindset pertaining to self vs. others.

7.2.2 Different interpretations of effort

The intelligence mindset theory suggests that students can make different types of
associations with regard to effort needed to succeed in a specific task or course. In particular,
depending on the mindset view (growth versus fixed), students might view effort and ability as
positively related or negatively related [35,36]. Students with the growth mindset generally
consider the time and effort spent at a task as an opportunity for growth and to stretch their ability.
Since students with the growth mindset positively associate effort and skill development, they are
also more likely to enjoy tackling difficult problems. The fixed mindset view, on the other hand,
often inversely links effort and ability so that a high level of effort spent at a task is evidence for
low intelligence or lack of natural talent.

The type of mindset can have a significant influence on students’ engagement with an
activity or task choice [26,30,37]. For instance, a fixed mindset can lead students to interpret
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making mistakes as a lack of talent and those students might disengage, reject opportunities to
learn, and prematurely give up on challenging tasks [38]. In other words, students with a fixed
mindset view are more likely to have a higher level of anxiety when engaging with learning and
may be more reluctant to engage with challenging problems. Other students, who believe
intellectual ability can grow with effort, may be more willing to engage in challenging tasks and
be less afraid of making mistakes; instead they may view the mistakes as opportunities for learning

and to do better in the activities in the future and on exams [39].

7.2.3 Student intelligence mindset and academic outcomes

Growth mindset views are found to be a significant predictor of students’ course
achievement even after controlling for differences in relevant prior knowledge and other academic
aptitude measures [40-43]. For example, one study found that high school students’ views about
intelligence predicted their performance; those who viewed intelligence as a malleable quality
sustained their interest and scored higher in exams than those who viewed intelligence as innate
and unchangeable [43]. A recent meta-analysis including approximately 300 studies showed a
moderate average effect of mindset on academic outcomes, with much larger average effects in
the domain of math and for students who were from low socioeconomic status or were considered
academically at risk in those contexts [44].

Moreover, students’ goal orientations in the classroom (i.e., mastery goal vs performance
goal orientation) have been related to the mindset view that they endorse. Mastery goal orientation
refers to a focus on learning and developing a certain set of skills. In contrast, performance goal
orientation is referred to as a focus on demonstrating competence via performance [32], and it
involves behaviors focused on trying to outperform others or avoiding tasks that can show lack of
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ability [32-34]. When students have a growth mindset, they are more likely to adopt mastery goal
orientations and less likely to focus on outperforming others [32]. Also, students with a growth
mindset are less likely to have ability-based “helpless” attitudes [43].

In order to promote a growth mindset in academic learning, researchers have designed and
implemented social-psychological classroom interventions [44-48]. The key element in these
classroom interventions was acknowledging the normality and necessity of struggle to expand
knowledge and skills. While these interventions aimed to help students adopt a growth mindset
view, they also bolstered students’ sense of belonging and self-confidence, especially for minority
student groups [44]. In our institution, we have implemented a sense of belonging and mindset
intervention in calculus-based physics courses, and initial results showed some promising

outcomes in terms of eliminating the performance-based gender gap [49].

7.2.4 Instructor intelligence mindset and academic outcomes

Interestingly, instructors’ mindsets have been found to influence student mindsets and
achievement [33], particularly for students from the underrepresented groups [50]. A recent study
found that the racial achievement gap was found to be twice as large in classrooms taught by the
STEM faculty who endorsed a fixed mindset view than in classrooms taught by faculty who held
and used a growth mindset in their teaching approaches [51]. Faculty with a fixed mindset view
were found to often emphasized being smart or naturally gifted during the instruction while the
faculty with a growth mindset view highlighted the significant contribution of practice and effort
to students’ classroom success [51].

In addition, unequal college preparation (e.g., due to differential out of class opportunities
due to being from low socioeconomic background or parents not completing higher education, K-

236



12 education in schools with poor infrastructure, inadequate access to well-qualified teachers and
pervasive discipline issues, lack of access to Advanced Placement courses or practice opportunities
for SAT and ACT exams) create initial performance gaps [52] that are perpetuated if the instructors
do not intervene with supportive teaching approaches. Instructors or college admission committees
with a fixed mindset view often view these prior gaps due to opportunity differences as an
indication of lack of intellectual ability, while those with a growth mindset recognize the variations
in standardized test scores as gaps in pre-college preparation (and not lack of growth potential),
which can be eliminated by using appropriate study strategies, promoting growth mindset attitudes,

and receiving positive encouragement and support from mentors and instructors [31].

7.2.5 Intelligence mindset views in physics

There is a variation across academic areas in the extent to which people believe that
foundational innate talent is required, and this variation has sometimes been linked to
underrepresentation in some STEM fields [53]. Overall, there are pervasive cultural biases about
gender-based intellectual ability; “genius” is a term commonly attributed to men [54] and children
adopt these gender-based stereotypical intelligence beliefs at early ages [55]. For example, girls
were found to be more likely to avoid activities that are thought to require being “really really
smart” and more likely to designate the opposite gender as being “really really smart” [55]. In the
context of mathematics, Dweck has found that fixed mindset views harm girls more than boys
[27]. Likewise, women have been found to shy away from the disciplines that are thought to
necessitate being brilliant or being “gifted [27].

Many people assume that “physics” in particular requires an innate talent or being “gifted”
in order to be successful [53]. In fact, physics is one of the most extreme fields pertaining to
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stereotypes along this dimension [53]. The negative stereotypes and gendered biases about who
can succeed in the discipline, along with the masculine culture of physics [56,57], can potentially
produce a fixed mindset in the general physics community, which can mostly harm the stereotyped
groups, such as women. One research study found that the fixed mindset is commonly adopted
among graduate admission committee members in physics departments that tend to exclude
women and racial minorities [57]. Therefore, the discipline of physics might suffer from low
gender diversity at least partly due to fixed mindset views in the field which end up pushing women
away from the field.

Although the literature broadly suggests that students” mindset view is an important factor
that helps students succeed in reaching their academic goals—especially in terms of long-term
learning outcomes [26], physics education research has rarely focused on students” mindset views.
On the other hand, because of the general expectations of the need for “brilliance” in physics, it is
likely to be especially important. Indeed, in a recent study of students’ general and field-specific
(i.e., physics) mindset views across gender in both algebra-based and calculus-based physics
courses, we have found gender differences in physics-specific mindset but not in students’ general
academic mindset [13].

In thinking about student mindsets, it may be important to consider the nature of the student
population. At the college level, some students, typically those enrolled in introductory calculus-
based physics, are following a physical science or engineering major, having experienced past
success in physics, chemistry, and mathematics coursework. Other students in college, typically
those enrolled in introductory algebra-based physics courses, are following a life science track or
are pursuing a health-related career that requires introductory physics, and usually either have

avoided physics in the past or did not experience great success or did not enjoy the experience.
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The latter group is often predominantly female, whereas the former group is often predominantly
male [13].

Little et al. recently conducted a qualitative study to understand students’ mindset views
and responses to challenges in physics courses for life science majors [30]. In their research,
students identified themselves as being “bad” at physics because it did not come to them naturally,
but nonetheless sought help and worked hard to become better at it [30]. However, very little is
known about calculus-based physics courses for physical science and engineering majors, who
might have different mindset views towards learning physics. Therefore, more study is needed to
understand the nature of physics mindset views during college level physics instruction,

particularly in the courses in which women are underrepresented.

7.2.6 Unpacking mindset—which subdimensions are critical?

As noted previously, prior research on mindset has treated it as a single dimension with
growth and fixed mindsets as the two endpoints. However, this is not the only logical possibility,
and other motivational research areas have discovered that multidimensional perspectives better
account for student variation than views that assume a single-dimension of opposing perspectives.
Most saliently, in the closely-linked achievement goals research area, researchers discovered that
students could have both mastery and performance goals at the same time [34]. For mindset,
students could believe that both effort and ability matter, e.g., they could believe that some students
are missing critical capacities, but even those students who have a foundational capacity still need
to exert substantial effort to develop their physics capabilities.

Moreover, stemming from stereotypes about who is brilliant and can be successful in
physics, it is possible that students make distinctions about themselves versus others. For example,
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a student from a demographic that is underrepresented in physics might believe that some people
could develop abilities through effort but they themselves could not. Conversely, a student from a
demographic over-represented in physics might believe that they are gifted in physics, but most
others are not. Although prior measures of intelligence mindsets have included questions that refer
to various combinations of abilities, effort, self, and others, prior researchers have not
systematically analyzed these data to examine whether these dimensions are separable rather than
just one overall growth versus fixed mindset dimension. Note that just because prior studies have
reported acceptable levels of measure reliability (i.e., Cronbach’s alpha), that alone is not evidence
of unidimensionality [58].

In the mindset study presented here, we created different types of mindset survey items
that assess students’ beliefs about having natural talent (i.e., ability) or doing hard work (i.e.,
effort). Moreover, the questions are designed to determine students’ mindset viewpoints about
themselves (me/l) or the general population (others). The mindset questions were conceptually
grouped into four categories (see Figure 7-1). As detailed in the Methods section, we used multi-
dimensional scaling to determine whether the students also conceptually separated the items into
those four categories based upon patterns of similarity/dissimilarity in responses to individual
survey questions.

A major focus was on uncovering which dimensions of physics mindset of students
represented by different quadrants in Figure 7-1 are most closely connected to course grades in
introductory calculus-based physics. Further, we seek to understand whether gender differences in
mindset are larger for a particular mindset dimension, and whether those mindset differences could
account for gender differences in course grades. In particular, it may be the beliefs about the self

that are most relevant to learning outcomes in physics since those would play a key role in
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determining how students react in response to challenges/difficulty in the course. Further,
endorsement of a fixed mindset about the self is likely to be most indicative of non-productive
reactions to difficulty out of all responses to survey questions probing different dimensions of

mindset.

EFFORT ABILITY

OTHERS

Figure 7-1 The representation of four mindset groups in two dimensions.
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7.3 Methodology

7.3.1 Participants and course content

A total of 553 students across four sections of introductory calculus-based Physics 1
completed a mindset survey. Students who enrolled in these courses were mostly physical science
or engineering majors. Students’ demographic information was obtained via university records as
de-identified but linkable data (i.e., demographic and survey data were linked via a research id
created by an honest broker). Female students comprised 33% of the cohort, mirroring female
enrollment rates across years in this course. In terms of ethnic/racial distribution, the cohort
consists of 79% White, 10% Asian, 2% Black, 4% Hispanic, 4% Multi-Racial, and 1% Others (i.e.,
American Indian, Unknown etc.). The mean student age at the time of completing the survey was
18.7 (SD=1.4), since this course was typically taken by first year students and the majority of the
students in our institution attend university immediately after high school.

There was some small variation in the pedagogy across the four different instructors, but
they predominately used traditional lecture-based instruction. This course covers introductory
level physics subjects such as kinematics, forces, energy and work, rotational motion, and

gravitation.

7.3.2 Assessments

7.3.2.1 Development and administration of the physics intelligence mindset survey
A physics intelligence mindset survey was given as part of a larger attitude assessment tool

[13,15] and adapted from validated surveys [26,59]. We administered the survey during the
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recitations. The Graduate Teaching Assistants handed out the survey at the last recitation of the
semester (approximately 1-2 weeks before students take final exam) and students marked their
responses on the scantron sheet. Completing the survey generally took 3-4 minutes for students.

The survey items, shown in Table 7-1, involved a four-point Likert scale of Strongly
Disagree to Strongly Agree, recoded as 1 to 4, with questions 2, 4, 5, and 7 reverse coded. Higher
scores indicate a malleable (growth) mindset whereas a low score corresponds to a more fixed
mindset in physics learning. The survey was based upon the existing validated instruments [26]
and then subjected to additional validation work for the current study context [13]. The mindset
survey had seven questions. The Cronbach’s a for measuring the internal consistency between the
mindset questions was found to be reasonable with the value of 0.77 [60,61]. We also conducted
interviews with 12 undergraduate and 3 graduate students to validate our survey so that students
interpret the questions in the expected way.

Using the lavaan package in R [62], we performed a Confirmatory Factor Analysis (CFA)
to test the item strengths of the physics mindset questions in the current study data. Commonly
reported CFA fit parameters are: the Comparative Fit Index (CFI), which compares the fit of the
proposed model to the null model; the Tucker-Lewis Index (TLI), which compares the fit of the
proposed model to the null model but also taking into account the complexity of the proposed
model (such as the correlations between the variables); Standardized Root Mean Square Residual
(SRMR), which is the standardized difference between the observed correlation and the predicted
correlation; and Root Mean Square Error of Approximation (RMSEA), which is the absolute fit of
the model to the data taking into account the amount of data available. CFl > 0.95, TLI >0.95,

SRMR < 0.08 and RMSEA < 0.08 are considered acceptable fit parameters. The overall model fit
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parameters were all acceptable, with CFI = 0.98, TLI = 0.97, SRMR = 0.03, and RMSEA = 0.06

as were the factor loadings of each item (see Table 7-1).

Table 7-1 CFA results for physics intelligence mindset questions. Mindset questions in which “I” is not

mentioned explicitly are classified as “others”.

Group Survey Item R- Beta P
square value
, Q1. Anyone can become good at solving <
Others” growth physics problems through hard work. 0.36 0.60 0.001
I Q2. Only a few specially qualified people are <
Others” ability capable of really understanding physics. 027 0.52 0.001
Others’ growth Q3. I\.Io mz_ltter wl_m you are, you can change 039 0.62 <
your intelligence in physics quite a lot. 0.001
I Q4. To really excel in physics, a person <
Others’ ability needs to have a natural ability in physics o4 0.64 0.001
Q5. If I really have to struggle to solve <
My ability physics problems, that means I’m just not a 032 0.57 0.001
physics person. )
Q6. If I spend a lot of time working on <
My growth difficult physics problems, I can develop my 045 0.67 0.001
intelligence in physics. ’
Q7. If I make mistakes on physics
- assignments and exames, I think that maybe <
My ability I’m just not smart enough to excel in 0.19 0.44 0.001

phvsics.

7.3.2.2 Prior academic performance

From university records, we also obtained pre-college test scores that are generally good
predictors of academic performance in the first-year college STEM courses: SAT Math scores
(200-800) and High School grade point average (HS GPA, 1-5 scale when including advance
placement courses). In this data, students’ SAT Math scores ranged from a minimum score of 420

to a maximum score of 800.
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7.3.2.3 Course grade

Institutional data also provided us with each student’s course grade at the end of the
semester, which we used as the students’ learning outcome for the current study. The final course
grade was largely composed of students” midterm and final exam scores. The rest of the grade was
made up of weekly homework, students’ class participation, concept quizzes, attendance, and
quizzes given during recitation. The policy regarding the letter grading and corresponding grade

points at this university are given in Table 7-2.

Table 7-2 Course letter grades and corresponding grade points out of 4.

Flp | p|Dt]| C c+ | B B B+ | A- | AIA+
Grade 0 075|100 125|175 200 | 225 | 275| 300 [325|375| 4
Point

8 B2 CEE B
. — =B — o
Definitions | - g L3 o2 §.§
Iy = '62 H) =3
= H1 < wg
7.3.3 Analysis

Grouping Mindset Questions. We hypothesized that there are four different groups for
physics mindset items based on the referent (Me versus Others) and context (Ability versus Effort)
of the question. For instance, item 6 (Q6)— “If | spend a lot of time working on difficult physics
problems, | can develop my intelligence in physics” was placed in the “My growth” group, while
Q1—“Anyone can become good at solving physics problems through hard work” was placed in
the “Others’ growth” mindset group. The mindset groups for each question are given in Table 7-1.

While “My growth” has only 1 item, the other three groups include two items. During the
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validation process in the interviews, students also gave explanation for their answers to the mindset
survey items that do not have “1”, as pertaining to other individual’s ability or effort. After we
grouped the related mindset items, the average score was obtained for each of the four mindset
groups. For instance, a student who had a score of 3 for Q1 and score of 4 for Q3 was given an
average score of 3.5 for the “Others’ growth” mindset group.

To validate the separation of the survey into these four groups and the conceptual
relationships between them, we analyzed these means using Multidimensional Scaling (MDS)
[63], testing 1-3 dimensional solutions, overall and separate by gender to ensure consistent
structure. MDS produces a map of constructs based on the pattern of intercorrelations among the
measures, in which distance among items is inversely proportional to the correlation strength
between items. We used the MASS (isoMDS) package in R to perform the MDS. MDS results are
evaluated using a stress value that illustrates the goodness of the fit [63]. A stress value closer to
zero indicates a better fit of the model, and common standards are: 0.200 poor, 0.100 fair, 0.050
good, 0.025 excellent and 0.00 perfect [63].

Gender Differences. We initially performed a MANOVA to test for significant mean
differences across the four physics mindset groups between female vs. male students, where gender
was the independent variable (IV) and the four physics mindset groups were the dependent
variables (DVs). Furthermore, independent t-tests between two gender groups were conducted on
students’ SAT Math, High School (HS) GPA, and Physics 1 grades. We used an alpha level
(probability of rejecting the non-significant result) of 0.05 for all statistical tests.

Predicting Physics 1 Course Grade. We performed simple correlation and then several
multiple regression analyses in order to uncover the best model for predicting students’ Physics 1

grades (dependent variable). The first regression model predicted students’ Physics 1 grade using
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only prior academic performance and demographic variables: SAT Math, HS GPA, and students’
gender. In the second model, we added the “My ability” mindset group, the strongest correlate of
grades. In the final model, we added all the mindset groups as predictors as a robustness test.
Standardized regression coefficients (as an effect size estimate) and p-values (as a statistical

significance measure) for independent variables in all three models were calculated.

7.4 Results

7.4.1 Multi-dimensional scaling

The two-dimensional model produced the best fit to the data based on the stress values.
The two-dimensional model converged to a near perfect fit, with a stress value of ~ 0.00 (2 x 10°
1), By contrast, the one-dimensional model only converged to 0.04, indicating a good but not
excellent fit. Since the two-dimension fit was essentially perfect, there was no advantage to adding
a third dimension [62]. Analyzing the data separately by gender produced similar models. The
results from the two-dimensional model for all students are presented here (see Figure 7-2). The
four groups cleanly fell into their own quadrants as expected by referent (Y-axis) and context (X-

axis).
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Figure 7-2 The two-dimensional MDS results for the four mindset question groups, along with the questions

forming each group. A label to each dimension is added after the fact based on interpretation of the data.

7.4.2 Gender differences in mindsets, prior academics, and physics grade

In an initial MANOVA we examined gender as the independent variable (V) and mindset
views as the dependent variables (DV). It showed a significant multivariate effect of gender: Male
students had significantly higher scores in overall mindset (F (1,552) = 7.47, p < 0.001; see Table
7-3). As a follow-up analysis, we performed t-tests between female and male students for each of

the mindset groups (see Table 7-3). All of the mindset groups showed statistically significant

248



gender differences favoring male students. The largest gender gap was for the “My ability” group,
which indicates that female students are less likely to consider themselves as having an “ability”
in physics compared to male students. For context, female students also scored lower on SAT Math
but with a smaller effect size (d = 0.23), while they had a higher average overall high school GPA
(d =0.28). Both SAT Math and HS GPA are relevant predictors of physics performance and these
constructs has a small but statistically significant effect on the Physics 1 grade with male students

performing higher.

Table 7-3 The t-test comparisons between female and male students for mindset groups, pre-college academic
scores and Physics 1 grade are given on the left side of the thick line. The correlations of each construct with
each other are given on the right side of the thick line. A positive Cohen’s d indicates that male students had

higher scores than did female students. = p < 0.05, ™ =p < 0.01, ™ = p < 0.001, ns = non-significant.

Means Intercorrelations
Measure ¢ | m | conenrsal ™ Others’ | Others’ | My SAT | HS
ONEMSE | prowth | growth | ability | ability | Math | GPA
My growth 31 | 32| 030" — — — — — _
Others’ growth | 29 | 3.0 | 022° 051" — — — — _

Others’ abality 24 | 22 | 0237 033™ -0.45™ — — — —

My ability 24 | 21 046™ 037" 032" 0.46™" — _ —
SAT Math 680 | 694 023" ns ns ns ns — —
HS GPA 415 | 402 | 028 ns ns ns ns 0247 —
Physics 1 Grade | 2.45 | 2.60 017" 021" 017 020" | -035" [ 029" | 030"
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7.4.3 Predicting course grade in physics 1 using mindset groups and prior academic

performance

In Table 7-3 (right side of the thick line), we also show the Pearson intercorrelations
between the mindset groups, SAT Math score, HS GPA and Physics Grade. The mindset group
means were correlated with one another but not so highly as to be redundant measures.
Interestingly, none of them were correlated with SAT Math or HS GPA, even though SAT Math
and HS GPA were significantly correlated with Physics Grade, with nearly identical strength.

Physics Grade exhibited statistically significant correlations with each of the mindset
groups. Three of the correlation values were small, ranging from 0.17 to 0.21. However, the “My
ability” group had relatively higher correlation with Physics 1 grade, r = -0.35. This correlation
value was also slightly higher than the correlation value between Physics 1 grade and students’
pre-college academic scores (SAT Math and HS GPA).

Multiple regression was used to tease apart the independent contributions of the various
elements correlated with each other and grade. In Model 1, demographic information (gender) and
prior academic skills (SAT Math and HS GPA) were entered as predictors of Physics 1 grade (F
(3,553) =42.32, p < 0.001; see Table 7-4). All three of the predictors were statistically significant,
and HS GPA was the strongest predictor. In this model, male students were more likely to have
higher grades in the college level Physics 1 courses than female students (i.e., even after control
for students’ pre-college academic scores). Thus, there is some indication that another factor

beyond prior academic performance is responsible for the gender difference in grades.
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Table 7-4 Three regression models in which the independent variables are gender, SAT Math, HS GPA and

mindset groups to explain the dependent variable—Physics 1 grade. B, SE and S correspond to unstandardized

coefficient, standard error and standardized coefficient, respectively.

Model 1 Model 2 Model 3
Variable Cgﬁsa‘;i’(‘m B SE g B SE g B SE p
G&‘flr F-0) 015 007 008 007 007 0.04 0.07 007 0.04
SAT Math 0.29°  0.002 000 0207 000 000 0197 0002 0.00 0.19
HS GPA 03077 069 0.08 0327 054 009 026 056 0.09 0.27
My ability 0357 041 005 0327 034 006 -0.27
My growth 0217 0.03 0.06 0.02
Others’ growth 017" 006 006 005
Others’ ability 0207 0.06 006 -0.05
R? 0.18 025 0.26

In Model 2, we entered “My ability” as the fourth predictor of Physics 1 grade and

produced a better fit to the data (R? of 0.25 vs. 0.18; F (4, 437) = 36.90, p < 0.001). This predictor

was actually the strongest predictor of grade, and the predictive power of HS GPA and SAT Math

slightly decreased. Most importantly, the gender effect on grade became non-significant,

suggesting that it could be attributed to differences in “My ability” mindsets.

In the final model — Model 3, we added the other three mindset groups (My growth, Others’

growth, and Others’ ability). The model fit was not better (R? of 0.26 vs. 0.25; F (7,429) = 21.55,

p < 0.001), and the “My ability” mindset group was the only statistically significant predictor

among all four mindset groups to explain students’ physics course grade. Despite adding multiple

predictors that had moderately high correlates with the “My ability” group, the standardized

coefficient for the “My ability” only was reduced by a small amount; overall, the parameter

estimates of Model 2 were robust.
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7.5 General discussion

7.5.1 Summary

We find psychometric evidence that mindset in physics for calculus-based introductory
courses can be classified into four sub-dimensions. One sub-dimension (endorsing My fixed
ability) is especially important in this regard in that it has the largest gender difference with a
moderate level effect size (d=0.46). This mindset group was also the main predictor of
performance and fully explains the gender gap in course grade. The fact that female students
recognize value in putting effort and working hard to be successful in physics but carry beliefs that
natural ability is still required to attain higher-levels of achievement in physics has important
implications for diversity issues in physics.

Past studies in the physics education literature show that female students have lower
motivational characteristics (e.g., self-efficacy, interest, sense of belonging, identity, etc.) than
male students in physics classes [13-18] and these gender differences persist or become larger even
at matched performance levels at the end of the course [15,16]. The novel results of our study show
a similar gender gap in a different motivational construct—mindset, and how it is related to gender.
Female students are more likely to carry beliefs that innate talent is needed to excel in physics
above and beyond successfully passing a course by making effort, and that they do not have that
special talent. Our findings can inspire physics education researchers to design and implement
teaching strategies that cultivate a growth mindset to improve all students’ participation and
success in learning physics.

Attaining success in physics is most commonly and stereotypically thought to require a
natural ability or is associated with being “gifted”. These ability-based beliefs about success in
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physics often disregard the substantial contribution of practice using effective study strategies,
spending time on task productively and making effort, having interest in learning physics and using
failures as a learning opportunity. Instead, these “brilliance” expectations communicate cues about
the perceived rigidity of intelligence, which can only be possessed by a certain group of people.
Historically well-known physicists have generally been depicted as being “genius” or some elite
group of scientists with innate “abilities”. However, there is little mention of the amount of struggle
these successful physicists had while learning new concepts or how many times they had failed
before they eventually made a discovery in the field of physics. Without acknowledging the
journey behind their accomplishments, the general population in the US regards physicists as
naturally talented and “brilliant” men, who do not need to work hard to excel. Modern pop-culture
and media also reinforce the stereotypical image of a physicist as being “male” and “brilliant”,
such as in the famous TV series “The Big Bang Theory”. Thus, gender-based societal cues [64,65],
the male-dominated culture of physics [56], and the strong emphasis on being “brilliant” [53] are
factors that can cause women to have beliefs about a fixed mindset when it pertains to them but
not necessarily about others —as we have shown in our data, and these factors may dissuade
women from pursuing physics-related careers.

Our results offer an important piece of evidence for gendered differentials in students’
mindset where women are more likely to adopt a fixed mindset view, especially in the ability-
related mindset categories. Having a fixed mindset has been found to yield negative academic
outcomes especially for those who are underrepresented in a particular field and come to college
with a less prior preparation and knowledge [39]. With that in mind, underrepresented students
with a fixed mindset may attribute their struggle to the qualities that they think they cannot change,

which makes them less willing to spend effort when they encounter difficult problems. For
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instance, female students, who do not enroll in AP physics classes as often as male students do,
can readily associate their feelings of struggle at college level physics courses with a lack of ability
rather than insufficient pre- college academic preparation. The results in this study also show that
female students adopt more fixed mindset in the first-year college physics courses for the self- and
ability-related questions and that they also underperform than male students. Since the prior
literature did not investigate the relation between mindset and gender in the context of physics, our
findings shed light on an additional possible reason for diversity issues in the physics courses and
physics overall.

Additionally, female students in physics classes might confirm stereotypical beliefs against
their group by espousing a fixed mindset. These two factors—fixed mindset and stereotype
threat—can together undermine female students’ classroom motivation, create additional anxiety
for them, and adversely impact how they can perform in the class assessments. Maries et al. found
that women in calculus-based introductory physics who agreed with a gender stereotype statement
(according to my own personal beliefs, I expect men to generally perform better in physics than
women) at the beginning of a physics course had statistically significantly lower performance than
women who disagreed with this statement even though there was no different on pre-assessment
at the beginning of the course [9]. In particular, their study suggests that confirming gender-
stereotypes can be related to a fixed mindset view that can negatively influence female students’
performance [9]. Relatedly, the findings in our study also point out that not adopting a “personal”
fixed mindset view regarding oneself is positively linked to course performance. Since there have
been many studies that show the importance of growth mindset in academic achievement [26-

29,35,36,41- 43] but none of them quantitatively has shown growth mindset’s influence on physics
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learning across gender, our findings can greatly contribute to physics education research on

promoting diversity in physics.

7.5.2 Implications for teaching

Researchers in education and psychology have developed social-psychological classroom
interventions to address students’ concerns in classroom, enhance their learning experiences, and
improve student outcomes. These classroom interventions have been implemented in various
learning settings for different age groups to boost students’ persistence and learning, especially for
underrepresented groups [44-48]. One such intervention, named the Belonging and Mindset
Intervention, focuses on promoting a growth mindset attitude in academic spaces [46-49]. The
main focus of these short classroom activities is to reshape how students respond to challenges.
By using these classroom interventions, instructors can help students perceive their struggle as an
opportunity to develop skills and construct new knowledge, rather than an indication of low ability
or self-failure. Classroom interventions can be useful particularly for freshman students since first-
year-college experiences in pillar courses like physics may be a determinant factor for whether
students decide to stay in or exit from a STEM program altogether [66]. Because first-year-college
students undergo a challenging academic transition, students may feel overwhelmed with their
struggle and attribute their difficulties as a proof of not belonging in the classroom. Belonging and
mindset interventions send messages to all students that struggling and being overwhelmed with
first-year-college courses, such as physics, is a very common experience among many students,
and one can overcome difficulties and become an expert by working hard and working smart and

embracing their failures as learning opportunities. This is especially a valuable message for the
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underrepresented students, because they can internalize their struggle as a sign of not fitting in,
which can then result in students dropping the course or exiting from a STEM track [56,57].

Interventions such as the Belonging and Mindset intervention may not only shift students’
mindset beliefs at individual level but also establish an inclusive and more welcoming classroom
culture, so students feel more comfortable to share their ideas or ask for help from their classmates.
Moreover, active-engagement classes, in which collaborative work and peer discussion is
essential, can benefit from incorporating teaching strategies with a growth mindset view. Such
classroom interventions create more productive and respectful classroom culture so students can
fully engage at a learning task or class activity rather than having a feeling of anxiety for being
disregarded or devalued by peers or the instructor. One investigation found that evidence-based
active engagement methods help all students but increased the gender gap in performance in that
they do not help women in calculus-based introductory physics courses as much as men. One
hypothesis for why this may be the case is that evidence-based active-engagement courses often
involve collaborative learning (students working with each other). Without explicit interventions
by the instructors, in these collaborative situations, societal stereotypes about physics, e.g., who is
capable of excelling in physics may become salient [8] and negatively impact engagement and
learning.

When creating an inclusive learning environment that fosters growth mindset, instructors
and their teaching approaches are a crucial part of that reform [51]. For instance, many students
hesitate to answer promptly asked in-class questions because they worry about appearing
unintelligent. In order to eliminate these concerns, which act as barriers in students’ participation
and learning, instructors need to assure students that making mistakes are part of the learning

process and constructing a robust knowledge structure. Relatedly, instructor’s recognition of
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students or lack thereof is also a vital part of the classroom culture. The way instructors endorse
student work (e.g., praising intelligence versus praising hard work) can alter students’ intelligence
mindset view and their learning behaviors [67,68]. Since physics is a subject commonly associated
with being naturally gifted, instructors, who praise intelligence or communicate a fixed mindset
view, can further reinforce stereotypical inferences about physics and can demotivate minority
groups. In particular, instructors’ beliefs, that ability is fixed, can mainly disadvantage women and
perpetuate inequalities in education. As we found in this study presented here, students’ course
grade is predicted by their ability-related mindset views, which had an almost equal regression
coefficient as students’ prior academic scores. When course instructors use and promote a growth
mindset in their teaching methods, students can become more engaged despite difficulties, which
can enhance their learning in physics courses.

To sum up, physics education researchers including those interested in pedagogical
interventions to ensure that all students learn need to direct more attention on the mindset aspect
of student learning in their efforts to enhance diversity in physics. Establishing teaching and
learning standards with a growth mindset early in the semester, and sustaining it, can yield positive
student outcomes such as improving underrepresented groups’ retention, learning, and

advancements in physics and related STEM fields.

7.6 Future directions

One of the major findings in this study is that students” mindset (growth versus fixed) may
depend on the type of mindset question, such as whether the item is effort-related or ability-related

and whether the question is about that person (“I”) or general (“others”). Although students, in
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general, value the contribution of effort to be successful in physics, they might think that natural
ability in physics remains a determinant of one’s success and the extent to which the person excels
in physics. This aspect can be especially critical for physics due to societal stereotypes and it can
be more detrimental to minority groups’ achievements. Since we find that the “My ability” mindset
group had the largest effect on students’ course grade, more studies are needed to unpack this
specific dimension so that it can inform how to improve physics learning for all students and
increase diversity in physics.

In this study, we only focused on students’ mindset and learning across gender. Although
our data show a direct relation between physics learning and specific mindset group in physics, it
would be useful to explore why these gender differences in ability-related mindset group appear
and how such a gap can impact students’ other motivational characteristics, such as self-efficacy
or sense of belonging. We also note that causality between mindset and performance has not yet
been established in our correlational study, although other intervention work does suggest the
relationship is casual. We need to do further work to show that it is the fixed ability about self that
is a particularly important driver of performance gaps.

Furthermore, the degree to which students receive recognition from their instructors or
graduate teaching assistants can also impact their mindset views. Therefore, future research can
focus on the interaction between several other motivational constructs that are important for
educational research and improving learning of diverse group of students. Also, collecting data at
the beginning of the course about students’ mindset can be useful to study how students revise
their mindset after they undergo physics instruction. As a final note, testing the generalizability of

our results to other populations (other teaching methods, other physics courses or other universities
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with different demographics) can also be useful to obtain a broader understanding of students’

mindset.
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8.0 Motivational characteristics of ethnic/racial minority students in the introductory

physics courses

8.1 Introduction

Research shows that students from underrepresented racial and ethnic backgrounds
sometimes under-perform in physics courses and few major in physics-related fields [1,2]. Despite
some attempts to increase diversity in physics courses and reduce the performance gaps by
race/ethnicity in physics [3-5], the underlying causes of the low representation and relatively poor
performance of racial/ethnic minorities are not well understood.

Much research in physics education has focused on improving learning outcomes through
the development of pedagogies that build on students’ prior knowledge and learning difficulties.
Although many research-based instructional strategies have been effective in improving students’
physics content knowledge and problem-solving skills, there has been little focus on how student
motivation may interact with instruction and learning outcomes [6]. For instance, students’ self-
efficacy can affect their motivation to learn and, ultimately, learning outcomes [7]. Students’ value
and interest in a particular academic task can also affect students’ persistence and learning [8].
Therefore, it is important to examine students’ motivational characteristics when developing and

implementing instructional strategies.
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8.2 Background

We describe a study in which we assessed students’ intrinsic interest and self-efficacy
throughout algebra-based and calculus-based introductory physics course sequences. We report
White, Asian, and underrepresented racial/ethnic minority students’ initial motivational
characteristics and how these change over time. The findings have implications for the
development and implementation of effective pedagogies to help all students learn.

Certain racial and ethnic groups have been traditionally underrepresented in physics,
including African Americans, Latinx/Hispanics, American Indians, and Pacific Islanders [1].
Furthermore, students from these underrepresented groups often underperform in physics courses
[2]. Although prior work has focused on performance differences between underrepresented
students and majority students, less work has examined the motivation of underrepresented
racial/ethnic minority students in physics courses.

Expectancy value theory posits that students’ expected success in performing a task as well
as the value they associate with the task can influence their persistence and performance in
academic settings [9]. Expectancy involves one’s beliefs about his or her own level of ability and
expectations of success, e.g., self-efficacy, which is the belief in one’s capability to be successful
in a particular task, subject area, or course [10]. Even after controlling for students’ prior
knowledge and skills, higher self-efficacy is positively correlated with grades in physics [10].
Value includes several components such as intrinsic value (enjoyment from doing a task, or
interest), attainment value (how important one feels to do well on the task), and utility value
(usefulness of task in achieving goals) [9].

Since there have been relatively few longitudinal studies focusing on underrepresented

racial/ethnic minority students’ self-efficacy and intrinsic interest in physics [11], we investigated
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students’ motivational characteristics at three time points during a two-semester algebra-based and
calculus-based introductory physics course sequence. The findings can be a stepping stone to
developing and implementing learning tools in order to help all students succeed in physics
courses. The investigation can also help determine the motivational factors for which there are

initial differences by race/ethnicity or whether differences develop across courses.

8.3 Methodology

We selected set of six motivational constructs based on a review of prior research on
learning and motivation. Two of the motivational constructs that related to expectancy value theory
involved self-efficacy and fascination with physics (i.e., intrinsic valuing of physics). We also
investigated other motivational constructs including value associated with physics (i.e.,
importance of the knowledge of physics), students’ intelligence mindset (i.e., students beliefs
about whether intelligence is a fixed trait that one is born with or is malleable and can be shaped
by the environment), grit (i.e., the capacity to sustain both effort and interest even in the absence
of positive feedback), and physics epistemology (i.e., beliefs about what constitutes physics
knowledge and how that knowledge is acquired). A survey was constructed to cover the core
aspects of each construct with attention to minimize total survey length. The survey consisted of
29 items adapted from prior surveys from the motivation literature [12-16]. Table 8-1 shows
example survey items for each motivational construct. Here, we focus on students’ self-efficacy
and fascination with physics (i.e., intrinsic value associated with physics). We do not focus on

students’ responses to the “valuing physics” items since those questions focused on general views
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about the importance of physics knowledge but were not directly related to students’ intrinsic
value, attainment value, or utility value.

We administered the survey in a written format to students at a large research university in
the U.S. Students in algebra-based and calculus-based classes were asked to respond to survey
questions at the beginning of Physics 1 in the fall semester, the beginning of Physics 2 in the spring
semester, and also at the end of Physics 2 in the spring semester. Physics 1 courses cover topics
involving Newtonian mechanics and Physics 2 courses include topics related to electricity and
magnetism. Most of the courses were in a traditional, lecture-based format. Students in calculus-
based classes are mostly freshmen who are engineering or physical science majors. Students in
algebra-based physics courses are mostly juniors who intend to pursue careers in health-related
fields or biology. The survey was completed by most students in about 10-15 minutes.

For each survey item, students were given a score of 1-4. For the items related to fascination
and self-efficacy, a high score means that a student is highly fascinated by physics and has a high
level of self-efficacy. Students were given an average score for self-efficacy and fascination. For
example, a student who answered “Yes!” to two of the fascination with physics questions and “no”
to one of them would have an average fascination score of (4+4+2)/(3 questions) = 3.33.

At the beginning of the fall and spring courses, we analyzed the internal consistency of the
subscales, i.e., fascination, value, self-efficacy, intelligence mindset, grit, and physics
epistemology. Analysis showed that all Cronbach’s alphas for the targeted constructs were above
0.60, which is considered fairly good [17]. The scales with five or more items all had a Cronbach’s
alpha of 0.70 or higher. No substantial increases in alpha for any of the scales could have been
achieved by eliminating items. To establish categories because there are positive (for Asians) and

negative (underrepresented students) stereotypes for the separability of the different subscales
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along with the validity of items as clear indicators of the scale to which they were assigned, we
performed an exploratory factor analysis on the items in the survey based upon the early spring
data. A principal components analysis was used, and the initial eigenvalues indicated that the first
six components (all with eigenvalues greater than 1) explained a total of 49% of the variance (the
7" component explained only an additional 4% of the variance). The data supported the existence

of six separable scales, and items loaded on the scales as intended.

Table 8-1 Motivational factors with the number of items, example survey items, and scale.

Factor Example Survey Item Scale
L . . Never
Fascmahoqwrth Physics Once a2 month
3 items I wonder about how nature works ...
Once a week
Every day
Valuing Physics Nn?)!
5 items Knowing physics is important for being a good citizen. yes
Yes!
Self-Efficacy . . Not
6 items I am often able to help my classmates with physics in the no
laboratory or in recitation. yes
Yes!
Intelligence -You have a certain amount of intelligence, and you can’t Strongly disagree
Mindset really do much to change it. Disagree
4 items -Anyone can become good at solving physics problems Agree
through hard work. Strongly agree
Not like me at all
3 Grit -1 often set a goal but later choose to pursue a different one. Not much h_ke me
items I finish-wi er 1 begin Somewhat like me
Mostly like me
Very much like me
R . Strongly disagree
PhyswssEi[t);ﬁmology I do not expect to understand physics equations in an Disagree
intuitive sense; they must just be taken as givens. Agree
Strongly agree

After linking students’ responses to their demographic information, we separated the
students into three groups: White, Asian, and underrepresented racial/ethnic minority students.
Underrepresented racial/ethnic minority students are those who reported their race/ethnicity as

Black, Hispanic, American Indian, Pacific Islander, or Multi-Racial including one of these races.
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We examined these racial groups’ performance together, and because there were too few
underrepresented racial/ethnic minority students to further divide them in the in the analyses.
Black, Hispanic, American Indian, Pacific Islander, and Multi-Racial students have been
underrepresented in STEM fields, and in particular, physics [1]. Table 8-2 shows the number of

students in each ethnic/racial group at the three time points at which the survey was given.

Table 8-2 The number of White (W), Asian (A), and underrepresented racial/ethnic minority (U) students who

took the survey at the three time points.

Beginmng of Physics 1 Beginmng of Physics 2 End of Physics 2
Calculus-based | N=364 W, 57 A, 121) N=219W,39A,21U0 N=178 W,32A,12U
Algebra-based | N=285 W, 82 A, 50U N=150W,52 A, 16 U N=123 W,40A,13U
8.4 Results

See Figure 8-1 for students’ average self-efficacy scores in physics courses. An ANOVA
showed that at the beginning of calculus-based Physics 1, there was a statistically significant
difference in students’ self-efficacy scores in the three racial/ethnic groups (F(2,460)=5.42,
p=0.005). White students initially had the highest self-efficacy score whereas underrepresented
racial/ethnic minority students’ self-efficacy is the lowest at the beginning of calculus-based
Physics 1. We observed that underrepresented racial/ethnic minority students’ self-efficacy score
increased significantly more than White and Asian students between the beginning of calculus-
based Physics 1 and 2 (F(2, 277)=4.22, p=0.016) and the differences in the self-efficacy of the

three groups was eliminated. By the end of calculus-based Physics 2, we observed that all students’
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self-efficacy did not change significantly with respect to the beginning of Physics 2 and all three
groups had approximately the same self-efficacy score (see upper left graph in Figure 8-1). In
algebra-based physics courses, statistical analyses showed that there was not a significant
difference in the self-efficacy of students in the three groups at the beginning of Physics 1. Also,

students’ self-efficacy stayed approximately the same throughout algebra-based Physics 1 and

Physics 2.
- Calculus-Based Courses Algebra-based Courses
(=] 3 +* 3
o
ot - ——
q Newtral 2.5 Neutral 2.5 SeeetT
1% ]
vy
L
vy
-
= 2 .2
Beginning of Physics 1 Beginning of Physics 2 End of Physics 2 Beginning of Physics 1 Beginning of Physics 2 End of Physics 2
—Asian -—-Underrepresented -—-White
o L
o 35 a5
e}
o
S T L
g + 3 N — 5
L -
wvI B
2 s _
- Neutral 2.5 Neutral 2.5
o Beginning of Physics 1 Beginning of Physics 2 End of Physics 2 Beginning of Physics 1 Beginning of Physics 2 End of Physics 2

Figure 8-1 Physics Self-efficacy (top row) and Fascination (botton row) in calculus-based (left column) and
algebra-based (right column) introductory physics sequences. “+” and “-“ signs indicate positive and negative

responses.

We now describe students’ fascination with physics (i.e., their intrinsic interest in physics)
throughout introductory physics course sequences. At the beginning of calculus-based Physics 1,
statistical analyses showed that there was no significant difference in students’ fascination scores
in the three racial/ethnic groups. Also, students’ fascination remained approximately the same
throughout calculus-based Physics 1 and Physics 2. Students from underrepresented racial/ethnic

minority groups reported the highest fascination with physics at the end of calculus-based Physics
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2. In algebra-based physics courses, statistical analyses showed that there was not a significant
difference in the fascination of students in the three racial/ethnic groups at the beginning of Physics
1. Students in algebra-based physics courses reported lower levels of fascination with physics than
students in calculus-based physics courses, and all students’ fascination with physics decreased

slightly by the end of algebra-based Physics 2.

8.5 Discussion and summary

In calculus-based physics courses, underrepresented racial/ethnic minority students
initially had lower self-efficacy than White and Asian students. Underrepresented racial/ethnic
minority students who persisted throughout calculus-based physics courses showed an increase in
self-efficacy after Physics 1 and the gap between underrepresented racial/ethnic minority students
and majority students’ self-efficacy was reduced. Underrepresented racial/ethnic minority students
also reported approximately the same level of fascination with physics as White and Asian students
throughout the calculus-based physics course sequence. On the other hand, students who persisted
in the algebra-based physics courses reported approximately the same self-efficacy and fascination
throughout the courses, regardless of their race/ethnicity. Furthermore, students in algebra-based
physics courses reported lower fascination with physics than students in calculus-based physics
courses, and their fascination decreased by the end of Physics 2.

In terms of Expectancy Value Theory, our results suggest that students who persist in
taking physics courses for engineering and physical science fields tend to value physics, i.e., they
have an intrinsic interest in physics, regardless of what racial/ethnic group they belong to.

However, underrepresented racial/ethnic minority students in calculus-based physics courses tend

272



to enter Physics 1 with lower expected success in the course (e.g., lower self-efficacy) than White
and Asian students. It is possible that underrepresented racial/ethnic minority students initially
have lower self-efficacy than White students because they feel that they do not belong or an
awareness of the stereotype that minority students underperform in STEM fields. Our findings
suggest that underrepresented racial/ethnic minority students who successfully progress in the
calculus-based physics course sequence gain feedback about their ability in relation to other
students (e.g., all students struggle in physics). This feedback informs them about their ability to
succeed and increases their self-efficacy. It is also possible that underrepresented racial/ethnic
minority students’ intrinsic interest in physics and attainment value in physics (i.e., it is important
to them to do well in physics to dis-confirm negative stereotypes about underrepresented
racial/ethnic minority students in STEM fields) are important factors for persisting in physics
courses

In contrast, students who succeed in progressing through an algebra-based physics course
sequence for biology and health fields are less intrinsically interested in physics than students in
the calculus-based courses. Furthermore, their intrinsic value associated with physics decreases
throughout an introductory physics course sequence, regardless of what racial/ethnic group they
belong to. Our findings suggest that students in algebra-based physics courses have less intrinsic
interest in physics perhaps because they do not see the relevance of physics to their major/career
goals (they intend to pursue careers in health-related fields or biology). These students’ motivation
to persist in physics courses may be due, in part, to the utility value in that successfully completing
the physics course sequence helps them achieve future goals since physics courses are required for

their majors.
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Instructors, researchers, and curriculum developers in physics can use these findings to
develop and implement effective approaches and learning tools, in part, by taking into account
students’ motivational characteristics. Focusing on students’ motivational characteristics,
especially those of underrepresented racial/ethnic minority students, may prove fruitful in helping
them succeed in physics courses and increase diversity in physics-related fields. The findings of
this study suggest that it may be beneficial to provide explicit support to improve underrepresented
racial/ethnic minority students’ self-efficacy in physics courses for engineers and physical
scientists to help more of them persist and succeed in those physics courses. For example,
discussions early on in the physics course sequence that focus on effective study strategies,
attributing success to hard work (as opposed to ability), and the fact that many students struggle in
physics may improve underrepresented racial/ethnic minority students’ self-efficacy and motivate
them to persist in physics course sequences for engineers and scientists. In physics courses for
students in biology and health-related fields, it may be useful to help students see the relevance of
physics to health and biology related fields in order to motivate them to engage more deeply with
course instruction. We plan to collect more data in the following semesters to draw stronger
conclusions and investigate how the motivational characteristics discussed here relate to the type

of instruction and learning over time in physics courses.
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9.0 Future directions

The findings in this thesis have implications for improving teaching and learning of physics
and for developing interventions that promote diversity in the physics community. The majority
of the studies presented here focus on gender differences in introductory physics courses. The
gender data obtained by university records included binary response options; however, gender is
a sociocultural and multidimensional construct. In the future studies, gender measurement can be
designed by incorporating multiple options, which can allow us to measure this construct in more
nuanced ways.

Moreover, we mostly examined the calculus-based physics courses. Expanding upon the
various analyses conducted in this thesis, algebra-based physics courses can also be investigated
in a similar way to understand the interaction between gender and motivational characteristics.
Apart from the differences in curriculum content and math-intensity, there are differences between
the two types of physics courses in student demographics and classroom structure. First, calculus-
based physics classes are taken by engineering and physical science majors, whereas health-
sciences, biology, and pre-medical students enroll in algebra-based physics courses. Students’
academic goals and level of interest in understanding physics may differ in the two kinds of physics
classes. Equally importantly, algebra-based courses are generally taken in sophomore and junior
years as opposed to introductory calculus-based physics courses, which are taken typically by
physical science and engineering freshmen students. While the younger students in the calculus-
based physics courses may still maintain high-school-based beliefs about physics, those who are
in the algebra-based course have gone through several years of college and campus life experience
and their attitudes might have shifted since high school. Finally, while women are a minority in
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calculus-based physics classes (approximately 30% of the cohort), this proportion is double in
algebra-based courses. Each of these factors may change the core determinants of motivational
factors and their role in learning outcomes for students in the algebra-based introductory physics
Ccourses.

In addition, the lack of race/ethnic diversity in physics is also a potentially important
underlying issue which may be entangled with and contribute to the lack of gender diversity in
physics. We have only conducted one study for ethnic/racial minority groups in this thesis. Due to
the low number of ethnic/racial minority students, it is difficult to draw definite conclusions about
their motivational characteristic differences in physics courses. Accumulating more longitudinal
data in the introductory physics courses can increase our statistical power that can help us
understand and address the representation gaps for race and ethnicity in physics.

Research into the motivational aspects of student learning has the potential to provide
important insights regarding possible reasons for the under-representation of certain groups of
students in physics-related STEM fields. Investigating the origins of motivational characteristics
gaps among students by gender or race/ethnicity not only informs physics education researchers
but also educational policy makers, curriculum developers, and instructors of physics in order to
promote a more equitable, diverse, and inclusive learning environment for all students in the

discipline of physics.
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