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Introduction

Belonging in general chemistry predicts first-year
undergraduates’ performance and attrition

*3 and Erin D. Solomon (2 ¢

Angela Fink,® Regina F. Frey
Feeling a sense of belonging in a learning environment can have positive effects on student success.
The impact of this psychosocial variable on undergraduates’ achievement and retention has been
demonstrated in STEM disciplines, especially for women within physical sciences where large disparities
in gender representation persist. The current study explores the relationship between belonging and
student success in undergraduate chemistry, where greater gender parity has recently emerged. In
particular, this research investigates the belonging of first-year students enrolled in a two-semester
General Chemistry course sequence. The study begins by examining whether students’ early sense of
belonging in the course, indexed by two survey measures (perceived belonging, belonging uncertainty)
varies depending on their demographics and academic preparation. The belonging measures are then
used as predictors of performance in General Chemistry 1 and 2 and attrition from one semester to the
next. Paralleling research in other STEM disciplines, the results show that female students, especially
those from underrepresented minority groups, reported lower belonging and higher uncertainty than
male students within the first weeks of the course. After accounting for demographics, preparation, and
participation in a course supplemental program, the belonging measures predicted performance and
attrition for all students. These findings suggest that course-level belonging in General Chemistry can
have practical consequences for student success, and early disparities in belonging may have
downstream effects on the retention of women and other groups underrepresented in STEM. Strategies for
creating an inclusive and engaging environment that supports the success of all students are discussed.

general chemistry by assessing the predictive power of a novel
affective variable, students’ sense of belonging in the course.

Extensive research has examined the factors influencing student
success in undergraduate general chemistry, showing the
impact of individual differences in cognitive (e.g., Cracolice
and Busby, 2015), educational (e.g., Tai et al., 2005), and
affective variables (e.g., Lewis et al, 2009). This introductory
course has garnered ongoing attention because it is an early
requirement for students planning to pursue careers in STEM
or healthcare. This line of research holds special significance in
the United States, where national initiatives have challenged
STEM educators to help develop a more robust and equitable
STEM workforce in order to maintain the nation’s global
standing (National Academy of Sciences, 2011; Olson and
Riordan, 2012). The current study aims to support this effort
and enrich the field’s understanding of student success in
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Chemical education research has identified a range of
cognitive, educational, and affective predictors of success in
undergraduate general chemistry. In terms of cognitive factors,
it is well-established that mathematical ability (e.g., Tai et al.,
2005; Lewis and Lewis, 2007; Xu et al., 2013), prior conceptual
knowledge (e.g., Seery, 2009; Xu et al, 2013; Cracolice and
Busby, 2015; Frey et al., 2018), and scientific reasoning ability
(e.g., Cracolice and Busby, 2015) influence student performance
in the course. Other individual differences like the tendency to
learn through memorization versus abstraction of underlying
concepts (Frey et al., 2017) have also proven influential. After
accounting for these cognitive variables, independent effects of
students’ high-school pedagogical experiences and course-taking
on their general chemistry achievement are also observed
(Tai et al., 2005). Once enrolled in general chemistry, participation
in collaborative learning programs like Peer Led Team Learning
(PLTL) has robust effects on students’ success in the course
(Wilson and Varma-Nelson, 2016). In the affective or motivational
domain, students’ attitudes towards chemistry (Xu et al, 2013;
Villafafie and Lewis, 2016) and their chemistry self-concepts
(Lewis et al., 2009) have been shown to predict performance,
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above and beyond conventional cognitive measures. The
potential impact of other affective predictors, such as chemistry
self-efficacy (Ferrell and Barbera, 2015) and chemistry identity
(Hosbein and Barbera, 2020), remains an area of active research.

The current study contributes to that work by investigating
the effects of two facets of course-level belonging on students’
general chemistry outcomes, including their exam performance
and continuation in the course sequence. Specifically, this
study examines whether belonging influences chemistry out-
comes after accounting for high-school academic preparation,
demographics, and PLTL participation, and it explores whether
belonging is especially influential for groups underrepresented
in STEM. In addition, this investigation focuses specifically on
the belonging of first-year general chemistry students, who are
in the midst of both major personal and academic transitions.

Belonging

Belonging refers to perceptions of connectedness, social inclusion,
and having meaningful relationships with others in the target
context, and it is considered a fundamental human need
(Baumeister and Leary, 1995; Gere and MacDonald, 2010) that
influences achievement (Cohen and Garcia, 2008). Institution-level
belonging has long been linked to motivation and academic out-
comes among adolescents (Goodenow, 1993; Gillen-O’Neel and
Fuligni, 2013) and college students (O’Keeffe, 2013; Yorke, 2016;
Slaten et al., 2018), particularly among first-year students navigating
the difficult transition into college (Hoffman et al., 2002; Freeman
et al., 2007; Zumbrunn et al, 2014) and students from under-
represented groups (Hurtado and Carter, 1997; Hausmann et al.,
2007; Walton and Cohen, 2007, 2011; Rahman, 2013; Murphy and
Zirkel, 2015). Recently, a multi-institutional study demonstrated
independent effects of different levels of belonging - course, major,
and university — on undergraduate STEM students’ behavioral and
emotional engagement, with course-level belonging proving most
influential (Wilson et al, 2015). Taken together, these findings
align with an explanatory model where supportive classrooms
foster course-level belonging, which is an antecedent of motivation,
which in turn fosters greater engagement in learning activities and
ultimately greater achievement (Zumbrunn et al, 2014). The
current study extends that model, examining the independent
effects of two course-level belonging measures, perceived belonging
and belonging uncertainty.

Two types of research reinforce such a model of belonging in
academic settings, providing causal evidence that belonging
has downstream consequences for motivation and academic
achievement. First, lab-based experimental psychology studies
have demonstrated that subtle manipulations of students’
perceived belonging or social connectedness affect their out-
comes in the target domain (Shteynberg and Galinsky, 2011;
Walton et al., 2012; Master and Walton, 2013; Carr and Walton,
2014). Second, a number of applied studies have translated this
research into practice using educational interventions designed
to bolster student belonging. For example, when students are
randomly assigned to read and reflect on evidence that uncertainty
about belonging in college is (a) common among diverse students
and (b) a temporary experience that will improve over time,
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they tend to perform better and persist at higher rates than
peers who read and reflect on other topics (Walton and
Cohen, 2007, 2011; Walton et al., 2015; Yeager et al., 2016b;
see also Shnabel et al., 2013). Thus, monitoring and supporting
student belonging holds promise as a strategy for attracting
and retaining students in STEM pathways.

Belonging and identity in undergraduate STEM education

In recent years, belonging has received increased attention,
alongside other affective predictors, for its potential influence
on STEM undergraduates’ success (see Trujillo and Tanner,
2014 for a review). Some of this work has examined belonging
and shown its overall impact on STEM outcomes regardless of
student identity (Marra et al., 2012; Veilleux et al., 2013; Wilson
et al., 2015). However, the majority of studies have investigated
the belonging of groups underrepresented in STEM (Cheryan
et al., 2009; Cheryan et al, 2011; Johnson, 2012; Rosenthal
et al., 2013; Smith et al., 2013; Liptow et al., 2016; Blaney and
Stout, 2017; Rattan et al, 2018) and the role of belonging
in STEM achievement and retention gaps (Good et al., 2012;
Stout et al., 2013; Rainey et al., 2018).

In particular, most studies have focused on STEM fields with
stark gender gaps in participation, including computer science,
mathematics, and physics (National Science Foundation, 2019).
In other words, such studies have predominantly explored the
importance of belonging in STEM disciplines and course con-
texts where clear representational inequities might undermine
students’ feelings of belonging. The current study extends that
research by examining the role of belonging in chemistry, a
STEM field where greater parity has been reached, at least at the
undergraduate level. Chemistry is currently the most equitable
of the physical sciences in terms of bachelor’s degree attainment
in the U.S. Over 45% of degrees were awarded to women in 2016
(National Science Foundation, 2019), though greater inequities
emerge in terms of advanced degrees and employment. While
chemistry does not compare to the biological sciences, where
women received a majority (61%) of all bachelor’s degrees in
2016, it represents a borderline case of gender equity in under-
graduate STEM education. This study therefore explores the
boundary conditions of belonging effects in STEM, assessing
whether belonging effects are also observed in the moderately
gender-balanced discipline of chemistry.

A growing body of research has characterized the subjective
experiences of women in undergraduate STEM and linked
those experiences with the well-documented gender gaps in
STEM participation noted above (see Lewis et al., 2016, for a
physics-oriented review). For example, laboratory studies have
demonstrated that classroom environments conveying masculine
norms tend to reduce women’s sense of belonging and their
interest in pursuing computer science (Cheryan et al, 2009;
Cheryan et al., 2011). Applied studies have also employed surveys
and daily diaries to understand women’s belonging in actual
STEM courses. London and colleagues (2011) found that two
psychosocial factors, (i) perceived compatibility between gender
and STEM majors and (ii) perceived social support, affect both
women’s belonging and their persistence in a STEM major.
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Similarly, Rosenthal et al. (2013) showed that perceived compat-
ibility between gender and a medical career correlates with women’s
interest in pre-medicine, and belonging in pre-medicine mediates
that relationship.

In addition, at least two studies have linked gender differences
in belonging to gaps in undergraduate STEM course perfor-
mance. Good et al. (2012; study 3) conducted a longitudinal study
of college calculus students, and they observed that women’s (but
not men’s) belonging in math was undermined by environmental
messages that math abilities are innate and women have lower
math abilities. Stout et al. (2013) found similar results among
introductory physics students: women reported lower belonging
than men, especially if the women endorsed the gender stereo-
type that men have better physics abilities. Crucially, both studies
showed that women’s decreased belonging negatively impacted
their course grades, because belonging predicted performance
for all students.

Finally, other research has taken an intersectional approach,
examining the relationship between belonging, gender, and
other facets of identity. For instance, Blaney and Stout (2017)
observed that, in introductory computer science, first-generation
women reported lower computing self-efficacy and belonging
than all other identity groups, including continuing-generation
women and men regardless of generation status. In an interview-
based study, Rainey and colleagues (2018) investigated the inter-
section of gender and race, demonstrating that white men were
most likely to report feelings of belonging, while women of color
were least likely. Overall, persistence in STEM majors was
associated with higher belonging, suggesting that low belonging
among underrepresented groups prevents broader STEM
participation.

This growing literature indicates that sense of belonging can
be an influential factor in undergraduates’ success in STEM,
particularly for underrepresented groups. In many physical
sciences, gendered environments and gender stereotypes about
STEM aptitude can prompt women to doubt their belonging,
with negative consequences for their course performance and
persistence. However, it remains unclear how these findings
apply to STEM classrooms and disciplines that are more gender
balanced. By extending prior research to the field of chemistry,
this study may enhance our understanding of belonging in
STEM and its potential as a lever for increasing and diversifying
participation in different fields.

Research objectives

This study complements chemical education research that has
established the role of student affect in determining general
chemistry achievement and retention (e.g., Lewis et al, 2009;
Xu et al., 2013; Ferrell and Barbera, 2015; Villafafie and Lewis,
2016), focusing on course-level belonging as a predictor of
student success. Taking a novel approach, this study adapts
previous survey instruments to measure two different facets of
student belonging in general chemistry: perceived belonging
and belonging uncertainty. Perceived belonging reflects students’
overall evaluations of their fit and social relationships in general
chemistry, indicating whether they generally agree or disagree
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that they belong. Belonging uncertainty, on the other hand,
indicates the relative stability of students’ self-evaluations or
their confidence about belonging in the course. The term
belonging uncertainty was introduced by Walton and Cohen
(2007), who argued that awareness of educational inequities and
stereotypes, experiences with discrimination, and other threats
to inclusion can cause students from underrepresented groups
to question or doubt the quality of their social connections in
educational settings (Mallett et al., 2011). To our knowledge,
this is the first study to simultaneously examine the effects of
belonging and belonging uncertainty on academic outcomes, as
well as the first study to investigate the impact of course-level
belonging in chemistry.

This investigation focuses specifically on the belonging of
first-year general chemistry students, who are experiencing a critical
period of personal and academic development. The transition to
college is challenging for most students (Tinto, 1993), but the
challenge may be compounded for students from under-resourced
or underrepresented groups who may feel alienated by the cultural
norms of the institution (e.g, Stephens et al, 2012) and experience
low or uncertain belonging (Hurtado and Carter, 1997; Walton and
Cohen, 2007). Moreover, these belonging concerns may prove
especially acute in large-enrollment, lecture-based, introductory
STEM courses like general chemistry, where rigorous coursework
is combined with an unfamiliar learning environment and often
limited opportunities for individual participation during class.
Understanding how early belonging varies and impacts first-
year students’ success in general chemistry may point chemical
educators towards new strategies for supporting their students
and retaining more talent in STEM and healthcare fields.

This research explores multiple lines of inquiry, treating
general chemistry belonging as an early outcome and also as a
potential predictor of success across the course sequence. The
first analysis considers the possibility that students with different
characteristics may enter general chemistry with different per-
ceptions of their belonging in the course or develop different
perceptions based on their first couple weeks in this introductory
STEM course environment. The second analysis assesses whether
early-semester measures of belonging predict performance in
general chemistry, above and beyond conventional predictors. A
third analysis examines whether belonging throughout the first
semester of the course, General Chemistry 1, predicts student
attrition from the course sequence. More precisely, this study
addresses the following research questions:

1. Does early-year belonging or belonging uncertainty, measured
using a pre-survey in General Chemistry 1, differ according to
demographics (i.e., gender and race) and academic preparation
(i.e., math abilities, content knowledge, and college-preparatory
experience)?

2. Does early-semester belonging or belonging uncertainty,
measured using pre-surveys in General Chemistry 1 and 2,
predict students’ subsequent exam averages in each respective
course?

3. Does belonging or belonging uncertainty throughout
General Chemistry 1, measured at both pre- and post-survey,
uniquely predict which students choose not to enroll in the
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second-semester course (i.e., General Chemistry 2), after
accounting for demographics and academic preparation?

Methods

Study Setting

University. The study took place at a selective, private
research university in the mid-western United States during
the fall 2017 through spring 2019 semesters. As of Fall 2018,
institutional data indicate that the undergraduate student body
is 20% Asian American, 21% underrepresented minority (i.e.,
Black or African American, Hispanic or Latino, American Indian,
Alaska Native, Native Hawaiian, or Pacific Islander), 51% White
only, 11% White multiracial, and 2% unknown (the sum exceeds
100% because students could report multiple racial or ethnic
categories). The population of over 7000 full-time undergraduates
is fairly balanced in terms of sex,{ including 47% male and 53%
female students.

General chemistry. Each fall, approximately 700 to 800 of
those students enroll in General Chemistry 1, which is the first
course in a two-part introductory chemistry sequence. The
course involves three one-hour lectures and a mandatory one-
hour recitation each week, plus concurrent enrollment in an
associated but separate laboratory course. There are ungraded
clicker questions, weekly quizzes, weekly graded and ungraded
homework sets, three unit exams (the lowest is dropped), and a
cumulative final. General Chemistry 1 students also have the
opportunity to participate in various supplemental learning
opportunities. They can attend informal instructor-led help
sessions, which are offered daily and provide students the
chance to work with any member of the instructor team. All
students are also encouraged to join a more structured activity:
the department-sponsored PLTL program (Hockings et al., 2008;
Frey et al., 2018). Nearly 70% of General Chemistry 1 students
complete PLTL, where they spend two hours a week collaboratively
solving practice problems in a group of 8-10 peers.

In the spring, between 550 to 650 General Chemistry
1 students continue on to General Chemistry 2. Those who do
not continue may have lost interest or struggled in the course,
or they may be required to complete only one semester of
introductory chemistry for their major (i.e., electrical, mechanical,
and systems engineering majors who are not prehealth). A break-
down of how many students in the current study left due to poor
performance or lack of major requirements is provided in the
Results section. The second semester follows the same structure as
the first, including three lectures per week, mandatory recitation,
and a simultaneous but separate laboratory course. Once again,
students have the option to participate in help sessions and PLTL,

+ We alternate between the terms “gender” and “sex” in this manuscript, using
them for specific purposes. Gender refers to students’ socially-constructed gender
identity, and it is referenced throughout the introduction and discussion. This
terminology links the current study to previous education and psychology literature
exploring gender and its effects on student success in STEM. Sex refers to students’
biological sex, and it is used in the methods and results sections. As reported below,
the university instrument used to gather demographic information asked for
students’ sex, so this terminology most accurately represents those data.
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though PLTL completion rates are lower in the spring semester
(approximately 50%).

During both semesters of the course sequence, General
Chemistry is divided into two or three lecture sections, but
these sections share the same procedures and are treated as a
single unit. For example, all instructors implement the same
homework sets, quizzes, and exams. Moreover, students from
all sections are intermingled during recitations, and their work
is combined during a common grading process. The graduate
students who lead recitation sections complete Department-led
pedagogical training prior to the course, and they attend weekly
meetings with their fellow graduate assistants and the General
Chemistry lecturers to discuss the week’s recitation problems
and their facilitation.

Each semester, several faculty members collaboratively
teach General Chemistry, with some teaching the lectures and
others teaching recitations and overseeing the graduate assistants
and supplemental course programs. During this study, the General
Chemistry 1 team comprised five instructors, including three or
four women depending on the semester. At least one (of three)
General Chemistry 1 lecture sections was led by a woman each
term. The General Chemistry 2 team comprised four instructors,
including two women, but all (2) lecture sections were led by a man
each term.

Social psychological interventions. The Department of
Chemistry at this institution is committed to supporting students
as they transition into college. As a result, they collaborated with
the research team to pilot and evaluate course-based, social-
psychological interventions within the General Chemistry course
sequence. Such interventions have gained prominence in
educational settings because of their potential to bolster students
from underrepresented or under-resourced groups as they navigate
challenging academic transitions (Yeager and Walton, 2011;
Yeager and Dweck, 2012; Jury et al., 2017). Two interventions
may have influenced the findings in this study: a growth-mindset
intervention available to all General Chemistry 1 students, and a
belonging intervention piloted during spring 2018.

All General Chemistry 1 students are assigned a three-part,
growth-mindset intervention intended to boost student motivation
and promote effective learning strategies, and data from fall
2018 indicate that 90% of all students complete at least part of
the intervention. The intervention was originally administered
as part of a random-assignment classroom experiment (Fink
et al., 2018), but it is now incorporated into the curriculum as
part of the graded homework. Following previous research
(Aronson et al., 2002; Good et al., 2003; Blackwell et al., 2007;
Paunesku et al., 2015; Yeager et al., 2016a; Yeager et al., 2016b),
the intervention involves short reading and writing activities
designed to subtly foster a growth mindset about intelligence, or
a belief that intellectual abilities can be increased through
effort, effective study strategies, and help from others. The
experimental results revealed a selective benefit of the growth-
mindset intervention among underrepresented minority students,
whose General Chemistry 1 cumulative final exam scores were
approximately 5 points higher in the mindset versus control
condition, even after accounting for preparation (Fink et al, 2018).
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Consistent with previous research, the mindset intervention had a
null effect among White participants, who exhibited no disparities
in performance in the control condition (e.g;, based on gender).

In addition, students enrolled in General Chemistry 2 in
spring 2018 were randomized into a belonging condition or
control condition as part of a different classroom experiment.
This intervention followed the format of the mindset intervention;
it included three reading and writing assignments administered
via the graded homework, earning completion credit. Following
previous work (Walton and Cohen, 2007, 2011; Yeager et al.,
2016b) and an intervention guide from The College Transition
Collaborative (Walton et al., 2017), the belonging condition
asked participants to read and reflect on testimonials from former
General Chemistry students, which conveyed that uncertainty
about belonging in college-level chemistry is common among
all students and will dissipate over time. In contrast, the control
condition asked participants to read and reflect on student
testimonials that described how all students lack academic
extracurriculars early in college but increase their engagement
over time. The reflection prompts asked students in both
conditions to explain in writing how the themes from their
assigned readings relate to their own experiences.

Over 90% of consenting first-year students in spring 2018
participated in the intervention. However, analyses indicated
no effect of condition on students’ belonging or their course
performance (see Appendix 1, Tables 6-8). The experimental
groups were therefore combined and retained in this study, in
order to maximize power and examine two full years of General
Chemistry outcomes. To ensure that inclusion of the spring 2018
semester did not produce spurious results, relevant regression
analyses were re-run without those data. Appendix 1 reports on
those follow-up analyses, and the Discussion will consider the
potential influence of the social-psychological interventions on
the results of this study.

Participants

All students enrolled in General Chemistry 1 in Fall 2017 and
2018 (N = 1479) were invited to participate in this study, which
was approved by the university’s Institutional Review Board,
and receive extra credit in their laboratory course as compensation.
Approximately 89% (N = 1316) of enrolled students provided
informed consent, and the sample was later narrowed to first-
year students only (N = 1041) for three reasons. First, a key
objective of the study was to examine belonging and its impact
during the transition into college-level STEM. Second, restrict-
ing the sample to first-year students simplified the attrition
analysis, because it largely eliminated students required to take
only one semester of General Chemistry for their engineering
majors. For example, Electrical Engineering majors only need
General Chemistry 1 and customarily enroll in their second or
third year, whereas Biomedical Engineering majors need
both semesters of General Chemistry and enroll during their
first year. Finally, only first-year students are required to
complete an online assessment of their incoming content
knowledge, which is a key academic preparation variable in
the analyses below. Participants missing any of the survey or

1046 | Chem. Educ. Res. Pract., 2020, 21, 1042-1062

View Article Online

Paper

background data were excluded, leaving a final sample of 739
first-year students.

Variables

Demographics. Student characteristics were obtained from
the registrar’s office, which uses The Common Application to
collect this information during admissions. Sex was reported as
a binary variable (female, male); intersex was not a response
option. While students had the option to share more about
their gender identities on the Application (e.g., identification as
gender non-conforming, genderqueer, or transgender), the
research team did not have access to that information. Race
and ethnicity were combined to create a three-category race
variable (Asian, underrepresented minority (URM), White).

Preparation. Math scores from the ACT, a standardized
admissions test in the United States (ACT, 2018), provided an
index of students’ mathematical abilities. Such scores have
been shown to correlate with general chemistry performance
(Tai et al., 2005; Xu et al., 2013; Frey et al., 2018). When students
provided scores from the SAT, another standardized admissions
test, they were converted to ACT equivalents using concordance
tables (Dorans, 1999). The Chemistry Department’s Online
Diagnostic (OD) exam, which is administered to all first-year
students who enroll in General Chemistry 1, assessed students’
incoming chemistry content knowledge (Shields et al., 2012;
Frey et al, 2018). Performance on STEM-related Advanced
Placement (AP) exams (College Board, 2019) was also used as
an index of students’ experience with college-level coursework.
AP exams evaluate students’ discipline-specific academic skills
after year-long, college-level courses taken during high school. A
composite “AP proportion” measure was created based on
scores from four AP exams: Biology, Calculus, Chemistry, and
Physics. Specifically, AP proportion represents the proportion of
STEM AP exams where students earned a score of 4 or 5 (out of 5).
AP proportion scores therefore range from 0 to 1, with a 0.25
increase for each exemplary AP score. Previous work has demon-
strated a significant correlation between this measure and Gen-
eral Chemistry performance (Fink et al., 2018; Frey et al., 2018).

Belonging. A six-item survey measured students’ belonging.
The survey items were adapted from several psychology studies
(Walton and Cohen, 2007, 2011; London et al, 2011), and
each question was assessed on a six-point agreement scale
(1 = strongly disagree, 2 = disagree, 3 = mildly disagree,
4 = mildly agree, 5 = agree, 6 = strongly agree). Factor analysis
confirmed that the survey comprises two separate scales gauging
different aspects of sense of belonging (see Appendix 2, Table 9).
The belonging scale contains four items examining students’
social relationships and their overall feelings of fit in the target
course: “I feel like I fit in the General Chemistry course,” “I feel
comfortable with my peers and classmates in the General Chemistry
course,” “I feel comfortable with my instructors in the General
Chemistry course,” and “Setting aside my performance in class, I
feel like I belong in the General Chemistry course.” The uncertainty
scale includes two items probing the relative stability and per-
formance contingency of students’ perceived belonging: “I feel
uncertain about my belonging in the General Chemistry course

This journal is © The Royal Society of Chemistry 2020
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(i.e., sometimes I feel that I belong and sometimes I don’t)” and
“When I don’t perform well, I feel like maybe I don’t belong in the
General Chemistry course.” Responses on each scale were averaged
to create composite scores.

PLTL participation. PLTL participation was coded as a
binary variable indicating whether students met the program
requirements for PLTL completion (no, yes). Once students
enroll in PLTL, attendance becomes mandatory, and students
are allowed no more than two excused absences. PLTL participants
therefore include students who enrolled in a PLTL session and
missed no more than two (out of eleven) sessions. The no-PLTL
group includes students who did not enroll in the first place, who
decided to drop from the PLTL program, and who were dismissed
because of too many absences.

Exam average. Exam average was calculated following the
course instructors’ procedure. Students’ highest two (out of
three) unit exam scores were combined with their scores on the
cumulative final to determine their exam average (percent
correct). In other words, the lowest unit exam was dropped, before
the remaining scores were averaged together with the final.

Attrition. Attrition from the General Chemistry sequence
was coded as a binary variable reflecting student decisions to
leave the course sequence between the first and second semester.
General Chemistry 1 students who completed General Chemistry
2 in the immediately following semester were marked “0” for
persisting, while those who did not complete the second seme-
ster were marked “1” for attrition from the course sequence. If a
student took the second semester at a delay, e.g., taking General
Chemistry 1 during Fall 2017 and General Chemistry 2 during
Spring 2019, they were included in the attrition group (note: less
than 1% of students in the Fall 2017 completed General
Chemistry at a delay). Thus, the coding scheme identifies which
first-year students began but did not complete the typical
General Chemistry trajectory expected for most STEM majors
and those in the pre-health pathway.

Procedure

The belonging survey was administered in recitation by the
General Chemistry 1 and 2 graduate assistants twice per semester
(up to four times total per student). The early-semester survey
occurred during the first recitation session (week two of fifteen),
providing an initial assessment of belonging perceptions after
several lectures. The late-semester survey occurred during the last
recitation session with a quiz (week twelve), when students have
extensive experience with the course but have not yet taken the
third unit exam or cumulative final. Each survey measure is
named according to its timing, semester, and scale. For example,
the General Chemistry 1 measures include early-semester GC1
belonging, early-semester GC1 uncertainty, late-semester GC1
belonging, and late-semester GC1 uncertainty. Students were
assured that the course instructors would not see their individual
surveys, which were collected by the General Chemistry
Administrative Assistant and delivered to the research team.
At the end of each term, exam grades and PLTL data were
obtained from the instructors and student background information
was requested from the registrar’s office.

This journal is © The Royal Society of Chemistry 2020
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Analysis

All analyses were run with the open-source software R (R Core
Team, 2019). Besides base functions, the analyses also utilized
functions from the Isr (Navarro, 2015), Im.beta (Behrendt, 2014),
and emmeans packages (Lenth, 2019). All analyses included the
categorical demographic variables (i.e., sex and race), PLTL
participation, and a two-way interaction between sex and race.
The categorical variables were treatment-coded with the following
reference groups: female students, Asian students, and students
who did not complete PLTL. The continuous academic preparation
variables (ie., ACT math, AP proportion, and OD) were always
centered and included as covariates, both out of theoretical interest
and because they reduced the error variance.

Survey analysis. ANCOVAs were used to analyze the early-year
survey measures, because they allow for straightforward inter-
pretation of both main effects and interactions between categorical
variables. Early-semester GC1 belonging served as the dependent
variable in the first ANCOVA, with early-semester GC1 uncertainty as
the dependent variable in the second ANCOVA.

Performance analysis. Multiple regression was used for the
performance analysis, with the regression coefficients providing
an index of the practical impact of each performance predictor.
The first model predicted General Chemistry 1 exam averages,
followed by a second model predicting General Chemistry 2 exam
averages. Besides the variables above, these analyses included
early-semester belonging and belonging uncertainty (centered) in
the target course as predictors, plus an interaction between PLTL
and AP proportion (Frey et al., 2018). To accommodate exam
variation across academic years, both models were also run with
z-scored exams; however, the pattern of results did not change.
Raw results are therefore reported below, so the coefficients can
be directly interpreted in terms of exam outcomes.

Interactions between the belonging measures and demo-
graphic variables were also tested by individually adding them
to the baseline performance models. Nested model comparisons
were used to determine whether the interactions significantly
improved the explanatory power and fit of the models. These
supplemental analyses, which showed no substantive changes to
the effects observed in the original models, are described in
Appendix 3.

Attrition analysis. Logistic regression was used for the attrition
analysis due to the dichotomous dependent variable. This analysis
included four belonging measures (centered) as predictors: both
early- and late-semester GC1 belonging and GC1 uncertainty.
Parallel to the performance analysis, the attrition model also
included an interaction between AP proportion and PLTL, and
interactions between the belonging measures and demographic
variables were later evaluated through nested model comparisons
with the baseline model (see Appendix 4). In addition, General
Chemistry 1 exam average was included as a predictor in the
attrition model.

Assessment of multi-collinearity. Multi-collinearity occurs
when regression predictors are highly correlated, making it
difficult to attribute variance in the data to individual variables
(Graham, 2003). While multi-collinearity does not necessarily
invalidate an analysis, it makes it less sensitive, especially for
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small effects. Three strategies were therefore used to assess the
presence of multi-collinearity in the current regression analyses:
bivariate correlations, Variance Inflation Factors (VIFs), and model
reduction. These procedures suggested a stable pattern of results
that was not subject to a high degree of multi-collinearity (see
Appendix 5). Therefore, full regression models including all the
predictors described above were retained.

Significance and effect size. Significance was evaluated at
o = 0.05. Tukey HSD adjustments were applied to p-values from
post hoc tests to correct for multiple comparisons. Although all
models incorporated the academic preparation covariates,
unadjusted means (M) and standard errors (SE) are reported
below. Partial eta-squared (17,”) provided effect-size estimates
for the ANCOVAs, with 0.01, 0.06, and 0.14 indicating small,
medium, and large effect-sizes, respectively (Richardson, 2011).
For the linear regression analyses, unstandardized regression
coefficients (b) provided absolute effect-size estimates, and
standardized regression coefficients (ff) provided relative effect-
size estimates. Logistic regression also generates unstandardized
regression coefficients, but they are more challenging to interpret
because they reflect the impact of each predictor on the log odds
of the target outcome. To facilitate interpretation, the coefficients
were converted into odds ratios (i.e., the odds of attrition divided
by the odds of retention) through exponentiation. In addition,
key effects are described in terms of their impact on the predicted
probability of attrition, which was estimated for a modeled student
who had average academic preparation scores and belongs to the
reference group of Asian, female, PLTL non-completers.

Results
Demographic effects on early-year belonging surveys

Belonging. As shown in Table 1, OD and AP proportion both
had small, positive effects on early-semester GC1 belonging,
while the effect of ACT math was not significant. With academic
preparation accounted for, a small main effect of sex emerged:
early in the semester, male students (M = 5.00, SE = 0.03)
reported higher belonging in General Chemistry 1 than female
students (M = 4.80, SE = 0.03). There was also a significant effect
of race. Raw means indicate minimal differences in the early-
semester GC1 belonging of Asian (M = 4.88, SE = 0.03), under-
represented (M = 4.84, SE = 0.06), and White (M = 4.90, SE = 0.04)
students. However, pairwise comparisons indicate higher belonging

Table 1 ANCOVA testing for variation in early-semester GC1 belonging

Variable Ss df MS F N
ACT math 0.16 1 0.16 0.45 <0.01
AP proportion 2.18 1 2.18 5.99* 0.01
OD 4.11 1 4.11 11.31* 0.02
Sex 5.71 1 5.71 15.68* 0.02
Race 2.38 2 1.19 3.27*% 0.01
Sex x race 2.52 2 1.26 3.47* 0.01
Residuals 265.54 730 0.36

*p < 0.05. N = 739. OD refers to the Online Diagnostic of incoming
content knowledge. AP proportion reflects how many STEM AP exams
(Biology, Calculus, Chemistry, Physics) students earned a 4 or 5 on.
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among underrepresented students compared to Asian students,
after accounting for differences in preparation, ¢(730) = —2.44,
p = 0.04 (other comparisons n.s.). This result therefore reflects a
confound between the race and academic preparation variables:
underrepresented students entered the course with significantly
lower ACT, AP, and OD scores than Asian and White students
(p’s < 0.05). Because the ANCOVA examined students’ belong-
ing scores after normalizing for differences in preparation
(i.e., raising underrepresented students’ scores and lowering
Asian and White students’ scores to the same level), under-
represented students’ belonging scores appear relatively high,
all else being equal.

Crucially, there was a significant interaction between sex
and race. As illustrated by Fig. 1, underrepresented males
(M = 5.11, SE = 0.07) reported significantly higher early-
semester GC1 belonging than underrepresented females (M =
4.70, SE = 0.08), ¢(730) = —3.39, p = 0.01. The sex effect proved
marginally significant among White students, ¢(730) = —2.80,
p =0.06 (male: M = 5.04, SE = 0.06; female: M = 4.81, SE = 0.04),
and non-significant among Asian students, p > 0.99 (male:
M = 4.92, SE = 0.05; female: M = 4.84, SE = 0.04).

Belonging uncertainty. Similar to the belonging results, OD
had a small, significant effect and AP proportion had a small,
marginal effect on early-semester GC1 belonging uncertainty,
while ACT math did not (Table 2). In terms of demographics, the
results showed a significant main effect of sex on uncertainty.
Female students (M = 3.46, SE = 0.05) reported more uncertainty
than male students (M = 2.84, SE = 0.07), and this tendency for
female students to report more uncertainty was consistent across
each racial group (sex x race n.s.; Fig. 2). Race also had a

0.9
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Early-Year Chemistry Belonging

Fig. 1 Density estimates of early-semester GC1 belonging scores within
each racial group and sex. Note: density estimates were calculated with a
Gaussian kernel and a bandwidth equaling the standard deviation of the
kernel.
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Table 3 Multiple regression testing for predictors of general chemistry 1
exam performance

Variable SS df MS F npz Predictor b p t
ACT math 0.08 1 0.08 0.07 <0.01 (Intercept) 15.54 0 2.34*
AP proportion 4.28 1 4.28 3.597 0.01 ACT math 1.25 0.23 6.25*
OD 22.49 1 22.49 18.88* 0.03 AP proportion 14.89 0.33 5.84*
Sex 45.07 1 45.07 37.84* 0.05 OD 0.18 0.28 8.10*
Race 5.89 2 2.95 2.47F 0.01  Early-semester GC1 belonging 1.77 0.08 2.41*
Sex X race 3.29 2 1.65 1.38 <0.01 Early-semester GC1 uncertainty —0.33 —0.03 —0.80
Residuals 864.7 729 1.19 PLTL (yes) 5.42 0.17 6.12*
Sex (M) —1.52 —0.05 —-1.18
*p < 0.05. § 0.05 < p < 0.10. N = 739. OD refers to the Online  Race (URM) —4.10 —0.12 _0.64*%
Diagnostic of incoming content knowledge. AP proportion reflects how  Rgce (White) —0.57 —0.02 —0.49
many STEM AP exams (Biology, Calculus, Chemistry, Physics) students  gex (M) x race (URM) 1.36 0.02 0.60
earned a 4 or 5 on. Sex (M) x race (White) 0.11 0.003 0.06
AP proportion x PLTL —8.66 —0.16 —3.06%
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Fig. 2 Density estimates of early-semester GC1 belonging uncertainty within
each racial group and sex. Note: density estimates were calculated with a
Gaussian kernel and a bandwidth equaling the standard deviation of the kernel.

marginal effect on early-semester GC1 belonging uncertainty.
While the raw means once again indicate minimal differences
(Asian: M = 3.10, SE = 0.07; URM: M = 3.23, SE = 0.10; White: M =
3.28, SE= 0.07), pairwise comparisons show that after adjusting
for preparation, underrepresented students reported marginally
less uncertainty than White students, ¢(730) = —2.15, p = 0.08
(other comparisons n.s.). As above, this result stems from sig-
nificant differences in the academic preparation scores of under-
represented students compared to their Asian and White
peers. Because the ANOVA evaluated students’ uncertainty after
normalizing for differences in preparation, underrepresented
students appear to have relatively low uncertainty on balance.

Early-semester belonging predicts general chemistry 1 exam
performance

As expected from previous research (Tai et al., 2005; Xu et al.,
2013; Frey et al, 2018), all three preparation variables were

This journal is © The Royal Society of Chemistry 2020

*p < 0.05. Note: General Chemistry 1 exam average is the dependent
variable. OD refers to the Online Diagnostic of incoming content
knowledge. AP proportion reflects how many STEM AP exams (Biology,
Calculus, Chemistry, Physics) students earned a 4 or 5 on. Continuous
variables were centered around their sample means. Categorical
variables were treatment coded with PLTL non-completers, female,
and Asian students as reference levels. R* = 0.45. N = 739.

significant, positive predictors of General Chemistry 1 perfor-
mance (Table 3). After accounting for preparation, PLTL
completion also significantly predicted course performance:
PLTL completers (M = 69.8, SE = 0.57) scored over five points
higher on exams than PLTL non-completers (M = 64.3,
SE = 1.07). Replicating a recent study (Frey et al., 2018), this
PLTL effect interacted with AP proportion, reflecting how the
PLTL benefit increased in magnitude as students’ AP preparation
decreased.

The only significant demographic predictor of General
Chemistry 1 performance was race. Underrepresented minority
students (M = 58.4, SE = 1.24) received lower exam averages
than their Asian peers (M = 72.7, SE = 0.73); the regression
coefficient indicates a four-point difference after adjusting
for preparation. Pairwise comparisons showed that underre-
presented students also scored marginally lower than White
students (M = 68.9, SE = 0.71), ¢(725) = —2.31, p = 0.05, with no
significant difference between Asian and White students
(p = 0.81). The effect of sex and the sex by race interactions
were not significant.

Crucially, after accounting for preparation, PLTL participation,
and demographics, early-semester GC1 belonging was a sig-
nificant predictor of General Chemistry 1 performance. The
higher students’ belonging at the start of the semester, the
better their subsequent exam scores. Specifically, a one-point
increase in early-semester GC1 belonging corresponded to an
increase of 1.77 points on exams. In contrast, early-semester
GC1 belonging uncertainty was not a significant predictor, i.e.,
it did not account for any additional variance in students’
General Chemistry 1 performance above and beyond the other
variables. To examine whether the belonging effect varied
across demographic groups, two-way interactions between the
belonging measures and demographic variables were also
considered, but none of the interactions significantly improved
the baseline model’s fit (see Appendix 3).
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Table 4 Multiple regression testing for predictors of general chemistry 2
exam performance

Predictor b p t
(Intercept) 24.37 0 7.47
ACT math 1.17 0.19 5.19*
AP proportion 13.22 0.27 5.94%
OD 0.17 0.24 6.67*
Early-semester GC2 belonging 1.71 0.07 2.09%
Early-semester GC2 uncertainty -1.79 —0.13 —3.74%
PLTL (yes) 7.11 0.23 7.86*
Sex (M) 1.04 0.03 0.69
Race (URM) -3.61 —0.10 —2.03*¢
Race (White) 0.70 0.02 0.53
Sex (M) x race (URM) —-1.53 —0.03 —0.61
Sex (M) x race (White) —3.18 —0.07 —1.54
AP proportion x PLTL —6.49 —0.09 —2.24*

*p < 0.05. “When the dependent variable is z-scored, effect is only
marginally significant, p = 0.08. Note: General Chemistry 2 exam
average is the dependent variable. OD refers to the Online Diagnostic
of incoming content knowledge. AP proportion reflects how many
STEM AP exams (Biology, Calculus, Chemistry, Physics) students earned
a 4 or 5 on. Continuous variables were centered around their sample
means. Categorical variables were treatment coded with PLTL non-
completers, female, and Asian students as reference levels. R* = 0.52.
n=592.

Early-semester belonging and uncertainty predict general
chemistry 2 exam performance

Among participants who continued to the second semester of
General Chemistry, we observed similar performance results
(Table 4). All three preparation variables (OD, AP proportion,
ACT math) were significant predictors of General Chemistry 2
exam average, with more prepared students earning higher
scores. PLTL participation also predicted performance, with
PLTL completers (M = 79.3, SE = 0.76) scoring higher than non-
completers (M = 70.5, SE = 0.95). The effect of PLTL interacted
with AP proportion, indicating a larger PLTL benefit among
first-year students with less AP experience.

As above, the only significant demographic predictor was
race.} Underrepresented minority students (M = 63.7, SE= 1.57)
scored lower than Asian students (M = 80.0, SE = 0.93) on the
General Chemistry 2 exams, with the regression coefficient
showing a 3.6-point difference after adjusting for other variables.
Pairwise comparisons showed that underrepresented minority
students also received lower scores than White students (M =
75.7, SE = 0.81), t(578) = —2.44, p = 0.04, while the difference
between Asian and White students was not significant (p = 0.77).
Sex did not significantly influence students’ exam averages, nor
did sex by race interactions.

In contrast to the first-semester results, both belonging
measures uniquely predicted students’ exam averages in General
Chemistry 2, after accounting for preparation, demographics,
and PLTL participation. Early-semester GC2 belonging had a
positive effect on performance, with a one-point increase in
belonging predicting an increase of 1.71 points on exams.

i When z-scored exam average was used as the dependent variable, this predictor
was only marginally significant, p = 0.08. Z-Scoring did not impact the signifi-
cance level of any other predictor.
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Early-semester GC2 uncertainty had the expected, complementary
effect, with a one-point increase in uncertainty predicting a
decrease of 1.79 points on exams. The standardized regression
coefficients indicate that the belonging predictors were less
influential than the preparation predictors; nonetheless, they
had an independent and practical impact on student outcomes
in the course. Once again, interactions between the belonging
measures and demographic variables were also tested, showing
no significant impact on the baseline model fit (see Appendix 3).

Late-semester belonging in general chemistry 1 predicts
attrition from general chemistry sequence

Among the first-year students in our study, there was 11.8%
(n = 87 out of 739) attrition from first to second semester of
General Chemistry. Course grades indicate that students who
left the course sequence struggled at higher rates than students
who continued on to General Chemistry 2. Specifically, 40.2%
of those who left received a C or lower in General Chemistry 1
(n =35 out of 87), compared to just 13.5% of those who persisted
(n = 88 out of 652). Very few students appear to have left due to
their majors: only 9.2% (n = 8 out of 87) of those who left
the sequence reported intentions to major in non-prehealth,
engineering fields that do not require General Chemistry 2.

As one might expect, AP proportion had a negative effect on
attrition: that is, students with more college-preparatory experience
(i.e., higher AP proportion scores) were less likely to leave between
General Chemistry 1 and 2 (Table 5). For a modeled student who is
Asian, female, and a PLTL non-completer with average academic
preparation scores, a one-point increase in AP proportion
decreased the predicted probability of attrition from 24.2% to
0.6%. Parallel to the performance results, this AP proportion
effect interacted with PLTL, such that AP proportion became

Table 5 Logistic regression testing for predictors of course-sequence
attrition

Predictor b SE z 0Odds ratio
(Intercept) —5.16 2.26 —2.29* —
ACT math 0.15 0.07 2.27* 117
AP proportion —-1.82 0.88 —2.05* 0.16
OD -0.01 0.01 -0.79 0.99
Early-semester GC1 belonging —-0.15 0.25 —0.62  0.86
Early-semester GC1 uncertainty 0.14 0.15 090 1.15
Late-semester GC1 belonging —0.85 0.20 —4.22* 0.43
Late-semester GC1 uncertainty 0.03 0.14 0.19 1.03
GC1 exam average —-0.04 0.01 —2.84* 0.97
PLTL (yes) —0.05 030 —0.18  0.95
Sex (M) 036 046 079 1.44
Race (URM) 0.15 054 029 1.17
Race (White) 0.46 0.42 1.11 1.59
Sex (M) x race (URM) —0.88 0.81 —1.09 0.41
Sex (M) x race (White) —-0.04 0.59 —0.07 0.96
AP proportion x PLTL 1.98 1.00 1.97*  7.21

* p < 0.05. Note: leaving the General Chemistry course sequence (vs.
persisting to General Chemistry 2) is the dependent variable. OD refers
to the Online Diagnostic of incoming content knowledge. AP proportion
reflects how many STEM AP exams (Biology, Calculus, Chemistry,
Physics) students earned a 4 or 5 on. Continuous variables were
centered around their sample means. Categorical variables were treatment
coded with PLTL non-completers, female, and Asian students as reference
levels. N = 739.
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less influential when students completed PLTL. In other words,
PLTL mitigated the tendency for students with less college-
preparatory experience to leave between General Chemistry 1
and 2, although PLTL had no overall effect on attrition from the
course sequence.

ACT math was also a significant predictor, but it had an
unexpected effect. Students with stronger math abilities (i.e.,
higher ACT math scores) were more likely to leave General
Chemistry after one semester than students with weaker abilities.
Given the narrow range of ACT math scores observed in this
sample (M = 33.03, SD = 2.56), this effect may have had little
practical impact, and it is unlikely to generalize to other student
populations. The final preparation predictor, OD score, was not a
significant predictor.

None of the demographic variables influenced student attrition
from the course sequence. Among all students, performance in
General Chemistry 1 proved to be an influential predictor: students
who earned higher exam scores were less likely to leave after one
semester. Specifically, for the modeled student (i.e., an average-
preparation Asian, female, PLTL non-completer), the predicted
probability of attrition was 21.4% if her exam average was below
the sample mean compared to 3.9% if her average was above
the mean.

Crucially, the only other significant predictor was late-semester
GC1 belonging, which had a negative effect on attrition. For the
modeled student, as her late-semester GC1 belonging increased
from 4 to 5 to 6, her predicted probability of attrition decreased
from 20.2% to 6.2% to 0.6%, respectively. None of the other
belonging measures - early-semester GC1 belonging and uncer-
tainty, and late-semester GC1 uncertainty — significantly contributed
to the model. Finally, interactions between each of the belonging
measures and demographic variables were also tested, showing little
impact on the attrition model (Appendix 4).

Discussion

This investigation extends previous research on undergraduate
belonging and success in STEM, which has typically focused on
physical sciences with stark gender disparities, into the more
gender-balanced discipline of chemistry. Specifically, this study
examined two facets of first-year students’ sense of belonging, their
course-level belonging and belonging uncertainty, in a two-
semester general chemistry course sequence. Early-year belonging
measures were examined as an important metric of first-year
students’ affect during the challenging transition to college. The
belonging measures were then assessed as potential predictors of
general chemistry exam performance and attrition from the course
sequence, after accounting for high-school academic preparation,
demographics, and PLTL participation. Below, three key findings
are summarized and interpreted relative to prior research.

Finding 1: academic preparation and gender affect early-year
belonging and belonging uncertainty

Similar to other studies about more gendered physical science
courses (Good et al., 2012; Stout et al., 2013), early-year GC1
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belonging and belonging uncertainty were associated with
academic preparation. Specifically, the preparation variables
OD and AP proportion, but not ACT math, showed small but
significant correlations with the early-year belonging measures.
The more content knowledge (OD) and college-preparatory
experience (AP proportion) incoming students had, the higher
their sense of belonging and the lower their uncertainty early in
the course sequence. In contrast, incoming mathematics ability
was not influential. While these effects are not surprising, they
shed light on how different facets of students’ academic back-
ground can independently affect their self-perceptions.

These results differ from the exact findings of prior research,
which showed significant correlations between students’ ACT/
SAT math scores and their belonging in math (Good et al., 2012)
and physics (Stout et al., 2013). The difference across studies
may be meaningful, e.g., reflecting a difference in the perceived
importance of quantitative abilities for each course. If students
believe math abilities to be more important for success in
calculus and physics courses than in chemistry, then their
belonging in those contexts may be more dependent on quanti-
tative skills. Alternatively, the difference in results may be an
artefact of the different analyses in each study. In the studies
cited above, math scores were the only index of students’
academic preparation. This contrasts with the current study,
where inter-correlations among the three academic covariates may
have prevented detection of significant effects (Graham, 2003).
Regardless, the results of this study support the conclusion that
students with weaker academic preparation feel less belonging
and more uncertainty upon entering college-level STEM courses.

Also consistent with previous research (Good et al, 2012;
Stout et al., 2013; Blaney and Stout, 2017; Rainey et al., 2018),
there was a main effect of gender on both early-semester GC1
belonging and belonging uncertainty. Male students reported
more early-year belonging, while female students reported
more early-year uncertainty. For belonging only, the effect of
gender interacted with race, indicating that the gender difference
was strongest among underrepresented minority students, with a
marginal gender effect among White students and none among
Asian students. This interactive pattern parallels the work of
Blaney and Stout (2017) and Rainey et al. (2018), whose inter-
sectional studies demonstrated that students who identify with
multiple underrepresented groups (e.g., first-generation women
and women of color, respectively) are especially vulnerable to
low belonging in STEM.

Thus, gendered belonging gaps are not limited to those
physical sciences where women remain drastically underrepre-
sented at the undergraduate level. Instead, women can also
experience lower belonging or more doubts in physical sciences
like chemistry and other STEM disciplines where bachelor’s
degree attainment has become more equitable (National Science
Foundation, 2019) and classrooms are more likely to be gender-
balanced. This finding aligns with work from the field of gender
studies, which illustrates how persistent cultural stereotypes
about women’s STEM abilities continue to undermine their
participation in STEM. Even when women have positive attitudes
toward fields like math, negative stereotypes can hurt their
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interest and performance (Shapiro and Williams, 2012). In a
society with gendered expectations about learners’ potential in
STEM, anticipating or feeling low belonging can dissuade
women from continuing in STEM majors (Thoman et al., 2014;
Tellhed et al., 2017).

Moreover, gender gaps can interact with other aspects of
students’ identity to alleviate or increase perceptions of identity
threat, i.e., the perception that one’s identity is a liability
(Cohen and Garcia, 2008), and influence belonging accordingly.
In this study, the main effects of race on early-semester GC1
belonging outcomes did not indicate an overall tendency for
underrepresented students to report lower belonging or higher
uncertainty. However, the significant interaction of gender and
race on early-year belonging indicates that women of color
were particularly susceptible to low belonging at the outset of
general chemistry. Thus, these results support the idea that
students who identify with multiple groups underrepresented
in STEM may face compound challenges to belonging.

Finding 1 implies that students with less academic preparation
or from underrepresented demographic groups feel less belonging
and more uncertainty as they enter introductory-level STEM
courses, or they develop those belonging concerns within the first
few weeks. While this may seem discouraging, it points towards an
opportunity for instructors to disrupt these negative perceptions at
the start of a course. Indeed, more than one theoretical model
argues that a supportive and inclusive classroom environment
provides the foundation for undergraduate students’ sense of
belonging, motivation, and achievement (e.g., Cohen and Garcia,
2008; Zumbrunn et al, 2014). Moreover, decades of program
evaluation has demonstrated that these principles extend beyond
the classroom, as honors programs designed to foster the
academic skills and support networks of underrepresented or
under-resourced student groups have consistently increased
their success, retention, and advancement in STEM fields
(e.g., the Treisman model, Fullilove and Treisman, 1995; the
Meyerhoff Scholars Program, Maton et al., 2000; the Biology
Scholars Program, Matsui et al., 2003; and the SAGE project,
Hall et al., 2014). Several strategies for cultivating an inclusive
classroom and instilling the belief that all students can succeed
are discussed below in the Practical Strategies section.

Finding 2: early-semester belonging and uncertainty predict
general chemistry exam performance

The second part of this study examined the impact of course-
level belonging and belonging uncertainty on General Chem-
istry 1 and 2 exam performance, after accounting for student
background and participation in PLTL. Replicating previous
studies of this course (Fink et al., 2018; Frey et al., 2018),
stronger academic preparation predicted higher exam averages
in both semesters. In both courses, PLTL completion also
predicted better performance, and this effect interacted with
AP proportion. This result extends previous research, showing
that PLTL is an important resource for less-prepared students
not only in General Chemistry 1 (Frey et al., 2018), but through-
out the course sequence. In terms of demographics, the only
statistically significant finding was a racial achievement gap.
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Most importantly, the belonging measures significantly pre-
dicted first-years’ general chemistry performance above and
beyond the other variables. In General Chemistry 1, only early-
semester belonging (not belonging uncertainty) was a significant
predictor: a one-point increase in early-semester GC1 belonging
was associated with 1.77 point increase in exam average. In
General Chemistry 2, both belonging measures added to the
predictive power of the performance model. The effects were
similar in magnitude to the first-semester course, with a one-
point increase in early-semester GC2 belonging predicting a
1.71 point increase on exams, and a one-point decrease in early-
semester GC2 uncertainty predicting a 1.79 point increase on
exams. Combined, these two effects indicate a cumulative
3.5 point advantage on exams for students who begin General
Chemistry 2 with one point more belonging and one point less
uncertainty than their peers. While these belonging effects are
modest in size, they provide useful information to researchers
and practitioners aiming to understand and maximize student
success in general chemistry. From the student perspective, they
also have practical importance, because 3.5 points on exams
could make the difference between letter grades.

Finding 2 aligns with previous research showing that belonging
in STEM influences the success of all students, having an overall
effect on achievement that can perpetuate initial gender disparities
in belonging (Good et al., 2012; Stout et al., 2013). The current study
also expands upon those findings, showing separate effects of
course-level belonging and belonging uncertainty on exam averages
in General Chemistry 2. The fact that these belonging measures
remain influential in the second semester was somewhat surprising,
because General Chemistry 1 and 2 are tightly connected at this
institution, sharing the same structure, policies, and even some of
the instructors. This similarity led to the expectation that students
might acclimate and feel secure in their belonging by second
semester, dampening any effects of belonging on performance in
General Chemistry 2. Instead, the persistent belonging effects
suggest that instructors must continually be aware of and address
belonging concerns throughout the course sequence. Although the
instructors may feel very comfortable with students by the end of
General Chemistry 1, first-year students may need ongoing support
and encouragement to maintain belonging and achievement,
especially if they come from underrepresented groups.

Finding 3: late-semester belonging in general chemistry 1
predicts attrition from the course sequence

The final part of this study examined the relationship between
course-level belonging during General Chemistry 1 and attrition
from the course sequence, once again adjusting for academic
preparation, demographics, and PLTL participation, as well as
performance in General Chemistry 1. In terms of preparation,
the key result was a significant effect of college-preparatory
experience: students with lower AP proportion scores were more
likely to leave the course sequence between semesters. Given
that General Chemistry 1 performance is accounted for in the
attrition model, with better performance significantly lowering the
odds of attrition, the effect of AP proportion is particularly note-
worthy. This result demonstrates the value of college-preparatory
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coursework: above and beyond its contribution via better course
performance, such coursework helps first-year students persist
through early college-level STEM requirements.

No demographic predictors were significant. Contrary to
previous research (Mitchell et al., 2012; Lewis, 2014), PLTL
participation did not have an overall effect on attrition from
general chemistry. However, a significant interaction between
AP proportion and PLTL emerged, indicating that PLTL parti-
cipation neutralized the tendency for less-prepared students to
depart from the course sequence after General Chemistry 1. In
other words, PLTL increased the equity of the course sequence,
because PLTL participants with little AP experience were no more
likely to leave after General Chemistry 1 than PLTL participants with
extensive AP experience. This novel result adds to the evidence
showing PLTL’s many benefits (Wilson and Varma-Nelson, 2016).

Crucially, the attrition analysis included four belonging
variables: early- and late-semester GC1 belonging and belonging
uncertainty. Only late-semester GC1 belonging had a signifi-
cant, negative effect on attrition. That is, the higher a student’s
belonging towards the end of General Chemistry 1, the less
likely they were to depart from the course sequence rather than
completing General Chemistry 2 as well.

To our knowledge, this represents the first study to demon-
strate an overall impact of belonging on retention specifically
within general chemistry. This result both complements and
diverges from prior studies, which focused specifically on the
impact of belonging on women’s persistence in STEM majors
(London et al., 2011) and the pre-medicine pathway (Rosenthal
et al., 2013). The current study did not detect a selective or
increased effect of belonging on the attrition rates of women or
other underrepresented groups. Instead, it revealed that after
accounting for variation in academic preparation and performance
in General Chemistry 1, belonging can affect all students’
decisions about whether to complete the general chemistry
course sequence. Such results help motivate further investiga-
tion of students’ subjective experiences and belonging in STEM
classrooms, especially using qualitative methods that might
illuminate how and why different students’ belonging decreases,
increases, or remains stable over time.

Limitations

While the findings of this study shed light on the role of
belonging in students’ success in general chemistry, they are
subject to some important limitations. As with any education
research conducted at a single college or university, the results
of this study may not generalize across institutions. They may
replicate at other selective, private, research universities, or
they may prove to be unique to this specific context and student
population. The extra credit that participants received as compensa-
tion for enrolling in this study may have also influenced its findings,
although that credit comprised a very small portion of students’
laboratory grade (0.5%). A related issue is the usage of instructor-
written exams rather than a standardized assessment like the
American Chemical Society General Chemistry exam. Without
a standardized exam, the current results cannot be directly
compared with other studies. Regardless, this research reinforces
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the important role that belonging in particular and student affect
in general can play in determining undergraduates’ outcomes
in chemistry and STEM (e.g., Trujillo and Tanner, 2014;
Wilson et al., 2015).

Another limitation of this study is its relatively simplistic
treatment of student demographics. The race variable collapsed
across unique ethnicities, and the sex variable served as an
imperfect proxy for gender, which does not necessarily reflect
students’ self-defined gender identities. While such simplifications
are common research practices, which often mitigate sample size
issues and streamline analysis, they prevent a more nuanced
understanding of students’ subjective experiences in chemistry
and STEM learning environments. The evidence-base would there-
fore benefit from large-scale quantitative studies that might over-
come sample size concerns to examine belonging across an array
of groups, as well as qualitative research that delves deeply into the
experiences of underrepresented or under-resourced groups of
interest (e.g., Rainey et al., 2018). In general, qualitative research
examining all students’ experiences and belonging in chemistry
is needed. The large sample of participants in this study made
quantitative methods more feasible; however, this approach
does not enable deep exploration of the underpinnings and
impact of belonging. Qualitative investigations may foster
understanding of the possible routes to belonging and the ways
that environmental factors modulate belonging and its effects
on student success.

As a final limitation, this study may provide a conservative
estimate of potential belonging effects in general chemistry,
due to the social psychological interventions administered during
the course sequence. Most students complete a growth-mindset
intervention in General Chemistry 1 (Fink et al, 2018), and a
subset also completed a belonging intervention in General
Chemistry 2, although the latter showed no effects on student
affect or performance (Appendix 1). While these interventions target
different social psychological processes (Yeager and Walton, 2011),
both are intended to improve students’ subjective experiences
in the classroom, especially among underrepresented groups.
These activities, combined with other strategies adopted by the
General Chemistry instructor team to create an inclusive class-
room (e.g., transparent syllabi, active learning pedagogy), may
have reduced group-wise variation in belonging and washed out
effects of belonging on performance and attrition. Future
studies may reveal more robust effects if they examine belonging
in undergraduate chemistry courses that place less emphasis on
student attitudes and inclusion.

Measures of belonging

A unique feature of the current study is its usage of two belonging
measures, perceived belonging and belonging uncertainty, to
represent different aspects of students’ sense of belonging. Prior
research has not addressed the separability of these two constructs,
but the current results and validation analyses (Appendix 2) suggest
they are at least partially distinct, with independent effects on
student performance in General Chemistry 2. More work is needed
to clarify the relationship between these measures and to evaluate
whether one tends to be more sensitive to demographic or

Chem. Educ. Res. Pract., 2020, 21,1042-1062 | 1053


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0rp00053a

Open Access Article. Published on 01 June 2020. Downloaded on 11/21/2025 6:02:54 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemistry Education Research and Practice

contextual variation in student perceptions. In addition, research
that examines the conceptual overlap between belonging uncer-
tainty and phenomena like imposter syndrome (Cockley et al., 2015;
Tao and Gloria, 2019) could synthesize multiple lines of research
and advance the field’s understanding of gender differences in
STEM outcomes.

In general, both the education and psychology communities
might benefit from research that refines and expands upon
current measures of belonging. With some exceptions (e.g:,
Good et al., 2012), many studies of belonging in undergraduate
STEM education, including this one, have utilized quite brief
surveys adapted from previous work. These instruments often
ask about students’ general perceptions of belonging in a STEM
context (e.g., I feel like I fit in the General Chemistry course) or
about one or two specific components of belonging (e.g., I feel
comfortable with my instructors in the General Chemistry course).
However, Hirsch and Clark (2019) recently argued that multiple
pathways towards student belonging exist, which can interact
and should therefore be studied in tandem. Thus, the develop-
ment of multifaceted, validated measures of student belonging
could clarify what it means to belong in STEM settings and
point towards more precise interventions for supporting student
belonging and success.

Practical strategies for supporting belonging and student
success

Current evidence supports an explanatory model where the
STEM classroom environment influences self-perceptions of
belonging, which modulate students’ motivation and engagement
in the course, with consequences for achievement (Zumbrunn et al.,
2014). Moreover, this affect-cognition-behavior chain is thought to
be cyclic and self-reinforcing, such that negative self-perceptions
contribute to maladaptive learning strategies and poor perfor-
mance, which beget more negative perceptions, and so on
(Yeager and Walton, 2011). While this model suggests that
low belonging can set chemistry students on a downward
trajectory, it also indicates multiple points for intervention.
The strategies outlined below, which focus on students’
potential to excel, their interests and goals, and collaborative
learning with others, represent core tenets of several successful,
large-scale initiatives aimed at improving the belonging and success
of underrepresented and under-resourced groups (Fullilove and
Treisman, 1995; Maton et al, 2000; Matsui et al, 2003;
Hall et al., 2014).

One strategy aims to directly boost belonging by creating an
inclusive and supportive environment. Several studies have
demonstrated that students are sensitive to environmental
factors like gendered classrooms (Cheryan et al., 2009; Cheryan
et al., 2011), as well as messages about the fixedness of learners’
abilities (Good et al, 2012; Canning et al, 2019) and gender
stereotypes about quantitative skills (Good et al., 2012). There-
fore, instructors can examine whether masculine or majority
norms dominate their classroom or course materials and work to
incorporate more diverse representation. In addition, instructors
can explicitly convey a growth mindset, i.e., a belief that all learners’
can grow and improve, in their syllabus and course policies.
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This message can be reinforced at critical points in the semester
(e.g., after each exam has been taken or exam grades are posted)
when students struggle to maintain positive self-beliefs.

Another strategy is to target student motivation, rather than
belonging per se. Motivation encompasses a number of different
process, but one process with both intuitive appeal and theoretical
grounding is student interest. Harackiewicz and colleagues (20164,
2016b) have argued that spurring and growing interest in course
content can set students on a path of persistent engagement and
success, and they offer several concrete strategies for cultivating it.
For example, course assighments known as utility-value interven-
tions prompt students to explain in writing how a course topic is
useful to them or relates to their personal interests and goals
(Canning and Harackiewicz, 2015). Such interventions can
improve the interest of all undergraduates and offer performance
benefits to underrepresented groups, reducing achievement
gaps (Harackiewicz et al., 2016a, 2016b). In general, both formal
and informal strategies to personalize and connect a course
with students’ own interest can help diverse students succeed.

A final way to mitigate potential effects of low belonging is to
target student engagement through active learning pedagogies.
Extensive research has demonstrated that student-centered
tasks where undergraduates generate their own knowledge or
co-construct it with peers tend to improve the performance
of all students (Freeman et al, 2007), with larger effects
among students from under-resourced or underrepresented
groups (Haak et al., 2011). Thus, if belonging concerns trigger
disengagement, active learning may disrupt that process and
prompt students to re-engage. In addition, the process of
exchanging ideas with peers may actually increase students’
sense of community and ultimately improve their belonging
(Wilton et al., 2019).

Conclusion

This study has illustrated that first-year undergraduates’
course-level belonging and belonging uncertainty can impact
their achievement and persistence throughout general chemistry,
which is an important requirement for students interested in
many STEM and healthcare professions. When women and other
underrepresented groups experience low belonging or high
uncertainty early in the course sequence, as observed here, such
belonging effects may contribute to inequities in post-graduate
STEM education and the workforce. Therefore, even in disciplines
like chemistry where near gender parity has been achieved at the
undergraduate level, there remains a need for STEM educators to
carefully assess the culture and expectations conveyed by their
classroom environments and pedagogical practices. A consistent
message that everyone belongs and is capable of learning, which is
sustained throughout the academic year, may become a self-
fulfilling prophecy of success for diverse students.
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Appendix 1: analyses confirming null
effect of belonging intervention in
general chemistry 2 Spring 2018

A total of 325 first-year students enrolled in General Chemistry
2 in Spring 2018 and participated in the random-assignment
experiment examining the effects of a belonging intervention.
Three ANCOVAs were conducted to test for intervention effects
on participants’ final exam scores, late-semester GC2 belonging,
and late-semester GC2 belonging uncertainty. All three models
included ACT math, AP proportion scores, and OD scores as
covariates indexing students’ academic preparation. The models
predicting late-semester GC2 belonging outcomes also included
exam average as a covariate. In terms of categorical variables, the
model included sex, race, and their two-way interaction. Finally,
the main effect of interest was intervention condition (belonging
vs. control), which was allowed to interact with the demographic
variables. As shown in Tables 6-8, no significant effects of
intervention condition were found.

Despite the null effects of the belonging intervention on
student outcomes, concern remained that the experiment in
spring 2018 might have unduly influenced the results of this

Table 6 ANCOVA testing effect of belonging intervention on Spring 2018
final exam scores

Variable SS df MS F npz
ACT math 749 1 749 4.28% 0.01
AP proportion 3421 1 3421 19.53* 0.06
OD 9060 1 9060 51.73* 0.14
Sex 52 1 52 0.30 <0.01
Race 460 2 230 1.31 <0.01
Intervention condition 115 1 115  0.65 <0.01
Sex X race 140 2 70 0.40 <0.01
Sex x intervention condition 2 1 2 0.005 <0.01
Race x intervention condition 497 2 249 142 0.01
Residuals 54643 312 175

* p < 0.05. n = 325. OD refers to the Online Diagnostic of incoming
content knowledge. AP proportion reflects how many STEM AP exams
(Biology, Calculus, Chemistry, Physics) students earned a 4 or 5 on.

Table 7 ANCOVA testing effect of belonging intervention on Spring 2018
late-semester GC2 belonging

Variable Ss df MS F 0
ACT math 0.08 1 0.08 0.17 <0.01
AP proportion 0.04 1 0.04  0.08 <0.01
OD 1.71 1 1.71 3.63F 0.01
Sex 0.11 1 0.11 0.24 <0.01
Race 0.06 2 0.03 0.06 0.01
Intervention condition 0.52 1 0.52  1.11 <0.01
Exam Average 18.49 1 18.49 39.14* 0.11
Sex X race 0.04 2 0.02 0.04 <0.01
Sex x intervention condition 0.17 1 0.17 0.36 <0.01
Race x intervention condition 0.71 2 0.36 0.76 <0.01
Residuals 146.92 311 0.47

*p < 005 1 0.05 < p < 0.10. n = 325. OD refers to the Online
Diagnostic of incoming content knowledge. AP proportion reflects how
many STEM AP exams (Biology, Calculus, Chemistry, Physics) students
earned a 4 or 5 on.
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Table 8 ANCOVA testing effect of belonging intervention on Spring 2018
late-semester GC2 belonging uncertainty

Variable ss df MS F 0
ACT math 0.21 1 0.21 0.15 <0.01
AP proportion 1.74 1 175 126 <0.01
OD 3.48 1 3.48 2.53 0.01
Sex 1.80 1 1.80 1.31 0.02
Race 0.15 2 0.08 0.06 <0.01
Intervention condition 0.41 1 041 0.30 <0.01
Exam average 26.08 1 26.08 18.97* 0.06
Sex x race 2.30 2 1.15 0.84 0.01
Sex x intervention condition 0.05 1 0.05 0.04 <0.01
Race x intervention condition 0.14 2 0.07 0.05 <0.01
Residuals 427.6 311  1.38

* p < 0.05. n = 325. OD refers to the Online Diagnostic of incoming
content knowledge. AP proportion reflects how many STEM AP exams
(Biology, Calculus, Chemistry, Physics) students earned a 4 or 5 on.

study. As a result, the General Chemistry 2 performance model
and the attrition model were both re-run with the spring 2018
semester excluded. For performance, two changes were observed
in the reduced model. First, the effect of early-semester GC2
belonging on General Chemistry 2 exam averages no longer
reached significance, though the regression coefficient showed
only a modest decrease of 0.18 points in magnitude (b = 1.53,
B =0.07, t(235) = 1.26, p = 0.21). The effect of early-semester GC2
belonging uncertainty on General Chemistry 2 exams remained
significant (b = —1.65, § = —0.13, #(235) = —2.25, p = 0.03). In
addition, the interaction between AP proportion and PLTL
became marginally significant (b = —8.25, f = —0.13, #(235) =
—1.81, p = 0.07). In the attrition model, the only shift was that the
unexpected, positive effect of ACT math on attrition failed to
reach significance (b = 0.13, SE = 0.11, 2(300) = 1.18, p = 0.24).

These changes may be due at least partially to a reduction in
power. With the exclusion of all spring 2018 students (n = 344),
the General Chemistry 2 performance sample shrank from
592 to 248 students, and the attrition sample shrank from
739 to 395 students. A post hoc power calculation indicates that
the chances of detecting a small effect in the General Chemistry
2 performance model, for example, decreased from 96% to
72% with the reduced sample. Because the descriptive pattern
of results remained essentially unchanged, despite some
fluctuations in significance, results from the full sample were
reported in the main text.

Appendix 2: factor analysis of
belonging survey

A combination of explanatory factor analysis (EFA) and con-
firmatory factor analysis (CFA) of the pre-survey data from
General Chemistry 1 (Fall 2017 and 2018) was used to determine
the factor structure of the belonging survey. The original
belonging survey comprised seven items, including the six items
listed in the Methods section and one additional item: ‘“People
in the General Chemistry course are a lot like me.” To maximize
the sample, responses from all available consenting students
were used regardless of their year in school and provision of
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other measures (N = 1238). This sample was randomly split in
half, with EFA performed on one half of the data (N = 619) and
CFA performed on the other (n = 619). All factor analyses were
conducted using the R package lavaan (Rosseel, 2012).

Description of data

None of the survey items were missing more than 1.4% of
responses. Mean values ranged from 2.87 to 5.12 (out of 6). Item
skew ranged from |0.09| to |1.10| and kurtosis ranged from
|0.44| to |2.29|. Mardia’s multivariate normality test indicated
that these are significant skewness and kurtosis values (Psych
package, Revelle, 2017). Inter-item correlations ranged from
—0.06 to 0.60.

Factor analysis parameters

A principal axis estimator, which is one of the most commonly
used estimators for ordinal and non-normal data (Knekta et al.,
2019), was selected to extract variance for the EFA. As required
for by lavaan, only complete cases (i.e., observations with
responses to all seven survey items) were included. An oblique
factor rotation (oblimin) was implemented, because of the
expectation that any potential subscales would be correlated.
To determine the number of factors, several methods were
used, including visual analysis of a skree plot, eigenvalues
greater than one, and parallel analysis. These metrics indicated
anywhere from one to three factors.

EFAs

An initial round of EFAs was conducted, testing one-, two-, and
three-factor structures for the original belonging survey of
seven items. The three-factor model did not converge correctly.
Instead, it produced a Heywood case error (ie., a pattern
loading greater than 1), suggesting that the seven-item belong-
ing survey did not support such a complex factor structure. The
one- and two-factor structures did converge and accounted for
39% and 49% total variance, respectively. The pattern coefficients
for all items exceeded a minimum threshold of 0.40 in both
models. However, the communality values for the item listed
above (“...a lot like me”) were low in both models (72 < 0.28),
indicating that its variance was not well-explained by the available
factors. As a result, this item was removed from the survey.

A second set of EFAs was constructed using one-factor and
two-factor structures to explain the abridged six-item survey,
and the pattern coefficients are presented in Table 9. The
one-factor model accounted for 40% total variance, while the

Table 9 Final belonging survey items and EFA pattern coefficients
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two-factor model accounted for 53% variance. The two-factor
model also showed higher communality values on average than
the one-factor model. Finally, the two-factor structure aligns
with the literature and the development of this instrument:
items 1 through 4 were drawn from previous surveys on
students’ perceived belonging (London et al, 2011; Walton
and Cohen, 2011), while items 5 and 6 were have been used
to measure students’ belonging uncertainty (Walton and
Cohen, 2007, 2011). For these reasons, the two-factor solution
was chosen for further analysis.

CFAs

Following Knekta et al. (2019), three model fit indices were used
to evaluate whether the two-factor structure adequately fit the
second half of the General Chemistry 1 sample. The comparative
fit index (CFI) provided a relative fit index, the standardized root-
mean-square residual (SRMR) provided an absolute fit index, and
root-mean-square error of approximation (RMSEA) provided a
parsimony-adjusted fit index. The thresholds for acceptability
were CFI > 0.95, SRMR < 0.08, and RMSEA < 0.06. The CFA
validating the two-factor structure for the belonging survey
yielded the following fit indices: CFA = 0.962, SRMR = 0.031,
and RMSEA = 0.098. Thus, two out of three measures indicated
adequate fit, with the poor RMSEA score suggesting that the
model was more complex than justified by the survey data.

As an additional test of the two-factor structure, another CFA
was conducted on the pre-survey data from General Chemistry
2 (Spring 2018 and 2019), once again using all available data
(N = 1111). This CFA produced the fit indices CFA = 0.984,
SRMR = 0.023, and RMSEA = 0.066, with the 90% confidence
interval for the RMSEA score (0.045-0.088) including the
threshold for acceptability. The results therefore paralleled
the findings above, showing acceptable relative and absolute
fit, but borderline parsimony-adjusted fit.

Because the majority of fit indices were satisfactory, the two-
factor model was accepted as the final structure for this survey. This
decision was further justified by the theoretical considerations
presented above: the distinction between perceived belonging
(items 1-4) and belonging uncertainty (5-6) aligns with the
literature. Nonetheless, the results of these factor analyses
suggest that future research would benefit from the development
or usage of more elaborated belonging surveys (e.g., Good et al.,
2012). A wider range of survey items would not only enable more
robust measurement and instrument validation, but it might also
foster a more nuanced theory of belonging.

One-factor structure Two-factor structure

1 1 2
1. I feel like I fit 0.84 0.64
2. I feel comfortable with my peers and classmates 0.69 0.83
3. I feel comfortable with my instructors 0.55 0.66
4. Setting aside my performance, I feel like I belong 0.67 0.55
5. I feel uncertain about my belonging —0.61 0.76
6. If I don’t perform, I feel like maybe I don’t belong —0.48 0.67
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Appendix 3: performance models
testing interactions between belonging
measures and demographics

To evaluate the stability of the belonging effects across demo-
graphic groups, two-way interactions between the demographic
variables (i.e., sex and race) and belonging variables (i.e., early-
semester belonging and belonging uncertainty) were individually
added to the General Chemistry 1 and 2 performance models (see
Tables 3 and 4, respectively). Nested model comparisons were
then used to determine if the addition of each interaction
significantly improved the fit of the baseline models. Specifically,
these comparisons used an F test to determine whether the
baseline model’s residual variance was significantly reduced
when a new term was added. For example, if early-semester
GC1 belonging had a larger effect on the General Chemistry 1
performance of female versus male students, then adding an
interaction between sex and belonging should improve the
accuracy of the model and significantly reduce its residual
variance.

None of the model comparisons reached significance, although
two marginal comparisons emerged (Tables 10 and 11). For the
General Chemistry 1 model, the interaction of early-semester GC1
belonging and sex marginally improved the model’s fit. The
regression coefficient for this interaction revealed that the positive
effect of early-semester GC1 belonging on exam averages was more
than two points larger among male students compared to female
students (b = 2.39, f§ = 0.07, #(725) = 1.84, p = 0.07; see Fig. 3). For
the General Chemistry 2 model, the interaction of early-semester
GC2 belonging uncertainty and sex marginally improved the
model’s fit. The regression coefficient for this interaction indicates
that the negative effect of early-semester GC2 uncertainty on

Table 10 Model comparisons adding interactions to the general chemistry
1 performance model

Change in
Interaction residual  df F
Sex x early-semester GC1 belonging 369.86 1 3.39%
Sex x early-semester GC1 belonging uncertainty = 152.52 1 1.40
Race x early-semester GC1 belonging 97.06 2 0.64
Race x early-semester GC1 belonging uncertainty 131.16 2 0.55

+0.05 < p < 0.10. Note: comparable results were found when z-scored
exam averages were used as the dependent variable in the baseline and
nested models.

Table 11 Model comparisons adding interactions to the general chem-
istry 2 performance model

Change
Interaction in residual df F
Sex x early-semester GC2 belonging 0.59 1 0.01
Sex x early-semester GC2 belonging uncertainty 383.74 1 3.317
Race x early-semester GC2 belonging 74.82 2 0.32
Race x early-semester GC2 belonging uncertainty 65.97 2 0.28

10.05 < p < 0.10. Note: comparable results were found when z-scored
exam averages were used as the dependent variable in the baseline and
nested models.

This journal is © The Royal Society of Chemistry 2020
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Fig. 3 Marginal effects plot of the early-semester GC1 belonging and sex
interaction from the General Chemistry 1 performance model. Depicts the
predicted exam averages for female (solid line) and male (dotted line)
students who report different levels of early-semester GC1 belonging,
while holding all other predictors in the performance model constant.
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Fig. 4 Marginal effects plot of the early-semester GC2 uncertainty and
sex interaction from the General Chemistry 2 performance model. Depicts
the predicted exam averages for female (solid line) and male (dotted line)
students who report different levels of early-semester GC2 uncertainty,
while holding all other predictors in the performance model constant.

General Chemistry 2 exam performance was 1.5 points larger for
female compared to male students (b = 1.51, f = 0.07, {(578) = 1.82,
p = 0.07; see Fig. 4). On the whole, these results suggest that early-
semester belonging and belonging uncertainty had fairly
consistent effects on student achievement, with some minor
variations in magnitude based on sex.

Appendix 4: attrition model testing
interactions between belonging
measures and identity

Nested model comparisons were also used to test for variation
in belonging effects on attrition from the General Chemistry

sequence. In this case, the comparisons used Chi-square tests
to determine whether the addition of two-way interactions between
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Table 12 Model comparisons adding interactions to the general chemistry
retention model

Change in
Interaction residual df
Sex x early-semester GC1 belonging 0.16 1
Sex x late-semester GC1 belonging 0.21
Sex x early-semester GC1 belonging uncertainty 2.59
Sex x late-semester GC1 belonging uncertainty 4.43%
Race x early-semester GC1 belonging 0.13 2
Race x late-semester GC1 belonging 0.50
Race x early-semester GC1 belonging uncertainty 1.17
Race x late-semester GC1 belonging uncertainty 1.89

*p < 0.05.

the demographic variables and belonging variables significantly
reduced the residual deviance of the baseline model. As shown in
Table 12, only the interaction of sex and late-semester GC1
belonging uncertainty significantly improved the model’s fit.

To interpret this interaction, follow-up logistic regression models
were constructed to separately examine the attrition of female and
male students. These models revealed that late-semester GC1
belonging uncertainty did not have a significant effect on the
attrition of either group (p’s > 0.37). Instead, the interaction above
reflects how these non-significant effects patterned in opposite
directions. Among female students, late-semester GC1 belonging
uncertainty had a positive (ns) relationship with students’ decisions
to leave general chemistry (8 = 0.17, SE = 0.19, z = 0.90, odds ratio =
1.19). Among male students, there was a negative (ns) relationship
between late-semester GC1 belonging uncertainty and attrition
(= —0.14, SE = 0.21, z = —0.66, odds ratio = 0.87).

Overall, these findings support the conclusion that belonging
had relatively stable effects on student persistence in the general
chemistry sequence. The key finding that late-semester GC1
belonging predicted students’ attrition from second-semester
general chemistry (see Table 5) did not differ across demographic
groups. Only minor sex-based variation emerged, which parallels
the performance findings.

Appendix 5: assessment of
multi-collinearity in regression analyses

As a first step towards evaluating the presence of multi-
collinearity in the performance and attrition regression analyses,

Table 13 Pearson correlation coefficients among continuous predictors
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bivariate correlations among all continuous variables from the
full sample were calculated. This does not include the General
Chemistry 2 belonging measures, which were only available for
first-year students who continued on to the second semester.
The conventional thresholds for small, medium, and large corre-
lations are 0.1, 0.3, and 0.5, respectively (Cohen, 1988). As shown
in Table 13, the largest observed correlation is r = 0.55, suggesting
that the variables (early- and late- semester GC1 belonging) are
strongly related but far from redundant.

The second strategy used to assess multi-collinearity involved
calculation of Variance Inflation Factors (VIFs) for each regression
model. When a specific predictor is affected by multi-collinearity,
the standard error of its regression coefficient increases, making
the analysis less likely to detect significance even when the effect is
real (ie., a false negative/type II error; Graham, 2003). VIFs gauge
the degree to which the standard error of each regression coeffi-
cient has been exaggerated due to multi-collinearity. There is no
consensus about the VIF threshold for severe multi-collinearity;
although many scholars have pointed towards VIFs greater than 10
as problematic, others have argued that VIFs as low as 2 can be
cause for concern (Graham, 2003). In the current study, the largest
VIFs were 4.14 in the General Chemistry 1 performance model,
2.43 in the General Chemistry 2 performance model, and 3.86 in
the attrition model, all corresponding to the AP proportion
predictor. The majority of other VIFs were less than 2. Given that
AP proportion proved significant in all regression analyses, it
seems that multi-collinearity did not cause false negatives.

Finally, the regression analyses were re-run with only those
variables and interactions found to be significant, in order to
check the stability and interpretation of the initial results.
For the General Chemistry 1 performance model, the most sub-
stantive change pertained to the effect of early-semester GC1
belonging, which increased slightly in magnitude and become
significant at a lower « (b = 1.99, = 0.09, #(730) = 3.14, p = 0.002).
For the General Chemistry 2 performance model, the only change
applied to the effect of race, indicating a larger difference
between under-represented minority students and the Asian
reference group, which was also significant at a lower o
(b=—4.28, f=—0.11, #(582) = —2.97, p = 0.003). For the attrition
model, the primary change applied to the interaction between
AP proportion and PLTL, which became only marginally
significant (b = 1.73, SE = 0.96, 2(732) = 1.80, p = 0.07). On the
whole, the pattern of results remained unchanged, suggesting they
are fairly stable and not subject to a high degree of multi-collinearity.

ACT AP OD E-S GC1 belonging L-S GC1 belonging E-S GC1 uncertainty L-S GC1 uncertainty GC1 exam

ACT 1 0.44 0.49 0.14 0.18 —0.15 —-0.19 0.49
AP 1 0.50 0.19 0.21 —0.19 —0.24 0.47
OD 1 0.20 0.24 —0.23 —0.28 0.54
E-S GC1 belonging 1 0.55 —0.53 —0.35 0.21
L-S GC1 belonging 1 —0.35 —0.53 0.41
E-S GC1 uncertainty 1 0.52 —0.18
L-S GC1 uncertainty 1 —0.41
GC1 exam 1

Note: E-S indicates early-semester, and L-S indicates late-semester. N = 739.
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