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Abstract

Improving Undergraduate STEM Education through Hospitableness, Justice, Status, and Identity
By Jennifer L. Hayward

Despite the plethora of studies on STEM persistence and the disparities within STEM since the
1990s, uneven progress has been made in substantially increasing women and underrepresented
groups across STEM disciplines. The time students spend in their post-secondary education
critically influences their future development as people, employees, citizens of a nation,
consumers, activists, and many other identities and roles. | explore STEM students’ experiences
in the classroom, their perceptions of these experiences, as well as possible implications of their
experiences on their persistence. Specifically, | focus on overlooked social psychological
processes (see Xie, Fang, and Shauman 2015) unfolding in STEM classrooms as potential
facilitators or inhibitors of continuation in such fields.

Broadly, my dissertation research investigates the influence of classroom dynamics on students’
experiences in the classroom. More specifically, in Chapter 1 | investigate the pedagogical
practices and conditions that shape the classroom climate students experience as they take their
classes. In Chapter 2, | explore how students’ experience of classroom dynamics through justice
and status processes shape their emotions and perceptions of competence. Finally, in Chapter 3, |
turn to students’ development and solidification of a science identity, and the effects of a science
identity on persistence in STEM.

The dissertation consists of three empirical papers stemming from data collected through
observations and surveys in fall 2017 and fall 2018. | draw on data gathered from 137 hours of
classroom observations in introductory biology and computer science classes over the Fall 2017
semester at a private university in the Southeast to provide the basis for Chapter 1 addressing
classroom climate. Chapters 2 and 3 take a quantitative approach to students’ experiences in the
undergraduate STEM classroom relying on survey data collected from students (n=786) in
biology and computer science over the course of two fall (2017, 2018) semesters. | use this
survey data to examine how perceived classroom dynamics, assessed in terms of justice and
status processes, affect emotional and cognitive responses (Chapter 2) and how those responses
to the classroom facilitate or inhibit the development of science identities and persistence in
STEM (Chapter 3).
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Introduction
At each successive educational level from primary school to college, there are fewer and

fewer women and underrepresented minorities (URMS) than men and whites choosing Science,
Technology, Engineering and Math (STEM) majors, and thus less likely to choose careers in
traditional STEM domains (Watt 2006; Watt, Eccles, and Durik 2006). This pattern has
traditionally been called the “leaky pipeline” (Oakes 1990; Stage and Maple 1996). Recent
research, however, calls for more attention to factors that attract students to a particular major,
rather than what causes students to “leak out” (Cannady, Greenwald, and Harris 2014; Lyon,
Jafri, and St Louis 2012). Previous research has emphasized characteristics of students’
backgrounds (e.g., individual interests and aspirations, family characteristics, and residential
neighborhoods) or structural aspects of education (e.g., tracking and school funding) to address
this inequality (Riegle-Crumb et al. 2012; Ulriksen, Madsen, and Holmegaard 2010). Using the
postsecondary education environment as the setting, this dissertation addresses the lack of
diversity in STEM fields by focusing on overlooked social psychological processes (see Xie,
Fang, and Shauman 2015) unfolding in STEM classrooms as potential facilitators of continuation
in such fields.

Researchers use social psychological theories to illustrate how individual-level processes
contribute to processes of social inequality related to gender, race, and class (among others)
within social groups and organizations. | utilize social psychological theories about the effects of
justice (Jost and Kay 2010) and status processes (Berger, Rosenholtz, and Zelditch Jr 1980), and
identities (Stets and Burke 2003; Stryker 1980) which have been explored in workplace
organizations and suggest ways these processes may operate in other organizations like

educational institutions. Thus, the combination of sociology of education and social psychology



can lead to new understandings of the issues that undergird these inequalities, and how they
emerge in institutions like colleges and universities.

Broadly, my dissertation research investigates the influence of classroom dynamics on
students’ experiences in the STEM classroom. More specifically, in Chapter 1 | investigate the
pedagogical practices and conditions that shape the classroom climate students experience as
they take their classes. In Chapter 2, | explore how students’ experience of classroom dynamics
through their experiences of fair and unfair treatment, and status hierarchies in the classroom
shape their emotions and perceptions of competence. Finally, in Chapter 3, I turn to students’
development and solidification of a view of themselves as a scientist, and the effects of this
identity as a scientist on persistence in STEM. Below, | describe more fully the key questions
from each chapter, providing a brief overview of each. Then, I discuss how | combine sociology
of education and social psychological perspectives using qualitative and quantitative work to

address my questions.

Overview of Dissertation Methodology
The dissertation consists of three empirical papers stemming from data collected through

observations and surveys in fall 2017 and fall 2018. | draw on data gathered from 137 hours of
classroom observations in introductory biology and computer science classes over the Fall 2017
semester at a private university in the Southeast to provide the basis for Chapter 1 addressing
classroom climate. Chapters 2 and 3 take a quantitative approach to students’ experiences in the
undergraduate STEM classroom relying on survey data collected from students (n=786) in
biology and computer science over the course of two fall (2017, 2018) semesters. | use this
survey data to examine how perceived classroom dynamics, assessed in terms of justice and

status processes, affect emotional and cognitive responses (Chapter 2) and how those responses



to the classroom facilitate or inhibit the development of science identities and persistence in

STEM (Chapter 3).

Key Questions from Chapter 1: STEM Chilly Climate Literature
For the past 40 years, research on the “chilly climate” in STEM classes has emphasized

exclusionary practices, including the subtle ways in which women and members of
underrepresented minority (URMS) groups are treated differently in the classroom (Foster 1994;
Hall and Sandler 1982, 1984; Miner et al. 2019). The chilly climate has been used to explain part
of the high STEM attrition rates (Foster 1994; Morris 2003; Morris and Daniel 2008). Ample
research demonstrates the many points at which women and URMs leave STEM fields at every
junction (Allan and Madden 2006; Blickenstaff 2005; Flynn 2016; Miner et al. 2019; Monforti
and Michelson 2008; Seymour and N. M. Hewitt 1997), highlighting the contributions of the
chilly climate in STEM in pushing students out. As a response to these findings, numerous
studies addressed the chilly climate by looking for ways to mitigate, or thaw the chilly climate
(Friedrich, Sellers, and Burstyn 2008; Walton et al. 2015; Woodford, Kulick, and Atteberry
2015), while others focused on understanding the antecedents and evolution of the chilly climate
in STEM over time (Maranto and Griffin 2011; Miner et al. 2019; Morris 2003).

While research shows that a chilly climate is exclusionary (Miner et al. 2019), and the
presence of a chilly climate creates a negative experience for students (Johnson 2012; Morris and
Daniel 2008), research leaves out other possible dimensions of classroom climate that make them
more welcoming, especially for women and URMSs. Enriching classrooms are not just those that
have the absence of the chilly climate or classrooms that are just avoiding the negative effects.
Researchers have not established the key features or factors of a STEM classroom that keeps

students in the classroom, and helps students to feel positively about their experiences in their



STEM classes. To address this omission, in this study, I investigate identify what makes STEM
classes appear to be more welcoming to women and URMs.

Chapter 1 qualitatively explores the types of classroom behaviors that create what | call a
hospitable climate, which I define as one that draws students in, encourages engagement with the
material, and creates a classroom environment where students feel safe and comfortable speaking
up during class, without fear or intimidation from professors and peers. | examined features of
STEM classrooms that may shape different dimensions of classroom climate. Overall, findings
offered in Chapter 1 identify features like professor decision making, class size and the physical
classroom design influences on interactional features such as pedagogy, exams and assessments,
and the Learning Management Software (LMS), in the classroom, which shape the classroom
climate. My broader contribution in Chapter 1 is discussing how to conceptualize the classroom
climate. My findings contradict the implications of previous research that biology would have a
more positive climate compared to computer science. My data indicate a more complicated

picture, with characteristics of hospitableness and chilliness in both fields.

Key Questions from Chapter 2: Justice and Status Processes Literature
Students’ in-class interactions and experiences may reinforce or generate race, gender,

and class disparities among students who are equally prepared to pursue postsecondary STEM
education, but do so at very unequal rates (Xie et al. 2015). Chapter 2 addresses how students
perceive dynamics in STEM classrooms as a step in exemplifying the inhospitableness
disproportionately felt by women and URMs. | move beyond the typical factors of students’
background and characteristics shaping participation in STEM fields to consider whether
students themselves perceive the dynamics in STEM classrooms, and associate these classroom
dynamics with their broader thoughts about the field. To do so, I examine students’ assessments

of classroom dynamics, which in turn are likely to shape their immediate and long-term reactions



to their STEM experiences. Specifically, guided by premises of justice (e.g., Jost and Kay 2010)
and status processes (Berger et al. 1980), I focus on how students’ perceptions of the social
dynamics unfolding in their STEM classes shape their emotional responses to such classes and
their own perceptions of competence.

Justice (or fairness) plays an important role in all social groups, and is especially
important for students, as they spend the majority of their time in schools. Issues of justice arise
in contexts comparing actual distributions of a valued resource from what might have been
expected based on a particular distribution rule (distributive justice), the decision-making
underlying the distribution (procedural justice), or the general treatment of potential recipients of
the resource (interactional justice) (Jost and Kay 2010). People make assessments about whether
distributed outcomes, processes of decision-making, or their interactions are “fair” or “unfair,”
which in turn stimulates affective (which comprise both positive and negative emotions),
cognitive, and behavioral responses affecting interpersonal and organizational dynamics
(Hegtvedt 2018). At the same time, status processes, which describe how individuals’ social
status characteristics (e.g., gender, race, socioeconomic status) affect the formation of hierarchies
and influence patterns within groups (classrooms, students within a major) (Webster and Foschi
1988) stimulate similar affective, cognitive, and behavioral responses.

| hypothesized that students’ experiences of these processes of justice and status shape
their affective and cognitive responses to their classes. Lawler and Thye (2006) define affective
responses, or emotions as something internal to an actor stemming from conditions or events
external to the actor that take various forms, and tend to range from positive to negative.
Competence involves individuals’ cognitive knowledge and understanding of content, and is an

especially important factor for choosing a major. Few studies bring together both affective and



cognitive responses, despite the influence of both on future behaviors (Fiske and Taylor 2013;
Turner and Stets 2005), such as continuation or discontinuation in STEM pursuits.

Results indicate that students’ concerns about fairness of their outcomes (i.e., distributive
justice regarding grades) and treatment from their professors (i.e., interpersonal justice) affect
their emotional responses. My results suggest that to ensure students experience more positive
than negative emotions during their experiences in STEM courses, faculty and departments train
instructors to ensure interpersonal justice, and helping students to adjust the way they think about
the importance of their grades. In addition, considerations of interpersonal justice (by both
professors and peers) impact their assessments of competence. Findings from these surveys
indicate that STEM students’ concerns about their outcomes (i.e., fairness of grades) and
treatment from their professors shape their emotional responses, whereas considerations of
interpersonal justice (by both professors and peers) shape their assessments of competence. In
other words, students’ grades and fair treatment from professors and peers shape how competent
students believe they are. Results also suggest that gender shapes both individuals’ emotions and
assessments of competence, while race only shapes competence and SES only shapes students’
emotions. Overall, this suggests that justice and status processes in the classroom may ultimately

matter for students’ persistence in and for reducing disparities in STEM fields.

Key Questions from Chapter 3: Identity and Persistence Literature
| delve into the uneven progress in STEM research on the retention of women and URMs

by investigating social psychological factors that specifically pertain to the development of
students’ science identities, arguing that these identities can be used to encourage persistence,
and reduce existing educational inequalities. | draw upon identity development processes
established within symbolic interactionism (Stets and Burke 2009) and highlight how the

consequences of classroom dynamics—emotions experienced and competence perceived—



contribute to a science identity, and whether a science identity signals persistence in STEM.
Research on the retention of students in STEM emphasize traditional individual-based
approaches stressing students’ individual level interests and aspirations, as well as family and
contextual factors, such as their residential neighborhood and school (Xie et al. 2015) to explain
disparities in STEM postsecondary fields (Cech et al. 2011; Riegle-Crumb et al. 2012; Soh,
Samal, and Nugent 2007; Ulriksen et al. 2010). Previous research focused on an individual-based
approach fails to explain the continuing disparities among women and underrepresented
minorities, and fails to address how these important identities influence students’ STEM
educations.

Identities or self-definitions represent the various meanings attached to oneself by self
and by others (Gecas and Burke 1995). Theories of identity are a useful lens to draw attention to
the intersections of identities and the particular nature of STEM fields that makes it challenging
for students to be included with a background other than white and male (Marlone and Barabino
2009). The few studies that do consider the importance of identities in science education are
based on small qualitative samples and only focus on cognitive aspects of students experiences
(Carlone and Johnson 2007). Thus, | build on Carlone and Johnson's (2007) framework based on
identity work by Gee (2000) and include the impact of positive and negative emotions on
students’ science identities as well.

Specifically, I define a student’s science identity as the sense that science is “right” for
an individual or that an individual is “right” for science (Cech et al. 2011; Cole and Espinoza
2008; Correll 2001; Perez, Cromley, and Kaplan 2014). Recognizing that the science identity has
previously been linked to stronger academic integration (Tinto 1975, 1987, 1988, 1998), |

address whether such an identity signals persistence in STEM. Doing so extends research that



addresses the types of individuals who progress into later careers in STEM disciplines (Heaverlo
2011; Lee 1998; Robnett 2013; Shapiro and Williams 2012) but rarely considers the role of the
“science identity.”

In Chapter 3 | examine how students’ classroom responses impact their perceptions of
their science identity, and how these identities may influence persistence. Findings from the
analysis of responses to my surveys indicate that students’ perceptions of their competence (and
not their GPA) along with the received recognition (akin to the concept of verification from the
symbolic interactionist framework) for their work shapes the degree to which students see
themselves as scientists, and that students’ science identity (and, unexpectedly, along with their
negative emotions) cultivate students’ intentions to enroll in future STEM courses. | argue
research should expand the current focus on individual achievement and preparation processes
(like overcoming deficits in prior knowledge) to understand how students’ experience of the
socialization process in the classroom impacts their ability to identify with and integrate into

STEM fields, especially as such integration may depend on students’ gender and race.

Overview of the Dissertation
Taken together, these three papers work toward integrating social psychological and

sociology of education perspectives to address the enduring inequalities in the education system,
and some potential avenues to reduce them. The three chapters of my dissertation utilize
overlooked social psychological processes (see Xie et al. 2015) to address the lack of diversity in
STEM fields by augmenting existing work regarding why women and students who are
underrepresented minorities (URMS) persist in STEM fields at lower levels compared to men
and whites. The results of my dissertation in the following chapters will elaborate on how to
incorporate important findings and strategies in social psychology to the study of STEM students

at the higher education level.
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Chapter 1: Looking Beyond Mitigating or Thawing the Chilly
Climate: Creating a Hospitable Climate

Introduction
For the past 40 years, research on the “chilly climate” in science, technology,

engineering, and math (STEM) classes has emphasized exclusionary practices, including the
subtle ways in which women and members of underrepresented minority (URMS) groups are
treated differently in the classroom (Foster 1994; Hall and Sandler 1982, 1984; Miner et al.
2019). A chilly climate helps explain the high STEM attrition rates (Foster 1994; Morris 2003;
Morris and Daniel 2008). As a response to these findings, numerous studies addressed the chilly
climate by looking for ways to mitigate, or thaw the chilly climate (Friedrich et al. 2008; Walton
et al. 2015; Woodford et al. 2015), while others focused on understanding the antecedents and
evolution of the chilly climate in STEM over time (Maranto and Griffin 2011; Miner et al. 2019;
Morris 2003). Higher education research demonstrates that characteristics of institutional context
and climate affect students’ pursuit of and persistence in a STEM major (Chang et al. 2014;
Hurtado and Carter 1997; Seymour and N. Hewitt 1997). However, “further research is needed
to identify institutional factors that causally promote students’ engagement with and achievement
in STEM education” (Xie et al. 2015:8)

While research shows that a chilly climate is exclusionary (Miner et al. 2019), and the
presence of a chilly climate creates a negative experience for students (Johnson 2012; Morris and
Daniel 2008), research leaves out other possible dimensions of classroom climate that make them
more welcoming, especially for women and URMs. Enriching classrooms are not just those that
have the absence of the chilly climate or classrooms that are just avoiding the negative effects.
Researchers have not established the key features or factors of a STEM classroom that keeps

students in the classroom, and helps students to feel positively about their experiences in their
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STEM classes. To address this omission, in this study, | seek to identify what makes STEM
classes appear to be more welcoming to women and URMs.

To investigate the key features of STEM classrooms and to discover what draws students
in, I engaged in 137 hours of classroom observations of introductory biology and computer
science classes at a private university in the southeast. Relative to STEM fields generally,
biology has greater diversity (Cheryan et al. 2017; National Science Foundation 2014), and
research on computer science has struggled to investigate more than gender diversity (Larsen and
Stubbs 2005). This study qualitatively explores the aspects of the classroom that help to explain
the relative failure of STEM courses (Sjegberg and Schreiner 2005) to engage women and
underrepresented minorities by investigating what lies behind the greater diversity in biology
fields compared to the PS/E majors, like computer science.

Overall, my findings suggest that professor decision making, class size, the physical
classroom design, pedagogy, exams and assessments, and the Learning Management Systems
(LMS), operate as features of the classroom that help to keep underrepresented students engaged
in STEM classrooms. Some of these features characterize the biology classes, and some
characterize computer science, so each have elements of what I call ‘hospitable’ classrooms—
which | define as one that draws students in, encourages engagement with the material, and
creates a classroom environment where students feel safe and comfortable speaking up during
class, without fear or intimidation from professors and peers. Based on these empirical findings,
| argue for the broader reconceptualization and expansion of STEM classrooms from a singular
dimension traditionally focused on the chilly climate, to include a second dimension of a
hospitable climate. This expansion will help account for the wider range of classroom dynamics

shaping inequities in STEM.
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Chilliness and hospitableness are not simply opposites, but as separate dimensions of the
classroom climate they each may range from “low” to “high.” A classroom without much
chilliness could be hospitable, but hospitable classrooms are more than just those that lack a
chilly climate. Hospitable classrooms involve active amplification of classroom practices that
specifically welcome women and URMSs. This paper examines the differences between
classroom practices to draw out and highlight the features of classes that vary across and within
STEM classes. In doing so | address the question: what are ways to think more broadly about the
classroom climate and how it creates opportunities for inclusion or exclusion for students?

| begin by contrasting STEM fields, focusing on biology and computer science. Then |
describe the role of introductory STEM courses within a major and in terms of their impact on
continued matriculation in a discipline. I introduce the section regarding factors that shape the
nature of the climate in STEM courses by emphasizing the role of professor decision making. |
then spell out institutional factors like class size and the physical classroom design as well as the

behavior and pedagogy of faculty members and disciplinary practices.

Contrasting STEM Fields: Biology and Computer Science

Biology and computer science offer a comparison into possible contextual factors
shaping inclusive and exclusive classroom dynamics that may shape entrance into and
persistence in STEM. The literature suggests that women and minorities in STEM have
improved slightly since the 1990s, but are still far from reaching parity (Chen 2009; Chen and
Soldner 2013). In 2014, of the STEM Bachelor’s degrees awarded, white students represented
58.6 percent of recipients, blacks represented 8.3 percent of recipients, Hispanics represented
11.5 percent of recipients, and Asians represented 9 percent of recipients. Women and racial

minorities remain underrepresented in the STEM workforce, with the greatest disparities
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occurring in engineering, computer science, and the physical sciences (National Science Board
2016). Within STEM the literature (Bystydzienski and Bird 2006; Glass et al. 2013; US Census
Bureau 2012), data from graduation rates and STEM degrees suggest that biology has more
diverse representation by gender, race, and ethnicity compared to the physical science,
engineering, math, and computer science fields. In 2016, Biological sciences represented 17.2
percent of these STEM degrees with white students earning 57.8 percent of biology degrees,
blacks earning 6.9 percent, Hispanics earning 10.5 percent, and Asians earning 14.7 percent
(National Science Board 2016).

In comparison, computer science in 2016 represented 8.8 percent of STEM degrees with
white students earning 55.5 percent of computer sciences degrees, blacks earning 9.7 percent,
Hispanics earning 9.7 percent, and Asians earning 9.5 percent (National Science Board 2016).
Computer science serves as a case where representation of women and URMSs has been
decreasing in the larger workforce (Margolis and Fisher 2002; Margolis, Fisher, and Miller
1999). In contrast, in terms of race and gender, biology represents a case that has higher
percentages of women and non-white individuals compared to the PS/E fields and computer
science (Glass et al. 2013; US Census Bureau 2012).

Overall, students earning degrees in the biological sciences are more diverse in terms of
gender and race compared to those earning degrees in computer science. Moreover, women
make up 48 percent of workers in the biological, agricultural, and environmental life sciences
occupations, but only 25 percent of the computer and mathematical sciences occupations.
Researchers suggest that compared to PS/E, the biological sciences may be perceived as more
open, inviting, and hospitable to those from traditionally underrepresented groups (Bystydzienski

and Bird 2006). Thus, this study seeks to expand on this research by investigating the
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characteristics of classroom behaviors that may contribute to perceptions of classrooms as more
open, inviting, and hospitable.

Introductory science courses, the focus of this study, are important because they act as
gatekeepers (Seymour and N. M. Hewitt 1997; Tobias 1990). Gatekeeper courses refer to classes
that generally represent the first course(s) required for matriculation into a major field of study
(Tobias 1992). High levels of competition, large class sizes, and high failure rates characterize
typical introductory or gatekeeper courses (Tobias 1992; Valkenburg 1990), which contribute to
a chilly climate. Particularly for science, math, and engineering majors, these courses represent
the first course in a series required to graduate from the major. In addition, these courses are the
initial opportunity for students to learn more about the discipline, as well as the disciplinary
norms and the ways each discipline approaches problems. Gatekeeper courses serve as the initial
roadblock to persistence in the field as students who perform poorly are often restricted or
prevented from proceeding to the next course in the sequence of the major (Tobias 1992). In
addition, not succeeding in gatekeeper courses may prompt students, particularly those majoring
in math, science, and engineering, to change their major, transfer to a new institution, or drop out
of higher education entirely (Seymour 2002). Research finds that student performance in STEM
gatekeeper courses helps to predict students who will graduate with a STEM degree, with a non-
STEM degree, and those who will not graduate (Redmond-Sanogo, Angle, and Davis 2016), thus
making introductory courses a useful place to observe students’ initial foray into the STEM field
in their undergraduate careers. The large class sizes common in these gatekeeper courses, as well
as the pressure to do well in order to continue within the major contribute to a more chilly

climate.
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Factors Shaping the Climate of STEM Courses
Professors hold the institutional power to make most of the major decisions in building

the classroom environment, so the actions of professors should be of special note in the role they
have in the creation of a chilly or hospitable climate. In effect, instructors use their power to
realize their own will, even over the resistance of others (Weber 1946) and thereby get students
to do even what they might not want to do. Thus, for any course, how the decisions of the
instructors shape the climate even before students enter the classroom. Of course, the power of
the professor is limited and may manifest in behaviors and interactions within the classroom and
to course content and the nature of assessment activities. | highlight these factors after first
discussing institutional considerations often beyond instructors’ control: class size and the
physical environment of the classroom. Together, the institutional considerations and the factors
under instructor’s control contribute to the nature of the classroom climate that students

experience.

Institutional Factors of Class Size and Classroom Physical Layout
The introductory STEM courses create challenges for faculty who must wrangle the large

class sizes and the accompanying giant lecture halls necessary to accommodate these students.
The physical environment of the classroom impacts students’ achievement and experience in
STEM courses (Hill and Epps 2009; Lei 2010; Martin 2002). Studies on the impact of the
physical classroom environment will typically note factors such as tiered seating, customized
lighting, upgraded desk and seat quality, noise control, ambient conditions, spatial layout, and
functionality (Han et al. 2018; Hill and Epps 2009; Poysner 1983) among others. Studies that
highlight the physical classroom environment typically distinguish between ambient conditions
of the physical classroom, such as the level of air quality, temperature, humidity, odor, noise and

lighting; compared to the spatial layout and functionality of the classroom environment such as
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seating areas, desks, chairs, tables, the size and shape of the classroom, projector, audio system
and visual systems (TV screens, black/whiteboards).

Previous studies typically address students’ satisfaction with the course (Han et al. 2018)
and teaching evaluations (Hill and Epps 2009) based on the physical environment, yet little
research elaborates on how these structures create challenges for faculty in terms of the
classroom activities and interactions that are feasible within the physical constraints of the
classroom. The typical STEM introductory course takes place in a large lecture hall with
immobile desks and seating, and in spaces that are typically designed to focus attention on the
front of the room, and the faculty member, and thus are not designed ideally for group work or
interactions among students. Thus, | ask: How does the physical layout of the classroom affect
the range of pedagogical practices employed by the professor to engage students in the course

material and the STEM field in general?

Behaviors and Pedagogical Practices of Professors
Faculty and Student Interaction Dynamics. Faculty members are among the most

influential socializing agents for college students (Astin 1984; Ewell and Jones 1996; Pascarella
and Smart 1985; Tinto 1987, 1998). Influence from faculty members can be both positive and
negative based on the type and quality of interactions between students and faculty. What
instructors do in the classroom—their behaviors toward students and pedagogical practices—
creates the nature of the climate. The chilly climate literature identifies faculty behaviors such as
interrupting students, discouraging classroom participation, preventing students from seeking
help outside of class, undermining confidence, and devaluing women and racial/ethnic minorities
and their work (Foster 1994; Hall and Sandler 1982, 1984). In enacting such behaviors, faculty
signal to students lower expectations for women than for men (and for racial/ethnic minorities

compared to whites), which in turn limit students’ development (Miner et al. 2019; Morris 2003).
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The behaviors that specifically single out or ignore students due to their gender (Lee 1998; Pietri
et al. 2018) or race (Marlone and Barabino 2009; Riegle-Crumb and King 2010) may cause those
students to feel less confident about their abilities, as well as their place within the larger college
community (Hall and Sandler 1982, 1984).

Behaviors associated with the chilly climate can also prime students to be more aware of
negative stereotypes that professors (and other students) may hold about women and
underrepresented racial minorities, and further reduce students’ confidence in their abilities.
Stereotype threat processes (Steele and Aronson 1995) explain how negative stereotypes of
particular categories of students result in academic underperformance. Experimental research on
stereotype threat demonstrates that gender and racial stereotypes and bias deter women’s and
URMSs STEM interest and achievement (Aronson, Quinn, and Spencer 1998; Shapiro and
Williams 2012; Spencer, Steele, and Quinn 1999). For example, negative stereotypes that
impugn women’s math and science abilities create fear of confirming the stereotype, which then
inhibits performance (Good, Aronson, and Inzlicht 2003). Studies reveal that such inhibited
performance creates intellectual gaps between men and women, and among white, black, and
Hispanic students on math and science standardized tests (Spencer et al. 1999; Steele and
Aronson 1995). The prevalence of a STEM achievement gap among minority students (Haak et
al. 2011; Olszewski-Kubilius et al. 2017) stems, in part, from the presence of stereotype threats
(Appel and Kronberger 2012; Spencer et al. 1999; Steele and Aronson 1995).

While evoking stereotype threats exacerbate the chilly climate, other studies suggest
behaviors that can ameliorate such threats. For example, amelioration unfolds when instructors
help students to see their abilities as malleable (Good et al. 2003), affirm a valued attribute

(Martens et al. 2006), or indicate to students that difficulties with exams are normal, and
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everyone has the ability to learn and succeed (Aronson, Cohen, and McColskey 2009). Such
actions contribute to students’ feelings of belonging and confidence in their abilities, which are
crucial parts of the foundation for their unfolding classroom interactions with their professors
and other students.

Previous findings also indicate that faculty can positively shape college classroom
climates by frequently calling on students directly, providing informal feedback and
encouragement, making eye-contact, remembering students’ names, and selecting students to
serve as assistants (Hall and Sandler 1982, 1984). Drawing from non-STEM research on college
demonstrates that frequent interactions with faculty enhance students’ persistence and retention
in colleges and universities (Hernandez 2000; Jackson, Smith, and Hill 2003; Pascarella and
Terenzini 2005), in addition to increasing students’ academic performance (Anaya and Cole
2001; Cotten and Wilson 2006; Dika 2012) and aspirations for graduate school (Kim 2010).

The research applied specifically to STEM is more limited, but indicates that the effect of
faculty support differs for men and women, and also highlights the importance of positive faculty
interactions, which matter more than the overall frequency of interactions (Kim and Sax 2018).
That is, students benefit much more by having one positive faculty interaction than if they had
multiple neutral or negative faculty interactions. Nonetheless, actions that induce a more positive
classroom climate rarely characterize college level STEM classrooms. STEM students report
perceiving their classes as competitive, unwelcoming, and cold given to instructors’ emphasis on
research and restricted opportunities for student-faculty interactions (Gainen 1995; Seymour and
N. M. Hewitt 1997; Strenta et al. 1994), requiring research into how these behaviors manifest in
the classroom and contribute to chilly or hospitable climates. However, research is lacking on

specific information that distinguishes how faculty-student interactions in STEM can be
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structured to positively create a more hospitable classroom environment. Thus, | ask: How do
interactions between professors, students and their peers create the classroom climate that
students experience?

Course Content and Assessment. Beyond the actual dynamics in the classroom,
professors control the content of the course and assessment strategies. Each of these
considerations also signal aspects of the course climate that students experience. Professors
decide the structure of the syllabus, how to cover the material in a class session, as well as over
the course of the semester. Yet, selecting content and presenting it can be problematic when it is
colored by race and class stereotypes that influence both the way that professors choose to teach
information to students, as well as the type of information that they teach (Carter 2012; Kruse
and Louis 2009; Lewis 2003a, 2003b; McDonough 1997). The subtle influence of negative
stereotypes about categories of students may contribute to experiencing a chillier climate for
those students compared to the experience of others.

The way subjects are taught, and how they successfully (or fail to) engage students is also
important to the classroom climate. Social relevance (i.e., the real world application) in choosing
major and career options is more important for women than for men (Kyte and Riegle-Crumb
2017). Yet, as they are generally taught, science classes obscure the social relevance of science
by primarily emphasizing the memorization of decontextualized facts and concepts (Archer et al.
2010; Badri et al. 2016; Osborne, Simon, and Collins 2003). The combination of STEM courses’
obscured social relevance along with cultural messages that deemphasize women and racial
minority students’ ability to succeed in the sciences may further weaken students’ interest in and
desire to pursue a STEM major or career. Previous research suggests part of encouraging

persistence in STEM is through student engagement (Flynn 2016; Kuh 2003; Ohland et al.



25

2008), which I argue contributes towards a more hospitable climate. Given the strong influence
of academic engagement on a student’s likelihood to persist, having a sense of connection to
peers and faculty within gatekeeper courses may substantially bear on a student’s decision to
reenroll at the same institution (Eagan and Jaeger 2008).

How professors decide to assess students’ knowledge, and what they require their
students to do to demonstrate their knowledge or mastery of the material are additional
pedagogical practices contributing to climate. The issue of testing is also closely related to
stereotype threat, as students’ performance on exams is often used to explain the achievement
gaps between men and women and students from different racial backgrounds. Previous research
indicates that how well students are able to do on exams depends on the types of testing and
questions asked on exams (Wright et al. 2016).

Other research also suggests that differences in achievement on exams can be explained
by the different study habits that are necessary for college level courses in STEM disciplines
(Migliaccio et al. 2009). Professors who are unaware of (or ignore) differences in student
preparation especially based on racial or class stereotypes may fail to equip their students with
the skills to be successful on assessments and exams (by making students aware of college study
habits and how to answer “high-level” questions), thus creating a classroom environment that is
more challenging than necessary for students. Students who enter college less prepared (typically
URMSs from poor high schools (Hilts, Part, and Bernacki 2018; Hu and Wolniak 2013; Riegle-
Crumb and King 2010)) may find the workload and study expectations overwhelming, creating a
more negative classroom climate. Women and URM students entering college may find that they
do not know how to study for college level STEM exams, which ask them to answer questions

beyond the “low-level” questions (Crowe, Dirks, and Wenderoth 2008; Momsen et al. 2010,
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2013) according to Bloom’s taxonomy of cognitive domains (Bloom 1956). In essence, first-year
students often have difficulty isolating the important information that is key for them to know
and understand, and will be relevant to their future areas of study or later in their lives or career.
Research suggests that college students will not learn successfully when their primary study
habit and strategy is to try to memorize all of the information, students need to learn to study by
asking themselves questions of a “higher-order” that require a deeper understanding of the inter-
related aspects of the class material (Crowe et al. 2008; Momsen et al. 2010, 2013). Professors
can ensure students are aware of this information by structuring lectures to emphasize study
strategies and habits, as well as how the course-information is inter-related (Crowe et al. 2008).
Professors structure the classroom environment experienced by students through their
pedagogical practices, in terms of their preferences in terms of the frequency of lecturing,
discussions, assessment, demonstrations, individual work, hands-on or lab work, small group
work (Hazari et al. 2010; Hazari, Sadler, and Sonnert 2013). Professors who are more aware of
issues like stereotype threat (and emphasizing that everyone can be good at STEM) and the
importance of helping students learn how to study and the social relevance of materials can serve
as more effective socializing agents for students, thus creating a more hospitable climate.
However, previous research does not offer specifics for how to combine these elements of the
classroom to help students. This leads me to ask: How do professors’ emphasis of information in
lectures and assessment of students’ competence contribute to the creation of an environment

that emphasizes all students’ ability to succeed in STEM?

Positionality of Professors and Disciplinary Practices
In order to encourage students to persist in STEM, faculty and departments that seek to

need to help provide students with resources that make them aware of disciplinary practices and

expectations (i.e., the hiring process, and the importance of hiring for diverse identities that
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provide STEM role models for all types of students. However, previous research does not
address how faculty who are diverse can leverage their identities in interactions and classes to
create a more hospitable climate.

An important organizational matter that influences students’ experience both within a
specific class, but also across classes within the academic STEM department is who gets hired as
an instructor. Professors bring many demographic identities into the classroom, their race,
gender, and SES, among others. Professors’ identities serve as the basis of their positionality in
the classroom, and their ability to relate to the demographic experiences of their students. Due to
issues of cultural matching, many departments may end up with professors who are very similar
to each other, either due to the importance of cultural “fit” within a department (Allen, Smith,
and Ransdell 2019; Rivera 2012) or because there are fewer diverse undergraduates (and
graduate students) who “make it” to become a professor (Hartlep et al. 2017; Posselt 2016;
Schnitman 2014).

Departments that lack diverse faculty create classroom climates where only some
students are able to “match” with their professors. Students who perceive themselves as having
had similar experiences as their professors (i.e., see their teachers as a role model of someone
who will understand them racially, or based on class or gender) show improved academic
achievement and motivation (Gehlbach et al. 2016; Wilson and Buttrick 2016), and feelings of
competence and happiness (Froiland, Worrell, and Oh 2019). In addition, women and URM
professors, serve as vital role models that show women and URMs that someone like them can
succeed in an academic career in STEM (Basit 2012; Lockwood 2006). While much research
demonstrates that similarities between faculty members and students have important future

benefits (Eccles et al. 1993), research fails to demonstrate the ways faculty members can



28

intentionally leverage these experiences and identities in efforts to positively structure the
classroom environments.

The shift from secondary school to colleges and universities can be challenging for all
students insofar as they must learn behavioral norms for succeeding in the institution as well as
the substantive content of disciplines. Recent research argues for an expansion of traditional arts-
based conceptualization of cultural capital to one that includes scientific forms of cultural and
social capital called “science capital” (Archer, DeWitt, and Willis 2014). Science capital derives
from Bourdieu's (1977) distinction of capital as a theoretical lens to understand differences in
access to skills and resources that can explain differential patterns of aspiration and education.
Building on this, science capital represents a set of properties that enable individuals to receive
recognition from other members of a scientific field such as: scientific literacy and access to
plentiful, high quality, science-related cultural and social resources (Archer et al. 2015).
Expectations of behaviors in STEM are based on this “science” capital (Archer et al. 2015),
which may add constraints for those who are not white men to fit into individual’s expectations
for what a “science person” is supposed to look and act like (Cheryan, Plaut, et al. 2013;
Cheryan, Master, and Meltzoff 2015; Thomson, Zakaria, and Radut-Taciu 2019). Thus, | ask
how do professors structure the classroom material to help students acclimate to the

expectations of their behavior created by disciplinary cultures?

Methods/Data

Overview of the Observation Site
To investigate how the classroom climate creates greater inclusion or exclusion for

students | selected biology and computer science classes as cases that might differ and offer an
example of biology as a more inclusionary case and computer science as a more exclusionary

case. Over the course of the fall 2017 semester | observed all offered sections of students
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(n=678) in introductory biology (4) and computer science (3) at a private university in the
Southeast US. This university was selected for its diverse student population by race, and as a
site where the introductory courses did not have any pre-requisites or specific intro courses
segregating students by major or non-major. In addition, R1 schools in particular perform better
than public institutions in students’ persistence and degree completion rates in STEM fields,
while also producing students who are actively recruited to work in STEM fields (Rine 2014). |
selected introduction sections to address limited research on student retention about how
specifically introduction or gatekeeper courses influence students’ decisions to remain enrolled
at an institution. Observational data allowed me to compare different classroom formats that exist
between biology and computer science courses to investigate possible reasons for the relative
lack of diversity in national-level data for students in computer science compared to biology.
Across these seven classes multiple faculty members (n=5) taught multiple sections of the
same course. The faculty members all had between 9-15 years of teaching experience. The same
professor (a white man) taught all three sections of the computer science introduction course |
observed. For biology | observed four different professors, one white man, two white women,
and a black man who taught sections of the biology introduction course in the same room. The
private university enrolls about 15, 252 students. Yearly tuition, assuming a full course load per
semester, for 2015-16 was $46,314 tuition. In the 2018-19 academic year, this university has 41
percent white (non-Hispanic) students, 19 percent Asian, 17 percent non-resident international
students, 8 percent black (non-Hispanic) students, and 9 percent Hispanic/Latino students (with 4
percent identifying as multiracial and 2 percent unknown). Table 1.1 shows the racial and gender

representation of enrolled and major students in the biology and computer science department. In
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2019, around 1,900 bachelor’s degrees were awarded, with 338 students with a degree
concentration in biology, and 38 in computer science.

[Table 1.1 about here]

Data Relevant to Research Questions
To investigate the classroom climate and the structural features of the environment in

which students experience their STEM education, | observed interactions and class activities
among professors and students, as well as more informal discussions with professors during staff
meetings and students before and after the class. | conducted observations to provide contextual
information about the courses, and the everyday experiences of students as they complete the
course. The professor announced my presence when | started observing the course. | introduced
myself as a Sociology researcher observing dynamics of the classroom. As | was observing large
introduction courses, the classes were large, about 80 students in each class.

To look at the effects of professor decision making, | took note of elements of Teacher-
Focused Instruction, that is, the number of times and the amount of time that professors spent:
lecturing; on assessment; working out problems writing; drawing; annotating; individualized
instruction; facilitating discussion; on administrative tasks; reading from a text; or demonstrating
something to the class. I also noted the way that faculty members engaged in dialogue with
students, and whether their discussions sought to: build rapport with students; ask a
content/factual recall question; ask a higher-level question; offer feedback to students; ask a
rhetorical question; or respond to students. I took note of the time faculty members spent on each
of these tasks throughout the course of the class period, as well as on the ratio between teacher-
focused activities compared to student-focused activities.

To look at the question of the effects of the physical layout of the classroom and the

effects it might have on pedagogy, | observed how the layout was structured throughout the
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semester (i.e., desks that were mobile or in rows bolted to the floor; or desks that faced other
students or were oriented to face the front of the classroom). | took note of how the physical
layout of the classroom, as well as the number of students affected the type of teaching
professors engaged in (i.e., lecture, group-work, or discussions), as well as how professors split
students into groups.

To address the question of how professors structured the interactions in the classroom to
create the classroom culture, | took note of the frequency of whole class discussions, and the
frequency of students in peer groups teaching their classmates material. Additionally, of note,
were the ways professors intentionally structured groups when students were split into smaller
groups (or if they did not, and simply instructed students to pair up with another student), and
whether or not there was attention paid to the gender and race distribution of groups.

To look at the question of how professors emphasize information in lectures and
assessments of students’ competence, I observed their pedagogical strategies surrounding
assigned work to students. From research about the importance of the social relevance
(connections to “real-life”) of science to students (Archer et al. 2015; Badri et al. 2016; Bennett
and Hogarth 2009; Lavonen and Laaksonen 2009), | took note of the pedagogical strategies
professors used to tie the class material back to some “real-life”” application, or specific
connections to other disciplines, and ways this might have been achieved through exams,
assessments, and other assignments.

During lectures | took note of concrete applications, often in the form of science videos,
field trips, or guest speakers (and making note when that guest speaker was a woman scientist or
a non-white scientist). | noted the extent to which professors had discussions of science career

stages; the benefits of becoming a scientist; calling out and discussing the under-representation
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of women (and especially if there were historical discussions of the discipline); currently
relevant science topics; ethics related to doing science; and attempts by the teacher to relate to
the students’ science experiences/stories. These discussions between professors and students
were especially important to understanding how professors emphasized all students’ ability to
succeed in STEM, and their ability to make the course material socially relevant for students.

I also took note of how the professor assessed students’ knowledge (i.e., tests and
quizzes, homework, in-class activities, labs, or other assignments). | noted the frequency of tests
or quizzes, homework, in-class assignments, and included the types of questions on these
assessments (i.e., essays or multiple choice). The frequency and types of assessment helped me
to assess the priorities of the professor in terms of student memorization (memorizing jargon and
definitions) or more process-oriented questions (why cells behaved in a certain way; or why a
line of code was creating an error) requiring a greater depth of knowledge from students.

While | had access to in-class worksheets that were handed around, | did not have access
to the tests and quizzes (the professors wanted to control access to prevent stray exams from
ending up in students’ hands, which was especially important given that the same exam was used
for all sections of the introductory courses for biology and computer science). However, when
professors reviewed tests and quizzes with the class after they had been handed back, I took note
of the components, such as test problems: requiring calculations compared to simple solutions
solvable without math; involving data analysis; necessitating long written responses; drawing
from the homework; considering material presented earlier in the semester; requiring sketching;
requiring memorization; and simple multiple-choice or true—false. For other assignments | also
differentiated between in-class or homework problems requiring group work, long written

explanations, calculations, or multiple choice, as well as the frequency of these assignments.
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To look at how professors structured the classroom material to help students acclimate to
the expectations of disciplinary culture | noted when professors took time to professionalize their
students during class sessions, in office hours, or via Learning Management Software (LMS)
communications. The university where these classes took place has a subscription to the Canvas
learning management platform, so all students had access to Canvas through the school. In
addition to the Canvas software, the computer science courses primarily utilized an online forum
service called “Piazza” that connected all students across the three introduction sections via a
common discussion board. | had access to publicly posted comments and questions on the LMS

used by students and faculty and was able to gather student feedback in this way.

Data Collection Tools
| utilized initial data from observations in each course to develop codes that guided

additional data collection utilizing the Generalized Observation Research Protocol (GORP)
program developed by the University of California, Davis. GORP is a web-based system to assist
with classroom observations that utilizes user-defined protocols, and allows observers to record
data using the GORP interface. GORP enabled me to measure the amount, and type of learning
activities in classes by using a count system that reset in two-minute intervals. Over these two
minutes | clicked codes that corresponded to the active tasks occurring in the classroom,
allowing me to get a count of the number of times activities or pedagogical strategies occurred,
as well as the length of time that they occurred each class period. The system also allowed me to
take time-stamped qualitative notes of anything else that was happening in those two minutes, or
to add detail to the quantitative counts. | took qualitative notes during every two-minute interval.
GORP allowed me to create a summary of counts and frequencies (as a ratio of total class time)

of classroom behavior and the participation of professors and students and other key behaviors in
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the classroom, such as lecturing, students asking questions, assessment activities in the
classroom (tests and quizzes), and group vs. individual work (Hazari et al. 2013).

To observe the classroom climate and the classroom behaviors and activities that might
lead to greater inclusion or exclusion, | developed a specific protocol with classroom activities
and pedagogical strategies drawing from an existing protocol developed by the University of
Colorado, Boulder (Office of Information Technology 2019). The University of Colorado,
Boulder Observation Protocol for Learning Environments (OPLE) includes measures of teacher
focused instruction and student focused instruction, with additional measures of teacher-led
dialogue vs. student-led dialogue, along with the instructional technology and pedagogical
strategies utilized by the teacher. | adapted this protocol (see Figure 1.1) to add additional
measures from Hazari et al. (2010) on student engagement, as well as measures to record
students’ arrival and departure from the classroom, the TA behavior (assisting the professor, or
on their cell phone), and to track the gender of the student responding to either student-led or
teacher-led dialogue.

[Figure 1.1 about here]

Analysis
The present study drew on Charmaz (2005), as an updated iteration of (Glaser and

Strauss' (1967) “grounded theory,” to systematically analyze my field notes and guide the
creation of initial codes.

I utilized GORP to assist with ethnographic observations, looking “for explicit themes”
while observing classroom conduct and treating what | see as objective (Charmaz 2002: 677). |
utilized GORP to make additional observations of activities in classes, and to aid in recording the
events of the class in a systematic manner, while additionally relying on my qualitative notes,

and jottings that were used to construct a full set of field notes and memaos for each class session.
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At the end of each class (if time allowed), | would elaborate on my notes before the next
class began, and made notes to myself of sections or examples that needed to be further
elaborated later. At the end of each day of observations I took all of my notes and constructed a
full set of field notes, drawing from the qualitative notes | recorded in the GORP system, along
with additional notes and jottings I took in a notepad on the computer. Every week | wrote a
brief, one-page memo of my broader observations, thoughts, and questions about my
observations from that week. At the end of the semester | used GORP to create a summary chart
(See Figure 1.2) of the sum total codes represented in the classroom. I used the frequency of
these codes to guide my deeper line-by-line analysis of my field notes, and to develop additional
codes in my memos drawing from my observation data in addition to the codes | had already
developed for the GORP protocol.

[Figure 1.2 about here]

| also utilized abductive analysis (Tavory and Timmermans 2014) to guide further data
collection and data analysis in the process of developing a theoretical framework. Abductive
analysis builds on grounded theory’s emphasis on simultaneous collection and analysis of data
throughout the research process while utilizing knowledge and theories to ask new questions or
see the world differently (Tavory and Timmermans 2014). By studying and analyzing data at the
same time, researchers are able to find emergent ideas in the data (Charmaz 2005) and then to
build on this by revisiting the data to take advantage of the ways the same observation changes
when perceived at different points in time. GORP was especially helpful for this, by allowing me
to break my summary data up to observe how each code was displayed in an individual class

period, as well as throughout the course of the semester (Tavory and Timmermans 2014).



36

Findings

This study seeks to expand discussions about the classroom climate to specify concrete
ways faculty members can deliberately contribute to building a class environment to create
greater inclusion and minimize exclusion for students. As such, professor decision-making is at
the core of classroom climate. But, this overarching research question subsumes more specific
questions regarding elements of classroom climates experienced by students: the influence of the
physical layout of the classroom, especially as it shapes interactions between professors,
students, and their peers; professors’ behaviors, pedagogical strategies, information emphasis,
and means of assessment; and professors’ positionality and conveyance of disciplinary culture. I
discuss how my findings help to illuminate the factors that shape the classroom climate. Based
on where courses land in terms of these factors, the patterns that emerge show how classes can
have elements of both a hospitable and chilly climate. Courses are not just chilly vs. not chilly, or
hospitable vs. not hospitable, but involve a myriad of factors representing each dimension. While
a chilly climate may push students out, a hospitable one may help to keep them in the field. Yet,
no class might be fully chilly or fully hospitable.

| describe here my observations of the biology and computer science courses. These
classes are not perfect, and students indicate problems through their posts on the LMS.
Nonetheless, these classes can serve as guides along the dimensions of chilly and hospitable
practices that can help to make the field more inclusive. | organize my findings below by
research question, discussing the impacts of class size, the physical classroom design, professor

pedagogy, exams and assessments, and learning management software.

Institutional Power and Professor Decision Making
Faculty members to some extent have the ability to influence the classroom climate.

Professors determine how much class time is allotted to lecturing, which was the class activity



37

that occurred the most frequently in the classroom, coded 373 times over the course of my data
collection, compared to group work which was coded less than 150 times (shown in Figure 1.2).
The faculty member determined the frequency and time spent on lecturing and group work, as
well as on formal and informal assessments. Based on whether a professor assumed students had
advance knowledge of class material (whether from a previous high school course, or taking
something to be assumed general knowledge) determined the amount of time spent on the topic,
and how professors responded to student questions.

Professor’s assumptions about students’ previous knowledge indicated whether a
professor reacted as though a student did not remember information they had previously known,
or whether a professor taught materials quickly or slowly.

In one of the biology classes the professor was rapidly moving through the slides,

spending less than 30 seconds on each one. After about a minute, students are laughing

because professor is going through the material really fast. He acknowledges this

laughter, and addresses it, tells students he knows he is going fast, but that the notes will

be posted. He wants to give a general overview.
The professor wanted to cover a lot of material, but acknowledged that many students may not
have engaged with that material before, and would benefit from a general overview. However,
this assumed students who had not previously engaged with the material would be able to master
it at such a quick pace. Additionally, assumptions showed differences in how professors asked
questions to students. For example, whether a professor who asked a question and received no
responses assumed students had not been listening and re-stated the same question, or whether
faculty members recognized students may be confused and re-phrased the question as a check on
understanding:

Biology professor at the board asking students how to label cells. A few responses. He

asks, “Why that material?” Someone responds. Professor elaborates a little, but doesn’t

repeat student answers, making it difficult to follow along as students are far away and
quiet. Professor asks about radioactive thiamine and answers without pausing for student
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responses. Elaborates about random selection of cells in the S phase. Begins talking, then

notices a question from a woman in the section on the right. She asks a clarifying

question, and professor responds, “You should have all drawn this plot as well as you
can....” describes what it should look like and what to look for. Asks what else they think
may have happened. Pause. Then a man responds, “cytokinesis.” “Exactly! I hope you
are all plotting this at the same time...” professor draws and adds to graph. “Tell me
everything that needs to happen here....?”” Professor lists off the cell phases, and asks
students. Pauses, no audible responses I can hear, but professor says, “I think you are
right, there is a gap, but....” Continues to describe, and instructs, “you should also be
doing this on your whiteboards. We also have to have a way to prove cytokinesis. So now
we have to come up with another plot...” Professor asks a question. Asian man in the
middle section answers and professor responds, “Yes, you are saying almost exactly what
| want to hear, so | am going to rephrase it....” He rephrases the answer and explains.

In this example, the professor makes a few assumptions that: students in the back will be
able to hear answers students in the front make; students will not know about radioactive
thiamine; students are not following along and drawing on their whiteboards; and that students
will not be able to draw out the correct information from a students’ answer to his question. By
assuming students in the back were able to hear answers, from the back of the room I (and
potentially other students as well) was not able to follow along with the discussion from the back
of the classroom. In addition, the assumptions (which were not verified by the professor with the
students) about students’ preparation, led to the focus of the discussion on how the cell phases
worked.

Both biology and computer science involve challenges with learning new jargon and
language. For biology this jargon involves things such as learning Latin and Greek roots and
terms that are used to describe different cellular and molecular processes. Biology requires a new
set of technical skills in terms of how to think about cells and molecules that are so small they

cannot be seen by the human eye unaided—as a result, this requires new ways of thinking about

how very small things interact together to result in complex processes that result in metabolic
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reactions or living things (why do cells need ATP, how do metabolic reactions work and why are
they important?).

Computer science, on the other hand requires a slightly larger cognitive leap to learn a
new language (in the case of the courses | observed, this was Java). An added difficulty for
minority students who are more likely to come from underfunded school districts is the
additional cognitive leap of learning a new way of thinking and setting up their thoughts and
ideas in a very linear and logical way. For example, this can include minority groups or first
generation college students who are on average less prepared for college, or who may have
attended more poorly funded previous educational institutions (Hilts et al. 2018). For many
students who have not had previous introduction to computer programing, writing code requires
restructuring how to think about what it is they are trying to solve and how to get there (for
example, object-oriented programing is object based, it’s not uncommon to design things based
on real-world objects. However, a problem to design something like a smart home system is
difficult for a beginner to computer programing as they need to learn systematic ways to break a
large problem down into subcomponents irrespective of the larger system to write the code).

In terms of the classroom climate, the extent to which professors in each field recognized
the assumptions they were making about the knowledge of the students, and their preparation for
the course influenced how they taught. For example, professors who assume students will not
take additional classes within the discipline, may not spend as much time explaining more
advanced concepts, and may instead focus on covering basic concepts based on possible
assumptions based on stereotypes about students’ future trajectories into the labor market (Gay

2018; Lee and Zhou 2015).
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Institutional Factors of Class Size and Classroom Physical Layout
There were elements of the classroom structures in which professors taught outside of their

and students’ control that influenced the interactions between students and their peers and the
professor. Larger classrooms are required for classes with 80 or more students, which creates a
much more challenging and chilly environment to engage in multiple one-on-one conversations
(noise and being able to hear each other). During a lecture it is impossible for all 80+ students to
respond to professor’s questions, speak up and engage in thoughtful discussion in the same 50-
minute class period. | discuss the challenges associated with class size and physical classroom
design and layout, and the implications this has on professor’s pedagogical practices.

Class Size. Both biology and computer science classes took place in large classrooms and
had around 80 students or more in each class. As mentioned previously, introductory courses
tend to be large both in terms of the number of students, and the size of the classroom, and
frequently involve the same classroom being used for multiple sections of the same course:

The biology classroom is dark with only a few lights on, and it is set up in a typical lecture
style, with theater style seats that have a very small “table” that can be pulled up or left down
for space to put a laptop or notebook. Many students have laptops out and are clicking on
screens while chatting quietly with classmates. By the time class starts at 11am almost all
seats are taken by the almost 80 students except the back two rows, which is where I sit to
have the best view of the entire classroom. Most students are clustered towards the front. The
professor begins an activity with whiteboards, and there is brief chaos as students take
whiteboards from the Teaching Assistants (TAs) and pass them down their rows and try to
form small groups of three within their restricted seating.

Students had to talk very loudly to be able to hear each other over the discussions of the other
groups closely clustered around them. The limited available seating in the room made it
impossible for students to spread out or to have more space for their computers and the white
boards. In addition, large class sizes limit students’ abilities to talk with, or to get to know
everyone in the class, including the professor, contributing to a more chilly climate and a less

hospitable climate. In an effort to create a more hospitable climate, professors often attempted to
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overcome the depersonalization of large classes by organizing small group work to give students
the opportunity to get to know at least a few other students in the class. However, as discussed in
the next section, the success of these smaller groups was strongly impacted by the physical
classroom layout in addition to the formation of these groups.

Physical Classroom Design. The physical layout of the classroom allowed for or
restricted the ability for students and the professor or TAs to interact with each other:

The computer science classroom during the 2:30-4 section is huge, and resembles a large
lecture hall with very steep seating tiers that somewhat makes it look like a dungeon with the
very small windows by the ceiling on the right side. The room has long rows of tables and
bolted chairs set up in three sections with stairs separating the smaller wall sections of three
chairs from the longer middle section with twelve to fourteen chairs in each row. Students are
very sparsely seated around the room, with small clustered groups seated away from others.

All the biology courses and one computer science section occurred in a typical lecture hall, with
immovable desks and seating that made small groups of three or more challenging, especially
with other groups and students talking and working all around these groups, contributing to a
more chilly climate and a less hospitable climate. Students were not very collaborative when
given group work in the computer science lecture hall classroom:
In the computer science lecture hall students are learning about fractal trees. Professor
instructs students to pair up with neighbors and play around with variables to see what
trees they produce with their code. Students do not move from their seats and only a few
students begin talking to each other. Seated in the back of the room | can see almost a
third of students on their phones, on Facebook, or with a blank computer screen and they
are not doing anything at all. A student in front of me is reading an article on his
computer and texting. Students are highly disengaged, and only few students are
downloading the code and working alone.
In the lecture-hall section students would rarely move or adjust their seating to work with other
students, and as a result would often work on assignments and tasks alone, despite the

professor’s suggestion to work in groups. Looking at this quantitatively, students spent less than

a minute on their group work for fractal trees in the lecture-hall section (see Figure 1.3).
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[Figure 1.3 about here]

The two late afternoon sections of computer science took place in a large classroom with
12 large moveable round whiteboard tables and chairs. In addition, this “round-table” room had
two projector screens in the front of the room as well as one each on the sides of the room.
Faculty members from computer science as well as other STEM disciplines mentioned to me
many times that this classroom was highly in demand for all STEM classes as a result of its easy
collaborative space. It is likely the late time of these introductory courses (4-5:20 and 5:30-7)
allowed for the use of this classroom. The introduction computer science professor also
encouraged students to attend whichever section of the course worked for their schedules for the
lecture, regardless of the section in which they were enrolled. By the middle of the semester
there were only about 40 (out of 80) students attending the earlier lecture hall section, and this
further contributed to students not working together in the lecture hall, students had space to
spread out around the room and avoided sitting closely by their classmates, contributing to a
more chilly climate and a less hospitable climate.

In contrast, attendance in the two later sections increased, so that this classroom went
from having many empty seats at the tables to almost every seat being taken. Students sat in
much closer proximity to one another which made collaboration and seeing each other’s screens
and discussing much easier:

Professor has three activities for students, he instructs them to work on the first one
together, then work on the next two on their own. First method called insert and takes
four parameters. “Where is the catch? The catch is that [ want to insert in the array and
move all of the other numbers one position forward.” Woman at my table turns around
from looking at the projector screen to look at other students at the table and asks,
“Where to start from?” Scattered responses around the table, and I can hear lots of
discussion from the front of the room and at other tables. Lots of collaborative responses.
A man and woman at my table are talking about the logic and theory of what they need to
do. Man then says, “Okay, let’s do it in code.” Describes what we need to do. “We can
use a loop, what type of loop do we want to use?” Responses from around the table, and
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students are looking at the code on each other’s screens. Another question. “What is the
condition that keeps us inside the loop?” Scattered responses from students at the table,
and | hear the continued discussion from students at other tables....Professor calls
students to move on to the next activity, “Okay guys, to see if you really understood, try
to solve, no, not try, solve the next one. Instead of inserting, | want you to remove the
element from the array.” Explains in more detail what he wants them to do. “Clear?
Alright get to work! 7-8 minutes and then we will solve together.” Students continue to
work together and all students at my table are collaborating. “What do you call a blank?
An empty cell in an array?” Man next to me asks and collaborates with woman next to
him. “Running it, running it! Oh....won’t compile!” man next to me complains and
several other students turn towards us and offer advice and suggestions.

Students working on the same problems and tasks as the lecture hall section were much more
collaborative on problems and tasks, even working together on problems when instructed to
work through parts on their own (and they were not sanctioned by the professor for doing it),
contributing a more hospitable climate and a less chilly environment. Comparing the above
example of the fractal-tree group activity, students in this more collaborative space worked in
groups for 20-minutes, compared to the less than a minute in the lecture-hall class (see Figure
1.4). Additionally, in the middle of the semester | recognized a few students attending the later
sections who earlier in the semester had been in the lecture hall section. Many of these students
worked alone in the lecture-hall section, but when attending the later sections were drawn in by
other students to work collaboratively.

[Figure 1.4 about here]

While it was more physically challenging for the students sitting in an immoveable row
to all talk to one another, especially in larger groups, the computer science and biology
professors attempted to overcome the setup and to encourage students to group together to
discuss things. That is, professors tried to adjust their pedagogy and encouragement of group

work as a response to the more chilly climate created by the physical layout, to create a more
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hospitable climate. However, overcoming the challenges created by the physical layout to group

work required more than just telling students to work as a group, as | detail subsequently.

Pedagogical Practices of Professors
Pedagogy: Role of accountability. In their teaching, professors made decisions on how to

encourage collaboration and group work among students. While the lecture-hall physical layout
discouraged students from working together and collaborating, the biology professors were able
to overcome this challenge by requiring students to be accountable with formal and informal
assessments of the work they needed to complete as a group. Initial research into accountability
in STEM courses discusses accountability as a “social practice” that shapes the actions and
behaviors of group members when they are held responsible for accomplishing something
(Hallett 2007; Teo and Osborne 2014). In the biology classes professors worked to overcome the
spatial layout to encourage interactions among students to create a more hospitable climate and
less chilly climate by both formally and informally assessing small group work. The department
purchased whiteboards and markers for groups to write or draw responses that were then shared
with the class by holding up group white boards and giving brief explanations. These white
boards allowed for a more informal assessment of student work, and ensured students had a low-
stakes deliverable to motivate them to stay on-task. In addition, on Fridays, students had a more
formal assessment of their group work in the form of worksheets (or quizzes) they had to
complete for a grade as a group. During a lecture on glycolysis, one of the biology professors
had students work in groups on their white boards before coming together as a class to answer
questions about the process (see Figure 1.5). Students spent the first 15 minutes of class working
in groups and then remained high to moderately engaged for the remainder of the class. Both the
low-stakes deliverables and the graded quizzes required the students to work together and

actually collaborate to avoid sanctions (publicly by not having anything to share, or a low grade
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on their quiz). This pedagogical strategy contributed to improving biology’s hospitable climate
and reducing the chilly climate.
[Figure 1.5 about here]

By contrast, in the computer science classes, while the students were encouraged to
participate and write code for the in-class assignments in small groups, there was no deliverable
either informal or formal to show that they had, or had not attempted to write the code. As a
result, students were not held accountable to complete the work—either individually, or as a part
of a group, in the computer science lecture hall section. One result of this was that students
rarely, if ever collaborated or worked together, despite being instructed to do so, contributing to a
higher chilly climate, and a lower hospitable climate. However, as mentioned previously,
students formed groups organically even without being instructed to do so, and worked together
in the late afternoon sections in the round-table classroom—students talked through the activities
together, even without any check they had actually completed the work. My findings in biology
suggest that to overcome the physical constraints of the lecture-hall classroom, and to encourage
the formation of groups and a more hospitable climate, students need to be motivated by
professors requiring them to be accountable through some deliverable. In fact, requiring students
to actively participate, with peers, and perhaps with the class may have been a way to increase

the participation of women and URMs in the classroom.

Emphasis of Assessments of Competence and Information
Large class sizes for both biology and computer science and packed classrooms made

decisions about how to structure exams much more complicated. With around 80 students per
section, and multiple sections biology and computer science faculty members did not generally
have the resources to grade long papers, essay exams, or intensive assignments. Faculty members

had varying strategies to handle exams and formal assessments of students over the course of the
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semester. For example, in biology the professor utilized exams as an opportunity to help students
work together:

Professor hands out copies of the multiple-choice exam for students to take together in
groups of 2-3 to create their team key, then they come together as a class to discuss their
answers. Students get into groups and re-take the exam.... At 11:25 they begin going
over the exam, talking through each answer, and stopping to discuss questions where
there are disagreements. For example, two Asian men have a complex grammatical
question about one of the questions. Students are laughing and mocking this student,
especially as one becomes increasingly agitated trying to explain how his answer is
correct based on the grammar change. A black man in the class offers support for the
student and when questioned about it by other students he says, “no, I’'m just trying to
back my man up.” Students are laughing. Confusion is resolved and professor moves on
to the next question.

It would have been impossible for the professor to have one-on-one discussions with 80 students
about their exam, so instead, the professor used an entire class period to help students understand
the material, both by working in groups to take the exam for a second time, and to have the
opportunity to discuss any confusions or questions they had about a particular right or wrong
answer. By going over every answer the professor ensured that students understood the
importance of all the material that was on the exam, rather than just going over questions that a
student requested discussion on, contributing to a more hospitable climate.

In addition, the biology professors structured exams and preparation for exams
concretely, by telling students, “The first exam helps you to know what to expect the rest of the
semester. These concepts will be taught over and over to various extents and degrees because it’s
important for the future material.” The professors emphasized the extent to which students
needed to understand concepts from chemistry, and how this material was related to the
biological concepts they were learning as well.

In comparison, in computer science department students would complete a written and

lab portion of the tests, and the test was not discussed during class time. As a result, the test was
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not really discussed with the class as a whole, and did not offer the same sort of opportunity for
students to discuss and talk about any questions or concerns that they had about the exam. This
put the expectation on students to have conversations with the professor or the TA on a more
individual basis, which can be more difficult for students with less “science” capital (Archer et
al. 2015). Expectations that students should come in to discuss their exam questions individually
assumes that only the minority of students struggled on the exam, and that the entire class would
not benefit from a discussion of the exam material contributing to a less hospitable climate and a
more chilly climate.

Emphases on more basic materials can create a chilly classroom climate by implying that
students are not smart enough to master advanced concepts. Navigating the transition to college
is especially challenging for students whose previous schooling may not have been as effective
in helping them to learn how to recognize and focus on the “low-level” information they need to
understand and master to move on to more complex “high-level” information. Professors who
take the time to check their assumptions with students about their level of understanding, and
then provide the necessary resources to address it, create a more hospitable climate that signals to
students that the professor aims to help everyone succeed.

Students often stressed about their ability to perform well on exams and sought resources
to help them study for exams. In addition to providing a study guide the biology class had fun
extra credit opportunities for students to help them connect to the material, and to create
resources that can be used to help students in future classes:

Professor talks about an extra credit opportunity on the next exam. On Monday

(Halloween), they can come to class in a biologically relevant costume of some kind,

home-made and represents something they have talked about or will this semester. He

says, “However you want to be, just be creative with it. You can’t just come to class with
a piece of paper taped to shirt that says ‘ATP’”. Students laugh and he explains that they
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need to bring in a write-up of what their costume is, and why it is important in the
function of life.

The professor then used the previous year’s materials as examples for current students. This
activity helped to connect students to past students from the course, as well as to help them think
creatively about connecting on a deeper level with the course material in a fun way. During the
class on Halloween, students had a brief “show” where they were able to show off and discuss
their costumes with the class. The show allowed students to visualize and see the class materials
in a new way, and required presenters to have thought about a creative way to visually show and
display course concepts, contributing to a more hospitable climate. In addition, the biology
professors prepared students by reminding them that, “There will be a LOT of information, the
best way to get it, is to study it now, start now.” Professors emphasized the importance of not
waiting until the last minute to try to memorize the vocabulary terms, and the importance of
using previous knowledge to build up to more advanced concepts, “And yes, you need to know
all of these vocabulary words. You gotta get comfortable with seeing how these terms are related
to each other.” This preparation attempted to help students acclimate to the nature of science
learning at the higher education level, which relied on learning scientific jargon, and not only
memorizing what terms were, but understanding how they related to each other more globally.
While the computer science department did not have a specific activity to help share
resources from past students, the Piazza site served as an informal repository of shared resources
from previous classes. Piazza enabled students to utilize materials and discussions that were
archived from the previous year, and to search through previous students’ questions and
discussions about class activities and assignments. The computer science professor also posted

weekly sample questions (to help students prepare for their lab quizzes) to give students
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examples of typical quiz and test questions. Students were thus provided with resources and
materials to help them succeed, contributing to a more hospitable climate.

An additional concern for students related to performing well was how assessments were
graded. Grading was not a specific source of contention in the biology department, as the
professor completed all the grading. The TAs assisted with handing out and collecting the group
quizzes during class. In comparison, there was more contention over grading in the computer
science department as the TAs did most of the grading in addition to peer graded assignments.
Students did not have access to any kind of standardized rubric being used by the TAs, and
students complained on Piazza and in class about the lack of feedback on the assignments from
the TAs, "A lot of the TAs have not been giving sufficient justification for taking points off. It is
very difficult to understand the vague comments that are left. Can the TAs leave better comments
and justifications for taking points off on quizzes?"

In addition, students discussed the peer evaluations on Piazza:

I'm concerned about the grades for the peer evals. I've spoken to TA's [sic] about my

grading decisions and they agree with my logic, then I submit the score only to find that

people are consistently rating the grade as [too high]. I'm left to believe that people aren't
reading the code as carefully as | am and are missing these mistakes, giving me a lower
score than | feel is fair. How will this be addressed?
The more “anonymous” styles of grading in the computer science classes, in other words, not
knowing specifically which TA, or which students were grading or evaluating their materials was
a source of frustration for the students, and contributed to a more chilly climate and less
hospitable climate. The computer science students did not have a specific person that they could
pinpoint as responsible when they perceived an error in their grading, and as such they did not

know how to address their concerns. The issue of grading was also likely compounded by the

individual nature of handling discussions about the assessments (i.e., discussing the exam as a
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class, or only during office hours). Students had issues with the grading that they wanted
addressed, but experienced uncertainty in how to resolve the issues with their evaluator. Students
who don’t have the science capital (Archer et al. 2015) necessary to help them talk to the
professor to resolve their uncertainty and discontent with their grades are likely to experience a
more chilly classroom climate, while clearer grading criteria, perhaps through a rubric signals a
more hospitable climate.

Pedagogy: Social relevance. Professors who were able to find ways to make the class
material socially relevant for students succeeded much more in drawing students in, and keeping
students engaged, which positively impacted the classroom culture. The more involved and
engaged students were with the material, the more likely it was that they would respond to
questions posed to the class, and draw in other students. The biology courses made frequent and
direct references to real-life applications of the material. For example, during a lecture in the
cancer unit, the biology professor solicited examples from students of types of cancer they had
experience with through friends or family, and then discussed these types of cancer and the ways
the cells worked differently in the different types of cancer to help make the material more
personal for the students. Despite the 50-minute class being mostly lecturing (36:13 minutes),
students were moderately or highly engaged throughout that time (see Figure 1.6). The biology
professor chose specific examples to which students could relate without any previous formal
knowledge to engage as many students with the material as possible, contributing to a more
hospitable climate and less chilly climate.

[Figure 1.6 about here]
Similar patterns did not emerge for the computer science department, and I did not have

specific notes about direct real-life connections of the materials. However, some of the more
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engaging activities students participated in included group assignments for students to write
computer code that simulated ordering pizza in an online system (see Figure 1.7), locating a bank
account in a server, and writing code to catalogue and organize an address book that received
new entries. Figure 1.8 shows students spent the last hour of class engaged in groups writing
code to order pizza, and spent the entirety of this time highly to moderately engaged while doing
this work, thus while it contributed slightly to a more hospitable climate, it did not really reduce
the chilly climate.

[Figure 1.7 about here]

Disciplinary Practices and Science Capital
Learning Management Software. An important aspect of course structure and how

students and faculty interacted was the inclusion of technology or software to aid in student
learning. In addition, the use of an LMS signals an openness to discussion and student
engagement. The computer science department attempted to use Piazza to create a hospitable,
collaborative environment for students. Students regularly engaged with Piazza as a site where
the professor posted practice quizzes, and practice homework assignments, to check course
announcements from the professor (or TAs about office hour changes), and students regularly
engaged with each other on the site. Students could ask and answer each other’s questions, and
often sought feedback and help from their around 250 peers on creating and writing segments of
their code with the option to seek additional guidance from TAs or the faculty member.

Of particular note, the computer science department has a history of honor code
violations surrounding students’ plagiarized use and copying of peer’s code, whether from
previous or current students taking the class. Students received multiple announcements from the
professor on “serious academic integrity violations” during quizzes, labs and homework

assignments, such as the following:
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| found evidence that some students executed the code that was supposed to be manually
traced during quizzes. Let me remind you once again (see post @212) that this is a
serious violation of academic integrity and it will not be tolerated.

1) The scores of affected questions will be revised and lowered.

2) The Honor Council will be notified.

3) It may take a few weeks to complete tasks (1) and (2), so do not assume that | haven't
caught you if you don't see any consequence right away.

4) Cheating is wrong and it negatively affects the entire class: all the time that I need to
waste collecting evidence, revising scores, and writing reports to the Honor Council is
time that | would rather spend helping individual students and preparing better learning
resources for all of you. Moreover, if the average scores of certain questions are
artificially inflated by cheating, | may wrongly assume that those questions were "too
easy" and make them harder next time, effectively damaging the students who don't
cheat.

5) There are no excuses or special circumstances to justify cheating. | need to be strict
about it. | want my course to be an effective learning environment, and to be as fair as
possible to all the students.

As a result of past issues with plagiarism and students’ code, assignments and exams were under
high levels of scrutiny to ensure students were submitting their own work. Due to the high levels
of scrutiny and plagiarism risks within computer science for sharing code directly, students
regularly took the time to discuss and explain the logic behind their coding decisions when
answering questions for other students in Piazza. In other words, students focused more on
explaining the processes and logic behind the problems and the resulting code, rather than
answering with a specific line of code that would solve an error that students might encounter.
This resulted in Piazza allowing students to seek individualized help and answers to their
questions that did not rely solely on the professor and TAs to constantly be involved. In many
cases, this allowed for students to search for the answer to a question they had which had already
been answered by another student, a TA, or the professor. Piazza also helped students organize
study or working groups, and was easily accessible and open to all students across sections,

contributing to a more hospitable climate.
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In comparison, the biology department was not as clearly engaged in using their LMS to
promote open discussions and student engagement. The biology classes relied solely on Canvas,
and the professors tried to encourage use of the discussion boards on Canvas without success.
Students did not invest in using Canvas for anything besides checking their grades, or getting
access to posted PowerPoint slides or materials. Students discussed using GroupMe, a chat
program to create study groups that seemed to be more successful than using their course created
Canvas site. However, this was never explicitly talked about, advertised, or utilized by the
faculty members or TAs to ensure all students had access to this chat group or the materials
shared there, thus not really contributing to a chilly or hospitable climate. In order for these sites
to be useful and inclusive to all students, it is important to ensure active investment and
engagement by the students, and for there to be ways for all students to have access to create a
hospitable climate.

Disciplinary practices. In addition to the class size and physical-layout of the classroom,
additional structural elements of the department and university influenced the pedagogy of the
computer science and biology professors—specifically, the presence or absence of groups and
organizations to support and socialize underrepresented groups in STEM. This variation in
programming and organizations created differences in the open discussion of resources available
to students to work on their professionalization and to gain “science capital” (Archer et al. 2015)
both in the classroom and outside of it.

During the course of several classes in biology the faculty members mentioned and talked
about two different programs at the university that supported the education and mentoring of
students from diverse backgrounds. One of these programs, an NIH funded program for

improving student development specifically focused on minorities in the biological sciences
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sponsors students to receive in-depth experiences in the academic and experimental aspects of
biological research in labs on projects. The NIH program sponsored extra workshops and
science-related activities that underrepresented students could participate in to receive extra
mentoring and advising, and additional social programs for students to build connections with
other students. This allowed the biology professors to mention and talk about the successes of
previous minority students, and to discuss events and talks being organized by these students
around campus.

In addition, the diversity of the students in the classroom was specifically highlighted and
discussed in the classroom, especially in relation to the NIH program. This type of open
discussion about the diversity of the students helped to highlight for students that the department
valued them and had resources dedicated to supporting them during their undergraduate careers,
contributing to a more hospitable climate, and a less chilly climate. In fact, this may be part of
the reason why women participated much more equally in biology (and in fact more than men)
compared to computer science (see Figure 1.8).

[Figure 8 about here]

Such patterns did not emerge in what | observed for computer science. There were no
similar programs or opportunities for the computer science course that | was aware of either from
information told to the students in the class, via email, or Piazza. The computer science professor
did not engage in any sort of open discussion about mentoring or socialization during the class
period in front of all of the students, contributing to a chillier climate, in which women did not

participate equally.
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Discussion

This study seeks to expand on the limited discussion of chilly climates to identify not
only factors that push students out of STEM, but to also note the factors that pull students in.
Overall, I argue classroom climate should be conceptualized as having two dimensions:
chilliness and hospitableness, where elements of pedagogy and structure position classroom
climate along these two axes (See Figure 1.9). | define the hospitable climate as one that draws
students in, encourages engagement with the material, and creates a classroom environment
where students feel safe and comfortable speaking up during class, without fear or intimidation
from professors and peers. My findings above indicate how certain institutional and interactional
classroom practices can be amplified to create a high hospitable and low chilly classroom
climate. | emphasize the importance of professor decision making, institutional factors such as
class sizes and the physical design of the classroom, as well as interactional factors such as
pedagogy, exams and assessments, LMS, and the positionality of professors and disciplinary
practices.

[Figure 1.9 about here]

Impact of Factors Beyond Faculty Control
Previous research highlights many factors outside of the control of faculty, such as the

day and time the course is offered (Ammons 1995; Wile and Shouppe 2011), the size cap for
enrollment (Schneider and Preckel 2017; Toth and Montagna 2002), the room the classroom is
offered in and the physical layout of that space within the room (Han et al. 2018). These factors
constrain the pedagogical choices that faculty members can make, and require greater flexibility
in how to encourage and ensure successful group work and the grading of assignments and

assessments.
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My findings indicate that as class size increases, without any adjustment on the part of
the faculty member, the chilly climate would increase (see Figure 1.2). My findings show that
faculty members who are able to introduce both graded and ungraded deliverables for
accountability from students are able to overcome some of the challenges involved in motivating
students to work together as a group, especially in physically constrained spaces (which increase
the chilly climate). For example, professors can utilize the flipped classroom approach, which
tasks students to engage in events traditionally taken place inside the classroom outside of it (i.e.,
watching a lecture, or completing an equivalent reading) to allow for more class time to be spent
on group or small group discussions (Bishop and Verleger 2013; Gilboy, Heinerichs, and
Pazzaglia 2015; Jinlei, Ying, and Baohui 2012) or hands-on exercises (Hew and Lo 2018; Roehl,
Reddy, and Shannon 2013). The flipped classroom approach may make it easier to help students
work in groups and complete accountability assignments, as more class time can be dedicated to
this work if students have completed the lecture materials before class, and thus contribute to a
more hospitable climate.

Impact of Faculty Decision Making
Professors’ decision making in designing the lectures and assessments contributes in

many ways to the classroom culture and their emphasis (or lack thereof) of all students’ ability to
succeed in STEM. Faculty members who acknowledge the uneven starting points of all students,
and use their positions to make students aware of readily available resources to aid in their
success can contribute to a more hospitable classroom culture. Based on my observations, there
are elements that can be introduced into the classroom to help students overcome the learning
curve required for students to succeed in the course. Professors who are clear and transparent in
their expectations for proficiency (especially by providing study guides or resources from past

students for studying) can help students to transition successfully from high school STEM
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courses to college STEM courses. My results suggest that faculty efforts to provide students with
professionalization opportunities and resources (such as emailing professors, setting up a
meeting with professors, or how to ask for help) in the biology department may be helpful in
guiding students on how to ask for assistance when they are struggling to overcome the learning
curve can ensure students acquire the science capital (Archer et al. 2015) required to succeed in
college.

Faculty members structure the interactions that occur between professors and students
throughout the course. These interactions occur both physically within the classroom as well as
online through the use of LMS. The use of LMS is particularly important for large introduction
lecture courses, because it allows an additional medium for students to interact with their
classmates in a less overwhelming and manageable way. The computer science department was
able to encourage students to bring their questions about an assignment or assessment to Piazza,
rather than to search on the internet for an easy answer or solution by utilizing a negative
situation (honor code violations and plagiarism). This helped students to more readily rely on
each other to explain and discuss problems they were experiencing in the course. However, only
the computer science department was successful in utilizing the LMS in this capacity, for
students to connect with students from other sections of the course, and to build relationships and
collaborative experiences with even more classmates. The biology department had separate
Canvas sites for each introductory course, and did not have a similar online resource to connect
students across sections. Additionally, students did not utilize the discussion board in the biology
classes at all. I argue that increased usage of an LMS where students are engaged can help to

create an online community for students that will support a hospitable climate.
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For exams and assessments, professors who provide students with materials and
resources they need to succeed (such as study guides and practice questions) create a more
hospitable climate. In addition, when faculty members make the grading of assignments clear
and transparent, perhaps through a rubric, they help students to understand how to improve for
future assignments. Doing so creates a more hospitable climate. As suggested by previous
research, students may also be helped through guidance in how to recognize the difference
between memorizing basic “lower-order” information (like vocabulary and jargon) and engaging
in critical thinking required for “higher-order” mastery of material (Crowe et al. 2008).
Professors can do this by providing study materials from previous students, as well as providing
resources and discussions in class for how to study for an exam. The biology professors excelled
at this, by reminding students about the importance of not just memorizing terms, but
understanding how the terms were related to each other (and how cells and molecules work
under different circumstances). The computer science professor in contrast did not explicitly
discuss the process of making cognitive shifts to complete logical proofs for coding, or strategies
for working out problems on exams. Future work which can investigate the effects of this
intervention can determine its effectiveness in assisting students to learn how to manage their
time and the college workload.

General Directions for Future Research
While this analysis has expanded on the previous literature focused on the chilly climate

and ways to mitigate or limit the effects of the chilly climate, there are many avenues for future
studies. Moving beyond the focus of this study at a private university in the Southeastern U.S.,
future research could include and compare STEM instruction in state universities as well as other
large and small private institutions. Moreover, the breadth of STEM disciplines might be

considered in future research. In addition, my study was limited by being able to only observe
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one faculty member’s approach to instruction in the computer science department, and thus, it
may be possible to compare the impact of characteristics of instructors on classroom practices
(and whether women and URM professors create more hospitable climates).

Another potential area of future research is expanding typical areas of underrepresented
groups in STEM in U.S. classrooms to include the language barriers for international students
that impede their ability to connect with other students. Part of the answer to encouraging
persistence in STEM appears to be through student engagement (Flynn 2016; Kuh 2003; Ohland
et al. 2008), which I argue is related to the ways students interact in the classroom to form
connections to professors and peers. Classrooms perceived to be hospitable to all types of
students where faculty members structure the class to encourage students to connect with each
other are more likely to help students form these connections to their peers.

My study broadens the discussion of classroom climates to argue for dimensions of chilly
and hospitable teaching and educational practices that impact the ways students can connect with
their courses and the material, their professors, peers, and their disciplines. Many organizational
structure and culture studies in education compare across educational institutions and their
effects on STEM persistence rates (Armstrong and Hamilton 2013; Margolis and Fisher 2002). |
build on the chilly climate literature to contribute to the less researched influences of the micro-
interactional level (the classroom-level) on creation of more hospitable classroom climates.
Ideally as students experience classroom climates with classroom practices that are both chilly
and hospitable, the more professors can amplify hospitable practices to help students to feel
supported and engaged within their STEM courses, and minimize chilly practices to avoid
pushing students out of STEM classes and departments. This paper has elaborated on the

classroom dynamics that vary along the classroom climate spectrum to allow researchers to
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better understand not only what the lack of a chilly climate looks like, but the importance of
specifying the active demonstration of welcoming practices to encourage women and URMs to
persist within STEM. It is not only avoiding the chilly climate that matters to help students avoid
being pushed out of STEM, but ensuring faculty members use their institutional power to engage

in pedagogical strategies that actively engage students.
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Table 1.1. Percentages of Students Enrolled in Computer Science or Biology Courses at the

Private University in 2018-19

All enrolled Students Students by Major
In total numbers

Ethnicity CS% |Bio% | CS Bio
Total 100% | 100% | 38 338
Am. Indian 0.0% | 0.1% 0 0
Asian 25.9% | 33.6% 10 116
Black 3.5% | 8.0% 1 25
Hispanic 5.8% | 10.6% 1 36
Multi 3.2% | 4.1% 1 21
Non US Citizen | 39.5% | 10.9% 15 39
Unknown 0.0% | 1.3% 1 6
White 22.1% | 31.4% 9 95
Gender

Female 38.9% | 60.6% 8 212
Male 61.1% | 39.4% | 30 126
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Figure 1.1. GORP Hayward Protocol (Adapted from OPLE — CU Boulder)
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Figure 1.3. Class Time by Code of Computer Science Lecture-Hall During Fractal-Tree Lesson
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Figure 1.5. Class Timeline by Code of Biology Lecture During Glycolysis Activity
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Figure 1.6. Class Time by Code of Biology Lecture During Cancer Unit
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Figure 1.7. Class Timeline by Code for Computer Science Lecture on Writing Code to Order
Pizza

Figure 1.8 Chart of Hayward Protocol Recordings by Computer Science and Biology
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Figure 1.9. Chart of Dimensions of the Classroom
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Chapter 2: Effects of Fairness and Social Characteristics on
Undergraduate STEM Students’ Emotions and Perceptions of
Competence

Introduction
STEM fields have a history of challenges in recruiting and retaining individuals from

diverse backgrounds. According to the 2010 US Census Bureau, less than eight percent of
Science, Technology, Engineering, and Math (STEM) employees are underrepresented
minorities (URMs) (African American, Hispanic or Latino/Latina & American Indian). STEM
departments are generally seen as unwelcoming to women and URMs (Foster 1994; Morris
2003). Yet most of the research examining factors related to entering STEM fields focuses not on
characteristics of departments or dynamics of classes therein but on the importance of students’
interest, previous experience, competence (measured by GPA), perceptions of course difficulty,
attitudes, values, as well as characteristics of their socioeconomic status, gender, and race and
ethnicity (Eccles 1989; Holland 1997; Lent et al. 2005; Watt and Eccles 2008).

The thrust of my study answers Xie, Fang, and Shauman’s (2015) call for examining
social psychological factors shaping participation and achievement in STEM fields to interrogate
the continuing diversity gaps in STEM education. I move beyond the typical factors of students’
background and characteristics shaping participation in STEM fields to consider whether
students themselves perceive the dynamics in STEM classrooms, and associate these classroom
dynamics with their broader thoughts about the field. To do so, I examine students’ assessments
of classroom dynamics, which in turn are likely to shape their immediate and long-term reactions
to their STEM experiences. Specifically, guided by premises of justice (e.g., Jost and Kay 2010)

and status processes (Berger et al. 1980), I focus on how students’ perceptions of the social
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dynamics unfolding in their STEM classes shape their emotional responses to such classes and
their own perceptions of competence.

Justice (or fairness) plays an important role in all social groups, and is especially
important for students, as they spend the majority of their time in schools.* Issues of justice arise
in contexts comparing actual distributions of a valued resource from what might have been
expected based on a particular distribution rule (distributive justice), the decision-making
underlying the distribution (procedural justice), and the general treatment of potential recipients
of the resource (interpersonal justice) (Jost and Kay 2010). People make assessments about
whether distributed outcomes, processes of decision-making, or their interactions are “fair” or
“unfair,” which in turn stimulates affective (which comprise both positive and negative
emotions), cognitive, and behavioral responses affecting interpersonal and organizational
dynamics (Hegtvedt 2018). For example, students who receive a poor grade in a course often
make a decision about whether that poor grade was “fair” based on the grade itself, on how that
grade was decided, and on their interactions with the person assigning the grade.

At the same time, status processes, which describe how individuals’ status characteristics
(e.g., gender, race, socioeconomic status) shape the formation of hierarchies within STEM and
influence patterns within groups (classrooms, students within a major) (Webster and Foschi
1988), stimulate similar affective, cognitive, and behavioral responses. Lawler and Thye (2006)
define affective responses, or emotions as something internal to a person stemming from
conditions or events external to him or her that take various forms, and tend to range from
positive to negative. Competence involves individuals’ knowledge and understanding of content
and is an especially important factor for a STEM major. Few studies bring together both

affective and cognitive responses, as | do in this study. Yet, both potentially propel future
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behaviors (Fiske and Taylor 2013; Turner and Stets 2005), including continuation or
discontinuation in STEM pursuits.

To investigate how students’ perceptions of justice and status processes shape STEM
students’ emotions and views of their competence I use survey data collected from students
(n=786) at a private university. Findings from these surveys indicate that STEM students’
concerns about their outcomes (i.e., fairness of grades) and treatment from their professors shape
their emotional responses, whereas considerations of interpersonal justice (by both professors
and peers) shape their assessments of competence. In other words, students’ grades and fair
treatment from professors and peers shape how competent students believe they are. Results also
suggest that gender shapes both individuals’ emotions and assessments of competence, while
race only shapes competence and SES only shapes students’ emotions. Overall, this suggests that
justice and status processes in the classroom may ultimately matter for students’ persistence in

and for reducing disparities in STEM fields.

Conceptualizing Emotional and Cognitive Assessments in the Classroom
As previously noted, emotions and cognitions drive behavior. | begin by outlining briefly

how they do so. Then, in subsequent sections, | delve more specifically into how justice and
status processes shape affective and cognitive responses to classroom dynamics.

Individuals’ emotions frequently have important effects on future interactions and
relationships (Turner and Stets 2005). Interactions that leave individuals feeling positively
(gratitude, happiness) are likely to encourage a future relationship that may endure over time,
while interactions that make people feel negative emotions (anger, shame) are likely to
discourage future interactions and the development of a future relationship. Some research
demonstrates how such patterns of emotion relate to career aspirations. For example, Schuster

and Martiny (2017) find that measurements of women’s anticipation of more negative affect and
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less positive affect in STEM fields lowered their STEM career aspirations. My study builds on
this research with direct measurements of students’ affective responses to their STEM course
experiences, and links these feelings with their perceptions of justice and status processes. When
professors show students that their ideas and efforts are valued within the classroom, students
may feel positive emotions and increased confidence in their own competence.

Students’ perceptions of their competence shape the major that they ultimately choose. If
students do not feel competent within a discipline, they are likely to choose another (Maltese and
Tai 2011; Monforti and Michelson 2008), or leave the university entirely (Adamuti-Trache and
Andres 2008). Researchers, however focus on the role of competence in participation in STEM
fields (e.g., Eccles 1989; Watt and Eccles 2008), relying on objective measures such as GPA or
standardized test scores. Scholars likewise employ such objective measures when examining the
effects of demographic factors such as gender (Shapiro and Williams 2012; Simon, Wagner, and
Killion 2017), race, and SES (Oakes 1990), of individual motivation and efficacy
(Areepattamannil, Freeman, and Klinger 2011; Chemers, Hu, and Garcia 2001; Trujillo and
Tanner 2014), and of parental valuation of science (Ratelle et al. 2005; Sun, Bradley, and Akers
2012) on science competence. These more objective measurements fail to take into account how
students interpret the meaning of these measurements and how their perceptions influence their
reactions. Distinct from this previous work, in this study I focus on students’ own assessments of
their competence (rather than indicators like GPA or test scores) as shaped by the interaction
dynamics they observe and experience in their entry level STEM courses rather than
motivational or parental factors. This focus provides a means to understanding the ways

classroom dynamics shape how students evaluate their competence within STEM, which, in turn,
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may help to identify actions under instructors’ control that enhance their students’ persistence in
STEM, especially among URMs.

In what follows, I draw upon fundamental processes in social psychology, justice and
status, to characterize what unfolds in classrooms. | argue that the perception of unjust outcomes,
procedures, or interactions, especially those revolving around status characteristics, produces less

positive emotion and greater negative emotion and attenuates assessments of competence.

Conceptualizing Justice Processes
Research clearly confirms that perceived justice or fairness within organizations

positively affects individuals’ attitudes, such as their job satisfaction and commitment to the
work group (Brockner et al. 1990; Colquitt 2001; McFarlin and Sweeney 1992). Such patterns
regarding organizations in the corporate world extend to the sphere of educational institutions as
well (Sabbagh and Resh 2016). College students experience issues surrounding justice regarding
the distribution of important resources such as: knowledge, skills, mentoring, grades, and
ultimately credentials. Moreover, students have concerns about how their instructors make those
decisions about resource distributions (e.g., how grades are calculated) and about how both the
instructors and their classroom peers treat them. Such considerations pertain, respectively, to
distributive, procedural, and interactional justice.

Justice pertains to dynamics involving both authority and peers in a social situation and
may involves three types: distributive (regarding fair distributions); procedural (pertaining to
decision-making processes relevant to distributions); and interpersonal (involving being treated
with honesty and human dignity).? Although the different justice types may be correlated in
some situations, meta-analysis indicates that they are conceptually distinct and the variation
provided by investigating the impact of each individually offers more explanatory value

(Colquitt et al. 2001). I focus on students’ assessments of distributive, procedural, and
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interpersonal justice regarding their classroom experiences, examining how each type of justice
shapes their affective and cognitive responses.

Distributive justice (DJ) (Adams 1965; Deutsch 1985; Homans 1974; Leventhal 1976)
specifically involves principles governing the nature of the distribution of resources, outcomes,
rewards, or burdens within a group or organization (Jost and Kay 2010). It applies a normative
rule to the allocation of benefits or burdens to recipients (Hegtvedt 2018). Principles such as
equality (all recipients receive the same level of outcomes) or equity (recipients receive
outcomes commensurate to their contributions or inputs; and ratios across recipients should be
equivalent) define expectations associated with distributive justice.

Procedural justice (PJ) (Leventhal, Karuza, and Fry 1980; Thibaut and Walker 1975)
concerns principles pertaining to the decision-making process in regard to the allocation of
resources, access to resources, and evaluations of performance. Leventhal and colleagues (1980)
offer six rules to ensure procedural fairness. Procedures should “(a) be applied consistently
across people and across time, (b) be free from bias (i.e. no vested interests in a particular
settlement), (c) ensure that accurate information is collected and used in making decisions, (d)
have some mechanism to correct flawed or inaccurate decisions, (e) conform to personal or
prevailing standards of ethics or morality, and (f) ensure that the opinions of various groups
affected by the decision have been taken into account” (qtd. in Colquitt et al. 2001: 426).
Consideration, consciously or unconsciously, of these six rules shape an individual’s perception
that the decision-making process that determines the distributions of outcomes in a situation is
fair.

Interpersonal justice (1J), concerns the interpersonal treatment individuals receive from

others. In the literature researchers also refer to this interpersonal treatment as the social
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interactional or interactional justice that focuses on the quality of interpersonal treatment when
decision-making procedures are implemented (Bies and Moag 1986). An emphasis on treating
people with dignity and respect constitutes 1J (Bies 2001; Bies and Moag 1986).

To determine whether fairness exists, regardless of the type of justice utilized in a
judgment, evaluators (in this case, students) assesses information available in the relevant
context. Evaluations of justice are subjective, and involve a sense making process influenced by
who people are (individual-level factors) and the situations (contextual-level factors) in which
they are embedded (Hegtvedt 2018). Individuals’ motivations (material self-interest, social
concerns, and moral convictions) and social positions, create varied perceptions of fairness by
different individuals of the same situation (Hegtvedt 2018). In the classroom, students who
maintain different positions are likely to interpret differently the procedures, contributions,
outcomes, and treatment. For example, what a white male perceives as fair may not seem fair to

URMs.

The Effects of the Justice Types on Emotions
The principles relevant to each type of justice consciously or subconsciously inform

individuals’ expectations for the way a situation may unfold, thereby anchoring perceptions of
injustice. When a situation does not proceed according to expectations (e.g., people receive
lower outcomes than expected based on their inputs, decision-making violates procedural justice
principles, or treatment is disrespectful), people are likely to perceive injustice. Perceptions of
injustice stimulate distress, which people are motivated to relieve (Adams 1965; Folger et al.
2006; Homans 1974). Negative emotions such as anger and resentment capture that distress
resulting from perceived injustice whereas perceptions of justice produce positive emotions like
satisfaction and contentment. A number of studies confirm these expected patterns (see

Cropanzano, Stein, and Nadisic 2011; Hegtvedt and Parris 2014). For example, extrapolating to
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the classroom setting, students’ reactions to unjust distributions, procedures, or interactions with
their professors and peers may generate emotions, stimulating further reaction in the situation.

How students perceive the fairness of their experience in class—including their
assessments of the distribution of outcomes, procedures, and interactions with professors and
peers—should shape the emotions that they report. Students’ expectations, based on the
principles of justice, combined with their observations of actual outcomes, procedures, and
interactions inform their justice evaluations. Following justice perspectives predicting distress
resulting from perceived injustice and satisfaction or other positive emotions from perceived
justice (Adams 1965; Homans 1974), | predict:

Hypothesis 1: Perceived justice is positively related to positive emotions and negatively

related to negative emotions.

As discussed previously, although perceptions of distributive, procedural, and
interpersonal justice may be correlated and have similar effects on students’ experiences of
emotions, | expect that interpersonal justice and distributive justice will matter more than
procedural justice in shaping students’ emotions. Individuals, in this case students, can readily
gauge the quality of their interpersonal relationships with others (their professors and peers)
through factors like neutrality (Lind and Tyler 1992), which emphasizes equal treatment of all
parties with honesty and a lack of bias. Additionally, students’ likely focus on grades increases
the salience of distributive justice concerns.

Students draw on their interpersonal treatment from professors and other students to
decide how to evaluate their standing within the group. People want to feel they are a valued
member of a valuable group, and look to their treatment in the group to evaluate their standing

(Lind and Tyler 1988). Fair treatment communicates to individuals that they are valued
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members of the group; conversely, unfair treatment communicates they are not valued members
of the group. Feeling like a valued member of a valued group is likely to increase positive
emotions, while feeling like an unvalued member of a group is likely to increase negative
emotions. 1J is also positively associated with emotional arousal (Stecher and Rosse 2005), and
organizational commitment (Barling and Phillips 1993), while interpersonal injustice cultivates
anger (Bies and Tripp 1996). Thus, students who experience 1J are likely to feel stronger ties to
their group (i.e., their STEM major), but students who experience interpersonal injustice are
likely to feel anger that will distance them from their group. While procedural justice also
conveys to individuals their value to the group, it does so in a more impersonal way, via
decision-making processes, not necessarily face to face dynamics. Research indicates that social
connectedness and belonging to a group is critical for college students and their well-being
(Allen et al. 2008; Lee and Robbins 1995; Tellhed, Backstrom, and Bjorklund 2017).
Accordingly, interpersonal justice signals more proximal group connectedness and belonging
than procedural justice (Kurdoglu 2019).

Distributive justice is also likely to matter more than fairness in decision-making
procedures given the value to students of college grades distributed by professors to students.
Many students experience extreme affective distress during college surrounding their grades
(Papanikolaou et al. 2003; Struthers, Perry, and Menec 2000). Grades have significant effects on
students’ self-esteem, emotions, and perceptions of their self-worth (Crocker et al. 2003;
Stupnisky et al. 2013). Especially in the current context of increasing college costs, and a
heightened awareness of the importance of doing well in college to ensure strong future job
prospects, students place a lot of weight on their grades, and maintaining a high GPA in college.

While students’ own actions contribute to the grades that they receive, they often do not have
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much control or input on the classroom rules and procedures, thus the fairness of the distributed
grades may matter more than underlying decision-making procedures for the class. Overall,
students may perceive more individuation in terms of their interpersonal treatment (1J) and
outcomes (DJ) that they receive than in terms of decision-making procedures. | predict that
Hypothesis 2: Interpersonal and distributive justice are likely to have stronger effects on

emotions than procedural justice.

The Effects of Justice Types on Competence
Beyond emotional responses to perceived justice, individuals look to the fairness of

authorities to assess the security of their position in a group or organization (van den Bos, Lind,
and Wilke 2001), which has consequences for their cognitive responses in the situation. That is,
students’ perceptions of justice and their treatment within a group will also shape how competent
they perceive themselves to be. As previously noted, people care about justice (especially
interpersonal and procedural) because it communicates to them their value to the group, and
underlies their sense of belongingness within the group (Lind and Tyler 1988, 1992; Tyler and
Blader 2000). Students who feel confident that they belong in the group (as affirmed through
their fair treatment within the group) may take the initiative in contributing ideas to the group. In
do so, they may grow more confident as their ideas are debated and/or accepted by the group,
which thereby increases their level of perceived competence. In contrast, in the absence of the
experience of perceived fairness, people lack a sense of value to and belongingness in the group,
which may inhibit their confidence in contributing to it. Consequently, a potential basis for
feedback about one’s competence dissipates. Moreover, individuals may respond to perceived
unfairness by lowering their inputs to be consistent with the lack of fair treatment. Doing so may
erode their cognitions about their own competence regarding course materials. Thus, | propose:

Hypothesis 3: Perceived justice is positively related to competence.
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Similar to the individual effects of justice on students’ emotions, I also expect that the
effects of the justice types will vary in their impact on students’ assessments of their competence.
Specifically, I expect that distributive justice will have the greatest impact on students’ perceived
competence. Justice behaviors in the classroom provide information to students about the
perceptions other students and professors have of their ability to contribute to the intellectual
community of the classroom. For students, one of the most important signals of their
contributions to the intellectual community is in the form of grades. In addition to the
distribution of grades, other “resources” in the classroom such as feedback, professor attention,
or time for their questions and concerns during office hours serve as information in forming
justice assessments. Depending on the size of the course, students are often competing for these
valued resources (especially attention and time during office hours) from the professor with other
students.

As indicated with regard to emotions, students care a lot about their grades in college and
their grades affect their mental well-being (Banks and Smyth 2015; Miller 2008; Papanikolaou et
al. 2003; Trockel, Barnes, and Egget 2000). Ensuring a good grade may even propel students to
take “easier” courses (Shim and Ryan 2005; Walker, Greene, and Mansell 2006). Students’
grades and the feedback they receive serve as a form of distribution of rewards to students,
individualized for their diligent and proficient work in the class. And, as already described,
students have control over their performance at some level, distinct from their lack of influence
procedural justice. And, especially in large introductory classes, students are less likely to have
many one-on-one meetings to perceive an impact of control over interpersonal justice processes
with professors compared to outcomes forming the basis of distributive justice assessments.

Insofar as grades that students receive are perceived to be a unique measurement of their
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accomplishments within the class, | expect that grades (as a measure of DJ) in a course should
have the greatest impact on their evaluations of their competence:
Hypothesis 4: Perceived distributive justice is likely to have stronger effects on

competence than other forms of justice.

Status Processes in Classroom Dynamics
While respectful treatment from others conveys one’s value and position within the

hierarchy of the group, status processes provide information about more global, societal views on
their contributions and value to the group. Status is “a position in a set of things that are rank-
ordered by a standard of value” (Ridgeway and Walker 1995:281). These status rankings are
generally determined by the societal structure within which the group exists, that nonetheless
shape how the group operates. Status processes unfold in newly formed groups as individuals use
limited, but often observable information about other members, especially their status
characteristics, to make inferences about their competence and likely performances (Berger,
Cohen, and Zelditch 1972; Berger et al. 1980). Status characteristics are attributes on which
people differ (e.g., gender and math expertise), and for which there are widely held beliefs
associating one attribute as more worthy and valued than another state of that characteristic (high
math expertise is better than low math expertise). Diffuse status characteristics (DSCs), such as
race/ethnicity, gender, and age, carry very general expectations for competence across a variety
of situations. Specific status characteristics (SSCs) (e.g., math expertise), carry specific
expectations for competence in a limited range of situations, typically becoming salient based on
perceived relevance of the characteristic to the task at hand (Berger et al. 1972, 1980; Berger and

Conner 1974).
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Conceptualizing Status Processes and Competence
According to status characteristics theory (Berger et al. 1980), individuals will utilize the

most readily available information—often the more visible DSCs—to assume individuals’
competence (Berger et al. 1980), creating performance expectations (i.e., generalized
anticipations of an individual’s capacity to make useful contributions to the group compared to
others). Typically, those with higher levels of status characteristics are presumed to be more
competent and to take and to receive more action opportunities and thereby exert more influence.

Although reliance on SSCs is more accurate in guiding performance expectations for the
self and others than DSCs, individuals nonetheless continue to use of DSCs in assessing task
competence. This pattern explains why people offer men, compared to equally performing
women more opportunities to participate, more attention, and more credit for ideas and give them
higher evaluations and greater rewards (Berger et al. 1980; Ridgeway 2011). A similar pattern
holds for race, both whites and blacks talk to whites more in task groups, and evaluate the work
of whites more highly, independent of actual performance (Berger and Fisek 2006; Berger,
Ridgeway, and Zelditch 2002; Ridgeway 2006).

In the classroom, status characteristic theory would suggest that a student’s status
determines their ability to participate, to have their contributions to the group accepted or
acknowledged, and to influence the actions of the group. Students’ observable diffuse status
characteristics include gender and race. In contrast, information on specific status characteristics
like math or science ability is less observable. Based on initial assumptions students make about
the competence of other students, status orders emerge in the classroom. These status orders
shape students’ opportunities for and barriers to getting the most out of their classroom
experiences. When students believe instructors and peers presume less competence owing to

their DSCs than others, students then perceive their competence to be low and will likely
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participate less in class. If students characterized by lower status do participate, they may find
that their ideas are less likely to be accepted and supported by others. In contrast, students with
higher levels of DSCs are likely to feel highly evaluated by their peers and instructors. With
confidence in their own competence they are likely to participate more, exert more influence, and
expect higher outcomes than those with lower status. Thus,
Hypothesis 5: Students characterized by the lower value of a diffuse status characteristic
(DSC) (i.e., women, students of color, and low SES students) are likely to perceive
themselves as having lower competence than students characterized by a higher value of

a DSC.

The Effects of Status on Emotions
Beyond the theorized effects of status level on competence, status also carries

implications for emotions in social groups. Individuals desire valuable social resources like
status. Status differences generate different consequent or situational emotions (Kemper 1978;
Ridgeway and Johnson 1990) and affect the interactions of low- and high-status actors (Lovaglia
and Houser 1996; Willer, Lovaglia, and Markovsky 1997). As mentioned previously, in the
classroom, status characteristics theory suggests students will use DSCs as a mental shortcut to
anticipate behaviors from other students, creating a status structure based on the group’s
expectations for individual contributions to the group. A gain of status (in the form of anticipated
useful contributions) is likely to result in positive emotions, while a loss of status (in the form of
anticipated unhelpful contributions) is likely to result in negative emotions (Kemper 1978, 1987).
These emotions are also shaped by the attributions individuals make as to why they
gained or lost status (Kelley 1967; Kemper 1987; Weiner, Nierenberg, and Goldstein 1976). The
positive emotions individuals feel as a result of gaining status are likely to be stronger to the

extent that individuals are able to attribute the gain in status to something internal, such as their
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own ability (Kemper 1987). Alternatively, students are more likely to feel stronger negative
emotions if they attribute their low status to an external cause such as teacher’s bias than to their
lack of academic ability. Students with lower value DSCs are more likely to experience restricted
action opportunities and low status in the classroom. People experience more negative emotions
such as irritation or annoyance when their efforts to participate in the group are blocked
(Berkowitz 1978, 1989; Dollard et al. 1939). In contrast, students characterized by higher value
DSCs who feel their contributions are valued and accepted are likely to experience more positive
emotions. Thus,

Hypothesis 6: Students characterized by the lower value of a diffuse status characteristic

(DSC) (i.e., women, students of color, and low SES students®) are likely to experience

fewer positive emotions and more negative emotions than students characterized by a

higher value of a DSC.

Methods and Data Sources
My study aims to illustrate how the nature of classroom interactions, highlighting justice

and status processes, in introductory STEM courses shape emotions and competence. | collected
data from introductory courses in two disciplines that might range in their justice processes in
order to include greater variation in students’ experiences: biology and computer science.
Women and racial minorities remain underrepresented in the STEM workforce, with the greatest
disparities occurring in engineering, computer science, and the physical sciences (National
Science Board 2016). Comparatively, the biological sciences more successfully engage a diverse
array of students (Sjgberg and Schreiner 2005). My analysis takes these contrasts into account by

controlling for discipline.
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| selected introductory courses as the focus of this study, because they act as gatekeepers
(Seymour and N. M. Hewitt 1997; Tobias 1990). Gatekeeper courses refer to classes with high
enrollment that generally represent the introductory courses required for matriculation into a
major field of study (Tobias 1992), while also tending to have high enrollment, high levels of
competition, large class sizes, and high failure rates (Tobias 1992; Valkenburg 1990).
Particularly for science, math, and engineering majors, these courses represent the first course in
a series required to graduate from the major. In addition, these courses are the first opportunity
for students to learn more about the discipline, as well as the disciplinary norms and the ways
each discipline approaches problems. Research finds that student performance in STEM
gatekeeper courses helps to predict students who will graduate with a STEM degree, with a non-
STEM degree, and those who will not graduate (Redmond-Sanogo et al. 2016), thus making
introductory courses a useful place to observe students’ initial foray into the STEM field in their

undergraduate careers.

Sample
Study participants took either an introductory biology or computer science class during

fall semester 2017 (n=388) and 2018 (n=398) at a R1 private university. In the 2018-19
academic year the private university enrolled about 7,916 undergraduate students, with 41
percent white (non-Hispanic), 19 percent Asian, 17 percent non-resident international students, 8
percent black (non-Hispanic) students, and 9 percent Hispanic/Latino students (with 4 percent
identifying as multiracial and 2 percent unknown). Table 2.1 shows the racial and gender
representation of enrolled and major students in the biology and computer science department. In
2019, around 1,900 bachelor’s degrees were awarded, with 338 students with a degree
concentration in biology, and 38 in computer science. This university was selected for its diverse

student population by race, and as a site where the introductory courses did not have any pre-
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requisites or specific intro courses segregating students by major or non-major. In addition, R1
schools in particular perform better than public institutions in students’ persistence and degree
completion rates in STEM fields, while also producing students who are actively recruited to
work in STEM fields (Rine 2014).

[Table 2.1 about here]

Across the two semesters, 402 students enrolled in the biology course and 384 enrolled in
the computer science course. These numbers represent students from four sections of
Introduction to Biology, and six sections of Introduction to Computer Science. The same faculty
member from biology (a black male) and from computer science (a white male) taught the
sections each fall.* Students were recruited at the end of the fall semester to participate in the
study. For the biology course there was a response rate of 104/206 (50.5 percent) for the fall
2017 semester and 82/196 (41.8 percent) for the fall 2018 semester. For the computer science
course the response rate was 61/182 (33.5 percent) for the fall 2017 semester and 60/202 (29.7

percent) for the fall 2018 semester.®

Surveys
| emailed students an invitation and a link to the online survey to participate in a post-

course survey on perceptions of their experiences within STEM courses after they had received
their final grades for the course. As an incentive, students who completed a survey and provided
their information via a separate form were given a $5 Amazon gift certificate. Students indicated
their consent before taking the online survey.

Independent Variables

Justice. Indicators for justice captured the three types of justice. To measure distributive
justice (DJ) respondents were asked to evaluate their perception of the fairness of their grades on

a seven-point scale (where 1 = strongly disagree and 7 = strongly agree). | distinguished between
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students’ perception of the fairness of the actual grades themselves and students’ sense of
“earning” the grades they received. A 4-item scale that was averaged across items (o = .87)
measured students’ sense of the fairness of their final grades, lab grades, quiz grades, and exam
grades. The second was a 3-item scale averaged across items (o = .91) measuring students’ sense
of what they did to earn the grades they received by evaluating whether they felt that their grades
were fair “considering the responsibilities I had,” “for the amount of effort I put forth,” and
“considering the stress I experienced.”

Measures for procedural justice (PJ) focused on students’ perceptions of the procedures
faculty members use in making decisions about their performance in the classroom. Adapting
items from Folger and Konovsky (1989), | asked respondents to indicate their disagreement or
agreement with ten statements (see Table 2.2) regarding how their professors tap into different
principles of procedural justice (e.g., consistency, voice, accuracy). Respondents indicated on a
seven-point scale (where 1 = strongly disagree and 7 = strongly agree) the extent to which their

99 ¢¢

professor had, for example: “used consistent standards in evaluating your performance,” “gave

99 <¢

me feedback that helped me learn how well I was doing,” “took into account factors beyond my
control,” and “made clear what was expected of me.” The procedural justice scale combined and
averaged responses to the ten items (o = .87).
[Table 2.2 about here]
Capturing fairness of treatment between students and faculty members, the interpersonal
justice (1J) scale derives items from Moorman (1991) (see Table 2.3). | asked respondents to
indicate how much they agree (where 1 = strongly disagree and 7 = strongly agree) with

questions such as: the extent to which their professor or other students “treats you without bias,”

“treats you with kindness and consideration,” and “takes steps to deal with you in a truthful
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manner.” The interpersonal justice items provided the basis for three different scales (with items
added and averaged by the number in each scale) based on principal component exploratory
factor analysis results. The first 2-item scale had a bivariate correlation of .85, and measured
students’ perception that their professors cared about the students’ welfare; the second 6-item
scale (o =.95) measured the perception that professors taught respectfully; and the third 3-item (o
=.93) scale measured the perception that professors taught free from bias.
[Table 2.3 about here]

Perceptions of Interpersonal Justice by Peers. The survey asked students to assess on a

seven-point scale (where 1 = strongly disagree and 7 = strongly agree) whether other students in

29 ¢

the class seemed to: “respect me,” “treat me as an equal,” “treat me with kindness and
consideration,” “listen to my ideas,” and “take into account my ideas on group projects.” As well
as the more interpersonal aspects of their interactions with their peers such as whether other

29 ¢

students seemed to “be very concerned about my welfare,” “provide help when I have a
problem,” and “treat me in an unbiased way.” This scale involved averaging responses to the
eight items (a0 =.96).

Status Characteristics. Students demographic characteristics indicate their diffuse status
characteristics and include race, gender, and SES. | measure gender by a self-report of whether
they identify as a man (0) or woman (1). To indicate race, | ask students’ self-reported race as
White/Caucasian, Black/African-American, Hispanic, Asian, or Native American. To test for an
effect for students’ race, I grouped respondents into three categories (white (0), black (1), and
Asian (2)). | created a series of dummy variables to test for the effects of race, comparing white

students to black students; white students compared to Asian students; and Asian students to

black students. The results of these comparisons were largely not significant, so to simplify the



102

models | used race as a white(0)/non-white(1) categorical variable. Data on income came from
the respondents’ reported parental income on a categorical scale (0=less than $25,000,
1=$25,001-$50,000, 2=$50,001 - $75,000, 3=$100,001 - $150,000, 4=$150,001 - $200,000,
5=$200,001 - $250,000, 6=More than $250,000).

Controls. I control for students’ GPA, whether they were enrolled in introductory biology
(0) or computer science (1), and the time at which they were enrolled (fall 2017 [T=0] or fall
2018 [T=1)).
Dependent Variables

Emotions. Students responded to the question: “how much did you typically feel each of
the following [happy, excited, frustrated, encouraged, disappointed] about your biology or
computer science class in general?” (where 1 = none at all and 7 = a great deal). Based on
principle component factor analyses, | created two scales. The 3-item (a =.93) positive emotion
scale averaged responses for happiness, excitement and encouraged and a 2-item (bivariate
correlation = .87) negative emotion scale averaged responses for frustration and disappointment.

Competence. Competence was measured by averaging two items into a scale of students’
self-reported assessments of their competence “I expect to do well in science courses” as well as
their ability to learn, “I will be good at learning something new in science.” The bivariate

correlation for these items is .78.

Analysis
To examine the effects of justice and status processes on students’ emotional and

cognitive responses | utilized a series of OLS regressions (Fox 2015). Due to missing data, |
imputed data on ordinal and interval-ratio variables using multiple imputation (M=2). The
multivariate analysis examines the influence of perceived justice, status, and controls on

emotions and competence. Below, | report the standardized coefficients for three models with
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positive emotions, negative emotions, and competence as the dependent variables. All
regressions include control factors. Tests for multicollinearity for each model indicate low
variance inflation factors (VIFs; 2.01 for all models, which is below the conventional 4.0

threshold) (O’Brien 2007). These results largely indicate multicollinearity was not present.

Results
My primary interest for this analysis is to examine how students’ perceived experiences

in the classroom shapes their reported emotions and assessment of competence. Table 2.4
presents the means, standard deviations, and bivariate correlations among all measures. As
expected, results show that all forms of justice correlate positively with measures of positive
emotions, and competence. Surprisingly, there was also a positive correlation between perceived
justice and negative emotions. This relationship suggests that more experiences of justice are
correlated with more frustration and disappointment. The bivariate relationship between gender
(0=men, 1=women) and emotions and competence suggest that women, compared to men, report
lower emotions of either type and lower competence. The bivariate relationship between race and
course enrollment (O=biology, 1=computer science) and competence suggest that computer
science students and nonwhites relative to biology students and whites, report lower perceptions
of competence. In what follows, I present OLS results, first pertaining to positive and negative
emotions followed by those pertaining to competence.
[Table 2.4 about here]

Emotions

Model 1 in Table 2.5 examines the effects of types of justice and status characteristics on
positive emotions. Results largely confirm Hypothesis 1, predicting a positive relationship

between perceived justice and positive emotions. There are significant positive effects for
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distributive justice (earned grades) (f = .232, p <.001), interpersonal justice represented as
welfare (B =.307, p <.001), as free of bias (B =.147, p <.05), and in terms of perceived
treatment by peers (B =.169, p <.001). These results suggest that students who perceive greater
distributive and interpersonal justice, as well as a positive perception of how peers treat them (a
form of interpersonal justice) report stronger positive emotions. Coefficient sizes represented in
Model 1 also confirm Hypothesis 2, predicting a stronger effect for interpersonal and distributive
justice compared to procedural justice (B =.061, p >.05) on students’ emotions.

[Table 2.5 about here]

Model 2 in Table 2.5 examines the effects of types of justice and status characteristics on
negative emotions. Results here provide minimal support for Hypothesis 1, predicting a negative
relationship between justice and negative emotions. There was the predicted negative effect of
distributive justice (grades) on negative emotions (f = -.283, p <.001). Yet, there was also an
unexpected significant positive effect of distributive justice (earned grades) (B = .458, p <.001),
suggesting that students who felt they had earned their grades experienced more negative
emotions. No other form of justice exerted significant effects on negative emotions.

In contrast to results showing the impact of types of justice on emotions, there was only
limited support for Hypothesis 6, predicting that males, white students, and students of higher
SES are likely to experience more positive emotions and fewer negative emotions, emerged. The
effects of gender and SES worked differently for positive and negative emotions. Consistent with
Hypothesis 6, there was a negative effect of gender on positive emotions (B = -.169, p <.001),
indicating as expected that women report experiencing less positive emotion in response to their
STEM classes than do men. Also as suggested by Hypothesis 6, the negative effect of SES on

negative emotions (B = -.139, p <.01) signals that lower SES students experienced more negative
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emotions than their higher SES counterparts. However, there were no statistically significant
effects of race on students’ positive or negative emotions.
Competence

Model 3 in Table 2.5 examines the effects of justice types and status characteristics on
individuals’ assessments of their perceived competence. Results provide some support for
Hypothesis 3 predicting a positive relationship between justice and competence. Among the
types of justice, distributive justice (earned grades) (f =.268, p <.001), and interpersonal justice
(respect) (B =.195, p <.05) enhance perceived competence, indicating that it matters to students’
perceptions of their competence that they earn fair grades and that their teacher treats them
respectfully in their interactions. In addition, fairness in interactions with their peers positively
shapes perceptions of competence (f =.296, p <.001). Yet, inconsistent with Hypothesis 3,
interpersonal justice (free of bias) (f =-.152, p <.05) reduces students’ perceived competence.
Results confirm Hypothesis 4, predicting that the effect of distributive justice on competence
would be strongest. The standardized coefficients suggest that distributive justice (earned grades)
has the greatest effect on competence, compared to other forms of justice.

Results provide partial support for Hypothesis 5, predicting one’s diffuse status
characteristics (gender and race) are associated with perceptions of one’s competence. The data
indicate that gender (f = -.232, p <.001) and race (p = -.122, p <.05) are associated with
competence, but show no significant effects of SES. As hypothesized, women perceive
themselves to be less competent than men, and students of color perceived themselves to be less
competent than white students.

Controls



106

Results for positive emotions indicate an effect of time (p = -.153, p <.001), suggesting
that students in the Fall 2017 cohort reported having experienced significantly fewer positive
emotions than the Fall 2018 cohort. For negative emotions there were significant effects for GPA
(B=.116, p <.05), and course enrollment ( = -.316, p <.001). Students who had higher GPAs
reported experiencing more negative emotions; similarly, students enrolled in computer science
experienced more negative emotions. Not surprisingly, results for competence show positive
effects of GPA (B =.199, p <.001), indicating that students with higher GPAs perceived

themselves to be more competent.

Discussion
This study investigates how social psychological justice and status processes bear upon

students’ responses to their experiences in STEM courses within postsecondary education. With
perceptions that fairness unfolds in their classrooms, students feel confident in their belonging to
a social group that is important to them, which enhances their positive emotions, though has little
impact on their negative ones. Similarly, students who feel fairly treated are likely to interpret
this as a sign that they are seen by their professors and peers as a competent student. Diffuse
status characteristics also play a minor role in generating emotions and a major one in shaping

perceptions of competence. Patterns of results from this study suggest five main conclusions.

Importance of Justice Perceptions
First, perceptions of justice in the classroom, both in terms of the hierarchical relationship

between instructors and students but also among students, matter for shaping students’ emotional
responses. As predicted in Hypothesis 1, there was a positive relationship between perceived
justice and positive emotions. However, there were unexpected findings between justice and
negative emotions, with a significant positive effect of distributive justice and negative emotions.

That is, students who felt they had earned their grades experienced more negative emotions.
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What this suggests, is that as students feel they have earned their grades through the amount of
coursework they completed, the stress they experienced, and their efforts, they also experienced
more frustration and disappointment. It is possible that this relationship indicates the stressful
experience of many students in order to achieve a higher grade in a course, aligning with
previous research on students’ extreme affective distress during college due to their grades
(Papanikolaou et al. 2003; Struthers et al. 2000).

The relationship between earned grades and negative emotions was somewhat consistent
with Hypothesis 2, where grades that were perceived to be fair are associated students who felt
they had earned their grades experienced more negative emotions. with fewer negative emotions,
and in model 1, earned grades are also associated with increased positive emotions. However, in
model 2, students who felt they had earned their grades experienced more negative emotions, and
the effect of this coefficient was stronger than the effect of earned grades on students’ positive
emotions. While students experience positive emotions as a result of the higher grades, and as a
result of feeling that they have earned their higher grades, students may also be frustrated and
disappointed by the amount of work and stress that was required to achieve their desired grades.
It is also possible that students felt entitled to preferential treatment or less rigid grading from
their professors, or that the grading scheme was unfair and too challenging. Also as expected in
Hypothesis 2, among the justice factors that matter most for both positive and negative emotional
reactions, are considerations of distributive justice and interpersonal justice. For both positive
and negative emotions, students’ perceptions that grades are fairly distributed, are of paramount
importance. As other work shows, grades have a significant effect on students’ self-esteem,
emotions, and self-worth (Crocker et al. 2003; Stupnisky et al. 2013), and provide students with

an individualized evaluation of their classroom contributions.
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For interpersonal justice, a large part of the college experience for many students is
building connections with others, and ensuring their sense of belongingness in their social groups
(Allen et al. 2008; Lee and Robbins 1995; Tellhed et al. 2017). To evaluate their standing and
belongingness within a group, students rely on interpersonal justice as an indication of their
value to the group (Lind and Tyler 1988). Although it can be difficult to ensure fair treatment
from peers, faculty members can help to improve students’ positive emotions by demonstrating

that they care about their students, and treating students in a respectful way.

Lack of Effects of Procedural Justice
Second, the lack of findings in all models for procedural justice, and for interpersonal

justice on negative emotions was surprising given past research. The justice literature has
historically highlighted the importance of procedural justice within organizations. Previous
research indicates for example, that employees who have a representative voice within an
organization are less likely to exhibit turnover behavior and are more likely to be committed to
the group (Allen, Shore, and Griffeth 2003; Aquino et al. 1997; Simons and Roberson 2003).
Surprisingly, my results indicate that procedural justice does not significantly shape students’
emotional responses to their experiences in the classroom. Previous research has indicated the
lack of a procedural justice effect on positive emotions (Krehbiel and Cropanzano 2000) with
more recent research highlighting procedural injustice’s greater impact on negative affect
(Barkworth and Murphy 2015).

Although it was expected that interpersonal and distributive justice would matter more
compared to procedural justice, it was surprising that procedural justice was insignificant in all
models. It is possible students did not have enough information or there was no variation in
information about the rules and procedures of the course for procedural justice to have a

significant impact on their emotions and perceptions of competence. Students do not expect to be



109

able to make course decisions, or to have voice in the course (including the structure and day-to-
day experiences of the course), which may account for why procedural justice hardly affected
students’ emotions and perceptions of their competence.

Compared to justice literature on organizations, it seems the structure of the relationship
between authority and subordinates is distinct from that of instructor and students. My results
suggest that the different nature of the relationship between students and teachers may mean it
matters more to students to be able to see their professors as a mentor and ally that cares about
them, above and beyond having fair procedures in place in the classroom. My results also
suggest that it is important to check-in with students about their interpretations of the actions of
faculty members, as it is students’ perceptions of their treatment from faculty that matters, rather
than simply the enactment of fair treatment. Professors should describe and model what
constitutes appropriate and respectful interactions within the classroom to emphasize the equal
and respectful treatment students should enact with their peers. Additionally, it is possible that
professors were transparent about how grades would be assigned, and so there was not enough
variation from the survey questions to tap into the relevant aspects of procedural justice that
affected students’ emotional responses to their experiences. Future research that can assess
examples of what students would perceive to be issues of procedural justice and injustice and
then tease out the importance of PJ in a college classroom.

Considering the strong interpersonal justice effects on students’ positive emotions it is
surprising that the relationship between interpersonal justice and negative emotions was not
significant. That is, consistent with Hypothesis 2, students who experienced high interpersonal
justice reported more positive emotions, but there was no significant effect for negative

emotions. It is possible that the specific negative emotions measured for this study (frustration
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and disappointment) are not particularly affected by students’ experiences of interpersonal
justice. Future research should explore a wider range of negative emotions to further explore the

effects of interpersonal justice on negative emotions.

Strong Effects of Distributive Justice and Interpersonal Justice
Third, consistent with Hypothesis 3 perceptions of distributive justice in the classroom

along with treatment from peers matter for shaping students’ perceptions of their competence.
Similarly, consistent with Hypothesis 4 distributive justice mattered the most in shaping
students’ perceptions of their competence. Perceptions that students earned their grades matters
the most, followed by being treated well by their peers for increasing students’ perceptions of
competence. My results suggest the importance of improving students’ perceptions of the
fairness of their grades and that they earned those grades to improve their competence, perhaps
by signaling to students’ an understanding of their efforts that went into the work they submit.
Additionally, my results suggest the critical nature of teaching students respectfully, and creating
situations in which students can interact positively with their peers (i.e., structured situations

where peers can encourage and support the competent work of other students).

Role of Status Characteristics
Fourth, this study highlights the particular role that status characteristics play in making

assumptions about the performance expectations, or the valuable contributions that individuals
will make. My results support Hypothesis 5, and indicate the continuance of an ongoing trend
within STEM that women and students of color perceive their competence as lower than men or
white students do. Branching from Expectation States Theory, status characteristics theories and
reward expectations describe how actors use status information in forming expectations of the
contributions of others (Berger and Fisek 2006). Since task-relevant expertise cannot be directly

observed, and groups are generally poor at integrating unshared information (Stasser 1999),
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members of a group must rely on ambiguous clues (often in the form of race or gender) to form
assessments of an individual’s expertise (Bunderson 2003).

Professors serve a vital role in helping students to incorporate the more relevant SSCs
(task-relevant expertise) into their expectations of other students. Previous research has indicated
the utility of a “transactive memory” (Bunderson 2003; Wegner, Erber, and Raymond 1991)
approach to create shared knowledge of who knows what in a group (which may be emphasized
by activities utilizing the jigsaw approach in the classroom to appoint students to certain roles
either based on, or to help them develop their science talents). Professors who are able to
highlight evidence of members’ relative expertise can foster transactive memory in groups when
these groups lack shared experiences to develop it on their own (Kozlowski and Bell 2012;
Moreland and Myaskovsky 2000). In other words, professors who highlight the SSCs (perhaps in
the form of sharing student responses from assignments) of students’ abilities relevant to the
course, will help students learn to overcome a reliance on race, gender, and class in making
assessments of potential contributions to the group (Ridgeway 2011, 2014; Ridgeway et al.

1998).

Role of Emotions
Finally, consistent with previous literature (Kemper 1978, 1984, 1990) that stresses a

strong relationship between emotions and position in the social structure, my results provide
partial support for this pattern. My findings show that males are more likely to report
experiencing positive emotions and lower SES students report experiencing greater negative
emotions. Yet, no effects of race emerge, and gender and SES do not affect both types of
emotions. The lack of effects for race may reflect what Ridgeway and Johnson (1990) argue may
befall members of lower status groups: they feel constrained from expressing negative emotions

which may result in self-reports that are more positive. In other words, students from lower
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status groups may also fear expressing negative emotions for fear of consequences (to their
grades or standing within the department). Whether perceptions of such constraints reach the
experience of emotions, such as those reported by study participants, remains for further
investigation. Research that distinguishes between expressions and experiences of emotions in
response to classroom dynamics may shed more light on the responses of women, URMs and
lower SES students in STEM courses. It was surprising that there were not significant effects for
race, yet even with multiple racial coding schemes, no effects of race emerged. Future research
that addresses a wider range of emotions may help to better capture these status effects on
emotions. Addressing a wider range of emotions could help distinguish variation in ways
professors should emphasize their concerns for student welfare, and their availability to help
students (via extra office hours, study sessions, available to give extra feedback, etc.) for students
in lower status groups.

This study bring together results from both affective and cognitive responses to address
how they might propel future behaviors, like continuation in STEM. Specifically, justice
processes seem to shape students’ emotions and perceptions of their competence, as do status
processes to a lesser extent. Future research can assess the generalizability of these results by
measuring students in different educational contexts in addition to students’ experiences at one
private university in the Southeast. This study also only measures a cross-sectional assessment of
students’ perceptions of their competence and emotions. A future longitudinal study could
extend this research to help make causal determinations of the importance of changes in justice
processes over the course of the semester by measuring students’ perceptions of the justice and
status processes in the classroom early in the semester, and again at the end of the semester.

Future research would also benefit from surveying additional STEM departments to identify
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variation in the impact of justice and status processes across a wider variety of STEM
departments.

Here | provide an initial analysis of how fairness and status processes shape positive and
negative emotions and perceived competence, which offers mechanisms of interest to investigate
student persistence within STEM. Future research conducting a follow-up with students to
examine their persistence in their STEM majors over time may reveal more information about
the long-term importance of experiencing justice in the classroom.

Despite the stressful presence of gatekeeper courses in many STEM disciplines, and the
high uncertainty students face surrounding the long-term career implications of declaring an
academic major, the importance of emotions in STEM courses are often overlooked. Through
their emotional responses, students’ experiences with justice may have consequences for their
commitment to STEM fields, much like previous justice research in organizations shows that
workplace fairness enhances individuals’ organizational commitment (Brockner et al. 1990;
Colquitt 2001; McFarlin and Sweeney 1992). Such a pattern dovetails with research that finds
experiences with professors and students perceived to be fairer can create positive emotions
(Stets 2005, 2006), encouraging persistence in STEM fields (e.g., Graham et al. 2013; Sabbagh

and Resh 2016; Seymour and N. M. Hewitt 1997).

Implications for Policy and Practice
Overall, this study offers possible areas of intervention to help improve students’ positive

emotional reactions to their science courses, as well as areas that help them to perceive
themselves as being more competent within science. My inclusion of emotions may help offices
that cater to students exploring careers in STEM to counsel them on navigating their affective
responses to experiences in STEM courses. My findings on the role of positive emotions can be

used in conjunction with the importance of positive emotions on forming group ties (Lawler,
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Thye, and Yoon 2000, 2014) may play an especially strong role in encouraging student
persistence within STEM majors, and offers suggestions support offices can build on. Moving
forward, curriculums that encourage interactions in the classroom that display a concern for
students’ welfare, such as through informal means of checking in with students, may help to
improve students’ emotional reactions.

My research highlights the value in appreciating how students’ classroom experiences
may shape their decisions of a college major. My results suggest that to ensure students
experience more positive than negative emotions during their experiences in STEM courses,
faculty and departments train instructors to ensure interpersonal justice, and helping students to
adjust the way they think about the importance of their grades. In addition, programs that help
students to detach their perceived competence from their or others’ personal status attributes,
perhaps as suggested by some literature by offering role models of successful women and
underrepresented minority scientists, may help women and URMSs to have positive examples of
scientists who are not only white men (Herrmann et al. 2016; Lockwood 2006). Schools that can
offer concrete ways to help students make more positive associations with their STEM

experiences may offer a useful pathway to encourage persistence in STEM.
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Endnotes
1 In the justice literature, distributive justice (Adams 1965; Deutsch 1985; Jost and Kay 2010),

procedural justice (Leventhal et al. 1980; Thibaut and Walker 1975), and interpersonal justice
(Bies 2001; Bies and Moag 1986) in some contexts are combined under one umbrella and
assessed together as organizational justice. In this study I look at the effects of these types of
justice individually.

2 Some formulations of justice also include informational justice (Colquitt 2001) (indicating full
and honest information about the procedures and distributions). While study participants
responded to questions about informational justice, little variation emerged in the informational
justice scale, perhaps accounting for why it was not statistically significant in any of the models.
Thus, to simplify my argument, | exclude consideration of information justice.

3 Although SES is generally not as visible as gender and race as a DSC, research demonstrates
that it is still visible enough to influence interactions between students and their professors and
peers (Johnson, Richeson, and Finkel 2011; Kraus, Piff, and Keltner 2011; Wald 2010).

* While 1 acknowledge that the instructor’s race might influence students’ reactions and
experiences, it is not the focus of this study on classroom dynamics involving justice and status
processes. Future research might examine the influence of an instructor’s race and gender on
those processes and students’ affective and cognitive reactions.

® The computer science class had a large enrollment of international students for whom English
was not their first language. For that reason, those students may have hesitated to complete a
lengthy survey on their classroom experiences in English. In addition, the majority of these
international students pay for their tuition without scholarships or aid, and thus, the $5

compensation offered may not have been enough to motivate them to respond to the survey.
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Table 2.1. Percentages of Students Enrolled in Computer Science or Biology Courses at the
Private University in 2018-19

All enrolled Students Students by Major
In total numbers

Ethnicity CS% |Bio% | CS Bio
Total 100% | 100% | 38 338
Am. Indian 0.0% | 0.1% 0 0
Asian 25.9% | 33.6% 10 116
Black 3.5% | 8.0% 1 25
Hispanic 5.8% | 10.6% 1 36
Multi 3.2% | 4.1% 1 21
Non US Citizen | 39.5% | 10.9% | 15 39
Unknown 0.0% | 1.3% 1 6
White 22.1% | 31.4% 9 95
Gender

Female 38.9% | 60.6% 8 212
Male 61.1% | 39.4% 30 126

Table 2.2. Items used in the Procedural Justice Scale

In your Fall 2018 biology or
computer science course,
please think about your
professor and indicate how
much you disagree or agree
with the following statements
as they characterized your
interactions throughout the
semester. My professor
seemed to... (1 = strongly
disagree, 7 = strongly agree)

Nooakswhe

© ®

use consistent standards in evaluating my performance

give me feedback that helped me learn how well | was doing
take into account factors beyond my control

discuss plans or objectives to improve my performance
obtain accurate information about my performance

make clear what was expected of me

provide timely information about course decisions and their
implications

be influenced by things that should not be considered

give opportunities to express any concerns

. appear to allow his/her personal motives or biases to influence

evaluation




Table 2.3. Items used in the Interpersonal Justice Scale
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Interpersonal Justice - Professor (Respect) 1. ....respect students
In your Fall 2018 biology or computer science 2. ... take steps to deal with me in a truthful
course, please think about your professor and manner
indicate how much you disagree or agree with the 3. ... treat me with kindness and
following statements as they characterized your consideration
interactions throughout the semester. My 4. ... be honest and ethical in dealing with
professor seemed to... (1= strongly disagree, 7 = me
strongly agree) 5. ... be completely candid and frank with
me
6. show a real interest in trying to be fair
Interpersonal Justice - Professor (Free from bias) 1. treat students of all genders equally
In your Fall 2018 biology or computer science 2. treat students of all races equally
course, please think about your professor and 3. refrain from improper remarks or
indicate how much you disagree or agree with the comments
following statements as they characterized your
interactions throughout the semester. My
professor seemed to... (1= strongly disagree, 7 =
strongly agree)
Interpersonal Justice — Peers 1. ... respect me
In the next section, think about your interactions 2. ... treat me as an equal
with other students in your Fall 2018 biology or 3. ... treat me with kindness and
computer science course. Other students in my consideration
class seemed to... (1= strongly disagree, 7 = 4. ... listen to my ideas
strongly agree) 5. ... take into account my ideas on group
projects
6. ... be very concerned about my welfare
7. ... provide help when I have a problem
8. ... treat me in an unbiased way
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Table 2.4. Correlation Matrix with Means (and Standard Deviations) on the Diagonal (n=331)

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
(1) Competence 5.59(1.17)
(2) Pos Emotions 0.308* 4.21(1.77)
0.00
(3) Neg Emotions 0.228* 0.396*  4.14(1.74)
0.00 0.00
(4) Grades 0.324* 0.447*  0.305*  5.39(1.38)
0.00 0.00 0.00
(5) Earned Grades 0.369* 0.537*  0.408*  0.794* 5.11(1.58)
0.00 0.00 0.00 0.00
(6) PJ 0.227* 0.521* 0.215* 0.538* 0.531* 5.17(1.10)
0.00 0.00 0.00 0.00 0.00
(7) 13 Welfare 0.182* 0.560* 0.261*  0.450* 0.424* 0.754* 5.05(1.64)
0.01 0.00 0.00 0.00 0.00 0.00
(8) 1J Respect 0.268* 0.420*  0.229*  0.488* 0.417* 0.647* 0.711* 6.06(.99)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
(9) 1J Free Bias 0.151* 0.261* 0.206*  0.335* 0.281* 0.455* 0.503* 0.749* 6.29(.98)
0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(10) Peer Treatment  0.339* 0.341* 0.180*  0.297* 0.326* 0.317* 0.327* 0.334* 0.381* 5.63(1.05)
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
(11) GPA 0.280* 0.08 0.177*  0.227* 0.248* 0.01 0.04 0.00 -0.10 0.10 3.54(.4)
0.00 0.29 0.01 0.00 0.00 0.89 0.58 0.97 0.18 0.18
(12) Women -0.170* -0.161* -0.06 -0.03 -0.12 -0.01 0.00 0.02 0.06 0.06 0.11 .64(.48)
0.02 0.02 0.40 0.67 0.10 0.92 0.98 0.79 0.40 0.39 0.12
(13) SES 0.07 -0.08 -0.10 -0.03 -0.04 -0.05 -0.01 -0.01  0.00 -0.01 0.219* -0.02 3.63(1.97)
0.33 0.25 0.16 0.63 0.58 0.48 0.93 0.93 0.95 0.95 0.00 0.83
(14) Non-White -0.171* 0.10 0.04 -0.01 0.07 0.177* 0.148* 0.03 -0.03  0.05 -0.01 0.04 -0.214*  .58(.49)
0.01 0.15 0.58 0.87 0.35 0.01 0.04 0.65 0.67 0.51 0.93 0.57 0.00
(15) Enrollment CS  -0.08 0.00 -0.178*  -0.202* -0.11 -0.139* -0.141* -0.11 -0.06 -0.13 -0.03  -0.185* -0.03 -0.04 .38(.49)
0.28 0.95 0.01 0.00 0.10 0.05 0.04 0.10 0.40 0.06 0.66 0.01 0.72 0.62
(16) Time 0.02 0.00 -0.01 0.07 0.06 0.09 0.09 0.08 0.04 0.03 -0.02  -0.10 -0.04 0.01 0.04 .45(
0.83 0.99 0.93 0.29 0.38 0.18 0.21 0.22 0.54 0.71 0.83 0.17 0.57 0.89 0.58

* shows significance at the .05 level







Table 2.5. Ordinary Least Squares Standardized Regression Coefficients (standard errors) for
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Effects of Justice Processes and Status Processes on Positive Emotions, Negative Emotions, and

Competence
Model 1 Model 2 Model 3
Positive Emotions Negative Emotions Competence
Std.
Vs Beta Std. Err. Beta Std. Err. Beta Err.
Grades 0.074 0.09 -0.283 *** (.11 0.035 0.06
Earned Grades 0.232 *** 0.08 0.458 *** 0.09 0.268 *** (.05
Procedural Justice 0.061 0.12 -0.126 0.14 0.068 0.08
IJ Welfare 0.307 *** 0.08 0.139 0.10 -0.133 0.06
IJ Respect 0.132 0.15 -0.045 0.18 0.195 =* 0.10
IJ Free bias -0.147 * 0.12 0.094 0.14 -0.152 * 0.08
Peer Treatment 0.030 0.08 -0.005 0.10 0.296 *** (.06
Women -0.169 *** 0.17 -0.020 0.21 -0.232 *** (.12
SES 0.043 0.04 -0.139 ** 0.05 -0.061 0.03
Nonwhite 0.006 0.16 -0.096 0.19 -0.122 * 0.11
GPA 0.069 0.19 0.116 * 0.23 0.199 *** (.13
Enrollment CS 0.026 0.17 -0.316 *** 0.20 -0.029 0.11
Time -0.153 *** (.15 -0.014 0.18 -0.011 0.10
_cons 0.94 . 1.13 . 0.63
R2? (adjusted) 0.3683 0.1879 0.3511

Notes: N=331. *p<.05 **p<.01 ***p<.001 (two-tailed test)
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Chapter 3: The College Classroom Experience and it’s influences on
Science ldentities and Persistence

Introduction
Despite increased attention, research, and interventions to reduce disparities in

educational outcomes by gender, race, and class, there has been uneven progress—especially in
Science, Technology, Engineering, and Math (STEM) fields. Research on the retention of
students in STEM emphasize traditional individual-based approaches stressing students’
individual level interests and aspirations, as well as family and contextual factors, such as their
residential neighborhood and school (Xie, Fang, and Shauman 2015) to explain disparities in
STEM postsecondary fields (Cech et al. 2011; Riegle-Crumb et al. 2012; Soh et al. 2007;
Ulriksen et al. 2010). However, research focusing on individual cognitive ability, spatial ability,
numeracy, or other indicators correlated with achievement in math and science (Spelke 2005)
fails to address findings indicating that students who switch majors (and leave STEM) and non-
switchers are very similar in their preparation to succeed (GPA, test scores, previous experience)
and interest in science (Seymour and N. M. Hewitt 1997; Ulriksen et al. 2010).

For instance, despite women outpacing men in college academic performance (measured
by GPA), enroliment numbers, and higher graduation rates (DiPrete and Buchmann 2013; Ewert
2010), large inequalities still remain in the career fields chosen by men and women. The
underrepresentation of women and underrepresented minorities (URMS) in science occupations
is also often explained by their greater likelihood to leave or be pushed out of STEM fields at
every junction (Seymour and N. Hewitt 1997). Additionally, the much higher attrition rate of
URMs from college in all majors makes finding solutions for the STEM attrition of URMs

especially challenging (Riegle-Crumb and King 2010), as it suggests the existence of additional
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problems in higher education. Most research focuses on helping students to overcome deficits in
their prior knowledge (Ulriksen et al. 2010), but the lack of significant differences in
achievement between men and women, and whites and URM students in STEM suggests that the
link between academic achievement (students’ overall GPA) and choosing a STEM major may
be more complicated. The traditional focus on individual student preparation and cognitive
ability fails to explain the continuing disparities among women and underrepresented minorities.
Despite the array of studies that focus on academic achievement to explain STEM
retention, few consider social psychological determinants (e.g., Maltese and Tai 2011; Tai et al.
2006). Among social psychological processes, those pertaining to identity are relevant, yet few
studies considering science identity draw specifically on the theoretical mechanisms offered by
the symbolic interaction tradition regarding forming science identities, especially in the field of
science education (Ulriksen et al. 2010). Identities or self-definitions represent the various
meanings attached to oneself by self and by others (Gecas and Burke 1995). Theories of identity
are a useful lens to draw attention to the particular nature of STEM fields that makes it
challenging for students other than those who identify as white and male to be included
(Marlone and Barabino 2009). Much research addresses the types of people who progress into
later careers in STEM disciplines (Heaverlo 2011; Lee 1998; Robnett 2013; Shapiro and
Williams 2012) but do not address the ways a “science identity” specifically influences
persistence. The few studies that do consider the importance of identities in science education are
based on small qualitative samples and only focus on cognitive aspects of students experiences
(Carlone and Johnson 2007). Thus, I augment Carlone and Johnson's (2007) qualitative
development of a cognitive framework based on identity work by Gee (2000) by quantitatively

analyzing factors that shape students’ science identities.
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Moving beyond the cognitive factors of competence, recognition, and performance noted
by Carole and Johnson (2007), I also emphasize how students’ positive and negative emotional
responses to their classroom experience shapes their science identity. Thus, | examine how
cognitive and affective responses to classroom experiences together contribute to a student’s
science identity—defined here as the sense that science is “right” for an individual or that an
individual is “right” for science (Cole and Espinoza 2008; Correll 2001; Perez et al. 2014)—and
whether that science identity signals persistence in STEM, as modeled in Figure 3.1.

[Figure 3.1 about here]

To investigate how students’ assessments of their classroom experiences shape their
perceptions of their science identity, and how these identities may influence persistence, | use
survey data collected from biology and computer science students (n=786) at a private university
over the course of two fall (2017, 2018) semesters. I begin by describing research on identity and
identity processes, and then link this to empirical research in STEM fields on identity,
emphasizing the less explored mechanisms that explain identity development. I then discuss how
educational work has previously utilized the concept of identities in the form of Carlone and
Johnson’s (2007) model emphasizing competence, performance, and recognition, without
elaborating on the underlying mechanisms within symbolic interactionism. Finally, | detail how
identity theories call for the inclusion of positive and negative emotions in the process of identity
development.

Findings from the analysis of responses to my surveys indicate that students’ perceptions
of their competence (and not their GPA) along with the received recognition (akin to the concept
of verification from the symbolic interactionist framework) for their work shapes the degree to

which students see themselves as scientists, and that students’ science identity (and,
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unexpectedly, along with their negative emotions) cultivate students’ intentions to enroll in
future STEM courses. | argue research should expand the current focus on individual
achievement and preparation processes (like overcoming deficits in prior knowledge) to
understand how students’ experience of the socialization process in the classroom impacts their
ability to identify with and integrate into STEM fields, especially as such integration may depend

on students’ gender and race.

Identity and Identity Processes
Identities embed people in social structures that serve as their basis of interaction with

others (Stryker 1980). An individual has an identity or an “internalized positional designation”
for each different position or role that he or she holds in society (Stryker 1980). Gender, race,
and class are only three of the many identities young adults bring into the classroom. People
have many identities constituting the self, as many as the number of separate organized groups in
which they participate. Additionally, identities are relational, and the meanings associated with
certain roles are tied to other roles (e.g., what it means to be a teacher is tied to what it means to
be a student), and each person not only knows his or her own meanings and expectations, but
also those of others in related positions (Stets and Burke 2009). For example, a “scientist” carries
specific behavioral expectations such as: working in a lab or engaging in research, working in an
academic or industry institution, or someone who produces scientific knowledge. In this section,
| begin by describing the STEM literature that addresses identity and then | relate this work to
the basic social psychological theoretical processes omitted in this work that draw on symbolic

interactionism and identity development generally.

STEM and ldentity
Previous research has shown the importance of students’ science and math self-concepts

(Xie et al. 2015), interest in science (Mau 2003; Stage and Maple 1996; Xie and Shauman 2003),
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and aspirations to pursuing a science-related career. Science and math self-concepts refer to
actors’ self-reflexive beliefs about their science and math abilities. These self-concepts help to
predict participation in STEM courses, persistence and attainment of STEM degrees, and
entrance into STEM careers (Cech et al. 2011; Correll 2001; Maltese and Tai 2011; Mau 2003;
Wang 2013; Xie et al. 2015). Conceptualizing one’s interest in science as an identity is useful to
allow questions about the types of people promoted or marginalized by science teaching and
learning practices (Carlone and Johnson 2007), which fuel differences by gender and race in
educational pursuits.

The college years occur during a critical point of identity development, as students move
more concretely into adulthood and must solidify future identities related to their career paths.
Indeed, for STEM students, the college level is the time students begin to specialize into
disciplinary tracks, with only a small fraction choosing STEM fields (Xie and Killewald 2012;
Xie and Shauman 2003). Students spend more time in school than any other setting, which has
made education and the effects of school characteristics on achievement and identity formation a
long-standing interest for researchers (Coleman 1968). Previous STEM research on identities
explore the importance of a sense of belonging in STEM fields where the culture is largely white
and masculine (Cheryan et al. 2017), and how this shapes decisions to major in STEM (Lee and
Robbins 1995; Rainey et al. 2018; Tellhed et al. 2017). These researchers, however, typically use
the declaration of major as a proxy for identity. Additionally, previous research on STEM
identities highlights the important nature of students’ other identities and the relationships among
identities both on how students feel that they “fit” or belong in a STEM field, and how this
affects their future decisions to major in STEM. In this study | do not look at the relationships

among identities, like previous research that explores the effects of a gender identity or a racial
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identity on students” STEM interests (Horvat and Lewis 2003; Morton and Parsons 2018).
Instead, | focus on the relatively unexplored processes of regarding how students develop and
solidify their science identity in the higher education context, and the factors that contribute to a
strong science identity. | draw from the theoretical mechanisms offered by symbolic

interactionists who developed theories of identity processes.

Symbolic Interactionist theoretical mechanisms
Students’ identities are constructed on the basis of the positions and roles in which they

interact with others. A key focus of research on science identities centers on the disconnect
between the broader cultural definitions of what it means to be a “scientist,” “mathematician,” or
“engineer,” and how a person sees him or herself. To the degree that students have a choice in
the identities they come to assume, most are likely to take on identities related to their interests,
which then guide students’ behaviors to fit with those identities. Discrepancies between self-
concepts and perceptions of disciplines are associated with lower interest in those disciplines
(Lee 1998). Therefore, because science identities are often seen as masculine, and careers
associated with them as predominantly white and male, these images pose difficulties for women
and URMs who consider STEM fields (Lee 1998). To maintain their identity, girls may distance
themselves from the stereotypical perception of masculine science students (Lee 1998).
Similarly, social and cultural pressures surrounding racial identities demonstrate that many non-
white students experience stigma for “acting white” as associated with high-achievement (Delpit
2006; Fordham and Ogbu 1986; Mickelson 1990; Tyson, Darity Jr, and Castellino 2005), which
is especially prevalent among STEM majors. This distancing to maintain gender and racial
identities may help explain why women and minorities have weaker science identities.

Identity theory offers mechanisms to explain how students create distance between

themselves and their possible future identities (like a science identity). Identity theory (IT) (Stets
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and Burke 2009) asserts that actors use an internal feedback loop to regulate their social behavior
and the identities they internalize and maintain. In other words, this internal feedback process
illuminates how actors internalize the stereotypical assumptions of what a given identity
“should” look like—and thus, why it matters that scientists are typically seen as men and white.
The process of having an important identity accepted or rejected by others is critical to
understanding the creation and maintenance of identities.

According to IT, key to identity development and maintenance through interaction is how
people learn how others view them. People compare a perceptual input (whether other group
members seem to accept and support a presented identity) to their internal cognitive identity
standard—how they believe they want to be viewed in their social roles. Based on this
comparison, the individual’s identity is verified if the feedback from social interaction matches
the identity standard, or not verified if the perceived feedback from social interaction does not
match the identity standard. Students who present and enact a “scientist” identity and find
encouragement and support of this identity from others will have their science identities verified,
while students who encounter ridicule or questioning will have their science identities not
verified. When an individual’s identities are verified, the individual is able to maintain his or her
self-concept, and will continue to hold these identities. In contrast, lack of verification may lead
to the rejection of an identity.

Performance of a science identity mixes students’ perceptions of what it means to them to
“do science” together with the cultural expectations of what it means to “do science.” In other
words, the historical legacy of men and whiteness carries expectations of what it means to be a
scientist that are rooted in norms related to being a man, and to being white, that are frequently

incongruous with women and people of color, thus offering a potential explanation for gender
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and racial disparities in STEM. When the cultural expectations based on historical legacies is a
view of scientists as white men wearing lab coats and conducting science experiments (Thomson
et al. 2019), this puts constraints on the characteristics and behaviors that will be accepted and

allow for identities to be verified by others to strengthen students’ science identity.

Factors Contributing to Science Identities
Through interactions people develop and refine the identities they want or need to

maintain, while also receiving feedback about the appropriateness or acceptableness of the
identities they claim. In this section I draw on Carlone and Johnson’s (2007) research on what
they call “dimensions” of identity at the cognitive level, and show how these dimensions
undergird the processes of symbolic interactionism. Then, | bring social psychology to their
formulation and build upon it by showing how identity theories suggest additional mechanisms
through which their dimensions of competence, performance, and recognition may be central, as
well as the importance of positive and negative emotions on the formulation of identity. The
degree to which students are given the opportunity to perform their science identities, as well as
to have them recognized by meaningful others is a function of their experiences in their courses
and their affective responses.

Carlone and Johnson (2007) investigated the development of a science identity among
women of color over the course of their undergraduate and graduate studies by combining
aspects of previous ethnographic and interview data. As a result, they offer a model that
conceptualizes identity as consisting of three dimensions: competence, performance, and
recognition. Competence is one’s possession of knowledge about, and facility with science
content, skills, and practices. Performance is engagement in science practices in the public arena

and culture of science, including demonstrating competence to other members of the science
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community. Recognition (or what symbolic interactionists call verification) refers to whether a
person is recognized by herself or himself and/or by others as “a science person.” These
dimensions may overlap. For example, someone may have high competence and performance
within STEM, while having relatively low recognition. Students’ science identities are accessible
when their scientific competence is displayed through their high quality performances, and
recognized by meaningful others (Carlone and Johnson 2007). The importance of these factors in
the development of a science identity has been supported by additional empirical research
(Chang et al. 2014; Eagan Jr et al. 2013; Espinosa 2011; Hazari et al. 2013; Johnson 2007).
Carlone and Johnson’s (2007) science identity model expanded on previous research to

emphasize the effects of one’s gender, racial, and ethnic identities on their science identity.

Competence
By choosing a major, students are also making critical choices about the identities they

want to take on as well. Previous research identifies competence as an important factor in
students’ decisions to choose STEM fields (Bottia et al. 2015; King 2015; Moakler Jr and Kim
2014; Simon et al. 2017), and thus the initial step in formulating a science identity. Competence
generally includes students’ abilities within the field, both to understand and conceptualize
information scientifically, and can include measures such as GPA, rigor of courses, and previous
coursework experience. Choosing a major is often a complex decision and if students do not feel
competent within a field they are likely to choose another (Maltese and Tai 2011; Monforti and
Michelson 2008), or leave the university entirely (Adamuti-Trache and Andres 2008). Therefore,
many of the same processes that apply to choosing a major are important to students’
development of identities as well.

Undergirding this notion of competence, identity theory asserts that people prefer to have

identities verified and supported by others, which is more likely when people can interact with
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others within their science identity role (related to performance and recognition). Research has
found that students who felt more capable of succeeding and competent in a course tended to be
more involved and engaged class participants (Zumbrunn et al. 2014), thus giving students more
opportunities to interact and engage with others while enacting a science identity. Additionally,
the more competence actors have, the better they will be able to match others’ expectations of
behavior for that identity. Thus, identities for which actors have competence are more likely to
be verified.

Drawing on additional social psychological processes, stereotype threats and cultural
beliefs may inhibit the relationship between students’ competence and their science identity.
Research on stereotype threat offers potential avenues though which competence can be an
especially pressing issue for underrepresented groups within STEM. Stereotype threat processes
(Steele and Aronson 1995) pertain to how activation of negative stereotypes of particular
categories of students results in academic underperformance. Negative stereotypes that impugn
women’s math and science abilities create fear of confirming the stereotype, which then inhibits
performance (Good et al. 2003). Studies reveal that such inhibited performance creates
achievement gaps between men and women, and among white, black, and Hispanic students on
math and science standardized tests (Spencer et al. 1999; Steele and Aronson 1995).

Experimental research on stereotype threat demonstrates that gender and racial
stereotypes and bias deter students of color and women’s STEM interest and achievement
(Aronson et al. 1998; Shapiro and Williams 2012; Spencer et al. 1999). Exposure to peers’ and
professors’ statements about students of color and women’s inferiority in math and science
negatively affects the behavior and attitudes of underrepresented groups towards math and

science (Shapiro and Williams 2012; Spencer et al. 1999). Despite the equal skills of men and
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women and whites and non-whites in math and science fields, stereotypes that assume greater
competence among men and whites persist and permeate cultural beliefs. These cultural beliefs
are especially problematic when they lead to subtle or overt ways to treat students differently
based on their race, gender, or social class, thus creating interactions that fail to verify students’
science identities. Perception of competence is therefore an important factor for students in
matching the cultural expectations for scientists, and will signal to students the extent to which
their science identity is appropriate for them to claim, and will be verified by others, thus
ensuring their “fit” within their chosen STEM field.

Hypothesis 1: Science competence is positively related to the strength of students’

science identities.

Performance
Identity is more than what an individual says about one’s relationship to, abilities in,

interests, or aspirations regarding science, identity arises from the constraints and resources
available in a setting (Carlone and Johnson 2007). Interactions with professors and peers within
the college classroom communicate information about the feasibility of future identities—
especially within disciplinary boundaries. Disciplinary and institutional cultures vary in terms of
inclusivity, creating additional challenges for students who do not fit particular disciplinary
expectations of a student. Disciplines convey the STEM culture in terms of stereotypical views
and images of “scientists” (Cheryan, Drury, and Vichayapai 2013; Cheryan et al. 2015; Ozel
2012; Thomson et al. 2019), such as who and what types of people are the historical role models
of “great” scientists. Additionally, what institutions do to help students feel comfortable,
especially in the emphasized traits and characteristics of successful scientists (i.e., being
systematic, getting published vs. diversity and equality), conveys elements of STEM culture. The

extent to which students feel like they fit into a STEM field may vary based on what those
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students perceive to be the quintessential elements of “being a scientist,” and will involve a
combination of students’ perceptions and the cultural expectations that emerge from the
discipline.

Given the difficulty for students who fail to match-up to the stereotypical scientific
images in verifying their science identity, Carlone and Johnson (2007) cast the science identity
as fragile—defined as contingent and situationally emergent. Thus, they argue, to strengthen
one’s science identity, it must be habitually accessed, performed, and recognized in various
forms (presentations at conferences, participation in research labs, selection as a TA) to become
stable and be carried across time and contexts (Carlone and Johnson 2007; EImesky and Seiler
2007; Roth 2006).

To deepen this argument | draw again from Identity Theory, specifically theories that
suggest that identify verification depends on performing or enacting identities identities for
others, using language and behaviors that follow the norms associated with the identities being
performed (Goffman 1959). In this framework, an audience for these performances can take the
form of peers within the field (such as other scientists or students), mentors, or lay audiences
outside of the field (Goffman 1959). That is, identities are not simply something that people
have, but something actively performed and “done” for others (West and Zimmerman 1987).
Previous STEM literature has drawn on this idea of performing identities to “doing” science
(Archer et al. 2010; Williams and George-Jackson 2014) and learning the disciplinary and
cultural rules for the appropriate ways to engage in scientific work. As students construct their
science identities, they engage in performances of being a scientist that are important to the
development of this identity (and especially learning behaviors that are consistent and

inconsistent with these identities). For example, a student displaying his or her scientist identity
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at a conference must adhere to different norms compared to a display in the lab with other
students, at a dinner party with other professionals, or among non-scientist friends and family.
People’s performances of their identities in front of others provides the opportunity for others to
verify or fail to verify those identities. To strengthen their science identity and to have it verified
by others, students must have an opportunity to perform it. To the extent that students engage
successfully in various opportunities to perform their identities for others, they are more likely to
strengthen their science identities.

Hypothesis 2: Participation in more opportunities for identity performance (conferences,

and paper publications, research opportunities) is positively related to the strength of

students’ science identities.

Recognition/Verification
Finally, I expand on Carlone and Johnson's (2007) concept of recognition by drawing

again on verification. People have multiple identities, and each identity is tied to their
relationships with other people (Stryker and Serpe 1994). The extent to which an individual
engages with an identity across multiple situations and interactions with different people, the
stronger this identity will be for that individual.® In addition, the more people who know and
relate to an individual based on a particular identity, the stronger that identity will be, because
there are more people who will “hold them” to that role (Stryker and Serpe 1994). To the extent
that these relationships with others are important to the individual (i.e., significant others), the
identity that ties them to those others are likely to be strengthened (Stryker and Serpe 1994).
More specifically, people tend to adhere to identities that bring the most confirmation and
validation from others as their most important identities (Burke 1991; Callero 1985; McCall and
Simmons 1978; Thoits 1983, 2003; Walker and Lynn 2013). If a student’s important peers and

authorities (e.g., professors) hold him or her to the science identity, the identity for that student
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grows stronger (Lee 2002; Stryker 1980). The fewer people that perceive that student to have a
science identity and the less pressure the student feels to be cast as a scientist diminish the
strength of the student’s science identity.

Hypothesis 3: Recognition among significant others (parents, peers, teachers) is

positively related to the strength of students’ science identities.

Emotions
In this section I describe how students’ emotional responses to their experience in STEM

classes shapes their science identity. Identity theories help to explain why it is important to go
beyond cognitive elements of an identity, and to also look at affective responses to experiences
that bolster or diminish a science identity. Emotions are important motivators for actions and
decisions, including those about one’s future. Lawler and Thye (2006) define emotions as
something internal to an actor stemming from conditions or events external to the actor that take
various forms, and tend to range from positive to negative. People like to have confirmation and
validation of their identities to think well of themselves (Weigert and Gecas 2005) and
experience distress, depression, and lower self-esteem when identities are not verified (Stets and
Burke 2009). Actors use their emotions to appraise the situation that evokes them (Thoits 1989).
Students who experience positive emotions assess the situation that evoked those emotions in a
more positive light, for example, receiving a good grade on a test and feeling encouraged for
future tests.

Competence in an area and positive emotions can also be tied to identity processes.
Students who perform more competently in an area related to their identities are more likely to
receive verification, and thus, to experience positive emotions. For example, when students
perform more competently in their STEM classes, they are more likely to have their science

identities verified, and thus to feel positive emotions in relation to their work in the course. To
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the extent that people want to maximize positive emotions, and minimize negative emotions,
students should be more likely to develop and maintain identities that are verified and evoke
more positive emotions, than identities that are not verified and evoke negative emotions.
Hypothesis 4a: Experiences of positive emotions associated with STEM courses is
positively related to the strength of students’ science identities.
Relatedly, experiences of negative emotions associated with behaviors related to an identity are
likely to undermine that identity (Stets 2005).
Hypothesis 4b: Experiences of negative emotions associated with STEM courses is

negatively related to the strength of students’ science identities.

Relationships of Science Identity on Persistence
Given that identities drive actions (Stets and Burke 2009), to the extent that students have

strong science identities, they may be more likely to pursue courses related to the identity.
Drawing from identity theory, Lee (1998) explains the links between gender, self-concepts, and
perceptions of scientific others to investigate why individuals (especially women) interested in
science fail to pursue these interests. Lee (1998) found that, compared to those who do not see
themselves as scientists, “future scientists” are more likely to choose high school classes in
science and math. In particular, discrepancies between the self-concepts of women and their
perceptions of roles in science-related disciplines resulted in lower interest in those disciplines.
As discussed earlier, it is likely that similar processes may operate for race, where if scientists
are perceived as being white and economically advantaged, then students for whom their racial
identity is important, may avoid “acting white”” and consequently be unlikely to pursue science
courses (Delpit 2006; Fordham and Ogbu 1986; Mickelson 1990; Tyson et al. 2005). Thus, as

students’ different types of identities affect their behavior, they will act in ways they believe will
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lead to verification, and thus maintain their self-meanings. Those identifying as a “science
student” are likely to take more science classes to be consistent with that view.

The ways students come to see science as a set of experiences, skills, knowledge, and
beliefs that are worthy (or unworthy) of their time and engagement may motivate changes in
students’ sense of who they are and who they want to become (Cobb 2004).” People will act in
accordance with what they believe will lead to verification to maintain identities (i.e., they will
follow the expectations that are associated with their identities). Students who have developed
and continue to maintain their science identities are more likely to apply and continue to enact
these science identities in future STEM coursework despite possible identity alternatives (Stryker
and Serpe 1994; Thoits 2013).

Hypothesis 6: The strength of students’ science identities is positively related to students’

intentions to continue taking future STEM courses.

Methods and Data Sources

In this study I focus on aspects of students’ experiences in the classroom that contribute
to their science identities, and how students’ science identities signal their later persistence in
STEM. I collected data from introductory courses in two disciplines that might range in how they
shape students’ science identities: biology and computer science. Women and racial minorities
remain underrepresented in the STEM workforce, with the greatest disparities occurring in
engineering, computer science, and the physical sciences (National Science Board 2016).
Comparatively, the biological sciences more successfully engage a diverse array of students
(Sjeberg and Schreiner 2005). My analysis takes these contrasts into account by controlling for

discipline.
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| selected introductory courses as the focus of this study, because they act as gatekeepers
(Seymour and N. M. Hewitt 1997; Tobias 1990). Gatekeeper courses refer to classes with high
enrollment that generally represent the introductory courses required for matriculation into a
major field of study (Tobias 1992), while also tending to have high enrollment, high levels of
competition, large class sizes, and high failure rates (Tobias 1992; Valkenburg 1990).
Particularly for science, math, and engineering majors, these courses represent the first course in
a series required to graduate from the major. In addition, these courses are the first opportunity
for students to learn more about the discipline, as well as the disciplinary norms and the ways
each discipline approaches problems. Research finds that student performance in STEM
gatekeeper courses helps to predict students who will graduate with a STEM degree, with a non-
STEM degree, and those who will not graduate (Redmond-Sanogo et al. 2016), thus making
introductory courses a useful place to observe students’ initial foray into the STEM field in their

undergraduate careers.

Sample
Study participants took either an introductory biology or computer science class during

fall semester 2017 (n=388) and 2018 (n=398) at a R1 private university. As of fall 2017, the
private university enrolled about 7,916 undergraduate students, with 41 percent white (non-
Hispanic), 19 percent Asian, 17 percent non-resident international students, 8 percent black (non-
Hispanic) students, and 9 percent Hispanic/Latino students (with 4 percent identifying as
multiracial and 2 percent unknown). Table 3.1 shows the racial and gender representation of
students in the biology and computer science department. In 2017, approximately 1,900
bachelor’s degrees were awarded, with 191 students with a degree concentration in biology, and
55 in computer science. This university was selected for its diverse student population by race,

and as a site where the introductory courses did not have any pre-requisites or specific intro
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courses segregating students by major or non-major. In addition, R1 schools in particular
perform better than public institutions in students’ persistence and degree completion rates in
STEM fields, while also producing students who are actively recruited to work in STEM fields
(Rine 2014).

[Table 3.1 about here]

Across the two semesters, 402 students enrolled in the biology course and 384 enrolled in
the computer science course. These numbers represent students from four sections of
Introduction to Biology, and six sections of Introduction to Computer Science. The same faculty
member from biology (a black male) and from computer science (a white male) taught the
sections each fall.® Students were recruited at the end of the fall semester to participate in the
study. For the biology course there was a response rate of 104/206 (50.5 percent) for the fall
2017 semester and 82/196 (41.8 percent) for the fall 2018 semester. For the computer science
course the response rate was 61/182 (33.5 percent) for the fall 2017 semester and 60/202 (29.7

percent) for the fall 2018 semester.®

Surveys
| emailed students an invitation and a link to the online survey to participate in a post-

course survey on perceptions of their experiences within STEM courses after they had received
their final grades for the course. As an incentive, students who completed a survey and provided
their information via a separate form were given a $5 Amazon gift certificate. Students indicated
their consent before taking the online survey.

Independent Variables

Competence. | measured competence by averaging two items to create a scale of self-
reported assessments. Students’ perceptions of their own competence were captured by responses

on a seven-point scale (where 1 = strongly disagree and 7 = strongly agree). The survey asked
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students to indicate: “I expect to do well in science courses” as well as their ability to learn, “I
will be good at learning something new in science.” The bivariate correlation for these items is
.78.

Performance involves participation in science practices in the public arena and culture of
science, including demonstrating competence to other members of the science community.
Performance was measured by a self-report of students’ experiences performing as a science
student. Students indicated the number of ways they pursued or performed science in the public
arena: 1) awards, 2) selected to work in a lab/research assistant at your university, 3) selected to
work in a lab/research assistant at another institution, 4) selected as a teaching assistant, 5) asked
to tutor others, 6) secured grant funding, and 7) co-authored a publication or presentation.
Students reported either that they had (1) these experiences, or did not (0), and their scores were
summed to create a performance scale, ranging from 0 to 7.

Recognition refers to whether the person and/or others see the target as “a science
person.” Recognition by others was conceptualized with measures of “how much other people
encouraged you to pursue a career in science, technology, engineering, or mathematics
(STEM)?” on a seven-point scale (where 1 = not at all, 7 = very much) and was created as a scale
consisting of: Family member(s), Friend(s) or other student(s), and Teacher(s). Based on
principle component factor analyses, these items loaded on one factor allowing me to create a 3-
item (o =.77) recognition scale, which averaged responses for family, friends, and teachers.
Recognition of self was conceptualized with measures of “enjoy working in research labs,”
“enjoy scientific ways of thinking (e.g., logic, problem-solving, evidence-based reasoning)”; and
“enjoy the subject matter of science” on a seven-point scale (where 1= strongly disagree, 7 =

strongly agree). Principle component factor analysis indicated that these items loaded together to
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form the basis for the 3-item (a =.81) self-recognition scale, which averaged responses across the
items.

Emotions. Students responded to the question: “how much did you typically feel each of
the following [happy, excited, frustrated, encouraged, disappointed] about your biology or
computer science class in general?” (where 1 = none at all and 7 = a great deal). Based on
principle component factor analyses, | created two scales. The 3-item (a =.93) positive emotion
scale averaged responses for happiness, excitement and encouraged and a 2-item (bivariate
correlation = .87) negative emotion scale averaged responses for frustration and disappointment.

Controls. Students demographic characteristics include gender, race, and SES. | measure
gender by a self-report of whether they identify as a man (0) or woman (1). To indicate race, |
ask students’ self-reported race as White/Caucasian, Black/African-American, Hispanic, Asian,
or Native American. To test for an effect for students’ race, I grouped respondents into three
categories (white (0), black (1), and Asian (2)). | created a series of dummy variables to test for
the effects of race, comparing white students to black students; white students compared to Asian
students; and Asian students to black students. The results of these comparisons were largely not
significant, so to simplify the models | used race as a white(0)/non-white(1) categorical variable.
Data on income came from the respondents’ reported parental income on a categorical scale
(O=less than $25,000, 1=$25,001-$50,000, 2=$50,001 - $75,000, 3=$100,001 - $150,000,
4=$150,001 - $200,000, 5=$200,001 - $250,000, 6=More than $250,000). | also control for
students” GPA, the time at which they were enrolled (fall 2017 [T=0] or fall 2018 [T=1]), and
Enrollment CS, their course enrollment (where biology =0 and computer science =1).

Dependent Variables
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Science/Math identity. | measured a student’s science identity separately for their science
and their math identity. Each identity measure consisted of 4 items. Students were asked to self-
report (where 1 = strongly disagree, 7 = strongly agree) “How much do you disagree or agree
with each of the following:” “I see myself as a science [math] person,” “Others see me as a
science [math] person,” “For me, being good in science [math] is very important,” and “
Compared to most of my other activities, it is very important to be good at science [math].”
Principle component factor analysis indicated that these items loaded together to form the basis
of two 4-item scales for the science identity scale (o =.83) and the math identity scale (a =.85),
which averaged responses for the four items for math or science, respectively.

Future intended STEM coursework (Persistence). To capture persistence, | asked students
about their intent to pursue other coursework or a future in a biology or computer science.
Students responded to the following (where 1 = not at all, 7= a great deal): “In general to what
extent did you see your biology or computer science course as...: “a course you would take

29 <6

again,” “the sort of work you expect after college,” and “important to your future career” on a
seven-point scale (where 1=not at all and 7=a great deal) Principle component factor analysis
indicated that these items loaded together to form the basis of a 3-item scale (a0 =.82) which

averaged responses across the items.

Analysis
To examine what contributes to a science identity and whether a science identity signals

persistence in STEM 1 utilized a series of OLS regressions (Fox 2015). Due to missing data, |
imputed data on ordinal and interval-ratio variables using multiple imputation (M=2). Below, |
report the standardized coefficients for three models with math identity, science identity, and
future intended STEM coursework as the dependent variables. In models 1 and 2 | examine

factors hypothesized to strengthen math and science identities: competence, performance, and



155

recognition as well as positive and negative emotions. Model 3 examines the effects of science
identity and emotions on students’ intent to pursue additional STEM coursework. All regressions
include controls for gender, race, SES, GPA, course, and time of survey. Tests for
multicollinearity for each model indicate low variance inflation factors (VIFs; 1.46 for all
models, which is below the conventional 4.0 threshold) (O’Brien 2007). These results largely

indicate multicollinearity was not present.

Results
Table 3.2 presents the means, standard deviations, and bivariate correlations among all

measures. Results show that as expected, competence, recognition (both from others and self),
performance, and positive emotions are positively correlated with science and math identities, as
well as intentions to enroll in future STEM coursework.

[Table 3.2 about here]

Although the negative correlation between negative emotions and math identity (weaker
negative emotions are associated with a stronger math identity) is in the expected direction, the
positive correlation between negative emotions and future intended STEM coursework is
unanticipated. As people generally try to avoid negative emotions, it is surprising that as students
experience more negative emotions in their STEM classes, they also intend to pursue additional
STEM coursework. Additionally, although not hypothesized my results show that competence
and positive emotions are the most strongly associated with future intended STEM enrollment.

For the control variables, bivariate results show that gender (O=men, 1=women), and
course enrollment (O=biology, 1=computer science) correlate negatively with science identity.
These relationships suggest that female students and those enrolled in computer science express

weaker science identities. In addition, gender correlates negatively with math identity indicating
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that a student’s gender identity as a woman is associated with a weaker math identity. Finally,
race and course enrollment correlate negatively with future intended STEM enroliment,
suggesting that URMs and those enrolled in computer science have lower intentions to pursue
additional STEM coursework. I first discuss the results with science identity, then math identity,

followed by future intended STEM enroliment.

Science ldentity
Model 1 in Table 3.3 examines the effects of competence, recognition, performance, and

emotions on a student’s science identity. Results confirm Hypothesis 1, predicting a positive
relationship between competence and students’ science identity (B =.396, p <.000). These
results suggest that students’ who perceive themselves to be more competent (distinct from a
more objective GPA measurement of competence) report a stronger science identity. Results fail
to confirm Hypothesis 2, predicting a positive relationship between performance and students’
science identity. This indicates that the number of awards and presentations students have do not
seem to strengthen their view of themselves as a science person.

[Table 3.3 about here]

Results confirm Hypothesis 3, predicting a positive relationship between students’ self-
recognition (f =.452, p <.000), and recognition by others (f =.151, p <.001) and their science
identity, signaling that students who enjoy scientific ways of thinking and learning, as well as
those who have others who help hold them to a science identity report a stronger science identity.
Results fail to confirm Hypothesis 4, predicting a positive relationship between the reported
experience of positive emotions and student’s science identity. Similarly, no evidence emerges
for Hypothesis 5, predicting a negative relationship between negative emotions and a student’s

science identity.
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For the control variables, there were no significant effects of gender, race, class, or GPA.
However, there was a significant negative effect for course enrollment (B = -.109, p < .014),
signaling that students enrolled in computer science had a significantly weaker science identity

compared to students enrolled in biology.

Math ldentity
Model 2 in Table 3.3 examines the effects of competence, performance, recognition, and

emotions on a student’s math identity. Results confirm Hypothesis 1, which predicts a positive
relationship between competence (f =.226, p <.001) and a student’s math identity. These results
suggest that students’ who perceive themselves to be more competent (again, distinct from a
more objective GPA measurement of competence) report a stronger math identity. Results fail to
confirm Hypothesis 2, which predicts a positive relationship between performance and math
identity.

Results provide partial support for Hypothesis 3, predicting a positive relationship
between students’ self-recognition (B =.187, p <.006), but without a significant relationship for
recognition by others and math identity. This indicates that it matters more that students enjoy
mathematical ways of thinking and math problems to increase their math identity, but that it does
not matter as much that significant others support them in their math identities.

Results fail to confirm Hypothesis 4, predicting a positive relationship between positive
emotions and students’ math identity. Results confirm Hypothesis 5, predicting a negative
relationship between negative emotions and math identity. These results suggest that students
who experience fewer negative emotions in their courses report a stronger math identity.

Regarding the effects of the control variables, there were no significant effects of gender,

race, class, or GPA. However, there were significant positive effects for students’ enrollment in
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computer science (p =.278, p <.000) and their math identity. This suggests that students in

computer science have a stronger math identity.

Intentions to enroll in future STEM courses
Model 3 in Table 3.4 examines the effects of competence, performance, recognition,

emotions, and science and math identities on students’ intent to persist in STEM courses. Results
partially confirm Hypothesis 6, predicting a positive relationship between a student’s science
identity and their intent to persist within STEM. There was a significant relationship between
students’ science identity (f =.373, p <.000) and their intent to persist, but no significant
relationship for students’ math identity.'° Unexpectedly, there was a significant positive
relationship between negative emotions (fp =.216, p <.001) and students’ intended enrollment in
future STEM courses. These results suggest that as students experience more negative emotions,
they also report an intent to enroll in future STEM courses.

Regarding the effects of control variables, there were no significant effects for gender,
SES, GPA, or enrollment. However, there was a negative, significant relationship between race
(B =-.126, p < .044) and intent to enroll in a future STEM course, signaling that compared to
whites, non-white students do not intend to pursue additional STEM coursework.

[Table 3.4 about here]

Discussion
This study investigates the cognitive and affective aspects of students’ experiences in

STEM that shape the strength of their science identities. In addition, I also examine the effects of
students’ science identities on their intent to enroll in future STEM classes. Carlone and Johnson
(2007) suggest that competence, performance, and recognition serve as cognitive links that shape
the strength of students’ identities. I build on this work to explore the additional effects of

positive and negative emotions on students’ identities. Here I provide an initial analysis of how
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these cognitive and emotional aspects of students’ experiences shape students’ science identities
and their intent to pursue future STEM courses. | make four observations about what matters in
shaping students’ science identities and persistence in STEM based on the results of my study.
Overall, I argue for the expansion of the current focus on individual achievement and preparation
processes to discuss how students’ classroom experiences shape their ability to identify with and
integrate within STEM, especially as that varies by gender and race.

First, consistent with Carlone and Johnson’s (2007) model, some cognitive factors do
matter in shaping students’ science identities. As expected by Hypothesis 1, students who
perceive themselves to be more competent report stronger science and math identities. As
predicted in Hypothesis 3, recognition (from self and others) was also important for students’
science identities, although only recognition from self (not others) was significant for students’
math identity. Despite these results that support Carlone and Johnson’s model, no evidence
emerges for Hypothesis 2; students’ performances did not have significant effects on their
science or math identities. The students’ performances measure assessed whether students had
participated in a number of science-related activities such as presenting at conferences,
publishing an article, or serving as a teaching assistant or research assistant. It may be that there
was not enough variation in this measure (most students had not had any performance
opportunities) to produce a significant result. Given that this is an introductory course, and most
students have not had the opportunity to participate in science-related activities, this is not
surprising. These patterns suggest that early in students’ college careers their competence and
self-recognition, along with recognition from others helps to strengthen their burgeoning science
identities. Future research that surveys students further along in their college career, after

students have had the opportunity to take part in opportunities to perform their science identities
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can better assess the relative impact of competence, recognition, and performance on students’
more developed science identities, and how these factors may vary in importance at different
points in time.

Second, emotions that students experience in response to their courses did not have a
strong consequence on their identities, especially in comparison to cognitive factors. The
findings provided no evidence for Hypothesis 5 (regarding positive emotions) and only limited
evidence for Hypothesis 6 (regarding negative emotions) on students’ science identity. As
expected, there was a significant negative effect of negative emotions on students’ math
identities, signaling that students who experienced greater negative emotions regarding their
science classes likewise reported weaker math identities. The absence of more consistent effects
for emotional experiences on identities was surprising given extensive research on the role of
emotions in identity processes (Stets 2005, 2006; Stets and Trettevik 2014). It is possible that the
required nature of introductory coursework may make students feel that their emotions regarding
the course hardly matter, as they must complete the course regardless of how they feel about it.
Additionally, future research which explores a wider range of positive and negative emotions
specifically asking for students’ overall feelings about the course may be able to better
distinguish the effects of students’ emotions on their science identities.

Third, it appears that the type of identity matters for whether students persist in STEM.
Results for Model 3 in Table 3.3 showed that students’ science identities, but not their math
identities were significant for their intent to enroll in future STEM courses. This signals that
students’ science identities are more important to their intentions to persist within STEM than
students’ math identities. This may indicate that some students do not consider math as centrally

important to what they think of as STEM (perhaps relating to the image of a more stereotypical
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chemistry, biology, or engineering STEM). Unsurprisingly, students enrolled in computer
science (where the use of math is much more prevalent), have a stronger math identity than
students enrolled in biology (where math is less salient).

Finally, it may be that the negative emotional experiences shaping math identities
contributes to this pattern of findings. Related research on employee turnover within
organizations that suggests students’ positive emotions are likely to increase their persistence
intentions and persistence (Cohen 1993; Jaros et al. 1993; Tett and Meyer 1993), while negative
emotions should predict students’ leaving (Stets 2005). Yet, | also find that students who
experience more negative emotions express an intent to enroll in future STEM courses. One
possible explanation may be that students who did poorly in their STEM course may have
experienced negative emotions, however, they may intend to re-take the course to improve their
competence, as literature on “growth” mindsets of achievement suggest (Henry et al. 2019;
Hernandez et al. 2013). It is also possible students experience negative emotions as a result of
introductory coursework that is separate from their expectations of what future STEM
coursework will hold. Future research that surveys students in more advanced (200 level or
above) STEM coursework can help to assess the importance of emotions over the course of their
college STEM classes.

In addition, white students are significantly more likely to express an intent to enroll in
future STEM courses. While it is not surprising that white students who more easily “fit” into
expectations for someone in STEM are more likely to enroll in future STEM courses, students’
experiences of increased negative emotions and an intent to enroll in future STEM courses is
unanticipated. However, this may be explained by emotions research which demonstrates that

ideal emotions vary by culture, European American students generally want to feel positive, but
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not negative emotions, while some Asian cultures desire a balance of good and bad emotions
(Koopmann-Holm and Tsai 2014; Tsai, Knutson, and Fung 2006). Future research that is better
able to distinguish significant effects by race can explore potential influences of emotions that
may vary by culture.

Future research can assess the generalizability of these results by measuring students in
different educational contexts in addition to students’ experiences at one private university in the
Southeast. Future research would also benefit from sending the survey to students in additional
STEM departments to examine the effects among a wider variety of STEM departments. This
study also only measures a cross-sectional assessment of students’ identities and intent to pursue
additional STEM courses, and cannot make causal determinations of the importance of changes
in identities over the course of the semester, or actual future enrollment in STEM courses.
Ideally, a future study could aid in making causal determinations by measuring students’
identities at two time points, at the beginning and end of the semester, and also tracking students’
future enrollments to reveal more information about the long-term importance of students’
identities and emotional evaluations of their courses as students have more experiences in their
classes and academic departments (opportunities to take part in science-related activities, and
more advanced coursework). Understanding the importance of students’ identities and emotions
over time can also highlight whether the key point of intervention for identity development is
during introductory courses, earlier in secondary school, or later in college.

Students science identities are important to their intentions to persist in taking STEM
courses. This is especially important for students who are finishing the introductory level STEM
courses, a key juncture where they are also being introduced to courses and majors in other

disciplines. Finding ways to help students to connect with science, and to see a potential future
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self as a scientist facilitates students’ persistence within science. To help students to claim a
science identity, they must perceive that they are competent. Failure to see oneself as competent
creates an identity disruption that prompts students to change ideas about their identity (perhaps
deciding that their science identity is not as central to their sense of self), to change their
behaviors (perhaps encouraging them to study more), or to leave their science identities. In
addition, important to helping students claim a science identity is supporting their ability to
receive recognition from significant others, and to recognize their enjoyment of science as well.
Students’ ability to be recognized in their science identity provide critical opportunities for
identity verification, and to find support for their enjoyment of science from relationships that
are significant to the student. To the extent that there are different cultural beliefs surrounding
the different courses, majors, and careers students intend to pursue, students may be motivated to
strengthen or weaken their science identities to fit with their future goals. Future research that
delves into identity processes on the importance of a science identity in relation to other
identities may reveal more information about how to not only increase the strength of a science
identity, as well as strengthening the connections between a science identity and their other
identities.

Overall, my results suggest that students with a strong science identity intend to pursue
additional STEM coursework. My results also indicate that improvements to students’
perceptions of their competence, as well as the recognition of their abilities in STEM for
themselves and by others help them to strengthen their science identity, and in turn encourage
them to pursue additional STEM coursework. This study specifically highlights the social
psychological and symbolic interactionist theoretical mechanisms that undergird these processes,

and further link this identity work to the importance of a consideration of students’ emotions in
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the process of identity development. My findings along with the underlying social psychological
mechanisms suggest that identity verification from significant others like faculty, peers, and
family members are especially important to strengthening students’ science identities. To address
the uneven progress in reducing STEM disparities, researchers can help students recognize the
importance of their science identities for themselves, as well as investing in resources to create

opportunities for students to get positive feedback on these identities from significant others.
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Endnotes
1 Stryker captures this idea as the notion of commitment, which represents the degree to which

one’s relationship with another person depends on that identity.

2 Emotions may also shape persistence, but the focus here is on the development of students’
science identities and the consequence of science identities.

3While I acknowledge that the instructor’s race might influence students’ reactions and
experiences, it is not the focus of this study, and I focus here on students’ science identities,
leaving the influence of an instructor’s race and gender to future research.

4 The computer science class had a large enrollment of international students for whom English
was not their first language, it is possible that the compensation offered to these students was not
enough to complete a lengthy survey on their classroom experiences in English. In addition, the
majority of these international students pay for their tuition without scholarships or aid, and thus,
the $5 compensation offered may not have been enough to motivate them to respond to the
survey.

5| ran additional models analyzing the influence of Competence, Performance, Recognition, and
Emotions on persistence without the identity measures. In this model, recognition, negative
emotions, and enrollment had significant effects on persistence. These additional analyses
suggest that science identity mediates the significant effects of recognition and enrollment on

students’ intentions to enroll in future coursework, but not the effect of negative emotions.
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Figure 3.1. Theoretical Model
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Table 3.1. Percentages of Students Enrolled in Computer Science or Biology Courses at the

Persistence/

Attrition

Private University in 2018-19

All enrolled Students Students by Major
In total numbers

Ethnicity CS% [Bio% | CS Bio
Total 100% | 100% 38 338
Am. Indian 0.0% | 0.1% 0 0
Asian 25.9% | 33.6% 10 116
Black 3.5% | 8.0% 1 25
Hispanic 5.8% [ 10.6% 1 36
Multi 3.2% | 4.1% 1 21
Non US Citizen | 39.5% | 10.9% 15 39
Unknown 0.0% | 1.3% 1 6
White 22.1% | 31.4% 9 95
Gender

Female 38.9% | 60.6% 8 212
Male 61.1% | 39.4% 30 126
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Table 3.2. Bivariate Correlation Matrix with Means (and Standard Deviations) on the Diagonal (n= 248)
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Variables @) 2 (©) Q) ©) () 0] ] (©)] (10) 1) (12) (13) (14) (15
(1) Science ID 5.23(1.14)
(2) Math ID 0.347*  4.88(1.33)
0.000
(3) Future STEM 0.388*  0.123*  4.46(1.61)
0.000 0.044
(4) Competence 0.583*  0.350*  0.200* 5.50(1.20)
0.000 0.000 0.001
(5) Recognition 0.397*  0.172*  0.238*  0.251*  4.75(1.38)
Others
0.000 0.005 0.000 0.000
(6) Recognition Self  0.665*  0.272*  0.310*  0.384*  0.232* 5.14(1.28)
0.000 0.000 0.000 0.000 0.000
(7) Performance 0.329*  0.176*  0.247*  0.236*  0.262*  0.375* 1.02(1.3)
0.000 0.004 0.000 0.000 0.000 0.000
0.253*  0.191*  0.167*  0.214*  0.201* 0.194*  0.084 4.31(1.74)
(8) Pos Emotions
0.000 0.002 0.004 0.000 0.001 0.001 0.146
0.102 -0.137*  0.165*  0.111 -0.005 0.041 -0.092 0.297*  4.16(1.75)
(9) Neg Emotions
0.084 0.024 0.005 0.058 0.938 0.486 0.109 0.000
-0.125*  -0.219*  0.032 -0.221*  0.097 -0.085 -0.016 -0.160*  0.003 .65(.49)
(10) Women
0.015 0.000 0.585 0.000 0.059 0.099 0.748 0.006 0.954
-0.049 0.011 -0.131*  -0.144*  -0.096 -0.123*  -0.009 0.121* 0.021 0.029 .58(.49)
(11) Non-White
0.425 0.853 0.031 0.018 0.115 0.044 0.879 0.046 0.735 0.634
-0.022 0.026 -0.059 0.066 0.110*  0.041 0.092 -0.010 -0.030 0.035 -0.239*  3.62(2.12)
(12) SES
0.668 0.677 0.322 0.203 0.034 0.433 0.074 0.861 0.610 0.497 0.000
0.029 -0.003 0.081 0.255* -0.067 0.074 0.138* 0.113 0.153* 0.107* -0.031 0.237* 3.50(.43)
(13) GPA
0.580 0.956 0.183 0.000 0.201 0.156 0.008 0.058 0.010 0.040 0.616 0.000
-0.126*  0.278* -0.233*  -0.009 -0.099 -0.148*  -0.086 -0.048 -0.193*  -0.142*  -0.057 -0.049 0.003 .37(.48)
(14) Enrollment CS
0.016 0.000 0.000 0.859 0.058 0.004 0.080 0.407 0.001 0.006 0.354 0.356 0.950
-0.016 -0.045 -0.015 0.002 -0.127*  0.010 0.061 -0.033 -0.012 -0.078 0.056 -0.014 0.025 0.064 .40(.49)
(15) Time
0.758 0.461 0.794 0.965 0.013 0.851 0.202 0.572 0.838 0.126 0.357 0.785 0.632 0.196

* shows significance at the .05 level






Table 3.3. Ordinary Least Squares Standardized Regression Coefficients (standard errors) for
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Effects of Competence, Recognition, Performance, and Emotions on Science Identity and Math

Identity
Model 1 Model 2
Science ID Math ID
Vs Beta Std. Err. Beta Std. Err.
Competence 0.396 *** 0.04 0.226 *** 0.08
Recognition -
Others 0.151 *** 0.03 0.065 0.06
Recognition - Self | 0.452 *** 0.04 0.187 ** 0.08
Performance 0.001 0.04 0.018 0.06
Pos Emotions 0.051 0.03 0.115 0.05
Neg Emotions 0.002 0.03 0132 * 0.05
Women 0.001 0.10 0.071 0.18
Nonwhite 0.056 0.09 0.072 0.16
SES 0.000 0.02 0.047 0.04
GPA 0.033 0.12 0.035 0.21
Enrollment CS 0.109 ** 0.10 0.278 *** (.18
Time 0.036 0.09 0.016 0.15
_cons : 0.48 . 0.85
R2 (adjusted) 0.609 0.231

tailed test)

Notes: N=248. *p<.05 **p<.01 ***p<.001 (two-



Table 3.4. Ordinary Least Squares Standardized Regression Coefficients (standard errors) for
Effects of Competence, Recognition, Performance, Emotions, Science Identity, and Math
Identity on Future Intended STEM Coursework

Model 3

Future STEM
IVs Beta Std. Err.
Science ID 0.373 *** (.11
Math ID 0.062 0.06
Competence -0.026 0.09
Recognition - Others 0.019 0.06
Recognition - Self 0.009 0.08
Performance -0.056 0.06
Pos Emotions -0.073 0.05
Neg Emotions 0.216 *** 0.05
Women 0.040 0.17
URMs -0.126 * 0.15
SES -0.074 0.04
GPA 0.074 0.20
Enrollment CS -0.049 0.18
Time 0.004 0.15
_cons . 0.81
R? (adjusted) 0.1819
Notes: N=248. *p<.05 **p<.01 ***p<.001 (two-tailed
test)
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Chapter 4: Conclusion
Despite the plethora of studies on STEM persistence and the disparities within STEM

since the 1990s, uneven progress has been made in substantially increasing women and
underrepresented groups across STEM disciplines. The time students spend in their post-
secondary education critically influences their future development as people, employees, citizens
of a nation, consumers, activists, and many other identities and roles. The three chapters of my
dissertation utilized overlooked social psychological processes (see Xie, Fang, and Shauman
2015) to address the lack of diversity in STEM fields by augmenting existing work regarding
why women and students who are underrepresented minorities (URMS) persist in STEM fields at
lower levels compared to men and whites.

My dissertation research utilized observational data of all offered biology and computer
science courses in the Fall of 2017, as well as cross sectional survey data from two cohorts of
students in the Fall of 2017 and 2018. I investigated the classroom climate, students’ experience
of classroom dynamics through justice and status processes, and the development of students’
science identity. My focus at the higher education level, and integration of sociology of
education and social psychology allowed me to identify ways interactions within institutions can
ameliorate educational inequalities in STEM. Social psychological processes have successfully
been used for decades to reveal the consequences of the nature of interactions within
organizations, and in this dissertation, | provide starting points to transition these understandings
to higher education STEM classrooms. In the following sections, | discuss the main contributions

of each paper and then propose directions for future research.
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Looking Beyond Mitigating or Thawing the Chilly Climate: Creating a Hospitable
Climate
What is the importance of the way researchers discuss and structure research on

classroom climates? Previous literature focuses on the influences of the chilly climate, and
limiting characteristics of a chilly climate. By focusing on the negatives, and simply the
avoidance of the chilly climate, research fails to address the more proactive, positive elements of
the classroom that can be introduced to help draw students in and engage them. In Chapter 1, |
argued for an expansion of the classroom climate focused on the singular dimension of the chilly
climate, to discuss another dimension: the hospitable climate. | argue for a broader
reconceptualization of STEM classrooms to distinguish and amplify factors that welcome
students and lead to features that draw students in.

The stark contrast of a chilly climate vs. a not-chilly climate fails to captures the
complexity of experiences that students have in their STEM classes that may drive them out of
STEM, or encourage them to persist. My findings contradict the implications of previous
research that biology would have a more positive climate compared to computer science. My
data indicate a more complicated picture, with characteristics of hospitableness and chilliness in
both fields. Hospitable classrooms are more than just those that lack a chilly climate, instead
hospitable climates involve active amplification of classroom practices that specifically welcome
women and URMs. | build on the chilly climate literature to contribute to the less researched
influences of the micro-interactional level (the classroom-level) on experiences that shape

students’ decisions about their futures.

Effects of Fairness and Social Characteristics on Undergraduate STEM Students’
Emotions and Perceptions of Competence
How do students’ assessments of classroom dynamics shape their reactions to their

STEM experiences? Prior research in education seeking to explain the factors related to entrance
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into and exiting from STEM fields look to students’ individual interests, previous experience,
competence, attitudes, and values (Eccles 1989; Holland 1997; Lent et al. 2005; Watt and Eccles
2008). I move beyond these background factors to consider whether students themselves
perceive the dynamics in STEM classrooms, and associate these classroom dynamics with their
broader thoughts about the field. While the effects of students’ previous experiences on their
continuance in STEM has been well-documented, little research investigates conditions that may
shape students’ perceptions of their competence. I examine students’ assessments of justice and
status processes in the form of classroom dynamics as they shape students” immediate and long-
term reactions to their STEM experiences.

Findings indicate that STEM students’ concerns about their outcomes (i.e., fairness of
grades) and treatment from their professors shape their emotional responses, whereas
considerations of interpersonal justice (by both professors and peers) shape their assessments of
competence. My results suggest that to ensure students experience more positive than negative
emotions during their experiences in STEM courses, faculty and departments train instructors to
ensure interpersonal justice, and help students to adjust the way they think about the importance
of their grades. Results also suggest that gender shapes both individuals’ emotions and
assessments of competence, while race only shapes competence and SES only shapes students’
emotions. In Chapter 2, | demonstrate ways that justice and status processes in the classroom
influence students’ emotional and cognitive responses, both of which may matter for students’
persistence in STEM fields that may ultimately reduce disparities in those disciplines. Despite
the stressfulness of gatekeeper courses in many STEM disciplines, and the high uncertainty
students face surrounding the long-term career implications of declaring an academic major, the

importance of emotional responses to STEM courses are often overlooked.
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Factors in the College Classroom that impact Students’ Science Identities and Persistence
What matters for students’ development and solidification of a science identity, and how

does their science identity shape persistence in STEM? Reducing the disparities in STEM fields
requires both increasing the number of diverse students enrolling in STEM courses, as well as
retaining the students who enroll. Previous research that seeks to explain the persistence of
students already within STEM addresses the importance of students’ interests, aspirations, as
well as family and contextual factors (Cech et al. 2011; Riegle-Crumb et al. 2012; Soh et al.
2007; Ulriksen et al. 2010). Previous research also rests on the assumption that helping students
overcome deficits in prior knowledge, will make students more confident in their abilities, and
thus persist in STEM (Ulriksen et al. 2010). Studies focused on students’ science identities seek
both to explain how students become interested in STEM to enroll in a class, as well as how their
identities keep them in STEM fields. In particular, theories of identity (Stets 2005; Stets and
Burke 2009; Stryker 1980) serve as a useful lens to draw attention to the intersections of
identities and the particular nature of STEM fields that makes it challenging for students to be
included with a background other than white and male (Marlone and Barabino 2009).

My work in Chapter 3 builds upon the small-sample qualitative studies regarding
cognitive aspects of students experiences (Carlone and Johnson 2007), to include the role of
positive and negative emotions on students’ science identities. My results indicate that
improvements to students’ perceptions of their competence, as well as the recognition of their
abilities in STEM for themselves and by others help them to strengthen their science identity,
and in turn encourage them to pursue additional STEM coursework. This study specifically
highlights the social psychological and symbolic interactionist theoretical mechanisms that
undergird these processes, and further link this identity work to the importance of a consideration

of students’ emotions in the process of identity development. My results suggest that students’
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science identities are important to their intentions to take additional STEM courses in the future.
Thus, I suggest that interventions that help students to strengthen their science identity may help

to reduce attrition in STEM.

Future Research Directions
Looking forward, | see three general directions for future research. First, future work

should utilize longitudinal data to allow stronger claims about the importance of justice and
status processes, emotions, competence, and students’ science identities on their actual decisions
to persist within a STEM field. My findings indicate the importance of students’ science
identities in their intentions to persist in future STEM courses, and helping students to connect
with science. In addition, important to helping students claim a science identity is supporting
their ability to receive recognition from significant others, and to recognize their enjoyment of
science as well. To build on this work following students over time, and gathering additional,
linked, longitudinal data would provide a stronger basis to make claims about the importance of
students’ responses to justice and status processes in terms of their emotions and competence, as
well as their identities over the course of their undergraduate careers.

My study offers possible areas of intervention to help improve students’ positive
emotional reactions to their STEM courses, as well as areas that help them perceive themselves
as being more competent in science. Future work utilizing longitudinal data can assess the
changing influence of justice and status processes in the classroom over the course of students’
undergraduate experience. It is possible that the effect of injustices in the classroom may
compound over time as they occur in classes after the introduction course, and thus may result in
stronger negative emotions and lower perceptions of competence as students experience more
STEM courses. In addition, future research that distinguishes between expressions and

experiences of emotions in response to classroom dynamics may shed more light on the
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emotional responses of women, URMs and lower SES students in STEM courses. Longitudinal
research would enable researchers determine times during students’ undergraduate careers where
they may be particularly sensitive to justice and status processes in the classroom.

Longitudinal data can help to build on my findings to understand more clearly the
process of how students’ experiences and their perceptions of these experiences can promote
persistence in STEM education, and how these processes may vary not only over time, but by
race, gender and class. While white students were significantly more likely to express an intent
to enroll in future STEM courses, future research that is able to address a wider range of negative
emotions may be able to distinguish the unanticipated effects of negative emotions on students’
intent to enroll in future STEM courses (especially as this effect may operate differently for
women and URMS). Additional data on students’ experiences over time would provide more
concrete strategies to work to retain students in STEM that may vary across the course of their
time in college.

Second, other social psychological research is needed to expand on my findings within a
small-private university to encompass more institutions including community colleges, and
public state institutions as well. My findings elaborate on the importance of class size and the
physical classroom design that are more readily addressed at private universities, but may pose
greater challenges for larger public universities. It stands to reason that the successful
experiences at a private university are not necessarily the same at community colleges and public
institutions. To resolve the issues of disparities in STEM, research should expand a utilization of
social psychological elements to investigate differences in student outcomes not only at elite
private universities, but also at two- and four-year public institutions, which arguably encounter

far greater numbers of students (and often more of these underrepresented students as well).
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Furthermore, my findings highlighting concrete classroom practices in Chapter 1 suggest
that it is important not only to include quantitative survey results of students’ experiences as I did
in Chapters 2 and 3, but to also provide qualitative observations of students’ classroom
experiences. Future researchers can conduct interviews with students who are surveyed and
observed to assess from the students’ perception the extent to which they are consciously aware
of the influences of classroom practices on their cognitive and affective experiences, as well as
their future decision making. In addition, researchers might also be able to assess students’
reactions through access to students’ qualitative comments on teaching evaluations at the end of
the semester. Gathering quantitative and qualitative data may also be beneficial to identify
additional specific classroom practices that shape students’ educational journeys as well as how
students then perceive these educational environments.

Third, my dissertation focuses on the experiences of students within STEM, and future
work can build on this with additional work drawing from the extensive drop-out rate literature
in higher education. Future work that explores characteristics unique to specific academic
disciplines to uncover interdisciplinary strategies for retaining students in higher education
beyond small class sizes and or a changed curriculum. My dissertation highlights ways that any
academic discipline may contain chilly or hospitable elements that push students to other
disciplines or help to pull them in. My findings suggest that even within STEM fields, biology
and computer science courses contain characteristics that make up both dimensions of a
hospitable and chilly climate, and | suggest that the same may be true in the humanities and
social sciences.

Attrition within STEM is a large challenge, with 48 percent of bachelor’s degree students

and 69 percent of associate’s degree students who entered STEM fields between 2003 and 2009
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leaving without a STEM degree by spring 2009 (Chen and Soldner 2013). It is possible some of
the more successful academic fields may have strategies beyond those the literature has
previously identified such as reducing class size (Bettinger and Long 2018; Cuseo 2007; Toth
and Montagna 2002) and changing curriculums to reduce attrition. Identifying how students may
respond similarly or differently to justice and status processes, and the influence of a students’
“humanity identity” or “social science identity”” may help to reveal strategies for improving
persistence within STEM. Additionally, the steps that other disciplines take to specifically recruit
and retain women and URMs are critical for evaluating what is missing to engage these students
in STEM fields. College is a critical time in the identity development for students, and their time
over the course of beginning college to finishing college brings different challenges and
experiences that require a wider variation of interventions over time. My findings in Chapter 3
suggest the utility of strategies that emphasize scientific learning communities (Baker and
Pomerantz 2000; Dagley et al. 2016) or other structures that can utilize an emphasis on students’
STEM identity while providing opportunities for performance and verification of the science
identity as particularly useful to STEM disciplines in reducing attrition.

Overall, my dissertation contributes to broader discussions on disparities within STEM
by examining the social psychological processes in classrooms that may lead to some students to
choose to stay in STEM, which may be helpful for women and URM students. Students were
more engaged in courses where professors took the time to engage in open discussion about the
diversity and mentoring of women and URM students. Open discussion about student diversity
helped highlight that the department valued them and had resources dedicated to supporting them
during their undergraduate careers, and appeared to contribute to the increased participation of

women and URMs in these courses as | observed in Chapter 1.
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Additional future research should move beyond simply trying to retain students to
developing a richer understanding of how to improve students’ undergraduate college experience
and how they learn while in college overall. My results in Chapter 1 suggest the value of not
only avoiding chilly classroom practices, but amplifying hospitable classroom practices. Future
research building on my findings in Chapter 1 on the importance of helping students to think
beyond the memorization of decontextualized facts and concepts in STEM (Archer et al. 2010;
Badri et al. 2016; Osborne et al. 2003) and other fields can provide more concrete instructions
for structuring classes that allow students to apply their knowledge outside of the classroom
more frequently.

A central theme characterizing my dissertation is the usefulness of social psychological
principles in the investigation of educational inequalities. The vast research within social
psychology in understanding how to improve the attitudes, motivations, and behaviors of
individuals in organizations can be readily translated to the college and university spheres with
caveats for the possible differences in the nature of the faculty-student relationships that may
differ from employer-employee relationships. My research here has worked to translate the
micro-interactions that occur in the classroom to enact practices that are actively welcoming and
hospitable for women and URMs in STEM. Programs that help students to detach their perceived
competence from their or others’ personal status attributes through providing examples of
important women and URM figures in STEM may help women and URM s to see themselves as
more competent, and to solidify their science identities. In addition, schools that can offer
concrete ways to help students make more positive associations with their STEM experiences
may offer a useful pathway to encourage persistence in STEM. Further, my work has captured

the utility of justice and status processes on understanding the role of students’ cognitive and



191

affective responses to their classes, and how these cognitive and affective responses may have
further implications on students’ development of a science identity to improve their persistence.
This research can help to understand how to utilize students’ identities within their chosen career
path to help improve their ability to learn and succeed in these fields before they graduate college
and enter the job market. With this research as a starting point, I have highlighted the importance
of students’ experiences within the classroom, and how their perceptions of these experiences
influence their cognitive and affective responses that shape how they relate to STEM fields.
Future researchers should continue to utilize social psychological frameworks and theoretical
lenses to develop a richer understanding of the importance of social interactions throughout
students’ undergraduate careers that can be utilized to improve students’ educational

experiences.
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Supplemental Appendix A: Full Survey
Fall 2018 Classroom Dynamics and STEM Pathways

Q66 Thank you for agreeing to take part in this important survey measuring your perception of
your experiences in your recent STEM class. The following question provides you with informed
consent for your participation.

Q1 Emory University Consent to be a Research Subject

Title: Classroom Dynamics and STEM Pathways Principal Investigator: Jennifer Hayward
Introduction: You are invited to participate in a study that will investigate the experiences of
undergraduate students (aged 18 and older) within science, technology, engineering, and
mathematics (STEM) fields to identify factors affecting persistence in STEM. This form is
designed to tell you everything you need to think about before you decide to consent (agree) to
be in the study or not to be in the study. Results will be used to create a foundation for further
research and for a Ph.D dissertation in the department of Sociology. The purpose of this study
is to learn about impacts of classroom dynamics on STEM pathways. Procedures:
Participation in this study should take about 20-25 minutes of your time. Participation will involve
responding to survey questions about your experiences in the classroom and in your academic
department, as well as your future career plans. Risks and Discomforts: The risks associated
with this project are minimal. If, however, you experience discomfort you may discontinue
participation at any time. You may choose not to answer any questions that may make you feel
uncomfortable. | appreciate your honest answers regarding your professors. Please keep in
mind that your responses can not be tracked back to you as an individual. Benefits: This study
is not designed to benefit you directly. This study is designed to increase our understanding
about factors contributing to persistence in STEM fields. Compensation: You will receive $5
as compensation for your time participating in this study. Confidentiality: All of your responses
will be held confidentially. Your responses will be identified by a code number and will be kept
separate from information that could identify you. Only the researcher will have access to your
individual data. Agencies and university units that make rules and policy about how research is
done, however, have the right to review study records in order to make sure that studies are
conducted and handled correctly. These include the U.S. Office for Human Research
Protections, the Institutional Review Boards reviewing the study, and their Offices of Research
Compliance. | will keep the study records private to the extent allowed by law. | will perform data
analysis only on aggregated responses, and no names will be associated with these analyses.
All data will be stored on a password-protected and encrypted computer. Facts that might point
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to you will not appear when | present this study or publish its results. Voluntary Participation
and Withdrawal from the Study: Participation in this study is completely voluntary. You are
free to decline to participate or to cease participation at any time. In addition, if you choose to
participate, you may skip questions; you do not have to answer any specific question in order to
answer subsequent questions. Feel free to take your time thinking about whether you would like
to participate. Contact Information: If you have any questions about the content of this study
please contact me at 720-933-7384 and by e-mail at j..hayward@emory.edu. This project is
supervised by my advisor in the Department of Sociology at Emory, Dr. Karen Hegtvedt, who
can be reached at 404-727-7517 or khegtve@emory.edu. You may contact the Emory
Institutional Review Board (404-712-0720) or (877-503-9797) or irb@emory.edu: if you
have questions about your rights as a research participant. if you have questions,
concerns or complaints about the research. You may also let the IRB know about your
experience as a research participant through our Research Participant Survey at
http://www.surveymonkey.com/s/6ZDMW?75. Consent: | appreciate your willingness to consider
participating in this study. Agreeing to continue indicates that you consent to being a participant
in this research project. If you are 18 years of age or older and would like participate in this
study, please click on the “Next” button below to begin. Thank you.

| consent, begin the study (1)

| do not consent, | do not wish to participate (2)

Skip To: End of Survey If Q1 = 2
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Q2 In Fall 2018, in which of the following classes were you enrolled?

Biology (1)

Computer Science (2)

Q3 Did you at the end of the semester:

complete the course (1)

withdraw from the course (2)

drop the course (3)

take an incomplete in the course (4)

Q4 As you respond to subsequent questions, think about your Fall 2018 course specifically. The
next sets of questions pertain specifically to your perceptions of the dynamics of your Fall 2018
Biology or Computer Science course.
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Q5 Since the beginning of college, which of the following people have you talked with about
selecting science courses to take this year? (Check all that apply.)

Family member(s) (1)

Friend(s) or other student(s) (3)

A teacher (4)

An academic advisor (5)

Other (6)
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Q6 Thinking back to class registration, why did you take your biology or computer science
course? (Check all that apply.)

You really enjoy science (1)

You are interested in the topic (2)

It meets a school requirement (3)

Your advisor suggested it (4)

Encouragement from your parent(s) (5)

Encouragement from your professor(s) (6)

You will need it for your major/minor (8)

You will need it for your career (10)

You will need it for pursuing graduate/medical school (11)

Some other reason (13)

You don't know why you took this course (14)
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Q7 Thinking about the areas in which you have taken courses while in college, indicate your
favorite course domains by ranking the following areas (where your favorite area is ranked 1 -
you can drag and drop options).

Humanities (e.g., English, Religion, History, Art History) (1)

Foreign Language (2)

Social Science (e.g., Sociology, Psychology, Anthropology, Economics, Health) (3)

Visual/ Performing Arts (4)

Mathematics + Computer Science (5)

Natural Sciences (e.g., Chemistry, Biology, Physics) (6)

Business (7)

Q8 Thinking about the most challenging week(s) you had in your biology or computer science
course in Fall 2018, approximately how much time (in hours) did you spend on homework that
week?

Q9 In Fall 2018, in a typical week, approximately how much time (in hours) do you spend on
school-sponsored extracurricular activities (for example, sports, school clubs, etc.)?
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Q10 In your Fall 2018 biology or computer science course, please think about your professor
and indicate how much you disagree or agree with the following statements as they
characterized your interactions throughout the semester. My professor seemed to...
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Neither
Strongly Disagree Somewhat  agree Somewhat Agree Strongly
Disagree ) disagree nor agree (5) (6) agree
) 3) disagree 29 7)

(4)

respect
students (1)

take steps to
deal with me
in a truthful
manner (2)

treat me with
kindness and
consideration

(3)

be honest
and ethical in
dealing with
me (7)

be
completely
candid and
frank with me

(9)

treat
students of
all genders
equally (4)

treat
students of
all races
equally (5)

refrain from
improper

remarks or
comments

(6)

show areal
interest in
trying to be
fair (8)
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Q11 In your Fall 2018 biology or computer science course, please think about your professor
and indicate how much you disagree or agree with the following statements as they
characterized your interactions throughout the semester. My professor seemed to...



S_trongly Disagree
Disagree @)

(1)

use
consistent
standards in
evaluating
my
performance

(2)

give me
feedback
that helped

me learn
how well |
was doing

3)

take into

account

factors
beyond my
control (4)

discuss
plans or
objectives to
improve my
performance
(11)

obtain
accurate
information
about my
performance

(7)

make clear
what was
expected of
me (5)

communicate
regularly with
students (1)

Somewhat
disagree

()

Neither
agree
nor
disagree

(4)

Somewhat
agree (5)

Agree
(6)

204

Strongly
agree

(7)



provide
timely
information
about course
decisions
and their
implications

(6)

be influenced
by things that
should not
be
considered

(9)

give
opportunities
to express
any concerns
(10)

appear to
allow his/her
personal
motives or
biases to
influence
evaluation

(8)

205
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Q12 In your Fall 2018 biology or computer science course, please think about your professor
and indicate how much you disagree or agree with the following statements as they
characterized your interactions throughout the semester. My professor seemed to:

Neither
Strongly : Somewha  agree Strongl
Disagre Dg?%re t disagree nor tS;Jr?:;v?Se; 'g‘%‘; y agree
e (1) 3) disagre 9 (7)
e (4)
be candid in
his/her
communication
s with me (1)
give me
reasonable

explanations
regarding the
procedures (3)

be very
concerned
about my
welfare (5)

really go out of
his/her way to
help me (6)

explain routine
procedures
thoroughly (2)

communicate
details in a
timely manner

(4)
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Q13 In the course of your Fall 2018 biology or computer science class, did you have the
opportunity to interact directly with your professor (not the TA) for the course?

Yes (1)

No (2)

Q14 Thinking about your interactions with your professor, how much did you typically feel each
of the following:

A
None at moderate A great
all (1) (2) (3) amount ©) (6) deal (7)

(4)

Excited (3)

Frustrated

(6)

Worried (8)

Encouraged
(10)

Disappointed
(11)



Page Break
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Q15 In the course of your Fall 2018 biology or computer science class, did you have the
opportunity to interact directly with your TA(s) for the course?

Yes (1)

No (2)

Q16 In your biology or computer science course in Fall 2018, who do you feel you interacted
with more?

The professor of your course (1)

The TA(s) of your course (2)

Other (3)
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Q17 During the course of your Fall 2018 biology or computer science class, how much do each
of the following characterize your impressions of the TA(S) in general?

A
Not at moderate A great
all (1) @) (3) amount ©) ©) deal (7)

(4)

Approachable
(1)

Helpful (2)

Effective (3)

Competent

(4)

Q18 What was the gender of the TA with whom you interacted most frequently?

Man (1)

Woman (2)

Other (4)

N/A because interacted equally with all TAs (3)
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Q19 Now, thinking about the grades you received in your biology or computer science course,
how much do you disagree or agree with the following:

Q20 Overall, how unfair or fair do you believe your grades were?

Very Unfair ~ Somewhat Neither Somewhat Very fair

unfair (1) 2 unfair (3) urf]?; ro(r4) fair (5) Fair (6) @

Final
grades

(1)

Lab
grades

(2)

Quiz
grades

3)

Exam
grades

(4)



Q21 My grades were fair...

Strongly
Disagree

(1)

Disagre
e (2)

Considering
the
responsibilities
| had (1)

For the
amount of
effort | put

forth (2)

Considering
the stress |
experienced

®3)

Somewha
t disagree

®3)

Neither
agree
nor
disagre
e (4)

Somewha Agree

t agree (5)

(6)

212

Strongl
y agree

()
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Q22 How much did you typically feel each of the following about your biology or computer
science class in general?

A
None at moderate A great
all (1) (2) (3) amount ©) (6) deal (7)

(4)

Happy (1)

Excited (2)

Frustrated

®3)

Encouraged

(4)

Disappointed
)

Q23 In general to what extent did you see your biology or computer science course as...



Not at all
) 2 (3)

a waste
of time

(2)

important
to your
future

career (6)

the sort
of work
you
expect
after
college

(4)

worth
taking (5)

a course
you
would
take
again (7)

A
moderate
amount

(4)

(5)

214

A great
deal (7)

Q24 Based on your encounters with representatives of the departments sponsoring the Fall

2018 hiology or computer science course you took, how much do each of the following
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statements characterize your impression of the department? The biology or computer science
department seems to...

A
Not at moderate A great
all (2) (3) (4) amount ©) () deal (8)
1) 5)

Don't
know

Care about
my
opinions (1)

Care about
my well-
being (2)

Consider
my goals
and values

®3)

Provide
help when |
have a
problem (4)

Show very
little
concern for
me (5)

Show very
little
concern for
introductory
students

(6)



Q25 To what extent would you recommend...

Not at all
o 2 (3)

this
department
to others

1)

this course
to others

)

this
professor
to others

®3)

A
moderate
amount

(4)

(5)

216

A great
deal (9)

Q26 How likely are you to take another class in a Science, Technology, Engineering, or

Mathematics (STEM) related field?

Extr(_amely Moderately Slightly
unlikely unlikely (2) unlikely
1) 3)

(1)

Neither
likely nor
unlikely

(4)

Slightly
likely (5)

Moderately Extremely

likely (6) likely (7)
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Q27 Thinking about your grades across all of your classes, how much do you disagree or agree
with each of the following:



Good
grades are
really
important
to me (1)

My grades

accurately
reflect my
skills (2)

How much
effort | put
into my
work is
reflected in
my grades

(6)

How much
work | get
done is
reflected in
my grades

(3)

How many
errors |
make in

my work is

reflected in
my grades

(4)

Whether
or not my
professor
likes me
contributes
to my
grades (5)

Strongly
Disagree

(1)

Disagree

(2)

Somewhat
disagree

()

Neither
agree
nor
disagree

4)

Somewhat
agree (5)

Agree
(6)

218

Strongly
agree

(7)



| consider
my work
load for

the course

to be quite
fair (7)

219
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Q58 In the next section, think about your interactions with other students in your Fall 2018
biology or computer science course.

Q63 Other students in my class seemed to...

respect me

(1)

treat me as
an equal (2)

treat me with
kindness and
consideration

®3)

listen to my
ideas (4)

take into
account my
ideas on
group
projects (9)

be very
concerned
about my
welfare (5)

provide help
when | have
a problem (6)

treat me in
an unbiased
way (10)

Neither
Disagree Sé)i?azvrv;l:t ag(r)ere Somewhat Agree S;rgrr;ggy
(2) 3) disagree agree (5) (6) (7)
4



221

Q64 How would you characterize the gender composition of your Fall 2018 biology or computer
science course?

Predominantly men (more than 80%) (1)

Mostly men (about 60-79%) (2)

About balanced between men and women (3)

Mostly women (about 60-79%) (4)

Predominantly women (more than 80%) (5)
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Q28 In the next section, think about yourself.

Q29 How much do you disagree or agree with each of the following:



| see myself as
a math person

(1)

| see myself as
a science
person (3)

| see myself as
a humanities
person (9)

| see myself as
a social
science person
(10)

| would enjoy
working in a
research lab

(6)

| enjoy
scientific ways
of thinking (7)

| enjoy the
subject matter
of science (8)

| would be a
disappointmen
t to others if |
fail as a
science
student (5)

Strongly .
Disagre D:ssz?%re
e (1)

223

Neither
So_mewha agree Somewha Agre Strong|
t disagree nor tagree (5) e (6) y agree
3) disagre 9 @)
e (4)



Others see me
as a math
person (2)

Others see me
as a science
person (4)

224



Q30

How
interested
are you in

going into a
field which is
not science
and
technology
related? (1)

You meet
someone
new. How
important is
it to you that
in the
course of
conversation
you mention
that you are
a science
student? (2)

To know you
as you really
are, how
important is
it to know
that you are
a science
student? (3)

Not at all
1)

(2)

3)

A
moderate
amount

(4)

(5)

(6)

225

Very
Much (7)
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Q31 Thinking about your math and science activities, how much do you disagree or agree:



S_trongly Disagree
Disagree )

(1)

For me,
being good
in math is
very
important

)

For me,
being good
in science is

very
important

)

Compared
to most of
my other
activities, it
is very
important to
be good at
math (3)

Compared
to most of
my other
activities, it
is very
important to
be good at
science (4)

In general, |
find working
on math
assignments
very
interesting

(®)

Somewhat
disagree

(3)

Neither
agree
nor
disagree
(4)

Somewhat
agree (5)

Agree
(6)

227

Strongly
agree

(7)
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In general, |
find working
on science
assignments
very
interesting

(6)

Q32
How much have other people encouraged you to pursue a career in science, technology,
engineering, or mathematics (STEM)?

A
Not at all moderate Very
(1) ) (3) amount ) ©) Much (7)
(4)
Family
Member(s)
1)
Friend(s)
or other
student(s)
(2)
Teacher(s)

®3)



Q33

Not at all
o 2 (3)

If
someone
said,
‘You
have no
right to
call
yourself a
science
student’,
how
upset
would
you be?”

(1)

A
moderate
amount

(4)

()

(6)

229

Very
upset (7)
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Q34 Please indicate if you have received any of the following forms of recognition in high school
or college in your pursuit of scientific endeavors (check all that apply):

Awards (1)

Selected to work in a lab/as a research assistant at your university (2)

Selected to work in a lab/as a research assistant at another institution (7)

Selected as a teaching assistant (3)

Asked to tutor others (4)

Secured grant funding (5)

Co-authored a publication or presentation (6)



Q35 How much do you disagree or agree with each of the following statements:

Neither
SN Disagree SgTewtal agee
) (2) 3) dis?g)ree

4

Somewhat Agree
agree (5) (6)

| expect to
do well in
science
courses

)

I will be
good at
learning
something
new in
science

)

231

Strongly
agree

(7)



Q36 How much do you disagree or agree with the following:

People say
| am right
in placing

importance

on being a

science

student (1)

| would
miss my
peers if |
were no
longer a
science
student (2)

| would no
longer see
a lot of my
peers if |
were no
longer a
science
student (3)

Studying in
school
rarely pays
off later
with good
jobs (4)

Strongly
Disagree

(1)

Disagree

(@)

Somewhat
disagree

3)

Neither
agree
nor
disagree

(4)

Somewhat
agree (5)

Agree
(6)

232

Strongly
agree

()
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Q37 Think ahead to your future, beyond college.As things stand now, how far do you think you
will get in school?

Start but not complete a Bachelor's degree (1)

Complete a Bachelor's degree (2)

Start but not complete a Master's degree or equivalent (3)

Complete a Master's degree or equivalent (4)

Start but not complete a Ph.D., M.D., law degree, or other high level professional degree

()

Complete a Ph.D., M.D., law degree, or other high level professional degree (6)

Don't know (7)

Q38 As things stand now, what is the job or occupation that you expect or plan to have at age
307
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Q39
A
Not at all moderate A great
D (2) (3) amount (%) ©6) deal (7)
(4)
How much
have you
thought
about this
occupational
choice? (1)

Q40 Altogether, how many of your close friends have left school before graduating college? (Do
not include those who have transferred to another school.)

None of them (1)

Some of them (2)

Most of them (3)

All of them (4)
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Q41 How important is each of the following to you in your life?



N/A
(8
Being
successful in
my line of
work (1)
Finding the

right person

to marry and
having a

happy family
life (2)

Having lots
of money (3)

Having
strong
friendships

(4)

Being able
to find
steady work

(5)

Helping
other people
in my
community

(6)

Being able
to give my
children
better
opportunities
than I've had

(7)

Working to
correct
social and
economic
inequalities

(8)

Not at all
important

(1)

(2)

®3)

Somewhat
important

(4)

(5)

(6)

236

Very
Important

(7)



Having
children (9)

Having
leisure time
to enjoy my

own
interests
(10)

Becoming
an expert in
my field of
work (11)

Getting a
good
education
12)

237
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End of Block: x

Start of Block: This last set of questions focuses on your background.
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Q42 Were you ever in any of the following kinds of courses or programs in high school? (Check
all that apply)

Advanced Placement (AP) (1)

International Baccalaureate (IB) (2)

Honors Courses (3)

Courses or a program which you take at a separate area or regional vocational

school part-time (4)

Remedial English (5)

Remedial math (6)

Bilingual or bicultural education (7)

English as a Second Langauge (ESL) (8)

Dropout prevention, Alternative or Stay-in-School Program (9)

Special Education Program (10)

Distance learning course (11)

Career academy (12)
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Special program to help students plan or prepare for college (13)

Q43 What is your current or intended academic major?

Q44 What if any is your current or intended academic 2nd major or minor?

Q45 What is your GPA?

Q46 Do you identify as:

A man (1)

A woman (2)

Other (3)
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Q47 Select one or more of the following to describe your race. (Mark all that apply)

White (1)

Black/African American (2)

Asian (3)

Native Hawaiian or Other Pacific Islander (4)

American Indian or Alaska Native (5)

Other (6)

Q48 Are you Hispanic or Latino/Latina?

Yes (1)

No (2)

Q49 Are you an International Student?

Yes (1)

No (3)

Skip To: Q51 If Q49 =3



Q50 Are you an F1 visa holder?

Yes (1)

No (2)

Other (3)

Q51 How many years have you been in college?

1 (1)

2 (2)

3 (3)

4 (4)

5+ (5)

Q52 Do you have any need-based financial aid?

Yes (1)

No (2)

Don't know (3)

242
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Q65 What is your estimated household annual income?

Less than $25,000 (1)

$25,001-$50,000 (2)

$50,001 - $75,000 (3)

$100,001 - $150,000 (4)

$150,001 - $200,000 (5)

$200,001 - $250,000 (6)

More than $250,000 (7)

Q53 What would it take to keep you in a science track?

Q54 Thank you!
Please click here to take you to a separate site (not linked to your survey responses) to provide
information to receive compensation ($5) for your time.
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