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Introduction

Beyond content knowledge: affective factors
continue to influence performance in organic
chemistry Il

Joshua S. Henrich,? Lorraine Laguerre Van Sickle® and Regina F. Frey*®

This study examined how three affective variables (academic mindset entity beliefs, impostor syndrome,
and sense of belonging) interrelate and influence performance in Organic Chemistry Il, a second-year
STEM course. Data were collected from students at a large, public, research-intensive university (N =
201), with performance measured by midterm average and a cumulative final exam score, controlling for
prior knowledge from Organic Chemistry |. Structural equation modeling with path analysis was used to
evaluate direct and mediated pathways among affective variables and performance. Results indicated
that impostor syndrome and academic mindset directly predicted exam performance, while belonging
exerted an indirect effect through impostor syndrome. Parallel mediation analyses further showed that
academic mindset influenced achievement through two distinct pathways: impostor syndrome and prior
knowledge. Students endorsing stronger fixed-ability beliefs reported higher impostor scores and lower
prior knowledge, both negatively associated with exam scores. These results underscore that affective
factors operate through interconnected cognitive and emotional mechanisms and persist beyond first-
year coursework. Even after multiple semesters of college-level science, students entered Organic
Chemistry Il with self-doubt, fixed beliefs, or lower belonging, which are characteristics that undermine
success. The persistence of these challenges into Organic Chemistry Il highlights the need for sustained
attention to affective dimensions in STEM education. Instructional strategies that normalize challenge,
promote growth-oriented beliefs, and foster inclusive classroom communities are essential for reducing
impostor-related barriers and supporting persistence. Addressing these affective factors alongside
conceptual learning is critical for improving achievement and persistence in STEM.

influences (Cromley et al., 2016; Han et al., 2017; Austin et al.,
2018; Hilts et al., 2018; Edwards et al., 2022a; Hedge, 2024;

Lower-level chemistry courses, such as general and organic
chemistry, typically serve as early prerequisites for students
pursuing degrees in STEM and healthcare. Organic chemistry,
in particular, is known to be a significant challenge for many
students, with high withdrawal and failure rates (Grove et al.,
2008). Much of this difficulty arises from its abstract,
mechanism-heavy content, which requires strong spatial reason-
ing and conceptual integration, creating novel challenges at this
point in students’ academic careers (Villafane et al., 2016;
Austin et al, 2018). Success in these challenging lower-level
chemistry courses is shaped by many factors, including aca-
demic preparation (Tai et al, 2005; Micari et al., 2016), socio-
economic disparities (Aikens and Barbarin, 2008; Brown et al.,
2016; Doerschuk et al., 2016), and both cognitive and affective
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Bustamante and Frey, 2026; Laguerre Van Sickle and Frey, 2025).
Prior research on cognitive influences has shown that mathe-
matical ability (Lewis and Lewis, 2007; Korpershoek et al., 2015;
Willis et al., 2022), prior conceptual knowledge (Seery, 2009; Xu
et al., 2013), study strategies (Rowell et al., 2021; Walck-Shannon
et al., 2021; Laguerre Van Sickle and Frey, 2025), and scientific
reasoning (Thompson et al, 2018) all contribute to student
performance.

Affective factors have been receiving increasing attention in
STEM education; however, their impact on student perfor-
mance remains unclear. Constructs such as sense of belonging,
impostorism, and mindset have been associated with achieve-
ment and persistence (Fink et al., 2018, 2020; Edwards et al.,
2022a; Bustamante and Frey, 2026), yet less understood is
whether these affective constructs directly or indirectly affect
student performance and how they relate to each other. A
recent study by Bustamante and Frey (2026) found meaningful
relationships among childhood science resources, academic
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mindset, belonging, impostor feelings, and performance in
General Chemistry 1, which is the first college-level science
course for many students. However, research on such relation-
ships in organic chemistry, a course typically taken after
students had success in general chemistry and other founda-
tional sciences, remain more limited. These gaps highlight the
need to better understand how affective constructs shape
learning and persistence in introductory STEM courses, parti-
cularly in organic chemistry.

Previous studies on student performance and persistence in
STEM disciplines have identified several affective influences,
including social belonging, academic mindset, and imposter
syndrome, that broadly shape students’ academic experiences
(Choi, 2005; Fink et al., 2018, 2020; Moreno et al., 2021; Edwards
et al., 2022a; Demirddgen and Lewis, 2023; Bustamante and Frey,
2026). Building on this prior research, the present study explores
how sense of belonging, a fixed academic mindset, and imposter
feelings interact to influence performance in an Organic Chem-
istry II course. This analysis offers further insight into how
affective factors function within rigorous courses that often shape
students’ continued engagement in STEM pathways.

Background

Affective constructs such as social belonging, impostorism, and
academic mindset have each been examined individually within
STEM learning environments, but their study varies substantially
by course context. In general chemistry, social belonging has
been investigated in several studies (Fink et al., 2020; Edwards
et al., 2022a; 2023), and academic mindset has likewise been
examined (Fink et al, 2018). In contrast, research of these
variables in organic chemistry has focused primarily on academic
mindset (Limeri et al., 2020), with no published studies to date
examining social belonging in this context. Studies of impostor-
ism have primarily centered on STEM professionals, such as
faculty, graduate students, and medical trainees, as well as one
large, multi-institutional sample spanning multiple STEM
courses (Canning et al., 2020), but not specifically within general
chemistry or organic chemistry courses. Collectively, these prior
studies illuminate the importance of ‘“‘unseen’ affective factors in
shaping students’ academic experiences and outcomes. However,
only recently have these three constructs been examined
together, and this work has been limited to General Chemistry I
(Bustamante and Frey, 2026). To our knowledge, no studies have
investigated how these constructs operate in combination within
an organic chemistry course. Addressing this gap, the present
study examines how these affective variables interact collectively,
rather than in isolation, and how these interactions relate to
academic performance in an Organic Chemistry II course taken
four semesters into the undergraduate science sequence. Each
construct is described in detail in the sections that follow.

Social belonging

Psychologist Abraham Maslow identified belonging as a funda-
mental human need, ranking it above the pursuit of knowledge
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and understanding in his hierarchy of needs (Maslow, 1962).
Early models of belonging within higher education emphasized
how student persistence depends on both social and academic
integration into the campus community, which in turn fosters
engagement and involvement (Tinto, 1975; 1993; Naylor et al.,
2018). Within educational contexts, a sense of belonging has
been linked to student persistence and achievement. Research
in STEM education has further demonstrated that students
who report lower levels of belonging in science courses (e.g:,
chemistry, physics, and biology) are less likely to remain in
STEM fields (Hazari et al., 2017; Rainey et al., 2018; Fink et al.,
2020; Edwards et al., 2023; Hansen et al., 2023).

Social belonging in a course is defined by two components:
sense of belonging and belonging uncertainty (Walton and
Cohen, 2007; Edwards et al., 2022a). Sense of belonging reflects
the extent to which students feel accepted, valued, included,
and supported by instructors and peers; in essence, whether
they feel they “belong” in the course (Edwards et al., 2022a;
Hansen et al., 2023). Belonging uncertainty, by contrast, cap-
tures students’ doubts about whether people like them are
welcomed or expected in the course environment: “Do people
like me belong here?” where “people like me” may refer to a
demographic group (e.g:, gender, race/ethnicity, first-generation
status, rural or socioeconomic background) or to perceived aca-
demic capability (Cohen and Garcia, 2008). Prior research has
linked students’ social belonging to their performance in STEM
courses (Gopalan and Brady, 2020; Chen et al, 2021; Edwards
et al., 2022a; 2022b; Gehringer et al., 2022; Jackson et al., 2023;
Brown et al., 2024; Fong et al., 2025), underscoring its importance
as an affective construct. While belonging is a meaningful factor
on its own, it is also important to consider its connections to other
affective dimensions, since students often experience multiple
affective influences simultaneously, and to examine its broader
relationship to students’ academic outcomes.

Imposter syndrome

The terms impostor syndrome (IS) and impostor phenomenon
(IP) are often used interchangeably in the literature. Clance and
Imes (1978) first described impostorism as a recurring sense of
inadequacy and fear of being exposed as a fraud despite clear
evidence of competence. They noted that individuals experien-
cing these feelings frequently try to compensate by working
excessively hard, which can lead to high performance and
reinforcement from authority figures. Subsequent research
broadened the definition to include discomfort with success,
attributing achievements to external factors, and denial of one’s
abilities (Clance, 1985; Harvey and Katz, 1985). Clance and Imes
also emphasized that this pattern of overwork often serves as a
means for avoiding the emotional discomfort associated with
impostor feelings (Clance and Imes, 1978). Leary and collea-
gues (2000) later proposed distinguishing between “‘true impos-
tors,” who believe others overestimate their competence, and
“strategic impostors,” who downplay their abilities for inter-
personal or self-presentational reasons. Although their findings
did not fully support this proposed distinction, their study
suggested that some impostor-like behaviors may be strategic
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rather than purely internal. In this view, individuals may genuinely
experience impostor feelings, yet some behaviors associated with
the phenomenon may reflect deliberate attempts to manage
expectations or preempt negative evaluation.

Impostorism has been documented across a wide range of
populations. In a longitudinal study of undergraduate STEM
courses, Canning and colleagues found that perceived class-
room competition was linked to higher daily in-class impostor
feelings for all students, with particularly pronounced effects
among first-generation students (Canning et al, 2020). Their
findings also showed that these impostor feelings predicted
several important outcomes, including end-of-term engage-
ment, attendance, intentions to withdraw, and course grades
(Canning et al., 2020). Other studies have found that impostor-
ism disproportionately affects women (Clance and Imes, 1978;
McGregor et al., 2008; Tao and Gloria, 2019; Vaughn et al.,
2020), underscoring its uneven impact across student groups.
Collectively, prior findings highlight the complexity of impostor
experiences and raise important questions about how other
affective factors may contribute to or amplify these feelings.
For example, research with students of color, women, and first-
generation college students has shown that impostor feelings
can undermine a sense of belonging (Pulliam and Gonzalez,
2018; Stone et al., 2018; Trefts, 2019; Collins et al., 2020; Vaughn
et al., 2020). However, much of this work has focused on STEM
professionals, including faculty (Clance and Imes, 1978; Chak-
raverty, 2022), graduate students (Hutchins, 2015), and medical
trainees (Gottlieb et al., 2020). Recent work in general chemistry
identified impostor syndrome as a key predictor of performance
and a mediator for other affective constructs, demonstrating its
relevance early in the STEM undergraduate sequence (Bustamante
and Frey, 2026). Whether this influence persists after successful
completion of three semesters of lower-level chemistry courses
remains unknown. Thus, further research is needed to investigate
impostorism among undergraduate STEM students, especially in
lower-level courses such as organic chemistry.

Academic mindset

Mindset theory, often referred to as implicit theories of intelli-
gence, proposes that individuals hold either a fixed (entity)
mindset or a growth (incremental) mindset about intelligence
(Dweck, 2008). In academic contexts, students with a fixed
mindset tend to view intelligence as stable and unchangeable,
interpreting setbacks as reflections of their inherent ability,
whereas students with a growth mindset believe intelligence
can be developed and that mistakes or failures offer opportu-
nities for learning and improvement (Dweck, 2008). Research
has consistently shown that these beliefs are linked to impor-
tant differences in students’ academic achievement (Dweck,
1999; Robins and Pals, 2002; Blackwell et al., 2007; Fink et al.,
2018, 2023a). However, endorsing a growth mindset about
intelligence in general does not necessarily mean that students
feel confident in their personal capacity to improve. De Castella
and Byrne (2015) found that adolescents’ perceptions of their
own intelligence, rather than beliefs about intelligence more
broadly, were stronger predictors of motivation, engagement,
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and performance, highlighting the nuanced nature of mindset
as an affective construct and underscoring the importance of
students’ self-perceptions in shaping academic outcomes.

Research indicates that students who endorse a growth
mindset tend to achieve at higher levels than those who hold
fixed views of intelligence, showing greater persistence, resi-
lience, and success in their learning (Dweck and Molden, 2000;
Blackwell et al., 2007; Dweck, 2008; Yeager and Dweck, 2012;
Limeri et al, 2023; Chouvalova et al, 2026). A 2020 study of
organic chemistry students by Limeri and colleagues reported
that students with a more fixed mindset tended to earn lower
grades and were more likely to leave their field, whereas those
with a growth mindset earned higher grades and were more likely
to persist (Limeri et al, 2020). Additionally, in a study of 643
Australian high school students aged 15 to 19, De Castella and
Byrne (2015) found that fixed mindset beliefs were associated
with lower endorsement of achievement goals, stronger help-
lessness attributions, and poorer self-reported academic perfor-
mance. These beliefs also predicted academic self-handicapping,
truancy, and disengagement. In response to such findings,
growth mindset interventions were developed to counter fixed
beliefs by teaching students about the malleability of intelligence
and fostering greater willingness to take on academic challenges.
Evidence from recent work demonstrates that well-designed
mindset interventions can raise course grades and promote
persistence in STEM fields (Yeager and Walton, 2011; Fink
et al., 2018, 2023a; Yeager et al., 2019).

Although much of the mindset literature focuses on students,
research has shown that instructors’ mindsets play an important
role in shaping learning environments (Canning et al., 2019;
Muenks et al., 2020; LaCosse et al., 2021; Kroeper et al., 2022).
Studies by Canning and O’Leary and their colleagues highlight
how instructors’ beliefs about intelligence influence the
classroom climate and the support students perceive exists
(Canning et al, 2019; O’Leary et al., 2020). Additionally, in a
structural equation modeling (SEM) analysis, Kattoum and
colleagues found that students who perceived their instructor
as holding a fixed mindset reported a stronger sense of aca-
demic misfit, which subsequently predicted lower chemistry
grades (Kattoum et al., 2024). Together, these findings empha-
size the broader role of mindset in shaping students’ academic
experiences and outcomes, and point to the need for continued
attention to the factors that influence students’ mindset beliefs.

Affective constructs and their effect on course exam
performance

Prior literature has shown that students’ social belonging
predicts exam performance in General Chemistry I (Fink et al.,
2020; Edwards et al, 2022a) and introductory physics
(Edwards et al., 2022b), supporting its inclusion in the present
analysis. In a longitudinal study of 818 STEM students, Can-
ning et al. (2020) found that classroom competition predicted
stronger impostor feelings, which were associated with lower
grades, reduced engagement, poorer attendance, and higher
intentions to withdraw. Similarly, academic mindset has been
connected to course performance, persistence, and belonging
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(Limeri et al., 2023), although empirical findings are mixed. For
example, Cavanagh et al. (2018) found that trust in the instruc-
tor, rather than mindset, predicted final grades, while Kattoum
and Baillie (2025) observed age-related differences in the effects
of mindset interventions. Nevertheless, several studies have
shown that growth mindset interventions can enhance aca-
demic achievement in both college STEM courses (Fink et al.,
2018, 2023a) and K-12 settings (Hwang et al., 2019). To extend
this work to the context of Organic Chemistry II, the present
study uses SEM path analysis to examine whether beginning-of-
semester affective measures (sense of belonging, impostor feel-
ings, and entity mindset) predict performance on the average of
the midterm exams and on the final exam, after accounting for
prior content knowledge. Including both assessments allows us
to evaluate the influence of these constructs at two different
time points in the course.

Structural equation modeling (SEM) path analysis

Structural equation modeling (SEM) is a versatile statistical
method for evaluating theoretically motivated and complex rela-
tionships among multiple constructs, including both measured
and latent constructs (Hoyle, 2012; Chen and Yung, 2024). A
major advantage of SEM is its ability to evaluate both direct and
indirect pathways, making it particularly valuable for testing
theoretical models that suggest mediating or moderating pro-
cesses (Hancock and Mueller, 2013). As such, SEM is well suited
to questions in which multiple psychosocial or affective con-
structs may operate in concert to influence academic outcomes.

Path analysis is a related but more specialized technique that
focuses on observed variables. It extends the multiple regression
method by employing path diagrams to depict hypothesized
causal relationships among observed variables and estimating
the magnitude and significance of these proposed relationships
(Streiner, 2005). Importantly, path analysis does not, by itself,
establish causality or guarantee that the specified model is
uniquely correct. Instead, it assesses whether the observed data
are consistent with the hypothesized pattern of relations
(Streiner, 2005; Byrne, 2013). When research questions concern
the interplay among measured constructs (e.g., affective factors
and performance) and the decomposition of effects into direct
and indirect components, path analysis offers a transparent and
interpretable starting point.

When combined, SEM builds upon path analysis by incor-
porating latent variables, which are unobservable constructs
that are inferred from multiple measured indicators; this
allows researchers to reduce measurement error and evaluate
more sophisticated models (Hoyle, 2012). SEM further allows
for parameter constraints, mediation testing, multi-group com-
parisons, and hierarchical models, offering a versatile frame-
work for addressing complex theoretical questions. When SEM
and path analysis are integrated, they provide a comprehensive
analytic strategy for examining both simple and intricate rela-
tionships in multivariate data (Chavance et al, 2010). Model
development and evaluation generally proceed in three stages
(Byrne, 2013): (1) formulating a theoretical model grounded in
prior research, (2) assessing how well the model fits the
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observed data through goodness-of-fit indices, and (3) evaluat-
ing the statistical significance and contribution of specific
model parameters (Hancock and Mueller, 2013; Kline, 2016).
In the present work, this SEM/path-analytic perspective is
applied to examine how multiple affective variables operate
jointly in relation to performance.

Hypothesized relationships between affective constructs

Prior research has proposed several relationships among the
affective constructs examined in this study. For example, findings
from Bustamante and Frey’'s SEM path analysis for General
Chemistry 1 found that, using early-semester variables, higher
fixed academic mindset and stronger imposter syndrome each
directly predicted lower exam performance (i.e., negative effects
on performance), demonstrating how these constructs can jointly
shape students’ academic outcomes (Bustamante and Frey, 2026).
Additional studies have identified connections among these
affective constructs. Kenneally et al. reported a positive associa-
tion between fixed-mindset and imposter syndrome in pharmacy
students (Kenneally et al., 2023), and Noskeau and colleagues
found that adults with stronger fixed mindset beliefs were more
likely to experience impostorism, a relationship largely explained
by fear of failure (Noskeau et al., 2021). These patterns informed
our hypothesis that students’ academic mindset would predict
their impostor feelings. Literature linking belonging and impos-
torism further supports examining these constructs together;
however, prior research suggests multiple plausible directional
relationships. For instance, a study of first-year college students
showed that higher social and academic belonging were asso-
ciated with lower impostor feelings across the first six months of
college (Dao et al., 2024), implying that belonging may shape
impostor experiences. In contrast, recent work in general chem-
istry found that stronger impostor feelings predicted a lower
sense of belonging, suggesting the reverse directionality
(Bustamante and Frey, 2026). Because these relationships have
not been examined in Organic Chemistry II, we tested both
directional pathways to better understand how belonging and
impostor feelings relate within this course context. Together,
these findings highlight the importance of examining direc-
tional relationships among belonging, impostor feelings, and
mindset in Organic Chemistry II.

Research question (RQs)

Although belonging, impostorism, and mindset have been
shown to each independently influence student performance,
students often experience these affective factors simulta-
neously. This study examines how early-semester levels of these
constructs relate to one another and how they affect exam
performance throughout the semester. To our knowledge, these
relationships were first studied together only recently in Gen-
eral Chemistry I (Bustamante and Frey, 2026), which students
often take as one of their first college-level science courses.
However, the ways in which these constructs interact to influ-
ence student performance have yet to be examined in organic

This journal is © The Royal Society of Chemistry 2026
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chemistry, which students typically take only after being suc-
cessful in the general chemistry series. Using structural equa-
tion modeling (SEM) path analysis, we tested models to address
the following research questions:

1. To what extent do these three early-semester affective
measures (sense of belonging, imposter syndrome, and aca-
demic mindset entity) affect the average midterm exam and
final exam performances in Organic Chemistry IT (OC2)?

2. What are the relationships between sense of belonging,
imposter syndrome, and academic mindset entity at the begin-
ning of the semester?

Methods

Study setting

This research was conducted during the Spring 2023 semester
at a large public research-intensive university in the Mountain
West region of the United States, which enrolls roughly 30 000
undergraduates. Data collection focused on the lecture compo-
nent of Organic Chemistry II (OC2), the second course in a two-
semester sequence required for many science, engineering, and
pre-health majors. The course section examined in this study
enrolled approximately 250 students and was designed to help
students develop skills in predicting the stability and reactivity
of functional groups, designing multi-step syntheses, analyzing
molecular structures using mass spectrometry, infrared
spectroscopy, and nuclear magnetic resonance spectroscopy,
and understanding the reactivity of biologically relevant mole-
cules. The associated laboratory is a separate course and was
not included in this study.

The OC2 course met in-person three times per week for 50-
minute lectures and once per week for a 50-minute Discussion
section. Discussions were facilitated by 38 undergraduate
teaching assistants (TAs) and learning assistants (LAs); the
undergraduate LAs are trained in facilitating collaborative,
active-learning activities (Barrasso and Spilios, 2021). Students
worked in small groups to solve instructor-prepared worksheet
problems, with credit awarded for punctuality, participation,
and demonstrated effort, as judged by the TAs and LAs. The
course was taught by a single instructor who also held two
weekly office hours and offered additional 15-minute appoint-
ments by request.

Course grades were determined primarily by four exams,
consisting of three one-hour midterms (administered on Feb-
ruary 11, March 18, and April 15) and a cumulative final (held
during finals week), which together comprised 66% of the total
grade (15% each midterm, 22% final). All exams were adminis-
tered on paper and in person. Additional graded components
included in-class quizzes (6%), discussion worksheets and
surveys (7%), in-class Poll Everywhere responses (6%), and
post-discussion quizzes (15%).

Participants

Study participants were recruited from OC2 during the Spring
2023 semester. Among the 227 enrolled students, 201 consented
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to participate, completed the beginning-of-semester survey, and
had available OC1 final exam scores (used as a measure of prior
content knowledge); this group formed the total dataset, which
included students who may not have completed the end-of-
semester survey or finished the course. Of these 201 students,
183 also completed the end-of-semester survey; this group
formed the matched dataset (i.e., students who completed both
surveys and finished the course). All SEM path analyses were
conducted using the matched dataset (N = 183) to reflect
students who completed the course. Of those 183, 39% were
second-year students, 37% were third-year students, 16% were
fourth-year students, and 8% were classified as other/prefer not
to answer. All recruitment and study procedures were approved
by the university’s Institutional Review Board (IRB_00145042).
Students received course credit for completing the surveys,
independent of their consent to allow their data to be used for
research; no compensation was given for research participation.

Demographics

Students’ self-reported demographic information was obtained
from the Early Semester (ES) survey, focusing on three variables:
gender, first-generation status, and race or ethnicity. In response
to the question, ‘“To which gender identity do you most identify?”
students selected from options: “Woman” (N = 101), “Man” (N =
76), “Non-binary” (N = 0), “Prefer to self-describe” (N = 4), and
“Prefer not to answer” (N = 2). To determine first-generation
status, students were asked, “Did any of your parents/legal
guardians obtain a college degree?” with responses including
“Yes” (N = 154), “No” (N = 26), or “I do not know/prefer not to
answer” (N = 3). In response to the question, “I identify my race/
ethnicity as: [Select all that apply],” students indicated their
identity with options: “Asian” (N = 21), “Black/African American”
(N = 2), “Hispanic/Latinx” (N = 14), “Native American/Alaskan
Native” (N = 0), “Pacific Islander” (N = 1), “White” (N = 119),
“Prefer to self-describe” (N = 0), “Prefer not to answer” (N = 5),
with 21 students selecting more than one race. We recognize the
limitations of the term “Asian,” as students under this category
may come from diverse cultural and ethnic backgrounds, leading
to substantially different experiences in STEM (McGee et al., 2017;
Chen and Buell, 2018). However, demographic variables were not
included in the statistical analyses in the current study; instead,
all students were analyzed as a single group.

Academic preparation

The Organic Chemistry II preparation was measured using
students’ raw cumulative final exam scores from Organic Chem-
istry I (OC1), which were obtained from multiple OC1 course
sections. Because grading patterns and exam difficulty can vary
across sections, scores were z-scored within section (average =
110.19 + 27.51 out of 150 possible points) to place all students on
a common scale and ensure comparability of academic prepara-
tion across the OC1 cohorts. Although various OC2 pre-
assessments have been piloted in prior semesters at this institu-
tion, instructors permitted students to study for these assess-
ments, making them unsatisfactory measures of students’ pre-
knowledge entering the course. Additionally, ACT scores were not
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included as a measure of preparation, as the institution no longer
requires ACT submission for admission, resulting in incomplete
data for many students. Thus, the OC1 final exam was selected as
the most consistent and reliable indicator of students’ prior
Organic Chemistry II preparation.

Measures

Social belonging. Students’ social belonging was assessed
using a six-item instrument adapted by Fink and colleagues
(2020) from earlier psychology research (Walton and Cohen,
2007). The items were rated on a 6-point Likert scale ranging
from 1 (“Strongly Disagree”) to 6 (‘“Strongly Agree”). The
measure captures two distinct factors: sense of belonging and
belonging uncertainty. The four sense-of-belonging items
gauge students’ perceptions of connection and fit within the
specific lecture course (e.g., “I feel like I fit in [course name]’).
The two belonging-uncertainty items reflect the degree to which
students feel that their belonging is unstable or dependent on
performance (e.g., “I feel uncertain about my belonging in
[course name]’), meaning that feelings of belonging can fluc-
tuate. To ensure students considered only the lecture course,
the survey wording referred to the actual lecture course title
rather than to a general organic course.

Since this specific social belonging instrument has been
used in chemistry courses at the same institution (Edwards
et al., 2022a; 2023; Bustamante and Frey, 2026), we confirmed
the internal structure of the two-factor model using confirma-
tory factor analysis (CFA). Additionally, because we incorpo-
rated individual factors, such as Sense of Belonging, into the
SEM path analyses, we conducted separate unidimensional
CFAs for each factor. Because the Belonging Uncertainty con-
struct was measured with only two items, its internal structure
could not be meaningfully evaluated using CFA, whereas Sense
of Belonging demonstrated a suitable fit for a unidimensional
model. Therefore, the SEM path analyses used only ’Sense of
Belonging.’ Please see the Results Section for the CFA results
for the original two-factor structure (Sense of Belonging and
Belonging Uncertainty) and the CFA results for the unidimen-
sional Sense of Belonging factor. The SI contains the survey and
more details of the CFAs.

Imposter syndrome. Impostor syndrome was measured using
a four-item scale adapted by Canning and colleagues (2020) from
the Leary Impostorism Scale (Leary et al., 2000). The original
seven-item instrument was designed to assess feelings of impos-
torism, such as fraudulence, fear of being discovered, and
difficulty internalizing success. In the adapted version, students
responded to the prompt, “Please indicate the extent to which you
agree with each of the following statements as a student of [course
name],” using a 6-point Likert scale ranging from 1 (“Strongly
Disagree”) to 6 (“Strongly Agree”). One example item is: “In class,
I feel like people might discover that I am not as capable as they think
I am.” Although this scale has been previously implemented at
our institution (Bustamante and Frey, 2026), its broader use is
limited. Therefore, in this study, we first examined the internal
structure of the measure using exploratory factor analysis (EFA),
followed by confirmatory factor analysis (CFA) to confirm the
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resulting factor structure. Because the Imposter Syndrome con-
struct is a unidimensional model, no additional CFA was
required prior to its inclusion in SEM path analysis. For survey
questions and in-depth EFA and CFA results, please see the SI.

Academic mindset. Students’ academic mindset was mea-
sured using an adaptation of the revised Implicit Theories of
Intelligence Scale (ITIS; Self-Theory) developed by De Castella
and Byrne (2015). The survey was administered on a 6-point
Likert scale ranging from 1 (“Strongly Agree”) to 6 (“Strongly
Disagree”’). The original ITIS (Self-Theory) consists of four entity
items (e.g., “I don’t think I personally can do much to increase my
intelligence”) and four incremental items (e.g., “With enough time
and effort, I think I could significantly improve my intelligence
level”). For the current study, these statements were modified
to have students focus on “chemistry intelligence”. For exam-
ple, an entity item was rephrased as “I don’t think I personally
can do much to increase my chemistry intelligence,” while an
incremental item was adapted to “With enough time and effort, I
think I could significantly improve my chemistry intelligence level.”

In this study, the internal structure of the measure was first
evaluated using exploratory factor analysis (EFA), followed by
confirmatory factor analysis (CFA) to confirm the identified
two-factor structure. To incorporate the use of a total score
from each individual factor, such as Entity, into the SEM path
analyses, we conducted separate unidimensional CFAs for each
factor. For the adapted survey questions, EFA, and CFA results
of the two-factor structure (incremental and entity), as well as
the unidimensional entity CFA, please see the SI.

Data collection

Study data were gathered using the Qualtrics online survey plat-
form (Qualtrics, 2020). The survey was administered twice over the
course of the semester, with credit awarded for thoughtful comple-
tion. Following IRB-required study introduction, which included a
brief in-class presentation and detailed course emails, the first
administration opened at the end of the first week of the semester
and remained open for one week, capturing baseline measures of
academic mindset, impostor syndrome, and social belonging prior
to substantial exposure to the course or any performance feedback.
The second administration was during the final week of the
semester, just prior to the final exam period. Responses from the
first survey are referred to as early semester (ES) data, while
responses from the second survey are labeled late semester (LS)
data. At the conclusion of the course, instructors provided assign-
ment, participation, and exam grades for consenting students,
which were then matched to the corresponding survey records.

Data analysis

All statistical analyses were conducted in RStudio (version
2025.05.0 + 496) using a suite of specialized packages, includ-
ing lavaan (0.6 series; Rosseel, 2012), psych (2.4.6.26; Revelle,
2017), dplyr (1.1.4; Wickham et al., 2023), MBESS (version
4.9.41) (Kelley, 2007), manymome (Cheung and Cheung, 2024),
polycor (0.8-1; Fox and Dusa, 2022), fungible (2.4.4; Waller,
2016), semTools (0.5-7; Jorgensen et al., 2016), and FactorAs-
sumptions (2.0.1; Storopoli, 2022).
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Exploratory factor analysis (EFA). EFA is a multivariate
statistical approach used to identify the latent structure under-
lying a set of observed variables (items) by revealing shared
dimensions or common factors (Beaujean, 2014; Hair et al,
2019). This data-driven method does not impose prior assump-
tions regarding the number or pattern of factors; instead, latent
variables are extracted empirically from the dataset based on
inter-item relationships.

Confirmatory factor analysis (CFA). CFA is a hypothesis-
driven technique employed to evaluate how well observed
variables represent their underlying latent constructs (factors).
It requires specifying a theoretical measurement model, esti-
mating the implied covariance matrix, and comparing it to the
observed covariance matrix to assess model fit. Model fit is
assessed using standard indices as suggested by Hu and
Bentler (1999). This includes: the Comparative Fit Index (CFI),
which should be >0.95 (Yuan et al, 2016); the Tucker-Lewis
Index (TLI), which should be >0.95 (Watkins, 2021); the Root
Mean Square Error of Approximation (RMSEA), which should
be less than 0.06 (Browne and Cudeck, 1993); and the Standar-
dized Root Mean Square Residual (SRMR), which should be less
than 0.08 (Hu and Bentler, 1999). Model fit thresholds were
evaluated using criteria established by Hu and Bentler and by
Yuan and Marcoulides. Model fits were then described using
the qualitative descriptors proposed by Yuan and Marcoulides,
which assign a range of adjectives to specific values of RMSEA
(0.01 = ““excellent,” 0.05 = “close,” 0.08 = “fair,” and 0.10 =
“poor”) and CFI (0.99 = “excellent,” 0.95 = “close,” 0.92 =
“fair,” and 0.90 = “poor”) (Yuan et al., 2016). It is important to
note that these cutoffs function as flexible guidelines, not strict
rules, and should be considered alongside additional evidence
when evaluating model fit (Goretzko et al., 2024).

Analytic procedure. To support the internal consistency of
the data from the measures in our sample population, we
conducted comprehensive data screening and factor analyses.
Measures of social belonging, imposter syndrome, and aca-
demic mindset were collected at both the beginning and end of
the semester. For the Impostor Syndrome (pre_IS) scale, since
the factor structure has not been previously determined in a
similar population, the total dataset (N = 201), which contained
the consented students who completed the beginning-of-
semester survey, was randomly divided into two subsets: one
for exploratory factor analysis (EFA; DS1 (training set), N = 100)
and the other for confirmatory factor analysis (CFA; DS2 (test-
ing set), N = 101). This split-sample approach was used to
establish and provide evidence for the factor structure for this
measure. For academic mindset, the factor structure has been
determined in prior literature as well as in the General Chem-
istry 1 course at this institution. However, since the self-theory
survey has not been widely used at this institution or in
chemistry, to give more evidence in the literature about the
survey’s factor structure, we performed an EFA on our Organic
Chemistry II sample. The EFA followed by CFA was conducted
for this construct using the matched dataset (N = 183) to
evaluate its structure in the Organic Chemistry II context. Last,
because the internal structure of the Belonging instrument has
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been consistently supported across multiple prior studies at
our institution, only a CFA was performed for this construct
using the matched dataset (N = 183).

Data normality and variability were assessed using descrip-
tive statistics, including histograms, means, standard devia-
tions, skewness, and kurtosis (please see SI for detailed results).
Mardias test confirmed violations of multivariate normality
across all measures. As a result, polychoric correlations were
used for the EFAs, while ensuring that a substantial number of
correlations exceeded 0.30, indicating sufficient intercorrela-
tion among items to justify factor analysis (Watkins, 2018). To
identify the appropriate number of factors to retain for rota-
tion, two post-estimations were conducted: minimum average
partial (MAP) (Velicer, 1976) and scree plots (please see SI for
detailed results). Kaiser-Myer Olkin (KMO) and Barlett’s tests
indicated sampling adequacy (please see SI for test results for
each respective measure). Due to non-normality, EFAs were
performed using Polychoric correlations with Principle Axis
Factoring (PAF) extraction and Promax oblique rotation, refer-
encing standard cutoffs for factor loading and model fit. Multi-
collinearity was checked using VIFs, and no issues were
identified. These analyses ensured that our model assumptions
were met and that the latent structures were appropriate for the
sample. Full procedural details are available in the SI.

SEM-path analysis

In the present study, SEM path analysis was used to test our
theoretically informed model and to estimate the direct and
indirect relationships among the measured constructs. After
specifying the path model based on prior literature, we eval-
uated model adequacy using standard goodness-of-fit indices.
These included the Comparative Fit Index (CFI) and Tucker—
Lewis Index (TLI), which assess relative fit compared with a
baseline model; the Root Mean Square Error of Approximation
(RMSEA), which evaluates approximate fit based on residuals;
and the standardized root mean square residual (SRMR), which
quantifies the discrepancy between observed and predicted
correlations (Kline, 2010). We then conducted mediation ana-
lyses within the SEM framework using bias-corrected boot-
strapping to obtain robust estimates of indirect effects.
Bootstrapping is recommended for mediation testing because
the sampling distribution of indirect effects is often non-
normal, and bootstrapped confidence intervals provide more
accurate inferential estimates than traditional methods. In the
sections that follow, we elaborate on the bias-corrected boot-
strapping procedure used to estimate indirect effects, as well as
the mediation and parallel mediation models applied to eval-
uate the proposed pathways.

Bootstrapping. Bootstrapping is a procedure in which multi-
ple new samples are generated from the original dataset by
randomly selecting observations, allowing for the same obser-
vation to be chosen more than once (resampling with replace-
ment). This process is repeated many times (e.g., 7500
iterations) to produce robust confidence intervals and provide
a more accurate assessment of effect significance within the
SEM framework (Bollen and Stine, 1992; Sharma and Kim,
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2013; Kattoum et al., 2024). Bootstrapping is particularly advan-
tageous in mediation models, where it is often used to obtain
confidence intervals and standard errors for both direct and
indirect effects. In the present study, we employed SEM with
bootstrapping in a post-hoc manner to evaluate both direct and
indirect effects using mediation.

Mediation analysis. Mediation analysis is a statistical
approach used to evaluate the mechanism through which an
independent variable (X) affects a dependent variable (Y), speci-
fically by determining whether the effect operates indirectly
through an intermediary variable, or mediator, (M). This process
involves mapping the directional paths connecting X and Y,
ensuring that each path follows the direction of the causal arrows
(Hayes, 2018). A path from X to Y that includes M represents an
indirect effect, whereas a path that connects X to Y directly,
without M, represents a direct effect (Chen and Yung, 2024).
Direct and indirect effects are derived from model coefficients,
with indirect effects estimated by multiplying the relevant regres-
sion coefficients. Rather than relying solely on significance tests
(e-g., z- or p-values), it is recommended to report effect estimates
alongside confidence intervals (CIs) to convey both the precision
and practical significance of the results (Hancock et al., 2018).
Consequently, mediation analyses typically report four main
statistics: the coefficient estimate (f), its standard error (S.E.),
and the lower and upper bounds of the confidence interval (LLCI
and ULCI).

In addition to simple mediation, the present study used
parallel mediation analysis. Parallel mediation occurs when a
single independent variable influences a dependent variable
through two or more mediators that operate simultaneously and
independently, rather than sequentially (Preacher and Hayes,
2008; Hayes, 2013). In this framework, each mediator represents
a distinct pathway through which X may be associated with Y.
Parallel mediation models estimate the direct effect of X on Y
while controlling for all mediators, the specific indirect effect
through each mediator, the total indirect effect (ie., the sum of
all indirect paths), and the total effect (i.e., the combined direct
and indirect effects) (MacKinnon, 2008; Zhao et al., 2010).

Parallel mediation is particularly appropriate when multiple,
conceptually distinct mechanisms link an independent variable
to an outcome (Hayes, 2013). Modeling mediators in parallel
allows for the examination of their unique contributions while
reducing the risk of omitted variable bias that can occur when
mediators are tested in isolation (Preacher and Hayes, 2008;
Zhao et al., 2010). This approach also allows for comparison of
the relative magnitude of indirect effects, estimating the relative
contribution of each pathway. It is important to note that
researchers should exercise care in how they describe mediation
findings.

For all mediation analyses, Hancock et al. advise that terms
such as ‘“causes,” “influences,” or “impacts” be used only
when working with longitudinal data (Hancock et al, 2018).
In contrast, others in the field generally permit causal wording
in experimental designs (e.g., X causes Z, which subsequently
causes Y) (MacKinnon and Luecken, 2008; Hayes, 2009; Kenny
and Judd, 2014).
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Results
Exploratory factor analysis (EFA)

In this study, three affective constructs were analyzed: Sense of
Belonging, Imposter Syndrome, and Academic Mindset-Entity.
For the Imposter Syndrome (pre_IS) scale, since the factor
structure has not been well studied in STEM populations, the
full dataset (N = 201) was randomly divided into two subsets:
one for exploratory factor analysis (EFA; DS1 (training set), N =
100) and the other for confirmatory factor analysis (CFA; DS2
(testing set), N = 101). This split-sample approach was used to
establish and provide evidence for the factor structure for this
measure. Since both the Academic Mindset-Entity and Sense of
Belonging internal structures had been previously confirmed at
this institution, CFAs were conducted using the matched
dataset (N = 183).

Data normality and variability were examined using descrip-
tive statistics, including means, standard deviations, skewness,
kurtosis, and visual inspection of histograms. Mardia’s test
revealed violations of multivariate normality across all mea-
sures. Consequently, polychoric correlation matrices were used
in the EFAs. A substantial proportion of inter-item correlations
exceeded 0.30, indicating adequate interrelationships among
variables to justify factor analysis (Watkins, 2018). Collectively,
these analyses ensured that model assumptions were met and
that the latent factor structures were well supported by the data.
Full procedural details and detailed results are provided in the
Methods section and the SI.

Multidimensional confirmatory factor analysis (CFA)

Multidimensional CFAs were performed using the maximum
likelihood mean-adjusted (MLM) estimator for social belonging
(SB) and academic mindset (AM). Given the presence of multi-
variate non-normality, model fit was evaluated using the Satorra-
Bentler scaled chi-square test, which provides robust fit estimation
under violations of normality (Satorra and Bentler, 1994).

For social belonging, the model demonstrated an excellent
fit (CFI = 0.997, TLI = 0.994, RMSEA = 0.038, SRMR = 0.025). For
academic mindset, CFA results indicated a close model fit, as
evidenced by the fit indices: CFI = 0.989, TLI = 0.984, RMSEA =
0.070, and SRMR = 0.041. For both constructs, all indices met
the recommended thresholds (Clark and Bowles, 2018).

CFAs were conducted to evaluate the measurement model
and to provide reliability evidence based on the data, as CFAs
require strong a priori hypotheses about the relationships
between latent constructs (factors) and observed item
responses, allowing explicit testing of the measurement struc-
ture (Flora, 2020). To assess the reliability of the data represent-
ing each multidimensional construct, McDonald’s omega
coefficients were calculated separately for each factor, since
omega (w) assumes unidimensionality of the items contribut-
ing to a given factor (Komperda et al., 2018). Because the social
belonging and academic mindset constructs each include dis-
tinct subdimensions, computing w for each factor individually
ensured that reliability estimates reflected variance specific to
each latent construct. Commonly cited thresholds for omega
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are 0.70 (Streiner, 2005; Lance et al, 2006; Watkins, 2017);
however, others simply put that higher values are preferrable
(Bandalos, 2018; Komperda et al, 2018; Lewis, 2022). To
quantify the precision of these reliability estimates, 95% bias-
corrected and accelerated (BCa) bootstrap confidence intervals
(CIs) were computed using the MBESS package in R
(Kelley, 2007). These intervals were generated based on 1000
bootstrap resamples with BCa bias-corrected and accelerated
(BCa) adjustment to provide robust interval estimates around
the omega coefficients. Internal consistency reliability values
were as follows: Social Belonging - Sense of Belonging o = 0.89
(95% C.1[0.884, 0.935]); Belonging Uncertainty w = 0.75 (95%
C.I [0.644, 0.812]), and Academic Mindset — Entity @ = 0.95
(95% C.I [0.926, 0.968]); incremental @ = 0.93 (95% C.I [0.903,
0.945]). Complete CFA model results and associated fit statis-
tics are provided in the SI.

Unidimensional confirmatory factor analysis (CFA)

To support the use of a total score for the specific factors for our
path analysis, we conducted separate unidimensional CFAs for
each construct in the models. This procedure confirmed that
the items within each construct adequately loaded onto a single
latent variable, thereby justifying their inclusion in subsequent
SEM path analyses.

For the sense of belonging construct (SB; four items), the
unidimensional CFA yielded a non-significant chi-square test,
%°(6) = 1.898, p = 0.387. Global fit indices also supported an
excellent fit (CFI = 1.00, TLI = 1.00, RMSEA = 0.00, SRMR = 0.018).
Although “perfect” model fit values warrant cautious interpreta-
tion, further diagnostics (including examination of modification
indices and residuals) provided additional evidence of model
adequacy, with no residuals exceeding 0.05 (Kim et al., 2016; see
SI for details). Standardized factor loadings were all statistically
significant and exceeded recommended thresholds, ranging from
0.584 to 0.909. Model-based composite reliability (McDonald’s
omega) for the data from the sense of belonging measure was
0.84, indicating high internal consistency reliability in partici-
pants’ responses. The decision to conduct these additional
checks for the Sense of Belonging model stemmed from the
appearance of “perfect” fit indices (CFI and TLI = 1.00; RMSEA =
0.00). While these three indices are conventionally used to assess
fit, several scholars have emphasized the importance of a more
comprehensive, multi-criterion approach to evaluating internal
structure (Maydeu-Olivares and Shi, 2017; Shi et al., 2019; Gor-
etzko et al., 2024).

The imposter syndrome (IS) construct, consistent with prior
theoretical and empirical work, was modeled as a single-factor
structure comprising four items. For the imposter syndrome
(IS) construct, the CFA produced a non-significant chi-square
statistic, y* = 2.777, p = 0.249. Overall, the model demonstrated
a strong fit (CFI = 0.994, TLI = 0.983, SRMR = 0.023). Although
RMSEA (0.086) slightly exceeded the conventional cutoff of
0.08, this value is often considered marginally acceptable in
applied research (Hu and Bentler, 1999; Schermelleh-Engel
et al., 2003). Given the excellent incremental and residual fit,
we will use this model in our path analyses. All standardized
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factor loadings were statistically significant and surpassed recom-
mended thresholds, ranging from 0.740 to 0.972. Model-based
composite reliability (McDonald’s omega) for the data reflecting
imposter syndrome was 0.87, indicating high internal consis-
tency reliability in participants’ responses.

For the Academic Mindset-Entity (AME) construct (four
items), the unidimensional CFA yielded a non-significant chi-
square test, y* = 3.363, p = 0.186. Global fit indices further
supported a close model fit, with CFI = 0.997, TLI = 0.992,
RMSEA = 0.076, and SRMR = 0.009. All standardized factor
loadings were statistically significant and exceeded conventional
cutoffs, ranging from 0.834 to 0.953. Model-based composite
reliability (McDonald’s omega) for the data from the academic
mindset entity measure was 0.95, indicating high internal consis-
tency reliability in the observed responses. Hence, we used these
three constructs in our SEM path analyses.

SEM path analysis

Structural equation modeling (SEM) path analysis was employed to
evaluate a series of path models representing networks of inter-
related variables simultaneously. All analyses were conducted
using the matched dataset (N = 183). Each model incorporated
the three early-semester affective constructs of interest, and all
proposed pathways were informed by prior literature (see Back-
ground section). Parameter estimates are reported as unstandar-
dized path coefficients (ff) along with p-values adjusted for
multiple comparisons using the False Discovery Rate (FDR) correc-
tion method (Benjamini and Hochberg, 1995; Narum, 2006).

For each performance outcome (OC2 Avg Midterms and OC2
Final Exam), one model emerged as providing the best overall
fit among those tested (see Methods section for model-fit
criteria). As described in the Background section, we evaluated
multiple directional pathways between Sense of Belonging and
Impostor Syndrome. In contrast to prior work in General
Chemistry I, models specifying Sense of Belonging predicting
Impostor Syndrome provided superior fit in Organic Chemistry
II based on model-fit criteria (see SI for these results.).

Direct and mediated effects of affective variables on exam
performance

We first present the results of the SEM path analyses examining
the influence of beginning-of-semester affective constructs on
exam performance, followed by findings from the mediation
analyses. The models for the paths of the pre-affective variables
predicting both OC2 Average of Midterm Exams (Fig. 1A) and
the OC2 Final Exam (Fig. 1B) produced comparable results. A
significant positive relationship was observed between prior
knowledge (PK: OC1 Final Exam) and OC2 exam performance
(OC2 Avg Midterms: f§ = 0.202, p < 0.001; OC2 Final Exam: f§ =
0.241, p < 0.001), indicating that stronger prior content knowl-
edge predicts higher performance on OC2 exams.

Conversely, imposter syndrome (IS) measured early in the
semester showed a significant negative association with both
OC2 average midterm (ff = —0.031, p < 0.022) and OC2 final
exam performance (ff = —0.072, p < 0.001). A similar pattern
emerged for Academic Mindset-Entity (AME), which negatively
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predicted OC2 final exam performance (OC2 Final Exam: f§ =
—0.048, p = 0.040) but was not a statistically significant pre-
dictor of OC2 average midterm performance (OC2 Avg Mid-
terms: f = —0.027, p = 0.096). These findings suggest that
students with higher levels of early-semester imposter feelings
or fixed mindsets tend to perform worse on exams. Interest-
ingly, Sense of Belonging measured early in the semester did
not significantly predict exam outcomes. Additionally, a sig-
nificant negative relationship was found between pre_AME and
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Prior Knowledge (PK) (Fig. 1A (OC2 Avg Midterms: § = —0.106,
P < 0.001); Fig. 1B (OC2 Final Exam: f§ = —0.114, p < 0.001)),
suggesting that students endorsing stronger fixed-mindset
beliefs at the start of the semester also had tended to have
performed lower on the pre-knowledge assessment (Organic
Chemistry I cumulative final).

While these direct relationships offer important insights,
post-hoc mediation analyses revealed several significant indir-
ect pathways (see Fig. 2, 3 and Table 1). Specifically, two

- A
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) 1 e

PK

- °
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OC2 Final

1 *kk
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()

Note: Variable legend for path models. pre_: early semester variables, SB: sense of

belonging, IS: imposter syndrome, AME: academic mindset entity, PK: prior knowledge
(organic chemistry 1 final exam), OC2 Avg Midterms: average of 3 organic chemistry |
midterm exams, OC2Final: organic chemistry Il final exam

Fig. 1 Each SEM path model illustrates the relationships between latent constructs and observed exam performance outcomes. Latent variables (e.g.,
Sense of Belonging, SB) are shown as ovals, and observed variables (e.g., exam scores) are displayed as rectangles. Panels 1A and 1B present the models
with the best overall fit for predicting performance on the OC2 midterm exams (average) and the OC2 final exam, respectively. Arrow colors indicate the
direction of relationships (green = positive (+); red = negative (—)). Line thickness reflects the strength of each relationship: thicker lines represent larger
parameter estimates and stronger connections between variables, whereas thinner lines denote smaller parameter estimates and weaker associations.
Asterisks indicate significance levels: p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***).

SB Mediated Pathway for Midterm A SB Mediated Pathway for Final Exam B
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Note: Variable legend for mediation path models. pre_: early semester variables, SB:
sense of belonging, IS: imposter syndrome, OC2 Avg Midterms: average of 3 organic

chemistry Il midterm exams, OC2Final: organic chemistry Il final exam

Fig. 2 Panels 2A and 2B depict the final mediation models describing the associations between sense of belonging (SB) and performance of the OC2
average midterm score and OC2 final exam, respectively, with imposter syndrome (IS) included as the mediator. Arrow colors and line styles indicate
effect type: black solid arrows represent direct effects, and gray dashed arrows represent indirect effects. Unstandardized, bootstrapped coefficients (f)
are displayed next to each direct path and near the center of each indirect pathway to indicate the direction and magnitude of the estimated effects.
Asterisks indicate statistically significant pathways.
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Note: Variable legend for parallel mediation path models. pre_: early semester variables,
IS: imposter syndrome, AME: academic mindset entity, PK: prior knowledge (organic
chemistry 1 final exam), OC2 Avg Midterms: average of 3 organic chemistry Il midterm
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Fig. 3 Panels 3A and 3B present the final parallel mediation models describing the associations between academic mindset (AME) and performance on
the OC2 average midterm score and OC2 final exam, respectively. Both models include imposter syndrome (IS) and prior knowledge (PK) as parallel
mediators. Arrow colors and line styles indicate effect type: black solid arrows represent direct effects, and gray dashed arrows represent indirect effects.
Unstandardized, bootstrapped coefficients (f) are displayed next to each direct path and near the center of each indirect pathway to indicate the

direction and magnitude of the estimated effects. Asterisks indicate statistically significant pathways.

Table 1 Results of mediation and parallel mediation analyses for exam performance variables

Pathway”

Estimate” () [LLCI, ULCIY], S.E°

Mediated model (a)

Direct

pre_SB — OC2 Avg Midterms

Indirect

pre_SB — pre_IS — OC2 Avg Midterms
Total effects

Direct

pre_SB — OC2 Final

Indirect

pre_SB — pre_IS — OC2 Final
Total effects

Parallel mediated model (b)

Direct

pre_AME — OC2 Avg Midterms

Indirect

pre_AME — PK — OC2 Avg Midterms

pre_AME — pre_IS — OC2 Avg Midterms

Total indirect

(pre_AME — PK — OC2 Avg Midterms) + (pre_AME — pre_IS — OC2 Avg Midterms)
Total effects

Direct

pre_AME — OC2 Final

Indirect

pre_AME — PK — OC2 Final

pre_AME — pre_IS — OC2 Final

Total indirect

(pre_AME — PK — OC2 Final) + (pre_AME — pre_IS — OC2 Final)
Total effects

0.017 [—0.013, 0.048], 0.016

0.017 [0.002, 0.034], 0.008
0.034 [0.005, 0.063], 0.015

0.001 [—0.042, 0.042], 0.021

0.039 [0.018, 0.056], 0.010
0.039 [0.003, 0.075], 0.018

—0.027 [—0.060,

—0.021 [—0.039,
—0.007 [—0.017,

—0.029 [—0.048,
—0.056 [—0.087,
—0.048 [—0.091,

—0.028 [—0.049,
—0.017 [—0.034,

—0.045 [-0.072,
—0.093 [-0.136,

0.004], 0.016

—0.007], 0.008
—0.000], 0.004

—0.012], 0.009
—0.022], 0.016
—0.004], 0.022

—0.011], 0.010
—0.003], 0.008

—0.020], 0.013
—0.046], 0.023

¢ Bolded dpathways represent significant effects. © Bootstrapped unstandardized estimate. ° LLCI = bootstrapped lower-level 95% confidence

interval.

mediation models were tested: (a) pre SB — pre IS — 0C2

ULCI = bootstrapped upper-level 95% confidence interval. * Bootstrapped standard error.

As seen in Fig. 2 (and model (a) in Table 1), the indirect

Average Midterms/OC2 Final Exam (Fig. 2); and model (b) pre_- effect of Sense of Belonging on exam performance through
AME — PK/pre_IS — OC2 Average Midterms/OC2 Final Exam impostor syndrome was statistically significant for both out-

(Fig. 3).
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Exam: § = 0.039, p < 0.001), as were the total effects (OC2 Avg
Midterms: f = 0.034, p = 0.022; OC2 Final Exam: § = 0.039, p =
0.033). The direct effects were not statistically significant (OC2
Avg Midterms: § = 0.017, p = 0.266; OC2 Final Exam: f§ = 0.001,
p = 0.976), indicating that the association between sense of
belonging and exam performance operated entirely through
impostor syndrome (i.e., full mediation).

As seen in Fig. 3 (and Model (b) in Table 1), a parallel
mediation structure was tested in which Academic Mindset-
Entity was associated with exam performance through both
prior knowledge and impostor syndrome. For OC2 average
midterm performance, the direct effect of Academic Mindset-
Entity was not statistically significant (f = —0.027, p = 0.096).
However, both indirect effects were statistically significant: the
pathway through prior knowledge (f = —0.021, p = 0.006) and
the pathway through impostor syndrome (ff = —0.007, p = 0.046).
The total indirect effect was also statistically significant (§ =
—0.029, p = 0.002), as was the total effect (f = —0.056, p < 0.001),
indicating that the association between fixed mindset beliefs
and midterm performance operated primarily through indirect
pathways. Approximately 52% (0.029-0.056) of the total effect
was accounted for by the combined indirect pathways, with the
indirect pathway through prior knowledge representing a larger
proportion of the total indirect effect (0.021-0.029 = 72%) than
the pathway through impostor syndrome (0.007-0.029 = 24%).

For OC2 final exam performance, a significant direct effect
of Academic Mindset-Entity was observed (ff = —0.048, p =
0.030). In addition, two significant indirect effects emerged: one
through prior knowledge (f = —0.028, p = 0.005) and one
through impostor syndrome (f = —0.017, p = 0.027). The
combined total indirect effect was statistically significant (f =
—0.045, p = 0.001), as was the total effect of Academic Mindset-
Entity, on OC2 final exam performance (f = —0.093, p < 0.001),
indicating partial mediation. Approximately 52% (0.048 -+
0.093) of the total effect was attributable to the direct pathway,
while 48% (0.045 -+ 0.093) was explained through the combined
indirect pathways. Of the mediated portion, the pathway
through prior knowledge accounted for a larger share (0.028 -+
0.045 = 62%) than the pathway through impostor syndrome
(0.017 = 0.045 = 38%).

Discussion

This study explored the interrelationships between three affec-
tive variables (sense of belonging, imposter syndrome, and
academic mindset entity) and their associations with student
performance in an Organic Chemistry II (OC2) course. Student
performance was measured using the average of three midterm
exam scores (%) and a cumulative final exam score (%), while
controlling for prior knowledge based on students’ Organic
Chemistry I (OC1) final exam performance. Data were collected
from an OC2 course at a large, public, research-intensive
university in the Mountain West region of the United States,
enrolling a predominantly White and non-first-generation stu-
dent population.
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This study demonstrates that affective variables, specifically
impostor syndrome, academic mindset, and belonging, play
distinct yet interconnected roles in affecting achievement in
OC2. By examining both direct and mediated effects, this study
provides insight into how students’ beliefs and social experiences
influence their performance in second-year STEM coursework.

Finding 1: through direct and mediated paths, early-semester
impostor syndrome and, to a lesser extent, fixed beliefs about
intelligence predicted lower exam scores

Our findings show that when all three affective variables were
examined together, early-semester academic mindset (entity
beliefs) and impostor syndrome predicted lower exam scores
through direct and indirect effects. After accounting for prior
knowledge, students who entered OC2 with stronger fixed views
of their academic ability tended to earn lower final exam scores,
while higher levels of impostor feelings were associated with
lower performance on both midterm and final exams. These
findings suggest early-semester beliefs and emotional disposi-
tions influence how students engage with the intellectual and
emotional demands of OC2.

Furthermore, in addition to directly affecting the final exam
performance, parallel mediation analyses revealed that aca-
demic mindset influenced performance through two distinct
indirect pathways: imposter syndrome and prior knowledge. That
is, students endorsing more fixed beliefs reported higher impos-
ter scores, which undermined performance, and these beliefs
appeared to be associated with a lower level of prior knowledge.
This dual mechanism highlights the interplay between cognitive
and emotional factors in determining outcomes. Kumar and
Jagacinski (2006) found that impostor fears were significantly
associated with endorsement of an entity theory of intelligence,
particularly among women, and correlated with heightened test
anxiety and diminished confidence in one’s intellectual ability.
This pattern aligns with Clance and Imes’s (1978) characteriza-
tion of impostorism as a persistent internalization of self-doubt
despite evidence of competence. Similarly, Canning et al. (2020)
observed that students’ fixed-mindset beliefs at the beginning of
a semester predicted stronger impostor experiences across STEM
courses, a finding seen by studies linking impostor feelings to
evaluative threat and social comparison in competitive academic
environments (Leary et al., 2000; Vaughn et al., 2020). Addition-
ally, students who perceive intelligence as a fixed trait or experi-
ence persistent self-doubt may interpret common academic
difficulties as evidence of personal inadequacy rather than a part
of the learning process (Dweck, 2006; Yeager and Dweck, 2012;
Canning et al., 2019). Such student interpretations can under-
mine confidence and motivation (Bandura, 1997; Kumar and
Jagacinski, 2006), increase anxiety and avoidance behaviors
(Leary et al., 2000; Vaughn et al., 2020), and ultimately hinder
achievement even among otherwise well-prepared students
(Canning et al., 2020). Taken together, these findings illustrate
how fixed mindset beliefs and impostor feelings operate as
interconnected affective risks that can undermine performance.

These results align with a growing body of research showing
that imposterism and mindset influence performance across
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STEM contexts. For example, across STEM courses, students
who experienced higher levels of imposterism or perceived
ability as fixed, or believed their instructors hold fixed mindset
views reported lower motivation, confidence, or sense of belong-
ing (Canning et al., 2019; Canning et al., 2020; Muenks et al.,
2020; Vaughn et al., 2020). Recent chemistry-focused studies
reinforce this trend. For example, Kattoum et al. (2024) found
that students who believe their instructors hold fixed views of
ability report lower belonging and achievement. Additionally,
Santos and Mooring (2022) showed that students’ chemistry
mindset varies with the type of challenge they encounter and
how they interpret that challenge; in particular, students who
interpreted their difficulties as evidence of low or fixed chem-
istry ability were less likely to report overcoming these chal-
lenges and earned lower course performance than peers whose
challenges did not center on perceived chemistry ability. In
General Chemistry I, Bustamante and Frey (2026) found that
both impostor feelings and fixed mindsets predicted first mid-
term and final exam performances after accounting for prior
knowledge. Extending the analysis to OC2, we observed that
impostor feelings negatively influenced both midterm and final
exam performances. Additionally, academic mindset-entity
showed a direct negative association with final exam scores
and moreover impacted midterm and final exam performance
indirectly via impostor feelings and prior knowledge. Collec-
tively, these findings suggest that the same affective patterns
influencing learning in early introductory chemistry courses
continue to matter as students move into OC2, a course taken
after students have successfully completed three semesters of
college-level science courses.

These two linked affective factors reinforce one another; i.e.,
a fixed mindset amplifies self-doubt, while impostor thoughts
further diminish confidence, motivation, and help-seeking.
Together, these factors shape how students interpret feedback
and challenges; students with stronger impostor fears often
attribute success to luck or see constructive criticism as evi-
dence of inadequacy (Leary et al., 2000; Vaughn et al., 2020). In
courses requiring sustained problem solving and abstraction,
such as organic chemistry, interpreting difficulty as evidence of
fixed ability can discourage persistence when challenges arise
(Towns, 2013; Canning et al., 2020). Parallel mediation analyses
reinforce this dynamic, revealing that mindset influences per-
formance both directly and indirectly through imposter syn-
drome and prior knowledge. These results highlight the dual
cognitive and emotional pathways through which beliefs about
ability affect learning. Furthermore, while impostor syndrome
and mindset exert the most substantial influence on perfor-
mance in the combined model, belonging contributed mean-
ingfully through an indirect pathway, highlighting the nuanced
interactions among these affective variables.

These results directly address our research question 1 by
showing that two of the early-semester affective constructs,
impostor syndrome and academic mindset-entity, significantly
predicted exam performance, even after accounting for prior
knowledge. Impostor syndrome exerted consistent direct
negative effects on both performance measures, whereas
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fixed-ability beliefs negatively influenced performance through
both direct and mediated pathways (via imposter syndrome and
prior knowledge). These patterns confirm that early-semester affec-
tive beliefs meaningfully shape achievement in OC2.

Finding 2: belonging predicts performance through the
mediating role of impostor syndrome

When examined in connection with imposter syndrome and
academic mindset, sense of belonging showed no direct effect
on exam scores. However, its influence is seen through impos-
ter syndrome, underscoring the importance of social integra-
tion in affecting performance. Students who reported lower
belonging at the start of the semester reported stronger impos-
torism, which in turn predicted lower performance for both
midterm and final exams scores. This mediated relationship
suggests that belonging influences emotional responses to
challenge rather than exerting a direct impact on performance.

This pattern contrasts with prior SEM path analysis findings
in General Chemistry 1 (Bustamante and Frey, 2026), where
imposter syndrome mediated the interaction between mindset
and performance but not between belonging and performance.
Our results suggest that in OC2, belonging may become more
consequential, possibly because OC2 may heighten evaluative
pressure and social comparison. Prior research supports this
interpretation: students who feel less connected to their peers
or the classroom community tend to report greater self-doubt
and lower engagement (Leary et al., 2000; Vaughn et al., 2020;
Shin and Lytle, 2024), as well as lower belonging can heighten
self-doubt and undermine confidence (Fong et al, 2024).
Whereas those who experience higher belonging in their learn-
ing environments report higher motivation and persistence in
STEM contexts (Walton and Cohen, 2007; Fink et al., 2020;
Edwards et al., 2023).

Within the current course setting (i.e., OC2), students’ inter-
pretations of their ability and responses to difficulty appear to
be influenced by their levels of impostorism. Students who
experience stronger impostor fears may attribute success to
luck or interpret normal academic struggle as confirmation of
limited ability (Kumar and Jagacinski, 2006; Canning et al.,
2020). Because belonging influences how students evaluate
themselves relative to peers, fostering community may weaken
this self-doubt cycle and reduce imposter-related barriers to
achievement (Fink ez al, 2020). Interventions that normalize
challenge, emphasize growth, and promote community
(Dweck, 2006; Walton and Cohen, 2007; Yeager and Dweck,
2012; Fink et al., 2020; Zanchetta et al., 2020; Para et al., 2024)
may therefore help weaken this impostor pathway. Although
empirical research directly targeting impostorism in chemistry
is limited, studies suggest that normalizing these experiences
and cultivating supportive classroom environments can help
students manage self-doubt and sustain engagement
(Canning et al., 2019; Lytle and Shin, 2023; Fong et al., 2024).

Finding 2 addresses both research questions 1 and 2. With
respect to research question 1, belonging did not directly
predict exam performance; instead, its influence with perfor-
mance was explained entirely through its relationship with
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imposter syndrome. With respect to research question 2, the
significant pathway from belonging to impostorism demon-
strates how these constructs are related at the beginning of the
semester: lower belonging predicts stronger impostor feelings,
which subsequently undermine performance.

Finding 3: continued influence of impostor syndrome beyond
general chemistry

Impostor syndrome remained a significant predictor of student
performance in Organic Chemistry II, indicating that its influ-
ence extends beyond first-year coursework. Early-semester
impostor feelings negatively predicted both midterm and final
exam performances, despite students’ prior success in the
General Chemistry series and Organic Chemistry I. These
results extend previous findings about impostor syndrome from
General Chemistry I (Bustamante and Frey, 2026) and align with
prior literature characterizing impostorism as a commonly
recurring affective experience among students, not limited to
a single course or academic context (Clance and Imes, 1978;
Canning et al., 2020; Vaughn et al., 2020).

The persistence of these beliefs across chemistry contexts
suggests that experience and achievement alone may not be
sufficient to mitigate imposter feelings. Prior research indicates
that impostor thoughts often recur despite objective success, as
students attribute performance to external factors rather than
ability (Leary et al., 2000; Kumar and Jagacinski, 2006). These
patterns are consistent with studies linking impostor fears to
elevated anxiety, self-criticism, and diminished confidence and
belonging (Leary et al., 2000; Canning et al., 2020; Vaughn et al.,
2020; Shin and Lytle, 2024). Moreover, common structural
aspects of organic chemistry, such as the emphasis on high-
stakes assessments, rapid content coverage, and performance-
oriented grading, may reinforce impostor experiences, particu-
larly when struggle is perceived as evidence of fixed ability
rather than a normal part of learning (Dweck, 2006; Yeager and
Dweck, 2012; Towns, 2013; Canning et al., 2019).

Finding 3 reinforces the results for research question 1 by
demonstrating that impostor syndrome remains a robust pre-
dictor of OC2 performance, extending its influence beyond
general chemistry. It also complements research question 2
highlighting that impostorism functions as a central affective
mechanism linking early-semester mindset beliefs and social
belonging to performance outcomes.

Together, these three findings show that impostor syn-
drome, fixed mindset beliefs, and sense of belonging form an
interconnected affective network that shapes student perfor-
mance in Organic Chemistry II. Impostor syndrome emerged as
a consistent predictor of exam outcomes, fixed mindset beliefs
influenced performance both directly and through their rela-
tionships with impostor feelings and prior knowledge, and
belonging contributed indirectly through its connection to
impostorism. The persistence of these patterns beyond General
Chemistry indicates that these affective experiences do not
simply decrease as students advance in the curriculum, sug-
gesting the importance of addressing them throughout the
STEM pathway. In the following section, we discuss
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implications for teaching practices and course design that
may help mitigate these affective barriers and promote student
success.

Implications for instruction

These findings have several instructor implications, including
for instructors teaching second-year STEM courses. First, instruc-
tors should recognize that students begin OC2 with a wide range
of affective experiences and beliefs that influence how confident
and connected they feel, even before engaging with course
content or assessments. Although these students have completed
multiple semesters of college-level science, many still report
impostor feelings, fixed views of ability, or lower belonging.
Instructors can help mitigate these concerns by setting early
expectations that normalize struggle and emphasize the impor-
tance of progress throughout the course (e.g., discussing how
learning complex material takes time or sharing stories of
persistence from former students) (White et al., 2021). Addition-
ally, small reflection activities after exams can prompt students to
identify strategies that worked and to plan adjustments, reinfor-
cing the link between effort and improvement (Mutambuki et al.,
2020; Walck-Shannon et al., 2024). Moreover, instructors might
include examples of scientists from various backgrounds, experi-
ences, and career paths to demonstrate that success in chemistry
is not limited to a particular type of student and that the field is
accessible to everyone (Schinske et al., 2016; Yonas et al., 2020;
Rivera et al., 2024).

Second, the observed relationships among academic mind-
set, impostor syndrome, and performance highlight the impor-
tance of fostering a growth-mindset culture within chemistry
instruction. Instructors can emphasize effort and learning from
mistakes by allowing students to revisit quiz or exam items for
partial credit or by providing process-focused feedback that
highlights reasoning over correctness alone (Hattie and
Timperley, 2007; Tanner, 2013; Driessen et al, 2020). Further-
more, modelling intellectual humility, such as acknowledging
when a problem is challenging or showing how one’s own
understanding continues to develop, signals that ability can grow
with effort and feedback (Dweck, 2006; Yeager and Dweck, 2012).
Conversely, language suggesting that certain students are “natu-
rally good” at chemistry can inadvertently heighten impostor
fears and discourage persistence (Canning et al., 2020; Vaughn
et al., 2020; Shin and Lytle, 2024).

Third, since impostor syndrome emerged as both a direct
predictor of exam performance and a mediator for both mind-
set and belonging, instructors should take intentional steps to
reduce impostor feelings in their classrooms. Students experien-
cing impostor thoughts often attribute success to luck and
disengage when they feel less capable than peers (Clance and
Imes, 1978; Leary et al., 2000; Canning et al., 2020; Vaughn et al.,
2020). Creating spaces where students can discuss problem-
solving strategies, compare reasoning, and realize that uncer-
tainty and struggling are common can help normalize challenges.
Approaches such as structured group work, exam debriefs, or
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brief peer-validation activities encourage collaboration over com-
petition (Leopold and Smith, 2019; Szteinberg et al, 2020;
Dabkowski et al., 2025). Framing learning as a shared process
and reminding students that progress develops through consis-
tent effort and effective study habits can strengthen confidence
and engagement (Yeager and Dweck, 2012; Dunlosky et al., 2013).
Additionally, active-learning approaches such as Learning Assis-
tant Model (Barrasso and Spilios, 2021), Peer-Led Team Learning
(Frey and Lewis, 2023), Supplemental Instruction (Arendale, 2002),
and POGIL (Moog, 2014), provide regular opportunities for stu-
dents to share reasoning and learn from peers. Active learning
approaches have been shown to improve achievement (Freeman
et al., 2014), increase motivation (Cicuto and Torres, 2016), and
strengthen classroom community (Fong et al., 2024; Chouvalova
et al., 2026). Together, these strategies help students view difficulty
as a normal part of mastering chemistry and can build more
inclusive and supportive learning environments.

Last, the mediated role of belonging through impostor
syndrome underscores the importance of building supportive
classroom communities. Students who feel disconnected are
more likely to experience self-doubt and interpret challenges as
evidence of inadequacy, which can undermine persistence
(Fink et al., 2020, 2023b). Instructors can foster belonging by
incorporating collaborative learning structures, validating mul-
tiple perspectives, and signaling that all students are valued
contributors to the learning environment (Walton and Cohen,
2007; Fink et al., 2020; White et al., 2021; Edwards et al., 2023).
Creating classroom norms that frame challenge as normal,
emphasize a growth mindset, and build a sense of community
can help reduce impostor-related barriers and encourage per-
sistence (Yeager and Dweck, 2012; Fink et al, 2018, 2023a,
2023b; Chouvalova et al, 2026). Although studies focused
specifically on impostorism in chemistry are limited, existing
evidence suggests that supportive practices and clear messages
affirming belonging can lessen self-doubt and promote engage-
ment (Canning et al., 2019; Lytle and Shin, 2023; Fong et al.,
2024).

Limitations

Several limitations should be considered when interpreting the
findings of this study. First, the data were collected from a single
large, research-intensive institution and from one section of
Organic Chemistry II. Moreover, although the institution enrolls
students with a range of academic backgrounds, it remains a
predominantly White campus, and most students in OC2 are not
first-generation college students. Institutional culture and student
demographics, course structure, and instructional practices vary
widely across institutions; therefore, the generalizability of these
results may be limited. Replicating this work across a range of
institutional contexts would provide a broader understanding of
how these affective constructs operate in organic chemistry.
Second, although early-semester measures of mindset, impos-
tor syndrome, and belonging were collected prior to students
receiving performance feedback, all affective constructs were
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self-reported. Self-report data may be influenced by social desir-
ability, students’ interpretations of item wording, or momentary
fluctuations in mood (Podsakoff et al, 2003). Third, another
potential limitation concerns the measurement of sense of belong-
ing. The unidimensional CFA for this construct yielded a “perfect”
model fit, which can indicate limited variability or model satura-
tion. However, additional psychometric evidence supported the
internal structure of the measure, and sense of belonging did not
emerge as a statistically significant direct predictor of either the
average midterm or final exam. Taken together, these findings
suggest that the role of belonging in our models does not compro-
mise the overall interpretation of results. Additionally, the belong-
ing measure used in this study was restricted to the sense of
belonging subscale because the belonging uncertainty items did
not meet psychometric criteria in our sample. As a result, the
analysis captures only part of the broader belonging construct.

Fourth, the study’s analytic approach focused on relation-
ships among early-semester affective constructs and exam
performance, taking prior knowledge into account via the
OC1 final exam. Although using the OC1 final exam provides
a consistent measure of preparation, it is only one indicator
and may not fully represent students’ conceptual readiness,
study habits, or prior course experiences. Moreover, the sample
included students who completed all surveys and had accessi-
ble exam scores, which may exclude students who were absent,
withdrew, or disengaged from the course. These students may
have different affective profiles, which could influence the
strength or nature of the relationships observed here.

Last, the traditional high-stakes assessment structure of the
OC2 course represents a contextual limitation, which may have
primed fixed ability beliefs or elevated evaluative concerns prior to
entering the course. However, students completed the pre-
semester survey in the second week of class, before they had
substantial exposure to the course or any performance feedback.
Future work comparing courses with alternative structures, such as
mastery-based grading or more frequent low-stakes assessments,
could help clarify how instructional contexts shape students’
affective starting points. Additionally, qualitative approaches, such
as interviewing a subset of students early in the semester, could
provide deeper insight into what factors shape students’ initial
mindset beliefs, belonging, or evaluative concerns. Such qualita-
tive work would complement the quantitative findings.

Notably, prior work in General Chemistry has already demon-
strated the importance of impostor syndrome and academic
mindset in influencing student outcomes, underscoring the value
of examining these constructs across the course sequence. Taken
together, these limitations highlight the need for continued
research that examines affective constructs across multiple course
levels, incorporates longitudinal designs, and uses mixed methods
to fully characterize how students experience organic chemistry.

Conclusion

In this study, we contribute to the growing body of work on the
role of affective factors in shaping achievement in undergraduate

Chem. Educ. Res. Pract.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

STEM courses. Specifically, we examined how three early-semester
factors, sense of belonging, impostor syndrome, and academic
mindset entity, interrelate and influence exam performance in
Organic Chemistry II. Our findings indicated that both academic
mindset and impostor syndrome both directly predict achieve-
ment, while mediation analyses revealed that impostor syndrome
is a key mediator linking mindset and belonging to performance.
Furthermore, parallel mediation analyses showed that academic
mindset influences exam outcomes through two distinct pathways:
impostor syndrome and prior knowledge. This dual mechanism
underscores the interplay between cognitive and emotional factors
in determining success.

Importantly, these results showed that fixed beliefs about
ability and elevated impostor feelings, measured before stu-
dents engaged with the structure and assessments of the course,
can negatively affect both midterm and final exam outcomes.
Moreover, the mediation pathways demonstrated that these
affective variables do not operate independently in affecting
performance. The persistence of these patterns in Organic
Chemistry II suggests that affective influences remain relevant
beyond first-year coursework. Even after successfully completing
multiple semesters of college-level chemistry, many students
continue to enter chemistry courses with fixed-ability beliefs,
lower levels of belonging, or persistent impostor thoughts, and
these have measurable effects for their performance.

Descriptively, comparison of early-semester affective vari-
ables between General Chemistry I and Organic Chemistry II
suggests similarity in descriptive anchors in students’ affective
profiles at the start of the term. In both courses, when compar-
ing the Likert-scale anchors of early-semester average scores,
impostor syndrome aligned with “somewhat disagree,” sense of
belonging with ‘“agree,” and academic mindset with “slightly
above agree.” It is important to note that these datasets reflect
different students and different cohorts (and were collected in
different terms), so these similarities should not be interpreted
as cohort comparisons or as evidence of equivalence or change
over time. Rather, they provide contextual, non-inferential align-
ment between these two courses. To evaluate stability within
students using appropriate statistical comparisons, we are con-
ducting a longitudinal study that follows the same students
from General Chemistry I through Organic Chemistry II.

Our study findings point to several implications for instruc-
tion. Creating classroom environments that emphasize growth,
normalize challenges, and encourage open communication
between students and instructors may help lessen the impact
of impostor feelings and fixed-ability beliefs on student perfor-
mance. In addition, acknowledging the range of affective
experiences students carry with them into Organic Chemistry
11, and intentionally designing pedagogical practices that affirm
students’ capabilities and encourage their sense of connec-
tions, may improve these affective variables, increase engage-
ment, and their academic outcomes. Ultimately, supporting
student success in STEM requires attending to both conceptual
understanding and the beliefs, emotions, and prior experiences
that students bring into the learning environment, even into
second year STEM courses.
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At the same time, the present findings raise important
questions about why students enter OC2 with these particular
affective profiles. While our quantitative analyses identify mean-
ingful relationships among belonging, impostor syndrome, and
mindset at the start of the semester, the results do not reveal the
specific experiences, prior coursework, or contextual classroom
factors that shape these beliefs and feelings. Future research
that incorporates qualitative methods, such as interviews or
focus groups with selected students, could offer a more fine-
grained view of possible sources that contribute to lower
belonging, elevated impostor feelings, or fixed-ability beliefs.
Such work would help uncover the processes shaping these
affective states and inform more intentional and evidence-based
approaches to supporting students as they transition into
second-year chemistry.

Conflicts of interest

There are no conflicts to declare.

Data availability

The data are not publicly available as approval for this study did
not include permission for sharing data publicly.
Supplementary information (SI) is available: EFAs and CFAs
for the measures (academic mindset entity, and imposter
syndrome); CFA for social belonging measure; SEM path model
details; mediation analyses. See DOI: https://doi.org/10.1039/

dé6rp00023a.

Acknowledgements

We would like to thank the Organic Chemistry II instructor for
allowing us to conduct this study in their course and the
students who voluntarily participated.

References

Aikens N. L. and Barbarin O., (2008), Socioeconomic differences
in reading trajectories: the contribution of family, neighbor-
hood, and school contexts, J. Educ. Psychol., 100, 235.

Arendale, D. R., (2002), History of Supplemental Instruction (SI):
Mainstreaming of Developmental Education, in Lundell D. B.
and Higbee J. L. (ed.), Histories of Developmental Education,
Minneapolis, MN: Center for Research on Developmental
Education and Urban Literacy, pp. 15-28.

Austin A. C., Hammond N. B., Barrows N., Gould D. L. and
Gould I. R., (2018), Relating motivation and student out-
comes in general organic chemistry, Chem. Educ. Res. Pract.,
19, 331-341.

Bandalos D. L., (2018), Measurement theory and applications for
the social sciences, New York: Guilford Publications.

Bandura A., (1997), Self-efficacy: the exercise of control, New York:
W. H. Freeman and Company.

This journal is © The Royal Society of Chemistry 2026


https://doi.org/10.1039/d6rp00023a
https://doi.org/10.1039/d6rp00023a
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemistry Education Research and Practice

Barrasso A. P. and Spilios K. E., (2021), A scoping review of
literature assessing the impact of the learning assistant
model, Int. J. STEM Educ., 8, 1-18.

Beaujean A. A., (2014), Latent variable modeling using R: A step-
by-step guide, New York: Routledge.

Benjamini Y. and Hochberg Y., (1995), Controlling the false
discovery rate: a practical and powerful approach to multiple
testing, J. R. Stat. Soc., Ser. B, Methodol., 57, 289-300.

Blackwell L. S., Trzesniewski K. H. and Dweck C. S., (2007),
Implicit theories of intelligence predict achievement across
an adolescent transition: a longitudinal study and an inter-
vention, Child Dev., 78, 246-263.

Bollen K. A. and Stine R. A., (1992), Bootstrapping goodness-of-
fit measures in structural equation models, Sociol. Methods
Res., 21, 205-229.

Brown C. S., Usher E. L., Coleman C. and Han J., (2024),
Perceptions of discrimination predict retention of college
students of color: connections with school belonging and
ethnic identity, J. College Stud. Retention: Res., Theory Pract.,
26, 240-258.

Brown M. G., Wohn D. Y. and Ellison N., (2016), Without a map:
college access and the online practices of youth from low-
income communities, Comput. Educ., 92, 104-116.

Browne M. W. and Cudeck R., (1993), Alternative ways of
assessing model fit, Sociol. Methods Res., 21, 230-258.

Bustamante V. P. and Frey R. F., (2026), Before the lecture
begins: unpacking how affective measures impact perfor-
mance in general chemistry 1, Chem. Educ. Res. Pract., 27(1),
61-79.

Byrne B. M., (2013), Structural equation modeling with EQS: Basic
concepts, applications, and programming, California: Routledge.

Canning E. A., LaCosse ]., Kroeper K. M. and Murphy M. C,,
(2020), Feeling like an imposter: the effect of perceived
classroom competition on the daily psychological experi-
ences of first-generation college students, Soc. Psychol. Per-
sonality Sci., 11, 647-657.

Canning E. A., Muenks K., Green D. ]J. and Murphy M. C,,
(2019), STEM faculty who believe ability is fixed have larger
racial achievement gaps and inspire less student motivation
in their classes, Sci. Adv., 5, eaau4734.

Cavanagh A. J., Chen X., Bathgate M., Frederick J., Hanauer D. L.
and Graham M. J., (2018), Trust, growth mindset, and
student commitment to active learning in a college science
course, CBE—Life Sci. Educ., 17, ar10.

Chakraverty D., (2022), Faculty experiences of the impostor
phenomenon in STEM fields, CBE—Life Sci. Educ., 21, ar84.

Chavance M., Escolano S., Romon M., Basdevant A., de Lauzon-
Guillain B. and Charles M. A., (2010), Latent variables and
structural equation models for longitudinal relationships:
an illustration in nutritional epidemiology, BMC Med. Res.
Methodol., 10, 1-10.

Chen S., Binning K. R., Manke K. J., Brady S. T., McGreevy E. M.,
Betancur L., Limeri L. B. and Kaufmann N., (2021), Am I a
science person? A strong science identity bolsters minority
students’ sense of belonging and performance in college,
Personality Soc. Psychol. Bull., 47, 593-606.

This journal is © The Royal Society of Chemistry 2026

View Article Online

Paper

Chen G. A. and Buell ]. Y., (2018), Of models and myths: asian
(Americans) in STEM and the neoliberal racial project, Race
Ethnicity Educ., 21, 607-625.

Chen D. G. and Yung Y. F., (2024), Structural Equation Modeling
using R/SAS: a Step-by-Step approach with Real Data Analysis,
Boca Raton, Florida: CRC Press, pp. 1-408.

Cheung S. F. and Cheung S.-H., (2024), manymome: an R
package for computing the indirect effects, conditional
effects, and conditional indirect effects, standardized or
unstandardized, and their bootstrap confidence intervals,
in many (though not all) models, Behav. Res. Methods, 56,
4862-4882.

Choi N., (2005), Self-efficacy and self-concept as predictors of
college students’ academic performance, Psychol. Schools,
42, 197-205.

Chouvalova A., Billings I., Caraway A. G., Hoggatt N., Kim G. Y.,
Mehta A. and Limeri L. B., (2026), Characterizing the content
and mechanisms of instructor messages that communicate
instructor beliefs about ability to undergraduates, CBE—Life
Sci. Educ., 25(1), ar6.

Cicuto C. A. T. and Torres B. B., (2016), Implementing an active
learning environment to influence students’ motivation in
biochemistry, J. Chem. Educ., 93, 1020-1026.

Clance P. R., (1985), Clance Impostor Phenomenon Scale
(CIPS), in The impostor phenomenon: When success makes
you feel like a fake, Toronto: Bantam Books, pp. 20-22.

Clance P. R. and Imes S. A., (1978), The imposter phenomenon
in high achieving women: dynamics and therapeutic inter-
vention, Psychotherapy, 15, 241.

Clark D. A. and Bowles R. P., (2018), Model fit and item factor
analysis: Overfactoring, underfactoring, and a program to
guide interpretation, Multivariate Behavioral Research, 53(4),
544-558.

Cohen G. L. and Garcia J., (2008), Identity, belonging, and
achievement: a model, interventions, implications, Curr.
Direct. Psychol. Sci., 17, 365-369.

Collins K. H., Price E. F., Hanson L. and Neaves D., (2020),
Consequences of stereotype threat and imposter syndrome:
the personal journey from stem-practitioner to stem-
educator for four women of color, Taboo: J. Culture Educ.,
19, 10.

Cromley J. G., Perez T. and Kaplan A., (2016), Undergraduate
STEM achievement and retention: cognitive, motivational,
and institutional factors and solutions, Policy Insights Behav.
Brain Sci., 3, 4-11.

Dabkowski E., Webb C. and Johnson E., (2025), Unwrapping
success: a scoping review of exam wrappers and metacogni-
tive skill development in undergraduate nursing education,
Nurse Educ. Practice, 88, 104565.

Dao A., Pegg S., Okland S., Green H. and Kujawa A., (2024),
Longitudinal associations between sense of belonging,
imposter syndrome, and first-year college students’ mental
health, J. Am. College Health, 1-10.

De Castella K. and Byrne D., (2015), My intelligence may be
more malleable than yours: the revised implicit theories of
intelligence (self-theory) scale is a better predictor of

Chem. Educ. Res. Pract.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

achievement, motivation, and student disengagement, Eur.
J. Psychol. Educ., 30, 245-267.

Demirdégen B. L. and Lewis S. E., (2023), Investigating How
Chemistry Students’ Reported Challenges Inform the Rela-
tionship between Mindset and Academic Performance,
J. Chem. Educ., 100(9), 3252-3260.

Doerschuk P., Bahrim C., Daniel J., Kruger J., Mann J. and
Martin C., (2016), Closing the gaps and filling the STEM
pipeline: a multidisciplinary approach, J. Sci. Educ. Technol.,
25, 682-695.

Driessen E. P., Knight J. K., Smith M. K. and Ballen C. J., (2020),
Demystifying the Meaning of Active Learning in Postsecond-
ary Biology Education, CBE—Life Sci. Educ., 19(4), ar52.

Dunlosky J., Rawson K. A., Marsh E. J., Nathan M. J. and
Wwillingham D. T., (2013), Improving students’ learning with
effective learning techniques: promising directions from
cognitive and educational psychology, Psychol. Sci. Public
Interest, 14, 4-58.

Dweck C. S., (1999), Self-theories: Their role in motivation,
personality, and development, Philadelphia: Psychology Press.

Dweck C. S., (2006), Mindset: The new psychology of success, New
York: Random house.

Dweck C. S., (2008), Can personality be changed? The role of
beliefs in personality and change, Curr. Direct. Psychol. Sci.,
17, 391-394.

Dweck C. and Molden D. C., (2000), Self theories, Handbook of
competence and motivation, pp. 122-140.

Edwards J. D., Barthelemy R. S. and Frey R. F., (2022a), Relation-
ship between course-level social belonging (sense of belong-
ing and belonging uncertainty) and academic performance
in General Chemistry 1, J. Chem. Educ., 99, 71-82.

Edwards J. D., Laguerre L., Barthelemy R. S., De Grandi C. and
Frey R. F., (2022b), Relating students’ social belonging and
course performance across multiple assessment types in a
calculus-based introductory physics 1 course, Phys. Rev.
Phys. Educ. Res., 18, 020150.

Edwards J. D., Torres H. L. and Frey R. F., (2023), The effect of
social belonging on persistence to General Chemistry 2,
J. Chem. Educ., 100(11), 4190-4199.

Fink A., Cahill M. J., McDaniel M. A., Hoffman A. and Frey R. F.,
(2018), Improving general chemistry performance through a
growth mindset intervention: selective effects on underre-
presented minorities, Chem. Educ. Res. Pract., 19, 783-806.

Fink A., Frey R. F. and Solomon E. D., (2020), Belonging in
general chemistry predicts first-year undergraduates’ perfor-
mance and attrition, Chem. Educ. Res. Pract., 21, 1042-1062.

Fink A., Mattson P. S., Cahill M. J., Frey R. F. and McDaniel M. A,
(2023a), Growth mindset intervention improves performance
of highly nontraditional introductory psychology students at a
community college, Teach. Psychol., 50, 393-406.

Fink A., Young J. D., Vuppala N. K. and Frey R. F., (2023D),
Mixed-methods exploration of students’ written belonging
explanations from general chemistry at a selective institu-
tion, Chem. Educ. Res. Pract., 24(1), 327-352.

Flora D. B., (2020), Your coefficient alpha is probably wrong,
but which coefficient omega is right? A tutorial on using R to

Chem. Educ. Res. Pract.

View Article Online

Chemistry Education Research and Practice

obtain better reliability estimates, Adv. Methods Pract. Psy-
chol. Sci., 3, 484-501.

Fong C. J., Adelugba S. F., Garza M., Pinto G. L., Gonzales C., Zarei
P. and Rozek C. S., (2024), A scoping review of the associations
between sense of belonging and academic outcomes in post-
secondary education, Educ. Psychol. Rev., 36, 138.

Fong C. ]J., Fathi Z., Adelugba S. F., Garcia A. J., Garza M. and
Pinto G. L., (2025), Belongingness moderates student mind-
sets’ influence among first-generation, community college
students of color, Soc. Psychol. Educ., 28, 1-17.

Fox J. and Dusa A., (2022), polycor: Polychoric and Polyserial
Correlations. R package version 0.8-1. https://CRAN.R-
project.org/package=polycor.

Freeman S., Eddy S. L., McDonough M., Smith M. K., Okoroafor
N., Jordt H. and Wenderoth M. P., (2014), Active learning
increases student performance in science, engineering, and
mathematics, Proc. Natl. Acad. Sci. U. S. A., 111, 8410-8415.

Frey R. F. and Lewis S. E., (2023), Implementing Cooperative
Learning in Large Undergraduate Classes via PLTL in Over-
son C. E., Hakala C. M., Kordonowy L. L. and Benassi V. A.
(ed.), In their own words: What scholars want you to know
about why and how to apply the science of learning in your
academic setting, Society for the Teaching of Psychology
(APA, Division 2), pp. 239-251.

Gehringer T. A., Folberg A. M. and Ryan C. S., (2022), The
relationships of belonging and task socialization to GPA and
intentions to re-enroll as a function of race/ethnicity and
first-generation college student status, J. Diver. Higher Educ.,
15, 744.

Gopalan M. and Brady S. T., (2020), College students’ sense of
belonging: a national perspective, Educ. Res., 49, 134-137.
Goretzko D., Siemund K. and Sterner P., (2024), Evaluating
model fit of measurement models in confirmatory factor

analysis, Educ. Psychol. Measur., 84, 123-144.

Gottlieb M., Chung A., Battaglioli N., Sebok-Syer S. S. and
Kalantari A., (2020), Impostor syndrome among physicians
and physicians in training: a scoping review, Med. Educ., 54,
116-124.

Grove N. P, Hershberger J. W. and Bretz S. L., (2008), Impact of
a spiral organic curriculum on student attrition and learn-
ing, Chem. Educ. Res. Pract., 9, 157-162.

Hair J. F., Black W. C., Babin B. J. and Anderson R. E., (2019),
Multivariate data analysis (8th edn), Boston: Cengage
Learning.

Han C.-W., Farruggia S. P. and Moss T. P., (2017), Effects of
academic mindsets on college students’ achievement and
retention, J. College Stud. Dev., 58, 1119-1134.

Hancock G. R. and Mueller R. O., (2013), Structural equation
modeling: A second course, Charlotte, North Carolina: Iap.
Hancock G. R., Stapleton L. M. and Mueller R. O., (2018), The
Reviewer’s Guide to Quantitative Methods in the Social

Sciences, New York: Routledge.

Hansen M. J., Palakal M. J. and White L. J., (2023), The
Importance of STEM Sense of Belonging and Academic
Hope in Enhancing Persistence for Low-Income, Underre-
presented STEM Students, J. STEM Educ. Res., 1-26.

This journal is © The Royal Society of Chemistry 2026


https://CRAN.R-project.org/package=polycor
https://CRAN.R-project.org/package=polycor
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemistry Education Research and Practice

Harvey J. C. and Katz C., (1985), If I'm so successful, why do I feel
like a fake? The impostor phenomenon, New York: St. Martin’s
Press.

Hattie J. A. and Timperley H., (2007), The Power of Feedback,
Rev. Educ. Res., 77(1), 81-112.

Hayes A. F., (2009), Beyond Baron and Kenny: statistical media-
tion analysis in the new millennium, Commun. Monographs,
76, 408-420.

Hayes A. F., (2013), Introduction to Mediation, Moderation, and
Conditional Process Analysis: A Regression-Based Approach,
Guilford Press.

Hayes A. F., (2018), Introduction to Mediation, Moderation, and
Conditional Process Analysis: A Regression-Based Approach
(Methodology in the Social Sciences), New York, NY: Guilford
Press.

Hazari Z., Brewe E., Goertzen R. M. and Hodapp T., (2017), The
importance of high school physics teachers for female
students’ physics identity and persistence, Phys. Teacher,
55, 96-99.

Hedge B., (2024), Persistence of STEM Majors in Higher Educa-
tion, J. Res. Sci., Math. Technol. Educ., 7, 27-41.

Hilts A., Part R. and Bernacki M. L., (2018), The roles of social
influences on student competence, relatedness, achieve-
ment, and retention in STEM, Sci. Educ., 102, 744-770.

Hoyle R. H., (2012), Path analysis and structural equation model-
ing with latent variables.

Hu L. T. and Bentler P. M., (1999), Cutoff criteria for fit indexes
in covariance structure analysis: conventional criteria versus
new alternatives, Struct. Equ. Model., 6, 1-55.

Hutchins H. M., (2015), Outing the imposter: a study exploring
imposter phenomenon among higher education faculty,
New Horiz. Adult Educ. Human Resource Dev., 27, 3-12.

Hwang N., Reyes M. and Eccles J. S., (2019), Who holds a fixed
mindset and whom does it harm in mathematics? Youth
Soc., 51, 247-267.

Jackson Z. A., Harvey I. S. and Sherman L. D., (2023), The
impact of discrimination beyond sense of belonging: pre-
dicting college students’ confidence in their ability to grad-
uate, J. College Stud. Retention: Res., Theory Pract., 24,
973-987.

Jorgensen T. D., Pornprasertmanit S., Schoemann A. M., Ros-
seel Y., Miller P., Quick C., Garnier-Villarreal M., Selig J.,
Boulton A. and Preacher K., (2016), Package ‘semtools’,
Website: https://cran.r-project.org/web/packages/semTools/
semTools.pdf.

Kattoum R. N. and Baillie M. T., (2025), A more positive mind-
set context is associated with better student outcomes in
STEM, particularly for traditional-age students, Int. J. STEM
Educ., 12, 15.

Kattoum R. N., Montenegro-Montenegro E. and Baillie M. T.,
(2024), Students Who Perceive Instructors to Have a Fixed
Mindset Report a Greater Sense of Academic Misfit That Leads
to Lower Chemistry Grades, J. Chem. Educ., 101, 3613-3623.

Kelley K., (2007), Methods for the behavioral, educational, and
social sciences: an R package, Behav. Res. Methods, 39,
979-984.

This journal is © The Royal Society of Chemistry 2026

View Article Online

Paper

Kenneally A. M., Schadler A. and Cain J., (2023), Fixed mindset
and imposter phenomenon: determining the correlation
and prevalence among pharmacy students, Curr. Pharm.
Teach. Learn., 15, 62-68.

Kenny D. A. and Judd C. M., (2014), Power anomalies in testing
mediation, Psychol. Sci., 25, 334-339.

Kim H., Ku B., Kim J. Y., Park Y.-J. and Park Y.-B., (2016),
Confirmatory and exploratory factor analysis for validating
the phlegm pattern questionnaire for healthy subjects,
J. Evidence-Based Complementary Altern. Med., 2016, 2696019.

Kline R. B., (2010), Principles and practice of structural equation
modeling, 3rd edn, New York: Guilford Press.

Kline R. B., (2016), Principles and practice of structural equation
modeling, 4th edn, New York: The Guilford Press.

Komperda R., Pentecost T. C. and Barbera J., (2018), Moving
beyond alpha: a primer on alternative sources of single-
administration reliability evidence for quantitative chemis-
try education research, J. Chem. Educ., 95, 1477-1491.

Korpershoek H., Kuyper H. and van der Werf G., (2015), The
relation between students’math and reading ability and
their mathematics, physics, and chemistry examination
grades in secondary education, Int. J. Sci. Math. Educ., 13,
1013-1037.

Kroeper K. M., Muenks K., Canning E. A. and Murphy M. C.,
(2022), An exploratory study of the behaviors that commu-
nicate perceived instructor mindset beliefs in college STEM
classrooms, Teach. Teacher Educ., 114, 103717.

Kumar S. and Jagacinski C. M., (2006), Imposters have goals too:
the imposter phenomenon and its relationship to achieve-
ment goal theory, Person. Individual Differ., 40, 147-157.

LaCosse J., Murphy M. C., Garcia J. A. and Zirkel S., (2021), The
role of STEM professors’ mindset beliefs on students’ antici-
pated psychological experiences and course interest, J. Educ.
Psychol., 113, 949.

Laguerre Van Sickle L. and Frey R. F., (2025), Student’s study
behaviors as a predictor of performance in general chem-
istry I, Chem. Educ. Res. Pract., 26, 88-111.

Lance C. E., Butts M. M. and Michels L. C., (2006), The sources
of four commonly reported cutoff criteria: What did they
really say? Org. Res. Methods, 9, 202-220.

Leary M. R,, Patton K. M., Orlando A. E. and Wagoner Funk W.,
(2000), The impostor phenomenon: self-perceptions, reflected
appraisals, and interpersonal strategies, J. Person., 68, 725-756.

Leopold H. and Smith A., (2019), Implementing reflective group
work activities in a large chemistry lab to support collabora-
tive learning, Educ. Sci., 9(1), 7.

Lewis S. E., (2022), Considerations on validity for studies using
quantitative data in chemistry education research and prac-
tice, Chem. Educ. Res. Pract., 23, 764-767.

Lewis S. E. and Lewis J. E., (2007), Predicting at-risk students in
general chemistry: comparing formal thought to a general
achievement measure, Chem. Educ. Res. Pract., 8, 32-51.

Limeri L. B., Carter N. T., Choe ]., Harper H. G., Martin H. R,,
Benton A. and Dolan E. L., (2020), Growing a growth mind-
set: characterizing how and why undergraduate students’
mindsets change, Int. J. STEM Educ., 7, ar35.

Chem. Educ. Res. Pract.


https://cran.r-project.org/web/packages/semTools/semTools.pdf
https://cran.r-project.org/web/packages/semTools/semTools.pdf
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

Limeri L. B., Carter N. T., Lyra F., Martin J., Mastronardo H.,
Patel J. and Dolan E. L., (2023), Undergraduate Lay Theories
of Abilities: Mindset, universality, and brilliance beliefs
uniquely predict undergraduate educational outcomes,
CBE—Life Sci. Educ., 22, ar40.

Lytle A. and Shin J. E. L., (2023), Self and professors’ incremental
beliefs as predictors of STEM engagement among under-
graduate students, Int. J. Sci. Math. Educ., 21, 1013-1029.

MacKinnon D. P., (2008), Introduction to Statistical Mediation
Analysis, Lawrence Erlbaum Associates.

MacKinnon D. P. and Luecken L. J., (2008), How and for whom?
Mediation and moderation in health psychology, Health
Psychol., 27, S99.

Maslow A. H., (1962), Some basic propositions of a growth and
self-actualization psychology, Perceiving, Behav., becoming: A
new focus for education, pp. 34-49.

Maydeu-Olivares A. and Shi D., (2017), Effect sizes of
model misfit in structural equation models: Standardized
residual covariances and residual correlations, Methodology,
13(Suppl 1), 23-30.

McGee E. O., Thakore B. K. and LaBlance S. S., (2017), The
burden of being “model”: racialized experiences of Asian
STEM college students, J. Diver. Higher Educ., 10, 253.

McGregor L. N., Gee D. E. and Posey K. E., (2008), I feel like a
fraud and it depresses me: the relation between the imposter
phenomenon and depression, Soc. Behav. Person., 36, 43-48.

Micari M., Van Winkle Z. and Pazos P., (2016), Among friends:
the role of academic-preparedness diversity in individual
performance within a small-group STEM learning environ-
ment, Int. J. Sci. Educ., 38, 1904-1922.

Moog R., (2014), Process oriented guided inquiry learning, in
McDaniel M., Frey R., Fitzpatrick S. and Roediger H. L. (ed),
Integrating cognitive science with innovative teaching in STEM
disciplines [E-reader version], pp. 147-166.

Moreno C., Pham D. and Ye L., (2021), Chemistry self-efficacy in
lower-division chemistry courses: changes after a semester
of instruction and gaps still remain between student groups,
Chem. Educ. Res. Pract., 22, 772-785.

Muenks K., Canning E. A., LaCosse ]., Green D. ]., Zirkel S.,
Garcia J. A. and Murphy M. C., (2020), Does my professor
think my ability can change? Students’ perceptions of their
STEM professors’ mindset beliefs predict their psychological
vulnerability, engagement, and performance in class, J. Exp.
Psychol., 149, 2119.

Mutambuki J., et al., (2020), I realized what I was doing was not
working: the influence of explicit teaching of metacognition
on students’ study strategies in a general chemistry I course,
Chem. Educ. Res. Pract., (1), 1-14.

Narum S. R., (2006), Beyond Bonferroni: less conservative
analyses for conservation genetics, Conserv. Genet., 7,
783-787.

Naylor R., Baik C. and Arkoudis S., (2018), Identifying attrition
risk based on the first year experience, Higher Educ. Res.
Dev., 37, 328-342.

Noskeau R., Santos A. and Wang W., (2021), Connecting the
dots between mindset and impostor phenomenon, via fear

Chem. Educ. Res. Pract.

View Article Online

Chemistry Education Research and Practice

of failure and goal orientation, in working adults, Front.
Psychol., 12, 588438.

O’Leary E. S., Shapiro C., Toma S., Sayson H. W., Levis-
Fitzgerald M., Johnson T. and Sork V. L., (2020), Creating
inclusive classrooms by engaging STEM faculty in culturally
responsive teaching workshops, Int. J. STEM Educ., 7, 1-15.

Para E., Dubreuil P., Miquelon P. and Martin-Krumm C., (2024),
Interventions addressing the impostor phenomenon: a scop-
ing review, Front. Psychol., 15, 1360540:1-17.

Podsakoff P. M., MacKenzie S. B., Lee J.-Y. and Podsakoff N. P.,
(2003), Common Method Biases in Behavioral Research: A
Critical Review of the Literature and Recommended Reme-
dies, J. Appl. Psychol., 88(5), 879-903.

Preacher K. J. and Hayes A. F., (2008), Contemporary approaches
to assessing mediation in communication research, Com-
mun. Methods Measur., 2(4), 215-245.

Pulliam N. and Gonzalez C. E., (2018), Success or fraud? Exploring
the impacts of the impostor phenomenon among high achiev-
ing racial/ethnic minority and first-generation college students,
J. Access, Retention, Inclusion Higher Educ., 1, 4.

Qualtrics, (2020), Provo, UT, (https://www.qualtrics.com).

Rainey K., Dancy M., Mickelson R., Stearns E. and Moller S., (2018),
Race and gender differences in how sense of belonging influ-
ences decisions to major in STEM, Int. . STEM Educ., 5, 1-14.

Revelle W. R., (2017), psych: Procedures for personality and
psychological research.

Rivera A. T., Chong S., Kim J. and Owens M. T., (2024), Low-
stakes Scientist Spotlight assignment demonstrates high
value and multiple effects for introductory biology students,
CBE—Life Sci. Educ., 23, ar47.

Robins R. W. and Pals J. L., (2002), Implicit self-theories in the
academic domain: implications for goal orientation, attribu-
tions, affect, and self-esteem change, Self Identity, 1, 313-336.

Rosseel Y., (2012), lavaan: An R Package for Structural Equation
Modeling, J. Stat. Softw., 48, 1-36.

Rowell S. F., Frey R. F. and Walck-Shannon E. M., (2021),
Intended and Actual Changes in Study Behaviors in an
Introductory and Upper-Level Psychology Course, Teach.
Psychol., 48, 165-174.

Santos D. L. and Mooring S. R., (2022), Characterizing Mindset-
Related Challenges in Undergraduate Chemistry Courses,
J. Chem. Educ., 99, 8, 2853-2863.

Satorra A. and Bentler P. M., (1994), Latent Variables Analysis:
Applications for Developmental Research, 171, p. 399.

Schermelleh-Engel K., Moosbrugger H. and Miiller H., (2003),
Evaluating the fit of structural equation models: Tests of
significance and descriptive goodness-of-fit measures, Meth-
ods of Psychological Research Online, 8(2), 23-74.

Schinske J. N., Perkins H., Snyder A. and Wyer M., (2016), Scientist
spotlight homework assignments shift students’ stereotypes of
scientists and enhance science identity in a diverse introductory
science class, CBE—Life Sci. Educ., 15, ar47.

Seery M. K., (2009), The role of prior knowledge and student
aptitude in undergraduate performance in chemistry: a
correlation-prediction study, Chem. Educ. Res. Pract., 10,
227-232.

This journal is © The Royal Society of Chemistry 2026


https://www.qualtrics.com
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a

Open Access Article. Published on 06 February 2026. Downloaded on 3/17/2026 3:42:52 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Chemistry Education Research and Practice

Sharma P. N. and Kim K. H., A comparison of PLS and ML
bootstrapping techniques in SEM: A Monte Carlo study, 2013.

Shi D., Lee T. and Maydeu-Olivares A., (2019), Understanding
the model size effect on SEM fit indices, Educ. Psychol. Meas.,
79, 310-334.

Shin J. E. and Lytle A., (2024), The roles of impostorism and
academic help-seeking in undergraduate students’ sense of
belonging and college completion intention, Soc. Psychol.
Educ., 27, 2589-2602.

Stone S., Saucer C., Bailey M., Garba R., Hurst A., Jackson S. M.,
Krueger N. and Cokley K., (2018), Learning while Black: a
culturally informed model of the impostor phenomenon for
Black graduate students, J. Black Psychol., 44, 491-531.

Storopoli J., (2022), FactorAssumptions: set of assumptions for
factor and principal component analysis.

Streiner D. L., (2005), Finding our way: an introduction to path
analysis, Can. J. Psychiatr., 50, 115-122.

Szteinberg G., Balicki G., Banks M., Johnson S., (2020), Peer Leader
Reflections on Promoting Discussion in Peer Group-Learning
Sessions: Reflective and Practiced Advice through Collaborative
Annual Peer-Advice Books, CBE—Life Sci. Educ., 18, ar2.

Tai R. H., Sadler P. M. and Loehr J. F., (2005), Factors influen-
cing success in introductory college chemistry, J. Res. Sci.
Teach., 42, 987-1012.

Tanner K. D., (2013), Structure Matters: Twenty-One Teaching
Strategies to Promote Student Engagement and Cultivate
Classroom Equity, CBE-Life Sci. Educ., 12 (3), 322-331.

Tao K. W. and Gloria A. M., (2019), Should I stay or should I go?
The role of impostorism in STEM persistence, Psychol.
Women Q., 43, 151-164.

Thompson E. D., Bowling B. V. and Markle R. E., (2018),
Predicting student success in a major’s introductory
biology course via logistic regression analysis of scientific
reasoning ability and mathematics scores, Res. Sci. Educ., 48,
151-163.

Tinto V., (1975), Dropout from higher education: a theoretical
synthesis of recent research, Rev. Educ. Res., 45, 89-125.
Tinto V., (1993), Leaving college: Rethinking the causes and cures of

student attrition, Chicago, Illinois: University of Chicago press.

Towns, M. H., (2013), New Guidelines for Chemistry Education
Research Manuscripts and Future Directions of the Field,
J. Chem. Educ., 90 (9), 1107-1108.

Trefts S., (2019), The imposter phenomenon in female, first-
generation STEM majors, California Lutheran University.
Vaughn A. R., Taasoobshirazi G. and Johnson M. L., (2020),
Impostor phenomenon and motivation: Women in higher

education, Stud. Higher Educ., 45, 780-795.

Velicer W. F., (1976), Determining the number of components
from the matrix of partial correlations, Psychometrika, 41,
321-327.

Villafane S. M., Xu X. and Raker ]. R., (2016), Self-efficacy and
academic performance in first-semester organic chemistry:
testing a model of reciprocal causation, Chem. Educ. Res.
Pract., 17, 973-984.

Walck-Shannon, E. M., Rowell, S. F., Bednarski, A. E., Barber, A. M.,
Yuan, G. J. and Frey, R. F., (2024), A Study Planning Exercise

This journal is © The Royal Society of Chemistry 2026

View Article Online

Paper

Associated with Decreased Distraction Levels among Introduc-
tory Biology Students. CBE—Life Sci. Educ., 23(1), ar3.

Walck-Shannon E. M., Rowell S. F. and Frey R. F., (2021),
To what extent do study habits relate to performance?
CBE—Life Sci. Educ., 20, ar6.

Waller N. G., (2016), Fungible correlation matrices: a method
for generating nonsingular, singular, and improper correla-
tion matrices for Monte Carlo research, Multivar. Behav. Res.,
51, 554-568.

Walton G. M. and Cohen G. L., (2007), A question of belonging:
race, social fit, and achievement, J. Person. Soc. Psychol., 92, 82.

Watkins M. W., (2017), The reliability of multidimensional
neuropsychological measures: from alpha to omega, Clin.
Neuropsychol., 31, 1113-1126.

Watkins M. W., (2018), Exploratory factor analysis: a guide to
best practice, J. Black Psychol., 44, 219-246.

Watkins M. W., (2021), A step-by-step guide to exploratory factor
analysis with SPSS, New York, New York: Routledge.

White K. N., Vincent-Layton K. and Villarreal B., (2021), Equi-
table and inclusive practices designed to reduce equity gaps
in undergraduate chemistry courses, J. Chem. Educ., 98,
330-339.

Wickham H., Francois R., Henry L., Miiller K. and D. V., (2023),
dplyr: A Grammar of Data Manipulation.

Willis W. K., Williamson V. M., Chuu E. and Dabney A. R.,
(2022), The relationship between a student’s success in first-
semester general chemistry and their mathematics fluency,
profile, and performance on common questions, J. Sci. Educ.
Technol., 31, 1-15.

Xu X., Villafane S. M. and Lewis J. E., (2013), College students’
attitudes toward chemistry, conceptual knowledge and
achievement: structural equation model analysis, Chem.
Educ. Res. Pract., 14, 188-200.

Yeager D. S. and Dweck C. S., (2012), Mindsets that promote
resilience: when students believe that personal characteris-
tics can be developed, Educ. Psychol., 47, 302-314.

Yeager D. S., Hanselman P., Walton G. M., Murray J. S., Crosnoe
R., Muller C., Tipton E., Schneider B., Hulleman C. S. and
Hinojosa C. P., (2019), A national experiment reveals where a
growth mindset improves achievement, Nature, 573, 364-369.

Yeager D. S. and Walton G. M., (2011), Social-psychological
interventions in education: they’re not magic, Rev. Educ.
Res., 81, 267-301.

Yonas A., Sleeth M. and Cotner S., (2020), In a “Scientist
Spotlight” intervention, diverse student identities matter,
J. Microbiol. Biol. Educ., 21(1), 10-1128.

Yuan K.-H., Chan W., Marcoulides G. A. and Bentler P. M., (2016),
Assessing structural equation models by equivalence testing
with adjusted fit indexes, Struct. Equ. Model., 23, 319-330.

Zanchetta M., Junker S., Wolf A. M. and Traut-Mattausch E.,
(2020), “Overcoming the fear that haunts your success”-the
effectiveness of interventions for reducing the impostor
phenomenon, Front. Psychol., 11, 405, 1-15.

Zhao X., Lynch J. G. and Chen Q., (2010), Reconsidering Baron
and Kenny: Myths and truths about mediation analysis,
J. Consum. Res., 37(2), 197-206.

Chem. Educ. Res. Pract.


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00023a



