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Abstract

A Longitudinal Analysis of Academic Self-Concept Among Preclinical Medical Students

A dissertation submitted in partial fulfillment of the requirements for the degree of Doctor of
Philosophy at Virginia Commonwealth University.

Meagan Rawls Lewis
Master of Science, Virginia Commonwealth University, 2013

Director: Lisa Abrams, Ph.D.
Professor, Foundations of Education
School of Education

Medical school plays a pivotal role in the training of future physicians. Academic Self-Concept
(ASC) represents a person’s beliefs about their academic ability, and it has been documented
across educational contexts as an important factor in relation to academic performance. Despite
decades of research into the relationship between ASC and academic performance, this
relationship remains underexplored in medical education. The purpose of this study was to
examine the ASC of preclinical medical students using longitudinal data to explore both the
relationship between ASC and performance and ASC throughout the preclinical phase of medical
school. Survey data from three cohorts of preclinical medical students, for a total sample of 495
students, was analyzed. Bivariate correlation and simple linear regression analysis was used to
explore the relationship between preadmissions performance and ASC during matriculation to
medical school. There was a statistically significant positive relationship between preadmissions

performance and ASC, but a low correlation coefficient suggested the relationship was not a

Vi



practically significant one. Ordinal regression was used to explore the relationship between ASC
and academic performance, as measured by rank quartile. In an analysis of factors influencing
rank quartile at the end of the first year, ASC was a statistically significant predictor of
subsequent performance, though prior academic performance was the strongest predictor of
subsequent performance. Ordinal regression was also used to determine the impact of ASC at the
end of the first year on academic performance at the end of the second year. The results of this
analysis also suggested that ASC plays a statistically significant role in performance, but prior
performance was again the strongest predictor of subsequent performance. Repeated measures
ANOVA was conducted to explore changes in ASC over time. There was a significant decline in
ASC between matriculation and the end of the first and second years, but there was not a
significant difference in ASC between the end of the first and the end of the second year of
medical school. The results of these analyses provide support for the relationship between ASC
and academic performance among preclinical medical students. Evidence of this relationship, as
well as the decline in ASC over time, provide insight into the experiences of medical students
that may be used to help improve those experiences, as well as academic processes and

outcomes.
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Chapter 1 Introduction

The goal of medical education is to produce a physician workforce that can meet the
needs of the patients and populations they serve (Holmboe et al., 2017). Medical school, also
referred to as undergraduate medical education, is the first major step on the path to practicing
medicine after a learner completes a bachelor’s degree program. The training students receive
during this time prepares them for residency, also known as graduate medical education, and
their future careers. As patients, we often see physicians when they are fully trained and certified
to practice medicine. We expect our doctors to have the relevant knowledge and skills to provide
competent care, and while every physician has individual characteristics that might inform the
care they provide, they all complete their training in medical school. The education an individual
receives during medical school is integral in the process of their development as a future
physician. This educational journey does not pertain solely to their acquisition of content
knowledge and skills as they progress through key stages in their medical education, but also to
their experiences in and outside of the classroom and internal factors such as beliefs about their
own learning.

Academic self-concept (ASC) represents the beliefs a student holds about their academic
ability (Marsh, 1990). An extensive body of research on ASC in primary and secondary
educational contexts has established a foundation to understand the construct. Research in post-
secondary education has provided further insight into ASC for adult learners, but ASC is an
underexplored construct in medical education.

Academic performance is one of the most common factors examined in relation to ASC
(Arens et al., 2021). The relationship between the two is well-established across educational

contexts, from K-12 to higher education, but less is known about ASC in medical education.



Studies in the 1970s focused on two models of this relationship: the skills development model,
where academic performance impacts ASC, and the self-enhancement model, where ASC
impacts academic performance (Calsyn & Kenny, 1977). The reciprocal effects model (REM)
subsequently emerged as the dominant model, which posits that ASC impacts academic
performance, which impacts subsequent ASC (Marsh et al., 2005). This model is currently
applied to most studies focused on the relationship between ASC and academic performance.

Selection into medical school and into residency are highly competitive processes.
Medical school itself can be competitive, with many high-performing students, who may have
been among the top performers at their undergraduate learning institutions, surrounded by other
high-performing students. The first year of medical school is an adjustment period for students,
and the learning environment can impact both ASC and performance (Zhou et al., 2015).
Grading schemes and curriculum structures may affect student experiences, and understanding
these relationships is important to know how best to address student needs and positively impact
performance. If the goal of medical education is to produce a workforce of physicians able to
meet the needs of their patients and the populations they serve (Holmboe et al., 2017), medical
school plays an important role in the development and training of future physicians. Academic
performance is the primary metric used to measure the success of a student. Marsh and Craven
(2006) asserted that it is not enough to enhance the skills of an individual; a positive self-concept
is necessary to maximize performance.

The next section will provide a brief overview of ASC as a construct, as well as an
introduction to related constructs. Byrne (1984) asserted that an understanding of ASC is a
requisite of research about it.

Academic Self-Concept (ASC)



ASC a facet of self-concept, which broadly represents the views an individual holds about
themselves (Shavelson et al., 1976). ASC is a prolific construct of interest in educational
research, with decades of research in primary, secondary, and post-secondary educational
settings providing some foundational understanding of the internal structure of ASC, how an
individual develops ASC, and relationships with other factors; specifically, the relationship
between ASC and academic performance. ASC is accepted to be multidimensional and
hierarchical (Shavelson et al., 1976), though in a methodological review of the structure of ASC,
Arens et al. (2021) reviewed five models of ASC. All five models are multidimensional, but not
all are hierarchical. ASC develops through three major comparative processes that students use:
social, dimensional, and temporal (Moller et al., 2020). Social comparisons are those made
against peers (Gerber et al., 2018), temporal comparisons are those students make against
previous performance (Wilson & Ross, 2000), and dimensional comparisons are those made
against performance in other domains, such as comparing performance with math with
performance in verbal reasoning (Moller & Marsh, 2013). These processes have been
demonstrated in primary and secondary student populations (Marsh & Hau, 2004; Méller et al.,
2011; Wolff et al., 2018) as well as among learners in college and university settings (Wilson &
Ross, 2000; Wolff et al., 2018), but they have not been studied in medical education.

There are several constructs that are similar, and related, to ASC, which are briefly
explored in the following sections to further highlight the unique features of ASC. As it is
important to understand what ASC is, it is also important to understand what it is not.

Constructs related to Academic Self-Concept

Self-efficacy



Self-concept as a global construct differs from self-efficacy. Both constructs are
underscored by self-appraisal, but they differ in several meaningful ways. Where self-concept
focuses on an individual’s view of their self or abilities in a specific domain, self-efficacy more
specifically focuses on an individual’s belief that they can complete a task or achieve an
objective (Bong & Skaalvik, 2003). Bandura (1997) proposed four major factors that inform self-
efficacy: enactive mastery experience, vicarious experience, verbal persuasion, and physiological
reactions. Enactive mastery experience includes prior experiences with a task or activity.
Vicarious experience includes an appraisal based on the abilities of others to perform a task.
Verbal persuasion is informed by persuasive communication and feedback from others.
Physiological reactions include heightened physiological arousal, such as sweating or mood
changes, that impact an individual’s self-appraisal around a given task. While theorists draw
clear theoretical and conceptual distinctions between ASC and self-efficacy, their differences
become more subtle, and the constructs are more difficult to differentiate within the specific
context of education (Bong & Skaalvik, 2003). Ferla et al. (2009) conducted a study to determine
whether ASC and academic self-efficacy represented distinct constructs. They found that even
when measured within the same domain, such as math, the constructs were conceptually and
empirically different.

Imposter syndrome

More recent studies into medical practitioners have highlighted the prevalence of
imposter syndrome, which is characterized as someone who does not experience a sense of
success despite high achievement (LaDonna et al., 2018). There is limited research into the
connection between ASC, self-efficacy, and imposter syndrome, but the existing research

suggests a relationship between these three constructs; in a study of university students, Cokley



et al. (2015) demonstrated a negative relationship between imposter syndrome and ASC, where
individuals with higher imposter syndrome scores had less academic confidence. In a study of
Belgian employees across various work sectors, Vergauwe et al. (2015) found that self-efficacy
was the strongest characteristic associated with imposter syndrome.

Statement of the problem

While the relationship between ASC and performance is well-established in the K-12
literature, there is a significant gap in our understanding of this relationship during medical
school. Further, most research on ASC in medical education uses cross-sectional analyses to
explore one-way relationships, such as studies where ASC is studied only as an outcome
(Abdalla et al., 2019; Litmanen et al., 2014), and these studies do not focus directly on the
relationship between ASC and academic performance. Of the two studies that explored ASC and
academic performance among medical students, both used longitudinal analysis, but they
focused only on the first year of medical school (Jackman et al., 2011; Zhou et al., 2015). The
conclusions that can be drawn from this small body of literature are limited.

The preclinical phase of the curriculum may vary in length across institutions but refers
to the education students receive prior to clinical training. This phase is characterized primarily
by didactic learning with a focus on basic sciences (Gaur et al., 2020) and which generally
occurs in the first two years of medical school. In recent years, small group sessions, team-based
learning (TBL), problem-based learning (PBL), and flipped lectures have been increasingly
utilized to transition from didactic, lecture-based learning (LBL) and to promote student-centered
learning (Gaur et al., 2020). Grading in this phase also varies across institutions, but many
medical schools have adopted a pass/fail approach to curriculum in the preclinical curriculum

(Murphy, 2020). Anecdotally, medical schools use academic or class rank as a metric of



performance, but it is unclear how many schools use this approach and how it is reported or
whether it serves as an internal metric only. Medical schools have little to no control over
individual attributes of a student, but they can control aspects of the learning environment
(Dyrbye et al., 2011), including measurement of performance. A longitudinal analysis of the
relationship between ASC and academic performance during the preclinical phase would provide
schools a deeper insight into student needs and experiences beyond the first year of medical
school. Study findings may also help to identify specific points in the curriculum where ASC or
performance may change, which would highlight opportunities for interventions to support those
students experiencing learning challenges.
Brief Review of ASC Literature in Medical Education

The existing research focused on ASC of medical students is relatively small when
compared with studies in elementary, secondary, and higher education populations. Within the
medical education literature, ASC is explored in relation to academic performance or
achievement (Jackman et al., 2011; Zhou et al., 2015), the learning environment (Abdalla et al.,
2019; Litmanen et al., 2014) and well-being (Yamada et al., 2014). This brief overview of the
literature addresses five studies specific to medical students. This includes a review of the
definition and operationalization of ASC across studies, methodologies used, measurement of
ASC, and the relationships explored.
Research questions

The research questions specific to the relationships between ASC and other factors varied
across studies. Two studies (Jackman et al., 2011; Zhou et al., 2015) explored the relationship
between ASC and academic performance. Jackman et al. (2011) investigated whether ASC

declined after first-year medical students received their first written assessment. The authors did



not find a significant change in ASC before the assessment and after. Zhou et al. (2015) also
studied ASC and academic performance among first-year medical students. They collected ASC
from students on entry to medical school and again in their first year. While they found that ASC
was related to performance, the authors stated that their overall model explained only 25% of
variation in performance. Litmanen et al. (2014) and Abdalla et al. (2019) studied ASC in
relation to the learning environment. Abdalla et al. (2019) studied relationships between ASC
and attitudes toward PBL and found that positive perceptions of the learning environment
positively impacted ASC. Litmanen at al. (2014) researched the relationship between ASC,
perceptions of the learning environment, and experiences with well-being. They found that
students in the PBL curriculum reported higher ASC during their preclinical phase, but
differences were not significant in the clinical phase. Yamada et al. (2014) also studied ASC and
well-being. They found student distress and well-being were associated with ASC, where
students with poor ASC had poorer well-being outcomes and reported lower social support from
friends.
Methods used

All five studies used quantitative data collection and analysis methods. Surveys and
questionnaires were used for data collection across all studies. Data analyses varied by research
question and study. Three studies conducted cross-sectional analyses (Litmanen et al., 2014;
Yamada et al., 2014; Abdalla et al., 2019), and two studies analyzed longitudinal data (Jackman
etal., 2011; Zhou et al., 2015). Litmanen et al. (2014) studied medical students across three
institutions and across two phases of their medical education. Abdalla et al. (2019) conducted a
cross-sectional analysis of phase one medical students, which included students in their first and

second years of medical school. In contrast, Yamada et al. (2014) invited students from all years



in a six-year program to participate in their study and analyzed them by phase (preclinical and
clinical). Both studies that used a longitudinal design analyzed students in their first year of
medical school (Jackman et al., 2011; Zhou et al., 2015). Only one study incorporated qualitative
methods (Jackman et al., 2011). This study was a multiphase study of first-year medical students
in Australia, Jackman et al. (2011) used survey data collection methods in the first phase of their
study and conducted semi-structured focus groups in the second phase of their study. The authors
used thematic analysis to review data. The results of the qualitative phase of their study
supported that students’ ASC is informed by comparison with peers. The studies noted here used
varying methodologies, primarily quantitative, to address the different research questions. The
measurement of ASC was also variable, with a more in-depth review of these approaches below.
Measurement

Measurement of ASC was inconsistent across studies. No two studies used the same
instrument to assess students’ ASC. In their study of phase one medical students, Abdalla et al.
(2019) used a modified 8-item version of the Academic Self Concept scale (Liu et al., 2005) to
understand the relationship between academic self-concept and perceptions of problem-based
learning (PBL). Yamada et al. (2014) used a subscale of the Dundee Ready Education
Environment Measure (DREEM) to capture academic self-concept. The subscale used wass
specific to academic self-concept and contained 8 items with a 5-point Likert agreement scale
(O=strongly disagree and 4=strongly agree). Scores ranged from 0 to 32, where higher scores
indicated stronger self-concept. Yamada et al. identified the lowest 30% of the score distribution
as “poor” academic self-concept, with all other students considered as “not poor.” Zhou et al.
(2015) used an academic self-concept measure from the Cooperative Institutional Research

Program’s (CIRP) Your First College Year Survey (YFCY). ASC was measured through 5 items



around academic ability, which included specific items measuring academic ability, creativity,
mathematical ability, drive to achieve, and intellectual self-confidence. The items used a 5-point
Likert scale where participants (first-year medical students) were asked to indicate self-
perception of their abilities compared with their peer group, where 1 = “Lowest 10%”, 2=
“Below average,” 3 = “average,” 4 = “above average,” and 5= “top 10%.” Likert type scales are
not the only method used to measure Academic Self-Concept. Single items were used to measure
academic self-concept in multiple studies (Jackman et al., 2011; Litmanen et al., 2010). Jackman
etal. (2011) used a combination of a Likert type scale and a single-item social comparison
question. The single item measure asked medical students to indicate how much better or worse
they were academically compared with their peers, where a 1 indicated they were much worse
and a 5 indicated they were much better. Jackman et al. also used the Academic Self-Description
Questionnaire II (ASDQII) (Marsh, 1992) to measure ASC. The ASDQII uses an 8-point Likert
type scale to measure ASC across multiple subjects. Jackman et al. (2011) modified the items to
remove specific school subjects and replaced them with “most academic subjects.”

In a study exploring the relationships between ASC, well-being, and the learning
environment, academic self-concept was measured through a single item comparing performance
of an individual against that of their class (Litmanen et al., 2014). Participants were given three
response options and asked to indicate whether they believed their grade to be worse than, about
the same as, or better than the average of their class (Litmanen et al., 2019). A lack of
consistency in measurement of ASC across studies limits the generalizability of the findings. Not
all authors provided validity evidence for their measures, further limiting the inference from
findings. Single-item measures in particular are difficult because while there are methods to

establish validity, there is no way to determine internal consistency, which presents major



challenges for establishing reliability. The measurement of ASC is relevant to the present study
because it helps to establish what is known about the construct in the context of medical
education.

Operationalization of ASC

Definitions of ASC varied across studies in medical education, but there were common
elements, such as items or measures specific to peer comparison. Four of the five studies
addressed or defined ASC as a specific construct, while one study (Yamada et al., 2014), used
academic self-perception as a proxy for performance. Zhou et al. (2015) mentioned ASC in
combination with self-efficacy but did not explicitly define ASC. Other studies (Jackman et al.,
2011; Litmanen et al., 2014; Abdalla et al., 2019) provided a broad definition of ASC as the
beliefs an individual holds about their academic abilities. Two studies operationalize ASC as
dependent on social comparison (Litmanen et al., 2014; Zhou et al., 2015).

A review of this small body of literature highlights several gaps and areas in need of
further exploration. Inconsistencies in the operationalization of ASC lead to differences in
measurement across studies. No two studies use the same measure, so no findings have been
reproduced across studies. Most studies used cross-sectional methods to explore academic self-
concept. Cross-sectional analyses enable exploration of academic self-concept within the skills
development model and self-enhancement model, while reciprocal effects are best tested through
longitudinal methods (Valentine et al., 2004). Despite mixed results and limited generalizability,
these studies provide a foundation for contextualizing ASC in medical education and inform the
current study. The relationship between ASC and academic performance has been explored
among first-year medical students, but there is no analysis of this relationship beyond the first

year. Litmanen et al. (2014) demonstrated differences in ASC between preclinical and clinical
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phase students, though these findings were from a cross-sectional analysis and not specific to
academic performance. A longitudinal analysis of ASC and academic performance during
medical school would provide a deeper understanding of this relationship and would enable
medical schools to more effectively support student learning and their academic experience.
Between academic years 1996-97 and 2015-16, the Association of American Medical Colleges
(AAMC) reported a stable average attrition rate of 3.2% among MD students (not including
students in dual-degree programs), with 1.3% reported for academic reasons, and 1.8% reported
for non-academic reasons (AAMC, 2020). It can be difficult for schools to identify learners who
are struggling or are at risk of academic failure in the preclinical phase (Ahmady et al., 2019),
and so having more information about the potential role of ASC and its relationship with
academic performance may provide insight for educators and medical school leadership. The
purpose of this study is to better understand students’ ASC during the preclinical phase of the
curriculum, including the relationship between ASC and academic performance. This chapter
introduces the role of ASC in medical student development and research needed to further the
understanding of this relationship to improve medical school education. The chapter includes a
brief literature review, the research questions for this study, and an overview of the
methodology. Chapter two provides a more detailed review of the literature specific to ASC in
medical school. This study addresses the following research questions:

Research questions

The research questions include:

RQ1: Does pre-admissions performance relate to ASC at matriculation?

RQ2: What factors influence academic performance during the preclinical phase?

RQ3: Does ASC change over time throughout the preclinical phase of medical school?
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Methodology

The study sample included three cohorts of medical students at a large, Mid-Atlantic
medical school. Survey data was collected during orientation in the first week of medical school,
at the end of the first year, and the end of the second year. ASC was measured with the
Academic Self-Concept Scale (Liu et al., 2005). The original ASC scale included 19 items and
two subscales: effort and confidence. The 9-item confidence subscale was used in the present
study. The items use a 4-point Likert-type scale, where 1=strongly disagree and 4=strongly
agree. Scores from the Medical College Admissions Test (MCAT) were used as a metric for
academic performance prior to admissions. Academic performance during medical school was
measured using academic rank quartile.

Bivariate correlation analysis and simple linear regression were used to address the first
research question. A bicorrelation analysis was used to indicate whether there was any
relationship between pre-admissions performance and ASC at matriculation. A linear regression
analysis was conducted to determine the amount of variance in ASC explained by prior
performance.

To address the second research question, ordinal regression was conducted to analyze the
relationship between ASC and academic performance across the three cohorts. The first analysis
looked at ASC at matriculation and its impact on subsequent academic performance at the end of
M1 year, and the second analysis looked at ASC at the end of M1 year and its impact on
academic performance at the end of M2 year.

Repeated measures ANOVA was used to address the third research question. The
purpose of this analysis was to determine whether there were mean differences in ASC across

different timepoints.
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Definition of terms

AAMC: Association of American Medical Colleges. The accrediting body for medical
schools in the US and Canada.

Clinical phase: The period of medical education prior to graduation and residency. This
phase of medical school is characterized by clinical exposure to patients through clerkships and
other clinical rotations where students practice medicine with supervision.

LBL: Lecture-based learning. A traditional learning approach that primarily focuses on
delivery of content through a lecture.

M1: A term for a medical student in their first year of undergraduate medical education

M2: A term for a medical student in their second year of undergraduate medical
education

MCAT: Medical College Admissions Test. A standardized exam used as a metric in most
medical school admissions processes.

PBL: Problem-based learning. A learning approach that primarily focuses on group
learning where students work to solve open-ended problems.

Preclinical phase: The period of medical education prior to clinical training. This phase
of medical school often spans two years but is variable across schools. Preclinical curricula
largely focus on classroom instruction as opposed to clinical interactions with patients.

REM: Reciprocal effects model. This is the dominant model to explain the relationship
between ASC and academic performance in the K-12 education literature. This model suggests
that prior ASC informs subsequent performance, which influences subsequent ASC.

TBL: Team-based learning. A learning approach that combines individual and team work

with immediate feedback to apply concepts.
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Chapter 2 Literature Review

The purpose of this study is to better understand medical students’ ASC; specifically, the
relationship between ASC and academic performance. This chapter includes a review of the ASC
literature, including a description of the construct, what is known about the development of ASC,
and associated factors. This section also explores the relationship between ASC and academic
performance. The second part of the chapter highlights literature on ASC and medical education,
which includes a review of how medical education is structured, how performance is broadly
assessed in medical school, and a presentation and analysis of studies focused specifically on
ASC in the context of medical education.

ASC
Structure and definition

Self-concept (SC) is defined as the views an individual holds about themself and is
broadly informed by an individual’s experiences with and perceptions of their environment
(Shavelson et al., 1976). ASC is a facet of self-concept specific to academic abilities. Byrne
(1984) proposed that research into ASC requires an understanding of the construct. This section
explores both the internal structure of ASC and provides an introduction to associated factors.
ASC is recognized as both a hierarchical and multidimensional construct (Shavelson et al.,

1976). The multidimensionality of the construct indicates ASC comprises distinct, domain-
specific areas, while the hierarchy refers to different levels of generality of those areas (Arens et
al, 2021). In a methodological review of ASC’s structure, Arens et al. (2021) included five
models. These models represent a development from Shavelson et al.’s (1976) work to more

recent conceptual approaches to measuring and understanding ASC.
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In the model of SC posited by Shavelson et al. (1976), SC is at the top of a hierarchy that
is further divided into academic and non-academic self-concepts (Marsh et al., 1988). This is a
higher-order factor model where subject-specific domains represent first-order factors that fall
under a general factor that represents ASC. In this model, subjects like math and verbal
reasoning are considered first-order factors, and ASC is the higher-order factor they load onto.
This model could not be validated through research (Marsh, 1990), which led to the development
of the Marsh/Shavelson model of ASC. In this model, there are two higher-order factors
(Math/Academic and Verbal/Academic), as opposed to a single higher-order factor (ASC) as
described in Shavelson et al.’s original model (Marsh, 1990). Marsh (1990) posited that this
model was sufficient for testing primary academic subjects but could not demonstrate
correlations between other subjects. Developments in structural equation modeling led to the
nested Marsh/Shavelson model (Brunner et al., 2010). In this model, subject-specific domains
are represented as first-order factors that operate independently of general academic self-concept,
which is represented as a second-order factor. A fourth model of ASC uses a bifactor-
Exploratory Structural Equation Modeling (ESEM). Bifactor-ESEM allows for cross-loading
across factors, something typically restricted in confirmatory factor analysis, which is used in
structural equation modeling to measure latent variables. Arens et al. (2017) applied this model
to understand what they described as the joint factor model that includes both academic and non-
academic domains of self-concept. Finally, there is a first-order factor model where all ASC
factors are hierarchically on the same level (Arens et al., 2021). This is the only model that is
multidimensional but not hierarchical, which goes against the original assumptions Shavelson

(1976) made about ASC.
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The higher-order factor model, Marsh/Shavelson model, Nested Marsh/Shavelson model,
Bifactor-ESEM, and the first order model represent different theoretical approaches used to
measure ASC and their application in academic settings. Uniform across these models is the
assumption of multidimensionality. The measure of ASC used in the current study was
developed as a first-order factor model (Liu et al., 2005), so it is multidimensional but not
hierarchical.

Arens et al. (2021) distinguished between two primary areas of research inquiry into
ASC. The first is within-network analysis, which focuses on the internal structure of ASC. The
second is between-network analysis, which explores the relationship between ASC and other
factors, such as academic performance. The present study focuses on a between-network
approach; however, understanding the internal structure of ASC is needed to provide a
comprehensive understanding of and rationale for the primary variables of interest. The
relationship between ASC and academic outcomes is domain-specific (Wu et al., 2021). In a
study of 4,495 German students between the ages of 17 and 19, Marsh et al. (2006) found that
domain-specific ASC, such as math self-concept, was significantly related to multiple domain-
specific academic outcomes, including standardized test scores, course selection (e.g., advanced
math courses), and total GPA. Their results around verbal self-concept demonstrated similar
domain-specific relationships; however, consistent with earlier findings, ASC in specific
domains were not related to general SC (Marsh et al., 2006). Swann Jr. et al. (2007) asserted that
the relationship between ASC and achievement is stronger when they demonstrate the same level
of specificity, which would explain why subject-specific ASC would predict subject-specific

achievement, but broad ASC may not have a strong relationship with subject-specific outcomes.
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Research like this illustrates the importance of the multidimensionality of ASC when considering
domain-specific outcomes, such as subject-specific grades.

In summary, the internal structure of ASC is accepted as multidimensional, and across
most models, it is recognized as hierarchical. The structure of ASC drives both measurement of
the construct and alignment with outcomes. Earlier models of ASC lacked empirical support for
the theoretical structures posited (Marsh, 1990). Subsequent development of the theory aided in
improvements to measurement of the construct and an understanding of ASC as a construct.
Early literature that focused on both theoretical and empirical knowledge around ASC provides a
foundation to understand the internal structure of ASC, which helps to contextualize the primary
variable of interest in the present study. The next section provides a review of how ASC is
formed at the individual level and its relationship to other factors.

Development of ASC and Relationships with other factors

Shavelson et al. (1976) asserted that ASC is informed by an individual’s experiences with
and perceptions of their environment. The purpose of this section is to detail how ASC is
developed at the individual level and what factors may influence it.

Early findings about ASC and academic performance supported strong correlations
between academic achievement in subject-specific domains and their corresponding ASCs (e.g.,
math ASC and math grades), and low correlations between subject-specific SCs (e.g., math ASC
and verbal ASC) (Marsh et al., 1986). In response to these contradictory findings, Marsh (1986)
developed the internal/external (I/E) frame of reference model to understand and address these
relationships. The I/E model proposes two processes of comparison through which an individual
forms their ASC. Social comparisons are considered an external frame of reference, while

dimensional, or more subject-specific, comparisons are considered an internal frame of

17



reference. Social comparisons are those where individuals compare against others to make
judgements about the self (Gerber et al., 2018), while dimensional comparisons are those
individuals make with other domains or subjects (e.g., math, verbal reasoning) (Moller & Marsh,
2013). A meta-analysis of the relationship between ASC and academic achievement in K-12
settings revealed a third comparison processes in the development of ASC (Mdller et al., 2020),
which are temporal comparisons, which individuals make against prior academic performance
(Wilson & Ross, 2000). Evidence of each of these processes has been demonstrated in literature
spanning various age groups.

Marsh & Hau (2004) investigated data from an international sample of 55,577 15-year-
old students across 26 countries and found that students used both social and dimensional
comparisons to form ASC across domains. This work highlights in particular the role of
comparisons in making judgements about abilities across specific subjects. Moller et al. (2011)
also demonstrated support for the I/E model through a sample of 1,508 school-age students in
Germany. The authors investigated academic achievement across three time points for students
in grades 5 to 8. Their work provided further evidence of the generalizability of the I/E
frameworks model and expanded upon it through a longitudinal study to investigate a reciprocal
I/’E model (RI/E). The RI/E incorporates a reciprocal model of the relationships between ASC
and academic achievement, where prior ASC predicts subsequent academic performance, which
in turn predicts subsequent ASC. These results suggest the internal and external frames of
reference continue to inform ASC over time.

Wolff et al. (2018) conducted a series of three studies to explore the role of social,
temporal, and dimensional comparisons in self-concept. Their first study included 120 university

students in Germany. The authors used manipulated feedback across a series of experimental
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groups to determine whether comparisons would impact students” ASC, which was measured
through items specific to figure and word analogies. They found that while all feedback impacted
ASC across groups, social comparisons had the most salient impact on ASC, and dimensional
comparisons demonstrated stronger effects than temporal comparisons for both domains of ASC.
In their second study, Wolff et al. looked at social, dimensional, and temporal comparisons in
relation to math and verbal self-concept of 924 high school students in Germany. Students were
asked to make comparisons, rather than receiving manipulated feedback like the participants in
the first study, and the authors were able to replicate the findings for all three comparative
processes, where social comparisons had the largest effect on math and verbal ASCs, and the
impact of dimensional comparisons were stronger than temporal comparisons. The third study
from Wolff et al. had two phases, and the authors incorporated a longitudinal approach to
exploring the effect of comparison processes on ASC. This study included 3,054 elementary
school students in Germany. ASC was measured through items specific to math and German
(verbal) self-concept. The results of the third study support those from studies 1 and 2 and built
upon the findings through the inclusion of academic performance over time, which demonstrated
support for a reciprocal relationship between ASC and performance, as well as support for the
RI/E model discussed by Moller et al. (2011).

The studies from Wolff et al. (2018) provide evidence of similar processes to form ASC
across age groups and into adult learner populations. Wilson and Ross (2000) conducted a three-
phase qualitative study of social and temporal comparison processes. The first two phases of the
study included university students, while the third phase consisted of an analysis of biographical
and autobiographical articles in popular culture magazines. In the phases specific to university-

level students, social and temporal comparisons were common when describing themselves, both
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in phase one, where students were asked explicitly to consider both temporal and social
comparisons in their self-appraisal, and in phase two, where students were asked to broadly
describe themselves. In study two, social comparisons were more common when students
described their intelligence (Wilson & Ross, 2000). This study supports the use of comparison in
forming ASC in both adolescence and adulthood. These processes are important to understand as
they may moderate the relationship between ASC and academic achievement both broadly and
across specific domains (Moller et al., 2020).

In addition to the processes through which individuals form ASC, it is also important to
consider other factors that may influence or impact ASC, particularly in adult learner
populations. Studies have also demonstrated the importance of student-faculty interactions in the
development of ASC (Kim & Sax, 2014; Komarraju et al., 2010; Plecha, 2002), as well as
intrinsic and extrinsic motivation (Isiksal, 2010; Plecha, 2002) in college and university settings.
Komarraju et al. (2010) found that students reported higher ASC when they had faculty who
were respectful, who they considered approachable, and who were available to provide support
outside of class. One study compared the relationship between ASC, advisor support, and sense
of belonging among domestic and international graduate students (Curtin et al., 2013). They
found that a positive advisor relationship was related to positive ASC for all students, but
domestic students’ ASC was more reliant on a sense of belonging, while sense of belonging and
ASC were not related for international graduate students. These studies suggest that various
aspects of the learning environment can inform ASC among college and university-level
students. Studies have also shown that student well-being also plays a role in ASC. In a study of
244 first-, second-, and third-year pharmacy students in a professional degree program, Maynor

& Carbonara (2012) study found a negative relationship between stress and ASC. These findings

20



were similar to another study involving 361 first- and second-year pharmacy students where
burnout was negatively related to students’ perceptions of academic abilities (Kaur et al., 2020).
These factors help to contextualize the experiences of adult learners and how they may impact
ASC, particularly in the health professions, where students may have similar experiences.

In summary, ASC is formed through several comparative processes through which
individuals make judgements about their academic abilities. ASC may be impacted by
environmental and individual characteristics as well. It is necessary to understand how
individuals form ASC to contextualize it as a primary variable of interest in the present study.
The relationship between ASC and academic performance is explored in further detail in the next
section. It is important to review what is known about this relationship both broadly in the
literature and more specifically within the context of medical education to inform the present
study.

ASC and academic performance

ASC is considered an important moderator for other academic factors, including
achievement, engagement, course selection, and academic aspirations (Mdller et al., 2011). The
relationship between ASC and academic performance is of central focus in the present study.
Understanding this relationship in the context of medical education can provide useful insights
that drive improvement of educational experiences and academic outcomes of medical students.

Academic achievement is one of the most common outcomes explored in relation to ASC
(Arens et al., 2021). Despite empirical evidence of this relationship, primarily demonstrated
through correlations, the explanation of how the relationship works has been a subject of inquiry
for decades (Moller et al., 2011). Early research into this relationship used one of two models:

the skills development model and the self-enhancement model. In the skills development model,
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ASC is impacted by academic performance (Calsyn & Renny, 1977). The self-enhancement
model presents the opposite relationship, where ASC influences academic performance (Calsyn
& Renny, 1977). A third model, which posits that ASC impacts academic performance, which
then informs subsequent ASC, integrates the skills development and self-enhancement models
(Marsh et al., 2005). The reciprocal effects model (REM) has been widely adopted as the
dominant model to understand and explore the relationship between academic performance and
ASC (Marsh et al., 2005). In a study of 1,508 grade five students in Germany, Moéller et al.
(2011) tested the REM through longitudinal data consisting of student grades across three
academic years (grades 5, 6, and 8). They found support for the REM across subject domains in
math and verbal reasoning, where prior ASC predicted subsequent academic performance.
Academic performance is measured most through school grades, teacher ratings, and
standardized test scores (Pinxten et al., 2010; Arens et al., 2021). Research contends that grades
are more salient ASC than standardized test scores because of their availability and
interpretability to students; they better enable social, temporal, and dimensional comparisons
(Arens et al., 2021). In a meta-review of the relationship between academic self-beliefs and
achievement, Valentine et al. (2004) asserted that there was no difference in effect size based on
the type of achievement measure, which most commonly includes standardized test scores and
class grades. Stronger relationships between ASC and performance have been found when the
specificity of the constructs align (Pinxten et al., 2010); that is domain-specific ASC is more
strongly related to domain-specific performance. In their study of 1,508 school-age German
students, Moller et al. (2011) examined the relationship between domain-specific
ASCs, measured by three items from the Self-Description Questionnaire II (SDQ-II) (Marsh,

1990), and grades on report cards in years 5, 6, and 8. The items used to measure ASC were the
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same across both subjects, but were modified for specificity in each domain; for example, the
items measuring math ASC included, “Math is one of my best subjects.” They found evidence to
support a reciprocal relationship between ASC and grades across both subjects. Arens et al.
(2017) also demonstrated evidence of a reciprocal model of academic performance and ASC
among 3,425 German school-age students, focused specifically on math ASC and math
performance. In this study, the authors measured ASC through a six-item measure developed by
the Project for the Analysis of Learning and Achievement in Mathematics. Math performance
was measured through school grades and scores on standardized math tests. There was one
measurement point per school year from grades 5 to 9. Moller et al. found that the relationships
between ASC and performance were significant across years regardless of whether grades or test
scores were used. Findings from Seaton et al. (2014) also supported the REM. Their longitudinal
study comprised data collected across two years and four timepoints, with two timepoints per
year, from a sample of 2,786 Australian high school students. The ASC and performance metrics
used in the study were specific to math. Math achievement was measured through math items
from a norm-referenced achievement test, while math ASC was measured through six items from
the SDQ-II (Marsh, 1990). The results of the study demonstrated a reciprocal relationship
between math ASC and math performance across all four timepoints. These studies inform the
present study in several ways; first, they provide empirical support for the REM and a
longitudinal approach to studying the relationship between academic performance and ASC.
Second, they illustrate the types of academic performance measures that may be used in primary
and secondary educational settings.

Because the present study is specific to medical students, it is helpful to address studies

more specific to adult populations. More global measures, like GPA, can represent the academic
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performance of college and university students, while students also have course-specific or
subject-specific grades. Reynolds (1988) asserted that college grades provide a means by which
students can make judgments about their abilities. Lent et al. (1997) studied 205 university
students to understand the connection between ASC, self-efficacy, and performance in math.
They found that ASC, measured through Reynolds (1988) Academic Self-Concept Scale (ASCS)
and the Academic Adjustment Scale (Baker & Siryk, 1984), was strongly related to performance
in math using a global measure of performance (GPA). Kornilova et al. (2009) also used GPA as
a measure of academic performance in their study of 300 Russian undergraduate students. They
found that academic self-concept, measured through seven items, and subjective evaluations of
intelligence accounted for 42% of the variance in student GPA. In a study of 230 college
students, Choi (2005) found that ASC was a significant predictor of term grades. That study
included two measures of ASC to capture multiple levels of specificity; on a more global level,
the ASCS (Reynolds 1988) was used, while math ASC was measured by seven items modified
from an instrument used by Marsh (1992) in an earlier study. In a study of 170 nursing students
in Israel, Khalaila (2015) found a direct relationship between ASC and academic performance,
and this relationship was mediated by test anxiety and intrinsic motivation. Khalaila (2015) used
a grade average from preclinical courses and clinical practice to measure achievement and used
Reynolds’ (1988) ASCS to measure ASC. While the present study will not include clinical
practice, the results of Khalaila’s study provide salient implications for using a global measure of
academic performance across courses among students training in the medical field. These
findings illustrate both the connection between ASC and academic achievement in college and
university settings and the importance of other factors in relation to ASC. Overall, these studies

support the use of both course and overall grades as an outcome in the current study. While these
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studies do not address the REM of ASC and academic performance, they do provide helpful
insight into the use of different performance metrics to explore this relationship among adult
learners.

In summary, research exploring the relationship between ASC and academic performance
informs the current study in several ways; first, the REM is considered the dominant model of
the relationship between the two constructs, which has been demonstrated in K-12 populations
(Pinxton et al., 2010; Moller et al., 2011; Seaton et al., 2013; Arens et al., 2017). Second, studies
in both adolescent and adult populations support the use of different constructs to measure
academic performance, such as school grades, standardized test scores, and teacher ratings
(Valentine et al., 2004; Pinxton et al., 2010). Studies that use more global performance metrics
(Lent et al., 1997; Choi, 2005; Kornilova et al., 2009; Mdller et al., 2011; Khalaila, 2015) have
demonstrated the relationship between ASC and performance.

ASC and Performance in Medical School

The structure of evaluation and grading in medical education influences the learning
context and role of ASC for learners. Research on ASC in primary and secondary education
provides evidence to support a relationship between ASC and academic performance (Lent et al.,
1997; Choi, 2005; Kornilova et al., 2009; Pinxton et al., 2010; Md&ller et al., 2011; Seaton et al.,
2013; Khalaila, 2015; Arens et al., 2017). The findings around ASC in college and university
settings provide a justification to explore this relationship in the context of other adult learners;
however, this change in context should be addressed. One example of this is the competitive
nature of medical school, which is preempted by an admissions process that stratifies applicants
using both academic and non-academic factors (Baker et al., 2020). Many medical schools

consider prior academic performance, such as grade point average or scores from the medical
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college admissions test (MCAT) as part of their selection into medical school. The MCAT was
suggested for standard use as criteria for medical school applicants in 2001 to reduce the
admission of students at high risk for academic failure (Albanese et al., 2003). Beyond the
admissions process, the learning environment in medical school is also recognized for its
competitiveness, and the residency application process can also be highly competitive. This may
contribute to a student’s motivation to perform well.
The Structure of Medical Education

Medical education includes two broad phases of the curriculum: the preclinical and
clinical phases, also referred to as pre-clerkship and clerkship phases. The use of pre-clerkship,
as opposed to preclinical, recognizes that students may have clinical exposure prior to their
clerkships. For uniformity, and with consideration of an international body of literature around
medical education in this chapter, the terms preclinical and clinical will be used moving forward.
The Flexner Report, written more than 100 years ago, is still widely acknowledged for its role in
shaping modern medical education. The Council on Medical Education (CME) proposed
curricular and structural changes to medical schools in 1908, which included a change to include
two years of laboratory sciences and two years of clinical rotations in teaching hospitals (Beck,
2004). In an attempt to drive reform of medical education, the CME requested the support of the
Carnegie Foundation. Abraham Flexner, a high school teacher, was tasked by the Carnegie
Foundation to evaluate the quality of American medical schools (Dufty, 2011). The reform
efforts of the CME, driven by the Flexner Report, informed what is now a standardized approach
to medical education (Beck, 2004). Modern medical education is credited to the Flexner Report,

but the impact of the report has not been totally positive; one criticism of the report is that the
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more rigorous standards for selection into medical school created a barrier for economically
disadvantaged individuals to careers in medicine (Beck, 2004).

While curricular changes have been the subject of reform in the last 100 years, the overall
structure of medical education has remained intact; however, despite efforts for standardization
across medical education, there is no uniform grading system (Hernandez et al., 2021). Grading
across both phases is variable, though there are national standardized board exams required for
licensure. These exams take place at the end of the preclinical and clinical phases of medical
school during the undergraduate phase. The next section will detail measures of academic
performance prior to matriculation into medical school, during the preclinical phase, and during
the clinical phase.

Preadmissions performance

Academic performance is a factor of interest before students are accepted into medical
school. As indicated, undergraduate GPA and MCAT scores are commonly used as factors in
admissions decisions. MCAT scores are related to performance on the United States Medical
Licensure Examinations (USMLE) Step 1 exam, which is why they are a proxy for medical
knowledge prior to entering medical school (Giordano et al., 2016). In a longitudinal study of
four matriculating classes across 119 medical schools, Dunleavy et al. (2013) found that a
combination of MCAT scores and GPA predicted performance throughout medical school, as
well as unimpeded progress to graduation, which the authors defined as individuals who were
not dismissed or did not withdraw for academic reasons, graduated within five years of
matriculation, and passed all three medical licensure exams. The authors noted that their findings

were generalizable across schools. It is worth noting that the sample of students in their study
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took an older version of the MCAT that is no longer used, and one of the three USMLE step
exams (Step 2 Clinical Skills) is no longer used by the National Board of Medical Examiners.
Preclinical performance

According to data from the AAMC, between 2015 and 2020, most medical schools used a
pass/fail grading system in the preclinical curriculum. Other grading systems include a three-
tiered honors/pass/fail system, a four-tiered honors/high pass/pass/fail system, numeric grades,
and letter grades (AAMC, n.d.). While numeric grades were once the most common grading
system, the shift to a pass/fail or other tiered grading system is attributed to attempts to reduce
anxiety and competition (Gonnella et al., 2004). A single-institution study demonstrated
improved student well-being after switching to a pass/fail curriculum (Bloodgood et al., 2009).
These grading structures highlight internal summative assessments across individual schools, but
students also take the USMLE Step 1 exam at the end of the preclinical curriculum. Step 1 is a
standardized exam that measures the understanding of basic medical sciences (Cuddy et al.,
2008). Historically, Step 1 scores played a role in residency selection (Giordano et al., 2016),
though the role of Step 1 may be diminished as the exam becomes strictly pass/fail in 2022.
Summary

Academic performance before and during medical school is measured in different ways,
some of which are standardized, and some that are not. Internal grading systems are variable
across medical schools. USMLE Step 1 scores are standardized, and performance on this exam is
particularly important for selection into residency programs (Giordano et al., 2016). Prior
academic performance, such as GPA and MCAT scores, are common factors used for selection
into medical school. GPA acts as a proxy for undergraduate performance, while MCAT scores

represent prior medical knowledge (Giordano et al., 2016). It is helpful to understand how
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academic performance is measured throughout medical school to inform the most appropriate
model to explore the relationship between performance and ASC. These measures represent
academic performance and will be used in the present study to better understand the relationship
between ASC and academic performance in med school.
Empirical Studies of ASC in Medical Education
Major studies

Medical students’ perceptions of their learning environment, well-being and
academic self-concept. Litmanen et al. (2014) conducted a study to understand whether
exhaustion and lack of interest mediated a relationship between the learning environment and
academic self-concept and whether perceptions of the learning environment, well-being, and
self-concept differed across phases of the curriculum. The authors administered a questionnaire
electronically to first- and fourth-year medical students. Their sample included 610 students from
three medical schools in Finland. Two of the schools had an LBL curriculum with a total of 434
students represented, which included 251 students in the preclinical phase of medical school and
183 in the clinical phase. The third school had a PBL curriculum, with 176 students participating
in the study. Among PBL students, 96 were in the preclinical phase and 86 were in the clinical
phase. The results of a univariate analysis indicated students in the PBL curriculum reported
higher ASC during their preclinical phase, but differences were not significant in the clinical
phase. Using structural equation modeling, the authors found that exhaustion and lack of interest
partially mediated the relationship between perceptions of the learning environment and
academic self-concept.

The authors measured ASC through a single item asking medical students to compare

their performance against that of their peers. The item had three possible response options, which
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asked students to indicate whether their grades were worse than, about the same as, or better than
the average grade of their peers. Because it is a single-item measure, an internal consistency
reliability coefficient could not be calculated. The authors did report a correlation coefficient
between the single-item measure and student GPA based on a previous study to establish validity
evidence. Jackman et al. (2011) also measured social comparison through a single-item measure,
though their methodology differed in that the single item was used in combination with a
multiple-item instrument to measure ASC. Similar to this study, Zhou et al. (2015) measured
ASC through comparison with peers, though they utilized an instrument with multiple items.
While the single item used supports an operationalization of ASC as dependent on social
comparison, the authors did not provide an in-depth explanation of the measure selected or
justification for why they did not use another measure with more items. Other studies (Zhou et
al., 2015; Jackman et al., 2011) used measures of ASC that included social or peer comparison,
Jackman et al. (2011) also used a single item in their study, which was used to measure social
comparison in addition to a multiple-item measure of ASC. The authors present prior validity
evidence on the item but do not report evidence from their own study. Another potential
limitation of the single-item measure is sensitivity. While a 3-point scale may provide sufficient
sensitivity to detect differences between scores (Mitchell & Jolley, 2010), increasing the number
of responses might increase the sensitivity of an instrument to better detect small differences
among respondents. In other studies using social comparison methods (Zhou et al., 2015;
Jackman et al., 2011), the items and instruments used 5-point Likert type responses. More
response options may improve the sensitivity of an instrument, which impacts the interpretation.
The authors described Finnish medical schools as lasting five years, which may present cultural

differences in medical education that limit the ability to generalize to four-year medical schools.
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Litmanen et al. found that ASC was different in the preclinical phase based on the type of
curriculum, where preclinical students in PBL schools reported higher ASC than those in LBL
schools, but there were no differences reported in the clinical phase. The findings suggest that
the relationship between ASC and curriculum differs between preclinical and clinical students, at
least in one type of curriculum. This informed the present study, as it focused on the preclinical
phase of medical education. The study by Litmanen et al. provided some evidence of unique
experiences relevant to ASC in the preclinical curriculum, but it is still unclear whether ASC
changes during the preclinical years, which is of direct relevance to the present study.

Attitude towards problem-based learning and its relationship with locus of control
and academic self-concept among medical students. In a study of 255 Malaysian phase one
medical students, which the authors defined as students in their first and second years in the
curriculum, Abdalla et al. (2019) sought to understand whether attitudes toward the learning
environment are predictive of ASC and locus of control. They found that perceptions of PBL
positively impacted ASC, where more positive perceptions of the curriculum were associated
with higher ASC. The authors also compared the mean responses across each measure (ASC,
internal locus of control, and perceptions of PBL) between first- and second-year students.
Among these students, ASC was higher among first-year students. While cross-sectional, these
findings suggest that there could be changes between the first and second year of medical school.
Longitudinal studies into these changes could provide further support to generalize these
findings.

Abdalla et al. presented ASC as a construct informed by experience and dependent on
comparison with peers. The authors included 8 items on a questionnaire to measure ASC. The

items were adapted from the Academic Self-Concept Scale (Liu et al., 2005). The authors did not
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indicate which items were included or their process for selection, though they did report a
reliability coefficient for the ASCS of .72. The research team piloted the instruments among 20
medical students and indicated the process was followed with modifications, though the authors
do not specify these changes.

Abdalla et al. used ASC and internal locus of control as dependent variables in two
separate regressions. In each regression model, attitudes toward PBL were used as an
independent variable. These methods were appropriate to answer their stated research questions;
however, the authors did not explore any potential relationships between academic self-concept
and locus of control in the introduction of their paper when presenting the existing literature.
Locus of control has been reported in previous studies to predict ASC (Albert & Dahling, 2016),
suggesting an established relationship between the two. The authors did not present or explore
this literature. Further, in their analyses, the authors did not report any results of a correlation
analysis. Such an analysis might have indicated whether a relationship existed between the two
dependent variables (internal locus of control and ASC), which may have made two separate
analyses inappropriate. The authors suggested that their findings support previous studies
showing that learners in PBL have higher ASC than those in a non-PBL curriculum. The authors
did not use a comparison group to support this conclusion, which might have helped strengthen
the inference.

This study was relevant to the present study because ASC was measured among
preclinical medical students. This study used a cross-sectional design, which limits the inferences
based on the findings, because it is unclear whether changes in ASC would occur between first
and second year within the same sample of students, or if some other difference between the

groups included explain the difference in ASC. Because the school in the study was described as
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a five-year medical school, there may be cultural differences that limit the generalizability to
four-year medical schools. The findings that first-year students reported higher ASC still
suggested a potential difference between students based on what year they are in, which provides
a foundation for a longitudinal analysis in the present study.

Psychological distress and academic self-perception among international medical
students: the role of peer social support. Yamada et al. (2014) studied the relationship between
psychological distress, academic self-perception, and peer support. The authors did not use ASC
as a specific construct, though they did consider students’ perceptions of their academic abilities,
which aligns conceptually with ASC. Their participants were first- to sixth-year international
medical students in the Czech Republic, and data was collected through an anonymous survey.
The authors reported an interaction between peer support and psychological distress on academic
self-perception and highlighted the need for social support for students.

In their study, Yamada et al. used academic self-perception as a proxy for academic
performance. They measured academic self-perception using a subscale of the Dundee Ready
Education Environment (DREEM) scale. This subscale included eight items, which the authors
provided examples of (‘I am confident about passing this year’; ‘I am able to memorize all [
need’), but they did not provide validity evidence. The items were scored from 0-32 and scores
in the bottom 30% were considered ‘poor’ self-perception, while all scores above 30% were
considered ‘not poor.’

A major limitation of this study was that the authors use academic self-perception as a
proxy for academic performance, rather than as independent constructs. The anonymous nature
of the survey used to collect data limited the author’s ability to link participants’ survey

responses with performance-related information, so student self-perception was used to
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determine their academic performance. The authors noted this as a limitation because the
measure they used for academic self-perception was not validated for use as a measure of
performance. In this study, Yamada et al. asserted that academic self-perception was generally
related to psychological distress, and their primary question focused on the role of social support
in this relationship; specifically, whether social support moderated the relationship between
distress and academic self-perception. It is unclear why the authors considered self-perception to
be a proxy for performance when they provided sufficient rationale to explore academic self-
perception as an outcome of interest, rather than the academic outcomes or performance of
students. Because they did not provide existing evidence to support the use of self-perception as
a proxy, the inferences of their findings as related to performance are limited. The authors noted
an additional limitation that the results of their study should not be generalized beyond
international medical students learning in English in non-English speaking countries. This
limitation makes it difficult to generalize the results of this study to the population in the present
study. This study does provide some insight into medical student experiences, though
implications for the present study are limited.

Big Fish in a Big Pond: a study of academic self concept in first year medical
students. In their study of academic self-concept among first-year medical students in Australia,
Jackman et al. (2011) conducted a multiphase, mixed methods study to explore changes in self-
concept and self-evaluation among medical students before and after their first written
assessments. Their study included 20 students in the quantitative phase and 13 in the qualitative
phase, recruited from a class of 133 students. During the quantitative phase of the study, authors
investigated ASC at two time points: before and after the first written assessment of student

performance. The authors found no significant change in academic self-concept across the two
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time periods. They reported that self-concept scores were not related at the first time-point or
second time-point, but social comparison at time one was associated with academic self-concept
in time two. The second phase of the study included a qualitative approach to understanding
academic self-concept through student interviews. They reported that students seemed to
compare their performance against their peer group.

The authors hypothesized that academic self-concept would decline as a result of external
feedback. The proposed relationship aligns with a skills development model, though this is not
discussed explicitly by the authors. The authors conceptualized ASC as dependent on peer
comparison. ASC was measured in the quantitative phase with the ASDQII (Marsh, 1990), an 8-
point Likert-type agreement scale designed to measure ASC through appraisal of academic
performance across academic domains. The authors also used a single-item measure of social
comparison, where students reported how much better or worse they were academically
compared with their peers, where a 1 indicated they were much worse and a 5 indicated they
were much better. A single-item measure of peer comparison was also used by Litmanen et al.
(2014). In contrast with the item used in Jackman et al.’s study, the single-item measure used by
Litmanen et al. (2014) was used specifically to measure ASC, rather than a separate measure of
social comparison, and the item used in that study was a 3-point Likert scale where students
rated their typical grade as worse than, the same as, or better than the average grade of the class.

While Jackman et al. are the only researchers to use both quantitative and qualitative
methods, their study presented significant limitations, beginning with a small sample size. The
authors report a sample size of 20 students in the quantitative study and 13 in the qualitative
study. This limits the generalizability of the findings and presents a potential limitation on the

statistical power of the analysis. The authors acknowledged the small sample size and its impact
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on generalizability. In their presentation of the scales used to measure ASC, the authors mention
previously established validity evidence but do not report their own. This further limits
inferences from the study. Because academic self-concept may be influenced in part by
comparison with others, the authors expected to find a relationship between the two constructs;
however, they do not discuss whether this would have provided some form of convergent
validity. Presentation of validity evidence would strengthen the study.

This study was one of two that measured ASC across multiple time points. A small
sample size and context of Australian medical school limit the generalizability of the results, but
the authors’ finding of social comparison prior to assessment were related to ASC after
assessment provided some evidence of social comparison in the development of ASC among
medical students. Because this relationship was only demonstrated in these two time points, the
inferences were limited. This study informs the current study through the exploration of the
relationship between ASC and academic feedback; specifically, whether ASC changed in
response to feedback. This relationship was relevant to the present study, as one of the research
questions explored whether ASC changes during the preclinical phase. The ability to better
understand student experiences as they progress through medical school could provide
opportunities to improve learner outcomes. A major contribution from the study by Jackman et
al. was the qualitative phase of their study, where student interviews revealed that social
comparisons influence student ASC. This finding provides support for the role of social
comparison in forming ASC (Wilson and Ross, 2000), which is important from both a
developmental and measurement perspective.

The impact of self-concept and college involvement on the first-year success of medical

students in China. In a longitudinal study of Chinese medical students, Zhou et al. (2015)
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explored ASC between matriculation into college and the end of the first year. Academic
achievement (measured through GPA) was the outcome of interest. They found that prior
performance, prior ASC, level of involvement with homework, and faculty interactions
positively impacted the development of ASC in the first year of medical school, which then had
an indirect impact on academic performance in the first year.

The authors used a measure of ASC that relied on peer comparison. They described their
measure as having five items related to academic ability, drive to achieve, mathematical ability,
creativity, and intellectual self-confidence. These items provided a five-point scale where
I=lowest 10%, 2=below average, 3=average, 4=above average, and 5=highest 10%. This and
other measures were administered across two surveys that the authors described as reliable based
on prior evidence. While this study focused on medical students, the details of the instruments
used indicated that these students were able to identify across two broad categories: medical
majors and medical edge discipline. Medical majors included students studying clinical and basic
medicine, while medical edge discipline included pharmaceutics, medical technology, nursing,
and preventative medicine.

In a description of the relationship between the learning environment and self-concept,
the authors described a “positive gain spiral” where ASC may influence behaviors in college
which then impact subsequent self-concept. The authors further describe the relationship
between self-concept and achievement as complex and informed by multiple factors (e.g., the
learning environment). This study provides some support for a reciprocal effects model of the
relationship between academic performance and ASC, though the authors noted in their analysis
that they were unable to produce estimates for reciprocal effects to explore causal models. One

limitation is the broad definition of medical student used in this study. International educational
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contexts have the potential to limit generalizability because of differences in the overall structure
of medical school, but where some studies note the preclinical and clinical phases (Litmanen et
al., 2014; Abdalla et al., 2019) of medical school, China has a unique medical education structure
that is variable across medical universities (Lam et al., 2006), which may limit the
generalizability of findings from Zhou et al. (2015).

Several aspects of this study informed the present study. A longitudinal design provided
insight that cross-sectional studies do not; first, changes over time within the same population
can be studied. Second, longitudinal studies are useful to explore the relationship between ASC
and performance over time. The study from Zhou et al. (2015) helped to expand an
understanding of the relationship between ASC and academic performance, particularly within
medical students. What is still unknown is whether this relationship expands beyond the first
year, and whether there are any significant changes in ASC during the preclinical phase that may
help medical schools target opportunities to improve student outcomes and experiences.
Summary

Research into ASC among medical student populations informs the present study. The
purpose of this study is to explore the relationship between ASC and academic performance
among preclinical medical students, and while only two studies (Jackman et al., 2011; Zhou et
al., 2015) focused on this relationship, other studies provide insight into ASC in the specific
context of medical education. Zhou et al. (2015) demonstrated a relationship between ASC and
academic performance among medical students, but Jackman et al. (2011) did not find evidence
of a relationship in their study. Jackman et al. (2011) did provide support for the social
comparison process in developing ASC among medical students in the qualitative phase of their

study, which is useful when operationalizing ASC as dependent on peer comparison. The
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majority of studies within the literature used a cross-sectional approach to exploring ASC. Cross-
sectional analyses enable exploration of academic self-concept within the skills development
model and self-enhancement model. Reciprocal effects are best tested through longitudinal
methods (Valentine et al., 2004). While Zhou et al. (2015) conducted a longitudinal analysis of
ASC, they did not explicitly frame it as an exploration of the reciprocal effects model (REM),
nor were they able to test for reciprocal effects between variables in their analyses. Jackman et
al. (2011) also used a longitudinal approach, but their study was limited by an extremely small
sample size, and where Zhou et al. measured ASC pre-college and at the end of the first year,
Jackman et al. captured ASC before and after an assessment. Both studies focused on medical
students in their first year only. These were the only two studies to explore the relationship
between academic performance and ASC among medical students. While these studies are
informative, there are still gaps, particularly when looking beyond the first year of medical
school. Other research around ASC of medical students provided some insight into factors
associated with it. Litmanen et al. (2014) and Abdalla et al. (2019) found that student perceptions
of the learning environment were related to ASC. Inferences from the study by Abdalla et al.
(2019) were limited as they did not explicitly study ASC as a construct, but rather academic self-
perceptions. Yamada et al. (2014) found that peer support and psychological distress impacted
ASC.

Measurement of ASC also varied across studies. Even for studies with similar aims, such
as an exploration into the relationship between ASC and academic performance, there is limited
generalizability if the instruments are not measuring the same things. Zhou et al. (2015) used a
measure of ASC that relied on peer comparison, where Jackman et al. (2011) used a measure of

ASC that captured an appraisal of academic performance in combination with a single social
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comparison item. While Zhou et al. (2015) found evidence of a relationship between ASC and
academic performance, Jackman et al. (2011) did not. Differences in study design and sample
size may have contributed to these mixed findings, but the differences in instrumentation would
potentially limit the inferences from these studies had they both yielded statistically significant
results. There were also differences in instrumentation around the two studies focused on the
learning environment (Litmanen et al., 2014, Abdalla et al., 2019). Litmanen et al. (2014) used a
single item to measure ASC, which was based on peer comparison, and while Abdalla et al.
(2019) conceptualized ASC as reliant on peer comparison, they did not provide details on the
selection process or content of the 8 items used from a modified scale. Yamada et al. (2014) used
a measure of academic self-perception as a proxy for academic performance, which makes it
difficult to draw conclusions about their findings. While variability in instrumentation poses an
issue in the interpretation and subsequent generalizability of the findings, the findings from these
studies across a range of measures is interesting. Findings from Litmanen et al. (2014) and Zhou
et al. (2015) support the role of social or peer comparison to develop ASC, as well as qualitative
findings from Jackman et al. (2011), while the findings from Abdalla et al. (2019) show support
for development of self-perceptions derived from a combination of peer comparison and broader
appraisal of abilities.

These studies informed the present study in several ways; first, the findings from Zhou et
al. (2014) support the need for longitudinal exploration of the relationship between ASC and
academic performance. The findings from Litmanen et al. (2014) suggest that there are
differences in ASC across the preclinical and clinical phases, even if specific to perceptions of
the learning environment. This supports the focus on the preclinical phase of the curriculum in

the present study.
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There is an extensive body of literature around ASC in primary and secondary
educational settings, and studies in higher education have also contributed to the body of
knowledge around ASC. With limited studies across the health professions, particularly among
medical education, there is still a gap in the knowledge about ASC in these specific contexts.
Understanding ASC in medical education is important to better understand student experiences,

beliefs around learning, and may have implications for academic performance.
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Chapter 3 Methodology

This chapter provides an overview of the methodology for the present study. This
includes the study design, participants and sample, measures, procedures, plan for analysis,
threats to validity, and a timeline for data analysis. The following research questions informed
the study design and procedures:

RQ1: Does pre-admissions performance relate to ASC at matriculation?

RQ2: What factors influence academic performance during the preclinical phase?
RQ3: Does ASC change over time throughout the preclinical phase of medical school?
Researcher positionality

This study was influenced by my experience as a researcher. I was introduced to the
construct of ASC through my work in an evaluation and scholarship unit within a medical
school. My role included both research and evaluation responsibilities in the context of medical
education, and I became interested in this area as one of the team members responsible for data
analysis and reporting. As an evaluation team, we analyzed and reported aggregate data about
ASC for evaluation purposes for several years, and my analysis of this data sparked questions
about the broader role of ASC. Anecdotally, there were relationships between ASC and
academic performance outcomes, but these were only ever explored in the context of a given
cohort. Evaluation of the medical school curriculum and medical student performance, as well as
medical student experiences, gave me insight into this specific educational setting. As |
understood more about the learning environment and structure of the curriculum, questions about
individual differences, specifically ASC, became more central to my interest. A focus on

continuous quality improvement drove my research questions and my goal of a better
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understanding of the role of ASC for medical students and how these study findings may be used
to ultimately improve their educational experiences.
Design

This study involved the implementation of a correlational quantitative research design to
conduct longitudinal analyses of secondary data for three cohorts of preclinical medical students
at an urban medical school in the Mid-Atlantic. A correlational research design was appropriate
to understand the relationship between variables of interest; specifically, ASC and academic
performance. A longitudinal design enables better understanding of this relationship over time.
Secondary retrospective data was used for analysis in this study. All survey data was collected
with the primary purpose of evaluation.
Population

The population for this study was medical students who completed the preclinical phase
of the curriculum. Medical schools in the US range in size from under 100 total students to over
1,100 (AAMC.org, 2022), with around 800 students enrolled at the study site. Class size on
average during the study period included between 170 and 185 students per entering class (Table
1), so the overall possible sample size based on class size was approximately 600 students.
Analyses included data from the graduating classes of 2022, 2023, and 2024, resulting in an
overall study sample of 495 students (Table 1). Response rates were based on the class size at
matriculation. A total of 151 students from the graduating class of 2022 were included for
analysis, representing 84% of the matriculating class that was surveyed. A total of 171 students
from the class of 2023 were included for analysis, representing 93% of the class at matriculation.

A total of 173 students from the class of 2024 were included, representing 97% of the cohort.
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The preclinical phase of medical school at the study site spans matriculation to the end of
the second (M2) year. This is a single-institution study. All ASC data was collected through
survey administrations, which include a combination of paper surveys and electronic surveys
depending on the time of data collection.

Table 1. Description of study sample by cohort

Sample Size

n

Cohort Cohoﬁ Siz.e Study rslample Study?ample
at matriculation

Class of 2022 180 151 31%

Class of 2023 184 171 34%

Class of 2024 178 173 35%

Total 542 495 100%

Survey description

Curriculum evaluation surveys varied in length depending on the time point during which
they were administered, with surveys ranging from a total of 71 items to 169 total items and 10
to 12 instruments. For the purpose of this study, instruments only included existing measures
with validity evidence Several individual difference measures and well-being measures were
included across surveys, including those meant to measure goal orientation, self-regulated
learning behaviors, resilience, and distress. Across all time points included in the present study,
surveys included between 6-12 separate instruments. The ASC measure developed by Liu et al.
(2005) was included among the individual difference instruments. In academic year 2018-19, a
survey was introduced at the end of M1 year as part of a continuous curriculum evaluation cycle;
prior to this change, ASC was only collected at matriculation, end of M2 year, and later time

points. In response to the COVID-19 pandemic, several abbreviated versions of the survey were
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administered in Spring 2020. The survey administrations impacted by this change are noted in
Table 2.

A series of questions specific to curriculum evaluation and student satisfaction were
included on every survey, though questions were tailored to each cohort specifically, such as
questions evaluating experiences during M1 year. More details are provided for each cohort in
Table 2.

Survey Administration and Data Management

Data for the class of 2022 were collected between fall of 2018 and spring of 2020, data
for the class of 2023 were collected between fall of 2019 and spring of 2021, and data for the
class of 2024 were collected between fall of 2020 and spring of 2022. Each cohort had three
time-points of survey data, during which ASC was collected: matriculation into medical school
(Fall), the end of M1 year (Spring), and the end of M2 year (Spring). There were three time
points of performance data of interest: performance prior to medical school, school rank quartile
at the end of M1 year, and school rank quartile at the end of M2 year. Data from all three cohorts
were combined for analysis.

All surveys were managed by one or more members of the evaluation team. A member of
the evaluation unit typically attended a class or orientation session prior to survey administration
to discuss the purpose and contents of the survey. During this time, students were informed at
each survey collection that their data may be used for research purposes and that the surveys
were completely voluntary. Students were also provided with an information sheet that details
the survey, and what the data might be used for (e.g., evaluation, research).

Prior to 2019, paper surveys were administered in person during an orientation or class

session. Beginning in 2019, all surveys were administered electronically via Qualtrics (Qualtrics,
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Provo, UT). An email list of current students in each cohort was used to deliver a unique link to
the survey. Electronic surveys were timed around specific orientation or class sessions to allow
for a targeted information session, where a member of the evaluation unit explained the purpose
and potential use of survey results, including both evaluation and research. The matriculation
survey (time 1) occurred in July or August during an orientation session in the first week of
school. All other surveys (timed 2 and 3) were administered between April and June, depending
on when the academic year ended for each cohort. In response to COVID-19, beginning in 2020,
a monetary incentive was provided in the form of a random drawing for a $50 gift card due to
concerns about low response rates. Incentives were offered for all survey collections except for
matriculation. Abbreviated surveys for the end of M1 and end of M2 groups were administered
in 2020 in response to COVID-19.

Final survey response rates were calculated as the number of students who completed or
partially completed the survey out of the total number of students enrolled in that cohort at the
time of survey administration. Incomplete surveys with responses for one full instrument, out of
the total instruments comprising the survey, were recorded as partial if a response was not
recorded for all items. If respondents began a survey but did not complete a single full
instrument, their responses were not retained for analysis. Class size fluctuated over time due to
various factors, such as students with an academic or medical leave of absence, those who must
remediate, and students in the MD-PhD program who do not follow the same trajectory as their
peers after M2 year. The final sample for this study included students with ASC and outcomes
data whose original graduating year aligned with their actual graduating year. Sample sizes for

each cohort were based on the class size at matriculation.
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This study was approved exempt under IRB HM20024485. Data for the study was
deidentified, and a unique study ID was created for each student in the overall sample to allow
for linking across data sources.

Table 2. Description of surveys for classes of 2022-2024

Survey Number of Number of Method of ASC
Time point items® measures® administration ~ Version®
Matriculation )
(Time 1) 169 12 Paper 19-item
Class of End of . .
2002 M1 (Time 2) 123 9 Electronic 19-item
End of M2 d . .
(Time 3) 71 6 Electronic 9-item
Matriculation 138 10 Electronic 19-item
Class of d . .
2023 End of M1 63 6 Electronic 9-item
End of M2 123 8 Electronic 9-item
Matriculation 130 11 Electronic 9-item
Class of . )
2024 End of M1 107 9 Electronic 9-item
End of M2 102 7 Electronic 9-item

? Number of items includes both quantitative and qualitative survey items

b Measure refers only to existing instruments with validity evidence; it does not include items
created by the evaluation unit for evaluative purposes

¢ The version of ASC designed by the authors included 19 items and two subscales. One
subscale was removed from the survey after AY2018-19

4 Abbreviated surveys were administered in Spring of 2020 during the COVID-19 crisis

Variables
As part of the continuous curriculum improvement cycle, medical students at the study

site were surveyed about their experiences, learning behaviors, and attitudes, in addition to their
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perceptions of the learning environment and overall feedback about the curriculum. The ASC
survey items from these surveys form the basis for the variables that were explored in this study.
Independent variables

ASC. ASC was measured through a modified version of the Academic Self-concept Scale
(ASCS) (Liu et al., 2005). The original scale contains 19 items that use a 4-point Likert-type
scale, where 1=strongly disagree and 4=strongly agree. There are two subscales: student effort
and student confidence. When first administered to medical students at the study site, the ASC
measure included all 19 items, but the measure was subsequently modified to include only the
confidence subscale, which has nine items. For details on which survey administrations this
impacted, see Table 1. Four items were negatively worded, which were then reverse coded to
calculate a mean response across all nine items. The modified 9-item version of the Academic
Self-concept Scale was included on every phase of the evaluation survey throughout medical
school. For survey administrations with the 19-item version of the ASCS, only the 9 items for the
confidence subscale were included for analysis. One item was modified to better align with the
context of medical education. The original item, which read, “If I work hard, I think I can go to
the Polytechnic or University,” to, “If I work hard, I think I can match well for residency.”

Validity evidence for the ASCS was established by Liu et al. (2005) in the initial
development of the scale. Subsequent evidence of scale validity within the context of medical
students, which included the modified item, was demonstrated by Stringer (2018). For the
present study, Cronbach’s alpha (Cronbach, 1951) was calculated to determine scale reliability,
where a value of .70 is sufficient to demonstrate reliability (Nunnally, 1978).

ASC was first collected when students matriculated into medical school, then again after

students completed each academic phase (M1 and M2 years). ASC was measured at three
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different time points from matriculation (fall enrollment, time 1) to the end of the second (M2,
time 3) year.
Outcome variables

Student performance. Student performance was measured through several metrics.
These included:

e Undergraduate GPA (0-4.0)

e Medical College Admissions Test (MCAT) score (472-528)

e Student rank quartile at the end of M1 year

e Student rank quartile at the end of M2 year

Undergraduate GPA and MCAT scores were used as indicators of academic performance
prior to medical school and are collected during the admissions process. All medical school
applications use the American Medical College Application Service (AMCAS). Undergraduate
GPA was a total score out of 4. The average GPA of the study sample was 3.73. MCAT scores
for the study sample ranged from 502-526. The average MCAT score was 512.02.

Academic performance during the preclinical phase was measured by course grades and
academic rank quartile. Academic rank quartile at the end of M1 and rank at the end of M2 were
included for analysis. At the end of each academic phase, a weighted average of course grades
was calculated based on the number of weeks of each course. Rank was inversely scored, where
lower scores indicate better performance. Rank was not reported, which means students did not
receive a rank, and it was not included in the medical student performance evaluation for
residency; however, it represents their performance across courses and can be used as a proxy for

overall performance across each academic year. Internal grading practices vary across medical
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schools, and there is limited literature on how other schools calculate or use academic student
rank, if at all.
Demographic variables
Several demographics factors were included for both descriptive purposes and as
covariates. Student demographics include:
e Age at matriculation
e Underrepresented Minority (URM) status
e Gender
Student age at matriculation is included for descriptive purposes. Student age ranged
from 20 to 39 years old. The average age at matriculation was 24. URM status comprised
students who identify as American Indian or Alaska Native, Black or African American, Native
Hawaiian or other Pacific Islander, and/or Hispanic, Latino, or of Spanish Origin. URM status
was included in the analyses for research question two, which addresses the relationship between
ASC and academic performance. Of the total sample, 11% of students were URM and 89% were
non-URM. Student gender was a binary construct that includes male and female, which was
collected during the admissions process. Female students made up 54% of the sample, while
male students made up 46% of the sample. Student gender was included in the analyses for
research question two as a covariate.
Data preparation
The first stage of data preparation was to link students” ASC data across timepoints and
create a primary dataset for analysis. For each cohort, this included linking a total of three
distinct data points: ASC at matriculation (time 1), ASC at the end of M1 year (time 2), and ASC

at the end of M2 year (time 3). The unique study identifier was used to link cases, and a dataset
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was generated for each cohort before merging all files together and linked to performance and
demographic data. Cases were identified for exclusion during this stage. The final merged file
contained 640 total cases. Of these, 41 cases were missing performance or demographic
information. A total of 48 cases were missing ASC item-level data for all three timepoints, so
values could not be imputed. Finally, 56 cases were removed due to misaligned graduating years,
where the original graduating year did not match the current graduating year, which is an
indicator of an off-cycle student. Once an initial review of data was complete, a total of 495
cases remained where students had relevant performance data and at least one time point for
ASC.

Missing data

Once initial data cleaning was completed, the final working dataset was reviewed for
missing data at the item level. Time 1 had the highest completion rate, with 96% of survey data
completed or partially completed, and 4% missing data. Eight survey responses were missing
data for the entire ASCS. Time 2 had the lowest completion rate, with 59% of completed or
partially completed ASC items, and 41% missing data. Two cases were missing ASCS data
across all items. Time 3 had a completion rate of 76%, with two cases missing data listwise, and
24% missing data overall.

Multiple imputation (MI) is a statistical method to manage missing data where existing
values are used to predict the missing values (Wayman, 2003). MI is appropriate when data are
missing completely at random (MCAR), where the missing values are assumed to be unrelated to
other variables. Data that is MCAR may result in a loss of statistical power (Graham,

2009). While scores are computed for ASC, a missing data analysis was conducted at the item-

level. Little’s MCAR test (Little, 1988) was conducted to test this assumption. The test was non-
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significant (p>.05), indicating that multiple imputation was appropriate. Schafer and Olsen
(1998) recommended between 3 and 5 imputations for moderate levels of missing data, but more
recent recommendations suggest a larger number of imputations based on the proportion of
missing data (Graham et al., 2007). Multiple imputation was conducted on the ASC data with a
total of 40 imputations. No other variables were included for imputation. The imputation added a
total of 253 observations. To assess the sensitivity and robustness of the multiple imputation
models, analyses using imputed data included models with complete cases (i.e., only cases where
ASC data was recorded at all three time points) and estimated models using imputed data. The
results of the analyses were compared between the complete case data and multiple imputation
data to assess sensitivity and robustness.
Data Analyses
Power

One consideration for this study related to the sample was statistical power. Power refers
to the ability to detect statistically significant differences where they exist. Insufficient power
may increase the likelihood of a type II error, which occurs when a researcher fails to reject the
null hypothesis when it is false. One way that power was addressed in this study was through an
analysis of potential change in ASC over time. A repeated measures analysis was used to address
this question. Repeated measures, or within-subjects designs, reduce random error due to
differences at the individual level. This design also increases the number of observations for each
participant, which increases the power (Guo et al., 2013; Lu et al., 2013).
Descriptive analysis

A descriptive analysis of the data was conducted to understand the overall structure of the

data, as well as to test the assumptions appropriate for each analysis. Univariate analysis
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included descriptive information such as means and frequencies where appropriate. An analysis
of assumptions included tests of normality to explore the distribution of the data. Normality of
distribution was assessed for Kurtosis and Skewness. This step is important to inform descriptive
statistics and statistical analyses, such as whether data are skewed or require non-parametric
tests. Further analyses were aligned with each specific research question.

Research question 1. To address question one, bivariate correlation and linear regression
analysis were conducted to determine whether there is a relationship between pre-admissions
performance metrics and ASC at matriculation (time 1). Correlation coefficients indicate the
magnitude of a relationship between two variables. While Cohen (1988) recommended that
coefficients of =.10, 7=.30, and =.50 be interpreted as small, medium, and large effects
respectively, Gignac & Szodorai (2016) recommended the use of »=.10, 7=.20, and =.30 with an
interpretation of relatively small, typical, and relatively large respectively. These
recommendations were the result of a meta-analysis with the purpose of determining normative
guidelines for testing individual differences (Gignac & Szodorai, 2016). Cohen’s (1988)
recommendation for interpretation of correlation coefficients is common practice, but Gignac
and Szodorai’s (2016) suggestion for interpretation will also be given consideration. In addition
to a correlation analysis, ordinal regression was conducted to determine what amount of variance
in ASC at matriculation is explained by pre-admissions performance. This analysis is appropriate
for the investigation of ordinal variables, such as those with Likert-type responses.

Research question 2. To address the second research question, a Spearman correlation
was conducted to determine relationships between performance and ASC. Spearman’s
correlation is a non-parametric test that is appropriate when relationships between continuous

and rank variables are explored. Ordinal regression of multiple imputation data was used to
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analyze longitudinal data collected across three timepoints: matriculation into medical school,
the end of first year, and the end of second year. Ordinal regression is appropriate when the
outcome of interest represents an ordinal or rank value. The outcome in this analysis is
performance, which is represented by rank quartile. Lower quartiles indicate better performance.
A bivariate correlation analysis was conducted to explore relationships between each of the key
variables of interest. This analysis included ASC time points 1 and 2, rank quartile at the end of
M1 year, rank quartile at the end of M2 year, and MCAT scores. Because rank is an ordinal
variable, Spearman’s correlation was used. A series of regressions were run to explore
relationships between each time point.

In the first analysis, rank quartile at the end of M1 year was the outcome, with ASC time
1, MCAT scores, URM, and gender as predictors. In the second analysis, rank quartile at the end
of M2 year was the outcome, with ASC time 2, rank quartile at the end of M1, URM status, and
gender as predictors.

Research question 3. Repeated measures one-way analysis of variance (ANOVA) was
used to determine whether there were mean differences in ASC across times 1, 2, and 3.
ANOVA is used to analyze mean differences for three or more groups, and repeated measures
ANOVA allows for testing means within the same population over time, though the results only
indicate whether there are differences and not where those differences are. Post-hoc tests were

conducted to determine which time points differed significantly.
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Chapter 4 Results

Results from Chapter Three are presented in this chapter, which includes assumptions
tested, descriptive analyses, and findings from the primary analyses. Finally, results of a
bivariate correlation analysis, ordinal regression analysis, and repeated measures ANOVA are
presented. Analyses were conducted in IBM SPSS Statistics for Windows, version 28 (IBM
Corp., Armonk, N.Y., USA) or Stata 13 (Statacorp, 2021). These analyses address three primary
research questions:

RQ1: Does pre-admissions performance relate to ASC at matriculation?

RQ2: What factors impact academic performance during the preclinical phase?

RQ3: Does ASC change over time throughout the preclinical phase of medical school?
Statistical Assumptions and Descriptive Statistics
Assumptions

Mean values for ASC at time points 1, 2, and 3 were all normal. Distribution of overall
MCAT and GPA were also normal according to the recommendations for interpretation by West
et al. (1996), where an absolute skew value greater than 2 indicates skewness, and an absolute
value greater than 7 indicates kurtosis. MCAT scores were also normally distributed, but GPA
skewness values indicated they were skewed (See Table 3). Because this violated the assumption
of normality, and because there was little variability across values, GPA was excluded from
subsequent analyses.

A missing data analysis was conducted to review missing data at the item level. Data
were determined to be MCAR based on non-significant results of Little’s MCAR test (Little,
1988). Multiple imputation was used to impute missing ASC values with a total of 40

imputations. Research questions 1 and 3 were addressed using the original data, while imputation
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data was used to test the models in research question 2. Descriptive statistics demonstrated that

mean values for ASC were similar enough between the observed and imputed data to justify the

use of original data for a repeated measures ANOVA despite missing data.

Descriptive statistics

Table 3. Descriptive statistics for ASC and performance outcomes

Standard

N Mean .. Skewness Kurtosis
Deviation

Matriculation

(Time 1) 477 3.12 0.32 -0.21 0.54
End of
MI1(Time 2) 292 291 0.45 -0.37 0.39
End of M2

(Time 3) 375 2.89 0.43 -0.22 0.36
GPA 495 3.74 21 3.26 22
MCAT 495 512 4.07 .57 22

Descriptive statistics for demographic characteristics are presented in Table 4. Age at

matriculation ranged from 20 to 39. The mean age of the sample was 24. URM students

comprised 11% of the study sample, while non-URM students made up 89%. Female students

made up 54% of the study sample, with 46% of the sample represented by male students. These

numbers were representative of the overall student population.

Table 4. Descriptive statistics for demographics variables

N % Mean Devidtion
Age 495 24 2.24
Male 228 46%
Female 267 54%
URM 53 11%
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Non-URM 415 89%

Reliability

Cronbach’s alpha coefficients were calculated for ASC at each time point to demonstrate
reliability of the measure. For ASC at matriculation, a = .74. The alpha coefficients for ASC at
the end of M1 and end of M2 year were .84 and .83 respectively. Alphas for all three time points
demonstrated acceptable reliability. Reliability at matriculation was lower than the later time
points, which suggests a slight difference in responses across the same group of students. The
ACS instrument measures confidence in academic ability, and includes several items about
performance in courses, such as perceptions their instructors have about the student, or how they
perform on assignments. During matriculation, responses to these items may be based more on
past experiences, as students wouldn’t have practical experience of medical school. Students are
better able to respond with current experiences by the end of M1 and M2 years, which could
explain the slight increase in reliability.
Bivariate correlation and regression analysis

The relationship between ASC at matriculation (time 1) and MCAT score was
statistically significant (p<.05). The Pearson’s correlation coefficient was relatively low, »=.09,
indicating a weak relationship between the two variables, according to recommendations for
interpretation by both Cohen (1988) and Gignac & Szodorai (2016). The linear regression
analysis was also statistically significant (p<.05), although MCAT scores explained less than 1%
of the variability in ASC at matriculation (time 1). MCAT scores were not a significant predictor
of ASC during matriculation to medical school. Correlation coefficients are presented in Table 5.

While not practically significant, the direction of the relationship demonstrated a positive impact
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of MCAT scores on ASC upon entry to medical school, where higher MCAT scores are

associated with higher ASC.

Table 5. Pearson’s correlation of ASC and Preadmissions Performance
ASC Time 1 MCAT

ASC Time 1 -

MCAT 0.09* --

*. Correlation is significant at the .05 level (2-tailed).

Ordinal logistic regression

The multiple imputation data were used for the ordinal regression. An estimate model
was produced to provide pooled results in a single model. The results of the Spearman’s
correlation are presented in Table 6. The only relationships without a significant Spearman
correlation were MCAT scores and ASC. The Spearman rank correlation between rank quartile
at the end of M1 and the end of M2 was .81, p <.01. Rank quartile at the end of M1 and end of
M2 were both related to ASC across all three time points, with larger correlation coefficients in
later time points. The lower the quartile, the better a student’s rank. Higher ASC and MCAT
scores had a positive relationship with quartiles, where higher ASC and MCATSs were associated

with lower rank quartiles.

Table 6. Spearman’s correlation of ASC and Performance Metrics

Rank Rank ASC Time ASC Time ASC Time MCAT
Quartile 1 Quartile 2 1 2 3
Rank _
Quartile 1
Rank sk
Quartile 2 805 h
?SC Tlme -146** -148** .
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ASC Time

5 -293" -265™ 4127 -
ASCHme g0t Lagt ST 530 -
MCAT 263" -4 0.051 0.052 0.063 -

**_ Correlation is significant at the .01 level (2-tailed).
*. Correlation is significant at the .05 level (2-tailed).

Analysis 1

ASC at matriculation and MCAT scores were statistically significant predictors of rank at
the end of M1 year. For a one-unit increase in MCAT scores, the odds of a student being in a
higher rank quartile decreased by 12%. For a one-unit increase in ASC scores, the odds of being
in a higher rank quartile decreased by 61%. Rank was an inverse variable, where lower values
indicated more optimal performance outcomes. These models indicate the likelihood of being in
a higher rank quartile, where the first quartile is the reference category. For both MCAT scores
and ASC, there was a positive relationship with performance, where higher scores were
associated with a lower rank quartile. URM status and gender were not significant predictors in
the model. The results are presented in Table 7. Table 8 contains the results of the ordinal
regression using complete cases only. The imputed models contained a total of 468 observations,
while the complete case data included 215 observations. The overall significance of the
estimated model using imputed data was F<.001, and the significance of the Chi-square for the
complete case analysis was <.01. Differences across models suggest the use of multiple

imputation data allowed for detection of meaningful differences across variables.
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Table 7. Ordinal logistic regression of factors influencing rank quartile at the end of M1 with
imputed data

I?i(ii(s) Standard Error t p value

MCAT Scores .88 .20 -5.72 <.001
ASC Time 1 .39 11 -3.39 .001
URM 1.23 33 77 44
Male .89 15 =72 A7

Table 8. Ordinal logistic regression of factors influencing rank quartile at the end of M1 with
complete case data

Odds

Ratio Standard Error z p value
MCAT Scores .90 .03 -2.92 .004
ASC Time 1 54 .20 -1.62 .10
URM 1.62 .61 1.28 20
Male .76 .19 -1.10 27

Analysis 2

ASC at the end of M1 year and rank quartile at the end of M1 year were statistically
significant predictors of rank quartile at the end of M2 year. Prior academic performance,
represented by rank at the end of M1 year, was the strongest predictor of rank quartile at the end
of M2 year, where a one unit increase in rank quartile at the end of M1 increased the odds of
being in a higher rank quartile by 892%. This suggests that there is little mobility in rank quartile
between M1 and M2 year. For every one unit increase in ASC, there was a 48% decrease in the
odds of being in a higher rank quartile. Where rank quartile at the end of M1 year was positively
associated with rank quartile at the end of M2 year, ASC and rank quartile at the end of M2 year

were also positively related, where higher ASC corresponded with the likelihood of being in a
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lower rank quartile. URM status and gender were not significant predictors in the model. The

results are presented in Table 8. Table 9 contains the results of the ordinal regression using

complete cases only. The imputed models contained a total of 468 observations, while the

complete case data included 215 observations. Overall model significance was similar across

models, though estimates demonstrate an increased ability to detect meaningful differences in the

multiple imputation data.

Table 9. Ordinal logistic regression of factors influencing rank quartile at the end of M2 with

imputed data
I?i(ii(s) Standard Error t p value
Rank quartite a 9.92 1.40 16.22 <001
ASC Time 2 52 14 -2.36 .02
URM 1.16 34 .50 .61
Male 1.14 22 .66 Sl

Table 10. Ordinal logistic regression of factors influencing rank quartile at the end of M2 with

complete case data

I?SSCS) Standard Error z p value

R;Eiﬁg‘f?ﬁf“ 13.58 3.18 11.13 <001
ASC Time 2 66 24 -1.10 27
URM 1.15 49 33 74
Male 96 29 _13 89
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Repeated Measures ANOVA

Repeated measures ANOVA was conducted to compare ASC across all three timepoints
from matriculation to the end of M2 year. Mauchley’s test of sphericity was significant, p<.001,
indicating the assumption of sphericity was violated. Because sphericity was violated, and the
Greenhouse-Geisser € >.75, Huyn-Feldt corrected results were used. The results of the ANOVA
indicated a statistically significant difference in ASC over the three timepoints, F (1.73, 386.32)
= 58.60, p<.001, n?>=.21. A Bonferroni adjustment was used for the post-hoc test, which
demonstrated statistically significant differences between times 1 and 2 (0.21 (95% C1, .16 to
.26), p<.001), and between times 1 and 3 (0.23 (95% CI, .18 to .28), p<.001). There was not a
significant difference in ASC between timepoints 2 and 3 (0.19 (95% CI, -.02 to .06), p=31), but
ASC did decline from time 2 to time 3. The largest gap in ASC scores was between time 1 and
time 3, demonstrating an overall decline over time during the preclinical phase. These results
demonstrated a larger decline in ASC between matriculation and the end of M1 year, followed

by a smaller decline between the end of M1 and end of M2 year.
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Chapter 5 Discussion

The purpose of this chapter is to discuss the results of the study. This includes an
interpretation of results within the context of existing literature about ASC within medical
education, as well as implications for future study, practical application of results, and a review
of the limitations.

Major Findings
Prior academic performance and ASC at matriculation

All three research questions yielded statistically significant results. There was a
statistically significant relationship between academic performance prior to medical school and
ASC during matriculation to medical school, but the overall correlation between these variables
was weak, which suggests this relationship was not a practically meaningful one. While MCAT
scores may be a useful tool for medical schools to identify candidates during the admissions
process, the study results suggest it is less useful to understand student factors upon
matriculation to medical school. Literature around the predictive validity of MCAT scores has
primarily focused on student performance on licensing examinations (Dunleavy et al., 2013),
though studies have established predictive validity of MCATs for performance during the
preclinical phase (Donnon et al., 2007). These licensing examinations typically begin at the end
of the preclinical phase. Statistical significance is common with large sample sizes (Sullivan &
Feinn, 2012), and the weak correlation between MCAT scores and ASC suggested that MCAT
scores do not explain any meaningful variability in ASC at matriculation in this study. In their
study of first-year medical students, Zhou et al. (2015) found that higher pre-college national
exam scores positively influenced pre-college ASC. Those findings provide support for the role

of prior academic performance on ASC at matriculation, though these results are difficult to
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generalize or compare to MCAT scores. Where the National College Entrance Exam (NCEE) in
China happens prior to college entrance and occurs during high school, MCATs are typically
taken after a baccalaureate (undergraduate) degree is achieved. The NCEE may be more
comparable to SAT scores in the United States because of the timing and more general content of
the exam, where the MCATSs include sections that are more specific to the practice of medicine,
including foundations for biological, chemical, and physical foundations of living systems, in
addition to section on social and psychological behavior and critical thinking. These differences
in exam content and timing limit the ability to compare the findings of the present study and
those of Zhou et al. (2015).

Given a strong theoretical foundation for the relationship between academic performance
and ASC, and the specific focus on the MCATs on foundational knowledge of medical school,
MCATSs were hypothesized in this study to have a significant impact on ASC at matriculation, as
students with higher scores may be more confident in their academic ability when starting
medical school. For example, Jackman et al. (2011) used the Big Fish Little Pond Effect
(BFLPE) as a theoretical framework to explore the impact of feedback on ASC. The BFLPE
theory provides an explanation for why students may have higher ASC upon entry to medical
school, and the authors argue that social comparison underscores this theory. Within the BFLPE
framework, high-ability students are likely to perform better among average-ability peers (big
fish in a little pond) than to be a high-ability student among high-ability peers (little fish in a big
pond). This assertion is based on research from Marsh et al. (2008), which suggested students
use the accomplishment of peers as a reference point for their own abilities or accomplishments.
Jackman et al. (2010) did not find evidence to support this framework within the quantitative

phase of their study, but results from the qualitative phase of the study demonstrated the role of

64



social comparison in developing ASC. A major focus of the present study was the relationship
between ASC and academic performance during medical school, and results from Jackman et al.
(2011) emphasize factors that influence and explain this relationship; specifically, peer
comparison. Social comparison against peers provides a potential explanation for one of the
ways medical students develop ASC. Several items on the ASCS used in the present study
included peer comparison, which underscores the role of social comparison when assessing ASC.
Despite the present study’s statistically significant relationship between academic
performance prior to admissions (MCAT scores) and ASC at matriculation into medical school,
the overall strength of the relationship was weak. Acceptance and subsequent matriculation into
medical school may be the largest factor explaining ASC at matriculation irrespective of
performance as represented by undergraduate GPA or by MCAT scores. Because GPA was
dropped from the study due to skewness and low variability, it is difficult to determine its
potential role in predicting ASC at matriculation where MCATSs could not. Selection into
medical school is a rigorous process, where schools work to recruit high-performing students
likely to be successful in their academic and future medical career. Zhou et al. (2010) determined
that one in three prospective medical students repeat the MCAT each year, and schools use
varying processes to assess multiple scores. The authors found that as the number of attempts
increased, the likelihood of success on licensure exams decreased. While MCATSs are required
for most accredited medical schools in the US, higher scores may be mitigated by the number of
attempts; for example, while a prospective student may have a high MCAT score, it may be their
second or third attempt, which could impact their perceptions of their abilities. Number of
attempts on the MCAT was not included as a variable in the present study, but it could provide

insight into both ASC and subsequent performance in medical school. This is one possible
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explanation for why the admissions process, which has become increasingly holistic over time
(Conrad et al., 2016), and subsequent acceptance into medical school may bolster confidence
more than a single performance metric.

Factors influencing academic performance

ASC was a statistically significant factor in predicting subsequent academic performance,
as measured by rank quartile at the end of each academic year within the preclinical phase. In
both analyses where rank quartile was the outcome, prior academic performance was the most
significant predictor. In the first model, MCAT scores were used as an indicator of academic
performance prior to medical school to predict rank quartile at the end of M1 year. In model two,
rank 1 quartile was the strongest predictor of quartile in rank 2. ASC was also a significant
predictor of the likelihood of being in a lower rank quartile, which is a more optimal outcome. In
both models, ASC was positively associated with rank quartile. These models provide evidence
of a positive relationship between ASC and academic performance. This relationship was
demonstrated during M1 and M2 year.

Based on evidence of the relationship between ASC and academic performance in the
literature in K-12 (Moller et al., 2011; Seaton et al., 2014; Arens et al., 2017) and adult
populations (Lent et al., 1997; Choi et al., 2005; Kornilova et al., 2009; Khalaila, 2015), it was
expected that prior academic performance and ASC would inform subsequent performance. The
results of the ordinal regression support prior findings around ASC and performance (Zhou et al.,
2015). Zhou et al. (2015) found that prior performance and ASC informed subsequent ASC,
which had an indirect impact on subsequent performance. However, the findings from Zhou et
al. were specific to the first year of medical school, while the present study sought to explore the

relationship beyond the first year to represent the entire preclinical phase of the curriculum.
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Jackman et al. (2011) studied the impact of feedback on ASC among first-year medical students,
but they did not find evidence of support for this relationship. The present study provided
support for the relationship between academic performance and ASC in both the first and second
year of medical school, which represents the preclinical phase at the study site. These findings
add to our understanding of ASC among medical students and show that the relationship is not
isolated to the first year of medical school. According to Marsh and Craven, a positive ASC is
critical to maximize performance (2006). This assertion underscores the importance of a positive
ASC for students as they progress through medical school. The analyses in the present study
demonstrated support for a relationship between academic performance and ASC, though the
models explored the impact of ASC on performance and did not explore the impact of
performance on ASC. The models specifically explored prior performance and ASC as
predictors of subsequent performance, though a Spearman’s correlation analysis of MCAT
scores, rank quartile, and ASC showed statistically significant relationships between ASC and
performance both within and across timepoints. ASC at the end of M1 year (time 2) was
correlated with academic performance at the end of M1 year, and ASC at the end of M2 year
(time 3) was correlated with performance at the same time point. One interesting finding was the
relationship between rank quartile at the end of M1 year and ASC at the end of M2 year, which
suggested performance at the end of M1 year may impact subsequent ASC. One focus of the
research was to explore factors that predicted academic performance, as measured by the
likelihood of membership in a specific rank quartile. Correlations indicated an ongoing interplay
between ASC and performance, which is aligned with a reciprocal effects model. The reciprocal
effects model is the dominant model applied in most studies within the broader K-12 literature

that focus on the relationship between ASC and academic performance (Marsh et al., 2005),
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where prior ASC informs subsequent performance, which informs subsequent ASC, and so on.
Zhou et al. (2015) found evidence to suggest the model may apply to a medical education setting.
Understanding the impact of ASC on academic performance, and of performance on ASC, would
position educators to better assess learner behaviors and perceptions as they progress through the
curriculum. Central to this model is the ongoing nature of the relationship between ASC and
academic performance, rather than viewing the relationship as one-way, where ASC only
informs academic performance, or where academic performance only impacts ASC.

Students’ demographic characteristics were not significant in either model. These
findings were somewhat unexpected, as prior literature has established differences in evaluations
of students based on race and gender (Ross et al., 2017), as well as performance on standardized
board examinations (Rubright et al., 2019). Race was operationalized in this study as URM or
non-URM, which is more common in medical education, as opposed to broader aggregate racial
categories that are more common in the broader K-12 and higher education literature. URM
represented underrepresented minorities; specifically, racial and ethnic groups who have been
historically marginalized or lacked access to medical school. Using this construct made it
difficult to align with general studies of ASC within primary and secondary education contexts
that explore aggregate racial categories. Beyond the operationalization of race, the proportion of
URM students is much lower compared with non-URM students both in the study site and
nationally. In 2019, only 7% of students matriculating in medical school were Black or African
American, 6% were Hispanic, Latino, or of Spanish origin, less than 1% were Native Hawaiian
or other Pacific Islander, and less than 1% were American Indian or Alaska Native (AAMC,
2019). These racial and ethnic categories comprise URM in the present study. Such uneven

group sizes make detecting statistically meaningful differences difficult. Studies specific to ASC
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within medical education have not explored URM; further, because the literature within medical
education is so varied in geographic and cultural context, it would be difficult to generalize
findings to the present study.

There was an even distribution of students based on gender, with just over half of the
study sample represented by female students. Gender was not a significant factor when looking
at academic performance as an outcome in the present study, though other studies have explored
gender differences in the performance of men and women within medical education (Ross et al.,
2017; Rubright et al., 2019). Zhou et al. (2015) found that gender did not significantly impact
pre-college ASC, so it was dropped from subsequent analyses in their study. Based on the results
of the present study, it is difficult to determine what role, if any, gender plays in the relationship
between ASC and academic performance in adult learner populations within the context of
medical education.

While the study findings provide some evidence of a reciprocal relationship between
ASC and academic performance, the study sample size limited the ability to conduct more
complex analyses that would model a more detailed, reflexive relationship between ASC and
academic performance. Multiple models were needed to explore primarily one-way relationships
between ASC and academic performance.

ASC over time

The analysis of ASC over time across three cohorts indicated there was a significant
change in ASC between matriculation and subsequent time points during medical school. ASC
was highest at matriculation and declined by the end of M1 year. There weren’t meaningful
changes between ASC at the end of M1 year and the end of M2 year. These results provide

useful insight, as there is limited literature on the longitudinal trends in ASC within medical
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education, particularly beyond the first year of medical school. A major change in ASC between
the end of M1 and the end of M2 year would not be expected, as there were no major changes in
the curriculum. Anecdotally, there are courses in both years that students may find more or less
challenging. Where M1 year focuses on foundations of medicine, M2 year focuses on applied
medical science. The domains are different, but the difficulty level varies across what is being
taught. Many preclinical courses are didactic in nature. From a practical perspective, it makes
sense that medical students would feel more confident in their abilities during matriculation into
medical school. While students are aware of the curriculum and expectations for learning, it may
be more abstract in nature compared with the reality of medical school, but this is just one
possible explanation for the higher ASC prior to beginning courses. Matriculating students may
not feel they can reliably compare themselves to their current peers, though social comparison
may become more salient as students progress through the curriculum.

Abdalla et al. (2019) found that first-year students reported higher ASC than second-year
students in their study of Malaysian medical students. This study was cross-sectional but
demonstrated similar trends to the findings of the present study. In their study of Finnish medical
students, Litmanen et al. (2014) found that there were differences in ASC between preclinical
and clinical students; however, these results were only found for one type of curriculum, and
there was not more specific evidence of change within or during the preclinical curriculum.

Studies have also provided some insight into ASC within the first year of medical school
(Jackman et al., 2010; Zhou et al., 2015). Both studies explored changes in ASC in relation to
other factors; specifically, academic performance. Zhou et al. (2015) found that pre-college ASC
and academic performance directly and indirectly impact subsequent performance and ASC.

These findings support a reciprocal effects model and provide evidence of the role of prior
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academic performance for ASC during matriculation. Jackman et al. (2010) did not find evidence
to support the impact of feedback on ASC, but the qualitative phase of their study provided
valuable insight into the role of peer comparison on developing ASC. These findings illustrate
the importance of other factors beyond academic performance that may inform ASC, which are
further explored in practical applications and implications for future research.
Practical application

There are practical applications for medical schools and educators based on the findings
of the present study. Addressing any potential issues in the preclinical phase is essential for
students’ continued success in medical school. Medical school represents the first step on the
path to becoming a practicing physician. In the clinical phase, students may pursue electives, and
the structure of residency training varies by residency; however, in the preclinical phase, at least
within the context of individual schools, students will overwhelmingly experience the same
structured curriculum in the same amount of time. This makes the preclinical phase ideal for
understanding experiences and identifying opportunities for improvement with the goal of
helping students to advance in a positive way. The national attrition rates for medical students
are relatively low, but medical students are at higher risk for burnout compared with general
college populations, and they are likely to incur large amounts of debt. Add to that the
competitive nature of residency programs, and students have the pressure to perform well
academically to assure they are attractive candidates. If a positive ASC is necessary to maximize
performance (Marsh & Craven, 2006), then ASC should be a construct of interest to educators to
better position students for success in medical school.

The decline in ASC during the preclinical phase is an important finding. It suggests there

is a change in how students perceive their academic abilities between the start of medical school
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and the end of their first year. The present study did not investigate how students form their self-
concept in an academic context, but prior research has demonstrated the role of social
comparison (Jackman et al., 2011) in particular among medical students. The study by Jackman
et al. (2011) was the only study of ASC among medical students to use qualitative methods to
explore the construct. Qualitative research in this space could provide insight into the processes
and factors that inform ASC among medical students. The competitive nature of medical school
is centered around whether a student is well-positioned for placement into a residency program
compared with students both within and outside of their own institution. Preparing students for
residency is a feature of medical schools, and beyond the curricular aspects of this preparation
there are advisors, coaches, and other support mechanisms for students. These mechanisms
provide students with a frame of reference for their performance. Academic coaching is a way
for students to identify gaps in performance, set goals, and have a system of accountability
(Deiorio et al., 2016). For a coaching relationship to be successful, coaches must have dedicated
time for students and should not be in a supervisory role where they directly assess or evaluate
the student’s performance, and coaches need to have an understanding of medical education
(Wolff et al., 2020). Because coaching employs an individualized, student-centered approach, it
may give students a way to contextualize their performance with the guidance of a coach, which
may help to inform their ASC beyond social or other comparison processes.
Implications for future study

There are several implications for future study based on the findings. These include
opportunities to understand other factors that may relate to ASC, such as studies more specific to
student characteristics or individual differences. Future studies may also expand beyond the

preclinical phase into the clinical, or clerkship, phase of undergraduate medical education.
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The purpose of this study was to understand ASC during the preclinical phase of medical
school. Academic performance was a major factor in this study, as this relationship is
underexplored within the medical education literature. There are other factors that may provide
additional insight into the experiences of medical students, including aspects of the learning
environment (Komarraju et al., 2010; Kim & Sax, 2014; Litmanen et al., 2014; Plecha, 2002),
motivation (Kim & Sax, 2014; Komarraju et al., 2010; Plecha, 2002), and wellbeing (Maynor &
Carbonara, 2012; Litmanen et al., 2014; Kaur et al., 2020). Litmanen at el. (2014) found that
exhaustion and lack of interest partially mediated the relationship between ASC and the learning
environment. In their study, the learning environment was operationalized as the type of
curriculum, but the medical school learning environment may also be viewed as an ecosystem
(Marshall, 1978) which includes learning experiences and interactions with students or faculty.
The work of Litmanen et al. (2014) highlights the connection between wellbeing, the learning
environment, and ASC among medical students. Like ASC in the present study, a decline in
well-being during the first year of medical school has been documented across multiple studies
(Michalec & Keyes, 2012). The preclinical phase of medical education occurs early in the
medical students’ academic and professional career. Understanding the various factors that may
directly or indirectly impact students is important because these factors do not exist within a
vacuum. There is evidence of the existing relationships between the learning environment and
academic performance (Wayne et al., 2013) between the learning environment and wellbeing
(Dyrbye et al., 2009), and between wellbeing and ASC (Maynor & Carbonara, 2012; Kaur et al.,
2022). Taken separately, there is evidence within the literature of relationships between these
various factors, and there is an opportunity to explore these factors more specifically within the

context of ASC, as well as academic performance, for a more comprehensive understanding of
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the student experience and subsequent interventions or curricular changes to optimize those
experiences.

Not only did ASC change over time, but there was also evidence of a positive
relationship between ASC and subsequent academic performance. Future studies with larger
sample sizes would provide the opportunity to explore the reciprocal effect model of the
relationship. This model has been demonstrated outside of medical education (Moller et al.,
2011; Seaton et al., 2014; Arens et al., 2017). Research that explores the relationship between
performance and ASC as continuous and reciprocal, rather than a series of one-way analyses to
determine impact of one factor on the other, would provide a deeper understanding of just how
these factors work together. It would also help to identify timepoints that may be more critical
for students where their ASC is concerned. Prior academic performance was the strongest
predictor of subsequent academic performance in the ordinal regression models. Multi-site
studies would also increase the generalizability of results to other medical schools within the US.

The relationship between ASC and academic performance provides an opportunity for
educators and curriculum planners to better understand student experiences in the preclinical
phase. The present study expanded on previous studies (Jackman et al., 2011; Zhou et al., 2015)
that focused on ASC and academic performance among first-year medical students. While
studies specific to ASC have included clinical-phase medical students (Litmanen et al., 2014;
Yamada et al., 2014), there are opportunities to explore ASC longitudinally as students progress
through the medical school curriculum. The clinical phase of UME may include didactic
learning, but there are marked changes between the preclinical and clinical phases. The transition
from the preclinical to the clinical phase can be stressful for medical students (Godefrooji &

Diemers, 2010) as they go from theory to application to knowledge. Studying ASC across this
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transition would provide additional insight into students’ beliefs about their academic abilities
and identify opportunities to improve student outcomes. It is unknown whether ASC in the
preclinical phase would be related to academic performance in the clinical phase, as performance
is measured differently in the clinical phase compared with the preclinical phase. Future studies
may also incorporate constructs related to ASC, such as academic self-efficacy, or even imposter
syndrome. The integration of skills-based performance in the clinical phase in particular provides
a strong opportunity to study self-efficacy. Artino Jr. at al. (2010) found medical students who
were further along in the curriculum reported higher academic self-efficacy in patient care and
evidence-based medicine compared with students in the earlier years of UME. While ASC and
academic self-efficacy as constructs both rely on self-appraisal, self-efficacy is broadly
considered to be more task-specific (Bong & Skaalvik, 2003), which may make it a particularly
salient construct to understand in the clinical phase. Studying these related, but distinct
constructs in combination with ASC would serve not only to better understand their respective
roles in medical students’ academic success, but also how each functions within the context of
medical education. While Zhou et al. (2015) mentioned self-efficacy in their study of first-year
medical students, there is a gap in the literature around the relationship between these two
constructs and academic performance. The present study focused on specific factors within a set
timeframe of medical education that ultimately represents a fraction of the overall medical
training students will receive as they advance through their careers.

As discussed in practical applications, qualitative methodologies may provide additional
insight into the experiences of medical students around ASC. Such methods could be particularly
helpful to center the experiences of students who are underrepresented in medical school.

Operationalization of demographic characteristics not only impacts the statistical inferences of
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quantitative studies, but it can also unintentionally marginalize or exclude individuals or groups,
such as the use of a binary gender construct. While there are ways to operationalize demographic
factors to be more inclusive using quantitative methods, qualitative approaches in particular
could serve to center student experiences and further the goal of improving both experiences and
outcomes while in medical school.
Limitations

There were several limitations associated with this study that impacted the
generalizability of the results. These include limitations associated with the sample and with
measurement.
Sample

Single-site study. While multiple cohorts and a longitudinal analysis increased both the
overall sample size and opportunity to generalize results beyond a single cohort, there are
limitations to a single-institution or single-site study. Because the study was conducted at one
medical school, the results may not be generalizable to other schools within the US or medical
schools outside of the US. There is variability in grading across medical schools, as well as
variability in the demographic makeup of schools. While most medical schools implement a
pass/fail approach to grading in the preclinical phase (AAMC, n.d.), tiered grading is more
common during required clerkships. The overall impact of this aspect of the learning
environment is unclear, and the ability to generalize across learning environments may be
limited, depending on how similar or dissimilar the curriculum across medical schools.

Student populations and sample size. Sample size limited the ability to conduct a
reciprocal effects model to explore the relationship between ASC and performance. The analyses

used in the present study were appropriate for the research questions; however, larger sample
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sizes would have enabled more complex models to understand the longitudinal and reciprocal
relationship between ASC and academic performance.

The sample was split between men and women, but the uneven distribution of URM
students compared with non-URM students also limits the interpretability of findings for schools
with more racially diverse populations and those that include larger URM populations.

Missing Data. Missing data in the present study presented a limitation. The end of M1
survey (time 2) had the highest percent of non-response data, and the end of M2 survey (time 3)
had the second highest percent of non-response data. An assumption of data missing completely
at random (MCAR) is that the missingness of data is not related to observable variables within
the data (Little et al., 2012). Multiple imputation is an appropriate statistical method to handle
data determined to be MCAR, but the overall missingness of the data remains a limitation of the
study, as well as inferences made based on the analyses.

Measurement

ASC. The findings may be difficult to generalize to existing studies within medical
education first because the literature is limited and second because of lack of consistency in the
measurement of ASC in particular. No two studies within the literature use the same measure for
the construct, though definitions are broadly aligned across the literature. The present study used
the Academic Self-Concept scale (Liu et al., 2005) to measure ASC. A modified version of the
ASCS was used in a study of Malaysian medical students (Abdalla et al., 2019), but the authors
did not provide information about how the scale was modified or which items from the scale
were used. The present study focused specifically on students in the preclinical phase, so more
work should be done to understand the function of ASC within clinical phase students. Medical

students must learn and subsequently apply their understanding of basic science and medical
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knowledge in both clinical and didactic settings. While ASC is widely accepted as both
hierarchical and multidimensional (Shavelson et al., 1976), the instrument developed by Liu et
al. (2005) was described by the authors as multidimensional, but not hierarchical. The items used
in this study represented a confidence subscale from the original scale developed by Liu et al.
(2005) and included an item modified to fit the context of medical education, which has
demonstrated validity evidence (Stringer, 2018). This modified version of the scale to only
include one dimension, while useful for interpretation around the confidence of students in their
academic abilities, may remove other important dimensions of ASC that would inform the
understanding of ASC among medical students.

Another factor that relates to measurement and interpretation of ASC within the context
of this study is the timing of the administration. ASC at time point 1 represents matriculation,
while ASC at the second time point represents the end of the first year. Students take their board
examinations at the end of their second year, and surveys were typically administered during a
time period when most students had already received their scores. Student ASC at this third time
point may have been impacted by performance on Step 1. Students who performed well may
have had more cause to feel confident in their academic abilities, while students who did not
perform to their expectations may have been negatively impacted by this. It is unclear how the
shift from a graded Step 1 exam to a pass/fail grading structure will impact students overall, but
particularly with regards to perceptions about their academic abilities.

Student demographics. Measurement and operationalization of demographic factors,
specifically gender and race, also present limitations. The variable representing gender in this
study was operationalized as a binary construct. While this is common, and the application of a

binary gender construct increases the generalizability of results from broader literature, only
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including male and female as possible categories, may not provide an accurate representation of
a person’s identity, and therefore inferences are limited. URM as a construct presents a similar
limitation. URM does not represent an identity, but an aggregate construct representing groups of
people with historical, systemic, and structural barriers to access of medical education. As a
category, URM may provide valuable insight into student experiences, but it may not accurately
capture the nuanced experiences of students based on racial or ethnic identity.
Conclusion

The purpose of this study was to understand the relationship between ASC and academic
performance during the preclinical phase of medical school. The results of this study
demonstrated a positive relationship between ASC and subsequent academic performance, as
well as a decline in ASC during the preclinical phase. As medical students progress through their
training, it is important to understand their early experiences. This understanding will hopefully
inform and enable opportunities to improve student experiences and position students for success

as they progress through their medical training on the path to becoming practicing physicians.

79



References

Association of American Medical Colleges. (n.d.). Grading Systems Used in Medical School
Programs. AAMC. Retrieved April 26, 2022, from https://www.aamc.org/data-
reports/curriculum-reports/interactive-data/grading-systems-used-medical-school-

programs

Association of American Medical Colleges, 2020. Retrieved April 26, 2022, from
https://www.aamc.org/system/files/reports/1/graduationratesandattritionratesofu.s.medica

Istudents.pdf

Association of American Medical Colleges, 2022. Retrieved November 23, 2022, from

https://www.aamc.org/media/6101/download.

Association of American Medical Colleges. (2019). Diversity in medicine: facts and figures

2019.

Abdalla, M. M. 1., Abdelal, M. S., & Soon, S. C. (2019). Attitude towards problem-based
learning and its relationship with locus of control and academic self-concept among
medical students. Korean Journal of Medical Education, 31(1), 11-18.

https://doi.org/10.3946/kjme.2019.114

AHMADY, S., KHAJEALI N., SHARIFL, F., & MIRMOGHTADAEI, Z. S. (2019). Factors
related to academic failure in preclinical medical education: A systematic review. Journal
of Advances in Medical Education & Professionalism, 7(2), 74-85.

https://doi.org/10.30476/JAMP.2019.44711

80



Albanese, M. A., Snow, M. H., Skochelak, S. E., Huggett, K. N., & Farrell, P. M. (2003).

Assessing Personal Qualities in Medical School Admissions. Academic Medicine, 78(3),

313-321.

Albert, M. A., & Dahling, J. J. (2016). Learning goal orientation and locus of control interact to
predict academic self-concept and academic performance in college students. Personality

and Individual Differences, 97, 245-248. https://doi.org/10.1016/j.paid.2016.03.074

Arens, A. K., Jansen, M., Preckel, F., Schmidt, 1., & Brunner, M. (2021). The Structure of

Academic Self-Concept: A Methodological Review and Empirical Illustration of Central

Models. Review of Educational Research, 91(1), 34-72.

https://doi.org/10.3102/0034654320972186

Arens, A. K., Marsh, H. W, Pekrun, R., Lichtenfeld, S., Murayama, K., & vom Hofe, R. (2017).
Math self-concept, grades, and achievement test scores: Long-term reciprocal effects

across five waves and three achievement tracks. Journal of Educational Psychology,

109(5), 621-634. https://doi.org/10.1037/edu0000163

Baker, K. D., Sabo, R. T., Rawls, M., Feldman, M., & Santen, S. A. (2020). Versatility in
multiple mini-interview implementation: Rater background does not significantly
influence assessment scoring. Medical Teacher, 42(4), 411-415.

https://doi.0org/10.1080/0142159X.2019.1687867

Baker, R. W., & Siryk, B. (1984). Measuring adjustment to college. Journal of Counseling

Psychology, 31(2), 179-189. https://doi.org/10.1037/0022-0167.31.2.179

Bandura, A. (1997). Self-efficacy: The exercise of control (pp. ix, 604). W H Freeman/Times

81



Books/ Henry Holt & Co.

Beck, A. H. (n.d.). Medical Education The Flexner Report and the Standardization of American

Topic collections Reprints/E-prints Email Alerts.

Bloodgood, R. A., Short, J. G., Jackson, J. M., & Martindale, J. R. (2009). A change to pass/fail
grading in the first two years at one medical school results in improved psychological
well-being. Academic Medicine: Journal of the Association of American Medical

Colleges, 84(5), 655—662. https://doi.org/10.1097/ACM.0b013e31819f6d78

Bong, M., & Skaalvik, E. M. (2003). Academic Self-Concept and Self-Efficacy: How Different
Are They Really? Educational Psychology Review, 15(1), 1-40.

https://doi.org/10.1023/A:1021302408382

Brunner, M., Keller, U., Dierendonck, C., Reichert, M., Ugen, S., Fischbach, A., & Martin, R.
(2010). The structure of academic self-concepts revisited: The nested Marsh/Shavelson
model. Journal of Educational Psychology, 102(4), 964-981.

https://doi.org/10.1037/a0019644

Byrne, B. M. (1984). The General/Academic Self-Concept Nomological Network: A Review of
Construct Validation Research. Review of Educational Research, 54(3), 427-456.

https://doi.0org/10.3102/00346543054003427

Calsyn, R. J., & Kenny, D. A. (1977). Self-concept of ability and perceived evaluation of others:
Cause or effect of academic achievement? Journal of Educational Psychology, 69(2),

136-145. https://doi.org/10.1037/0022-0663.69.2.136

82



Choi, N. (2005). Self-efficacy and self-concept as predictors of college students’ academic
performance. Psychology in the Schools, 42(2), 197-205.

https://doi.org/10.1002/pits.20048

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences (2nd ed.). Routledge.

https://doi.org/10.4324/9780203771587

Conrad, S. S., Addams, A. N., & Young, G. H. (2016). Holistic review in medical school
admissions and selection: a strategic, mission-driven response to shifting societal needs.

Academic Medicine, 91(11), 1472-1474.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests. psychometrika,

16(3), 297-334.

Cokley, K., Awad, G., Smith, L., Jackson, S., Awosogba, O., Hurst, A., Stone, S., Blondeau, L.,
& Roberts, D. (2015). The Roles of Gender Stigma Consciousness, Impostor
Phenomenon and Academic Self-Concept in the Academic Outcomes of Women and

Men. Sex Roles, 73(9), 414-426. https://doi.org/10.1007/s11199-015-0516-7

Cuddy, M. M., Swanson, D. B., & Clauser, B. E. (2008). A multilevel analysis of examinee
gender and USMLE step 1 performance. Academic Medicine: Journal of the Association
of American Medical Colleges, 83(10 Suppl), S58-62.

https://doi.org/10.1097/ACM.0b013e318183cd65

Curtin, N., Stewart, A. J., & Ostrove, J. M. (2013). Fostering Academic Self-Concept: Advisor
Support and Sense of Belonging Among International and Domestic Graduate Students.

American Educational Research Journal, 50(1), 108—137.

83



https://doi.org/10.3102/0002831212446662

Curriculum reports. AAMC, https://www.aamc.org/data-reports/curriculum-reports/interactive-

data/grading-systems-used-medical-school-programs

Deiorio, N. M., Carney, P. A., Kahl, L. E., Bonura, E. M., & Juve, A. M. (2016). Coaching: a
new model for academic and career achievement. Medical education online, 21(1),

33480.

Dufty, T. P. (2011). The Flexner Report — 100 Years Later. The Yale Journal of Biology and

Medicine, 84(3), 269-276.

Dunleavy, D. M., Kroopnick, M. H., Dowd, K. W., Searcy, C. A., & Zhao, X. (2013). The
predictive validity of the MCAT exam in relation to academic performance through
medical school: A national cohort study of 2001-2004 matriculants. Academic Medicine,

88(5), 666—671. https://doi.org/10.1097/ACM.0b013e3182864299

Dyrbye, L. N. M., Schwartz, A., Downing, S. M., Szydlo, D. W., Sloan, J. A., & Shanafelt, T. D.
(2011). Efficacy of a Brief Screening Tool to Identify Medical Students in Distress.
[Miscellaneous Article]. Academic Medicine, 86(7), 907-914.

https://doi.org/10.1097/ACM.0b013e31821da615

Ferla, J., Valcke, M., & Cai, Y. (2009). Academic self-efficacy and academic self-concept:
Reconsidering structural relationships. Learning and Individual Differences, 19(4), 499—

505. https://doi.org/10.1016/;.1indif.2009.05.004

Gaur, U., Majumder, M. A. A., Sa, B., Sarkar, S., Williams, A., & Singh, K. (2020). Challenges

84



and Opportunities of Preclinical Medical Education: COVID-19 Crisis and Beyond. SN
Comprehensive Clinical Medicine, 2(11), 1992—-1997. https://doi.org/10.1007/s42399-

020-00528-1

Gerber, J. P., Wheeler, L., & Suls, J. (2018). A social comparison theory meta-analysis 60+ years

on. Psychological Bulletin, 144(2), 177-197. https://doi.org/10.1037/bul0000127

Gignac, G. E., & Szodorai, E. T. (2016). Effect size guidelines for individual differences
researchers. Personality and Individual Differences, 102, 74-78.

https://doi.org/10.1016/j.paid.2016.06.069

Giordano, C., Hutchinson, D., & Peppler, R. (2016). A Predictive Model for USMLE Step 1

Scores. Cureus, 8(9), €769. https://doi.org/10.7759/cureus.769

Gonnella, J. S., Erdmann, J. B., & Hojat, M. (2004). An empirical study of the predictive validity
of number grades in medical school using 3 decades of longitudinal data: Implications for
a grading system. Medical Education, 38(4), 425—434. https://doi.org/10.1111/1.1365-

2923.2004.01774.x

Graham, J. W. (2009). Missing Data Analysis: Making It Work in the Real World. Annual
Review of Psychology, 60(1), 549-576.

https://doi.org/10.1146/annurev.psych.58.110405.085530

Hernandez, C. A., Daroowalla, F., LaRochelle, J. S., Ismail, N., Tartaglia, K. M., Fagan, M. J.,
Kisielewski, M., & Walsh, K. (2021). Determining Grades in the Internal Medicine
Clerkship: Results of a National Survey of Clerkship Directors. Academic Medicine:

Journal of the Association of American Medical Colleges, 96(2), 249-255.

85



https://doi.org/10.1097/ACM.0000000000003815

Holmboe, E. S., Sherbino, J., Englander, R., Snell, L., & Frank, J. R. (2017). A call to action:
The controversy of and rationale for competency-based medical education. Medical

Teacher, 39(6), 574-581. https://doi.org/10.1080/0142159X.2017.1315067

IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM

Corp

Isiksal, M. (2010). A Comparative Study on Undergraduate Students’ Academic Motivation and
Academic Self-Concept. The Spanish Journal of Psychology, 13(2), 572—-585.

https://doi.0org/10.1017/S1138741600002250

Jackman, K., Wilson, I. G., Seaton, M., & Craven, R. G. (2011). Big Fish in a Big Pond: A study
of academic self concept in first year medical students. BMC Medical Education, 11(1),

48. https://doi.org/10.1186/1472-6920-11-48

Kaur, M., Long, J. W., Luk, F. S., Mar, J., Nguyen, D. L., Ouabo, T., Singh, J., Wu, B.,
Rajagopalan, V., Schulte, M., & Doroudgar, S. (2020). Relationship of Burnout and
Engagement to Pharmacy Students’ Perception of Their Academic Ability. American

Journal of Pharmaceutical Education, 84(2). https://doi.org/10.5688/ajpe7571

Khalaila, R. (2015). The relationship between academic self-concept, intrinsic motivation, test
anxiety, and academic achievement among nursing students: Mediating and moderating
effects. Nurse Education Today, 35(3), 432—438.

https://doi.org/10.1016/j.nedt.2014.11.001

86



Kim, Y. K., & Sax, L. J. (2014). The Effects of Student—Faculty Interaction on Academic Self-
Concept: Does Academic Major Matter? Research in Higher Education, 55(8), 780—809.

https://doi.org/10.1007/s11162-014-9335-x

Komarraju, M., Musulkin, S., & Bhattacharya, G. (2010). Role of Student—Faculty Interactions
in Developing College Students’ Academic Self-Concept, Motivation, and Achievement.
Journal of College Student Development, 51(3), 332-342.

https://doi.org/10.1353/csd.0.0137

Kornilova, T. V., Kornilov, S. A., & Chumakova, M. A. (2009). Subjective evaluations of
intelligence and academic self-concept predict academic achievement: Evidence from a
selective student population. Learning and Individual Differences, 19(4), 596—608.

https://doi.org/10.1016/;.1indif.2009.08.001

LaDonna, K. A., Ginsburg, S., & Watling, C. (2018). “Rising to the Level of Your
Incompetence”: What Physicians’ Self-Assessment of Their Performance Reveals About
the Imposter Syndrome in Medicine. Academic Medicine, 93(5), 763—768.

https://doi.org/10.1097/ACM.0000000000002046

Lam, T., Wan, X., & Ip, M. S. (2006). Current perspectives on medical education in China.

Medical Education, 40(10), 940-949. https://doi.org/10.1111/j.1365-2929.2006.02552.x

Lent, R. W, Brown, S. D., & Gore Jr., P. A. (1997). Discriminant and predictive validity of
academic self-concept, academic self-efficacy, and mathematics-specific self-efficacy.
Journal of Counseling Psychology, 44(3), 307-315. https://doi.org/10.1037/0022-

0167.44.3.307

87



Litmanen, T., Loyens, S., Sjoblom, K., & Lonka, K. (2014). Medical Students’ Perceptions of
Their Learning Environment, Well-Being and Academic Self-Concept. Creative

Education, 05, 1856—1868. https://doi.org/10.4236/ce.2014.521207

Little, R. J., D'Agostino, R., Cohen, M. L., Dickersin, K., Emerson, S. S., Farrar, J. T., & Stern,
H. (2012). The prevention and treatment of missing data in clinical trials. New England

Journal of Medicine, 367(14), 1355-1360.

Liu, W. C., Wang, C. K. J., & Parkins, E. J. (2005). A longitudinal study of students’ academic
self-concept in a streamed setting: The Singapore context. British Journal of Educational

Psychology, 75(4), 567-586. https://doi.org/10.1348/000709905X42239

Marsh, H. W. (1986). The Hierarchical Structure of Academic Self-Concept: The

Marsh/Shavelson Model. https://eric.ed.gov/?1d=ED278690

Marsh, H. (1990). Self Description Questionnaire-I - PsycNET.

https://psycnet.apa.org/doiLanding?doi=10.1037%2Ft01843-000

Marsh, H. W. (1990). The structure of academic self-concept: The Marsh/Shavelson model.
Journal of Educational Psychology, 82(4), 623-636. https://doi.org/10.1037/0022-

0663.82.4.623

Marsh, H. W. (1992). Content specificity of relations between academic achievement and
academic self-concept. Journal of Educational Psychology, 84(1), 35-42.

https://doi.org/10.1037/0022-0663.84.1.35

Marsh, H. W. (1992). Self-description questionnaire I1I: Manual. New South Wales, Australia:

88



University of Western Sydney, Macarthur, Faculty of Education, Publication Unit.

Marsh, H. W., Byrne, B. M., & Shavelson, R. J. (1988). A multifaceted academic self-concept:
Its hierarchical structure and its relation to academic achievement. Journal of Educational

Psychology, 80(3), 366-380. https://doi.org/10.1037/0022-0663.80.3.366

Marsh, H. W., & Craven, R. G. (2006). Reciprocal Effects of Self-Concept and Performance
From a Multidimensional Perspective: Beyond Seductive Pleasure and Unidimensional
Perspectives. Perspectives on Psychological Science, 1(2), 133—-163.

https://doi.org/10.1111/5.1745-6916.2006.00010.x

Marsh, H. W., & Hau, K.-T. (2004). Explaining Paradoxical Relations Between Academic Self-
Concepts and Achievements: Cross-Cultural Generalizability of the Internal/External
Frame of Reference Predictions Across 26 Countries. Journal of Educational Psychology,

96(1), 56—67. https://doi.org/10.1037/0022-0663.96.1.56

Marsh, H. W., Trautwein, U., Liidtke, O., Koller, O., & Baumert, J. (2005). Academic Self-
Concept, Interest, Grades, and Standardized Test Scores: Reciprocal Effects Models of
Causal Ordering. Child Development, 76(2), 397—416. https://doi.org/10.1111/1.1467-

8624.2005.00853.x

Marsh, H. W., Trautwein, U., Liidtke, O., Koller, O., & Baumert, J. (2006). Integration of
Multidimensional Self-Concept and Core Personality Constructs: Construct Validation
and Relations to Well-Being and Achievement. Journal of Personality, 74(2), 403—456.

https://doi.org/10.1111/5.1467-6494.2005.00380.x

Marsh, H. W., Seaton, M., Trautwein, U., Liidtke, O., Hau, K. T., O’Mara, A. J., & Craven, R.

89



G. (2008). The big-fish—little-pond-effect stands up to critical scrutiny: Implications for
theory, methodology, and future research. Educational psychology review, 20(3), 319-

350.

Marshall, R. E. (1978). Measuring the medical school learning environment. Academic

Medicine, 53(2), 98-104.

Maynor, L. M., & Carbonara, G. (2012). Perceived stress, academic self concept, and coping

strategies of pharmacy students. International Journal of Pharmacy Education & Practice,

9(1), 1-9.

Michalec, B., & Keyes, C. L. (2013). A multidimensional perspective of the mental health of

preclinical medical students. Psychology, health & medicine, 18(1), 89-97.

Mitchell, M. L., & Jolley, J. M. (2010). Research design explained: Instructor’s edition, 7th ed

(pp. xxiii, 645). Wadsworth/Cengage Learning.

Moller, J., & Marsh, H. W. (2013). Dimensional comparison theory. Psychological Review,

120(3), 544-560. https://doi.org/10.1037/20032459

Moller, J., Retelsdorf, J., Koller, O., & Marsh, H. W. (2011). The Reciprocal Internal/External
Frame of Reference Model: An Integration of Models of Relations Between Academic
Achievement and Self-Concept. American Educational Research Journal, 48(6), 1315—

1346. https://doi.org/10.3102/0002831211419649

Moller, J., Zitzmann, S., Helm, F., Machts, N., & Wolff, F. (2020). A Meta-Analysis of

Relations Between Achievement and Self-Concept. Review of Educational Research,

90



90(3), 376—419. https://doi.org/10.3102/0034654320919354

Murphy, B. (2020, January 9). How do medical schools use pass-fail grading? American Medical
Association. https://www.ama-assn.org/residents-students/preparing-medical-

school/how-do-medical-schools-use-pass-fail-grading

Nunally, J. C., & Bernstein, 1. (1978). Psychometric Theory, ed. New York McGraw.

Pinxten, M., de Fraine, B., van Damme, J., & D’Haenens, E. (2010). Causal ordering of
academic self-concept and achievement: Effects of type of achievement measure. British
Journal of Educational Psychology, 80(4), 689-709.

https://doi.0org/10.1348/000709910X493071

Peugh, J. L., & Enders, C. K. (2004). Missing data in educational research: A review of reporting
practices and suggestions for improvement. Review of educational research, 74(4), 525-

556.

Plecha, M. (2002). The Impact of Motivation, Student-Peer, and Student-Faculty Interaction on

Academic Self-Confidence.

Reynolds, W. M. (1988). Measurement of Academic Self-Concept in College Students. Journal

of Personality Assessment, 52(2), 223. https://doi.org/10.1207/s15327752jpa5202 4

Ross, D. A., Boatright, D., Nunez-Smith, M., Jordan, A., Chekroud, A., & Moore, E. Z. (2017).
Differences in words used to describe racial and gender groups in Medical Student

Performance Evaluations. PloS one, 12(8), e0181659.

Rubright, J. D., Jodoin, M., & Barone, M. A. (2019). Examining demographics, prior academic

91



performance, and United States Medical Licensing Examination scores. Academic

Medicine, 94(3), 364-370.

Schafer, J. L., & Olsen, M. K. (1998). Multiple imputation for multivariate missing data

problems: A data analyst’s perspective. Multivariate Behavioral Research, 33, 545-571.

Seaton, M., Parker, P., Marsh, H. W., Craven, R. G., & Yeung, A. S. (2014). The reciprocal
relations between self-concept, motivation and achievement: Juxtaposing academic self-
concept and achievement goal orientations for mathematics success. Educational

Psychology, 34(1), 49-72. https://doi.org/10.1080/01443410.2013.825232

Shavelson, R. J., Hubner, J. J., & Stanton, G. C. (1976). Self-Concept: Validation of Construct
Interpretations. Review of Educational Research, 46(3), 407—441.

https://doi.org/10.3102/00346543046003407

StataCorp. 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC.

Stringer IV, J. K. (2018). Academic Self-Concept and Master Adaptive Learning in First Year

Medical Students: A Validation and Scale Construction Study.

Sullivan, G. M., & Feinn, R. (2012). Using effect size—or why the P value is not enough.

Journal of graduate medical education, 4(3), 279-282.

Swann Jr., W. B., Chang-Schneider, C., & Larsen McClarty, K. (2007). Do people’s self-views
matter? Self-concept and self-esteem in everyday life. American Psychologist, 62(2), 84—

94. https://doi.org/10.1037/0003-066X.62.2.84

Valentine, J. C., DuBois, D. L., & Cooper, H. (2004). The Relation Between Self-Beliefs and

92



Academic Achievement: A Meta-Analytic Review. Educational Psychologist, 39(2),

111-133. https://doi.org/10.1207/s15326985ep3902_3

Vergauwe, J., Wille, B., Feys, M., De Fruyt, F., & Anseel, F. (2015). Fear of Being Exposed:
The Trait-Relatedness of the Impostor Phenomenon and its Relevance in the Work
Context. Journal of Business and Psychology, 30(3), 565-581.

https://doi.org/10.1007/s10869-014-9382-5

Wayman, J. C. (n.d.). Multiple Imputation For Missing Data: What Is It And How Can I Use It?

16.

Wayne, S. J., Fortner, S. A., Kitzes, J. A., Timm, C., & Kalishman, S. (2013). Cause or effect?
The relationship between student perception of the medical school learning environment

and academic performance on USMLE Step 1. Medical teacher, 35(5), 376-380.

West, S. G., Finch, J. F., & Curran, P. J. (1995). Structural equation models with nonnormal

variables: Problems and remedies.

Wilson, A. E., & Ross, M. (2000). The frequency of temporal-self and social comparisons in
people’s personal appraisals. Journal of Personality and Social Psychology, 78(5), 928—

942. https://doi.org/10.1037/0022-3514.78.5.928

Wolff, M., Stojan, J., Cranford, J., Whitman, L., Buckler, S., Gruppen, L., & Santen, S. (2018).
The impact of informed self-assessment on the development of medical students’
learning goals. Medical Teacher, 40(3), 296-301.

https://doi.org/10.1080/0142159X.2017.1406661

93



Wolff, M., Morgan, H., Jackson, J., Skye, E., Hammoud, M., & Ross, P. T. (2020). Academic
coaching: insights from the medical student’s perspective. Medical Teacher, 42(2), 172-

177.

Wu, H., Guo, Y., Yang, Y., Zhao, L., & Guo, C. (2021). A Meta-analysis of the Longitudinal
Relationship Between Academic Self-Concept and Academic Achievement. Educational

Psychology Review, 33(4), 1749—1778. https://doi.org/10.1007/s10648-021-09600-1

Yamada, Y., Klugar, M., Ivanova, K., & Oborna, 1. (2014). Psychological distress and academic
self-perception among international medical students: The role of peer social support.

BMC Medical Education, 14(1), 256. https://doi.org/10.1186/s12909-014-0256-3

Zhao, X., Oppler, S., Dunleavy, D., & Kroopnick, M. (2010). Validity of four approaches of
using repeaters' MCAT scores in medical school admissions to predict USMLE Step 1

total scores. Academic Medicine, 85(10), S64-S67.

Zhou, Y.-X., Ou, C.-Q., Zhao, Z.-T., Wan, C.-S., Guo, C., Li, L., & Chen, P.-Y. (2015). The
impact of self-concept and college involvement on the first-year success of medical
students in China. Advances in Health Sciences Education, 20(1), 163—179.

https://doi.org/10.1007/s10459-014-9515-7

94



	A Longitudinal Analysis of Academic Self-Concept Among Preclinical Medical Students
	Downloaded from

	Microsoft Word - Rawls_Lewis_Meagan_PhD

