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Purpose: Early identification of students at risk for poor United States Medical Licensing Examination® (USMLE) Step 1
examination (Step 1) performance allows medical schools to provide targeted intervention for those students. Therefore, determination
of metrics that identify struggling students is necessary for proper intervention. We hypothesize that; 1) student performance on pre-
matriculation metrics will correlate with their Molecular and Cellular Foundations of Medicine (FDNS) course performance and 2)
student performance in the FDNS course and on specific FDNS course objectives will correlate with their Step 1 performance.
Methods: This was a retrospective cohort study analyzing data for students matriculating to the University of South Carolina School
of Medicine Greenville in 2018 and 2019. Linear regression analysis was conducted to assess the correlation between pre-
matriculation metrics, performance in the FDNS course, performance on FDNS objectives, and USMLE Step 1 performance.
Adjusted R-squared (adjusted r*) values were compared with a p-value at <0.05.

Results: The FDNS course grade correlated with pre-matriculation metrics of science undergraduate grade point average (uGPA),
total uGPA, and the Medical College Admission Test (MCAT), adjusted 1 of 0.139, 0.121, 0.223, respectively. The FDNS course
grade showed a stronger correlation to USMLE Step 1 performance (adjusted r*> = 0.257) than pre-matriculation metrics. USMLE Step
1 performance strongly correlated with FDNS course performance when two objectives, pertaining to anabolic and catabolic processes,
regulation of cell cycle, and DNA replication and repair, were combined, adjusted r* of 0.357.

Conclusion: The FDNS course grade and performance on specific course objectives could serve as a predictor for USMLE Step
1 performance and provides a more targeted and concise approach to identification of low-performing students and subsequent
intervention.
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Introduction

It is critical for admissions committees to understand the importance of pre-matriculation criteria to ensure retention and
timely graduation of medical students. Furthermore, identifying poor student performance early in medical school can
allow for expedited academic intervention. Numerous studies have assessed predictive factors for medical school
success. It has been reported that pre-matriculation metrics such as undergraduate grade point average (uGPA) and the
Medical College Admissions Test (MCAT) correlate with first year medical school (MS1) performance, second year
medical school (MS2) performance, and the United States Medical Licensure Examination® (USMLE) Step 1 examina-
tion (Step 1) score." ™ In addition, several academic institutions have correlated the 2015 MCAT exam with quantitative
metrics of MS1 GPA, MS2 GPA, average summative exam scores, and USMLE Step 1 performance and both the MCAT
and uGPA served as better indicators for MS1 average summative examination performance than either metric alone.'
A recent study assessed the correlation between combined MCAT score and uGPA for 2016 and 2017 medical school
matriculants and their performance in pre-clerkship and clerkship years as well as USMLE Step 1 and Step 2 Clinical
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Knowledge (CK) exams.” They reported medium to large correlations between combined MCAT and uGPA for
predicting student performance and progress in medical school. MS2 GPA closely correlated with MS1 GPA as well
as uGPA and MCAT.? Similar findings were noted for pre-matriculation metrics highly correlating with MS1 GPA, MS2
GPA, and licensure examinations in Doctor of Osteopathic Medicine (DO) programs.*

The impact of qualitative factors like undergraduate major or underrepresented minority status have been correlated
with medical student performance. There was no difference in overall medical school performance between science and
nonscience undergraduate majors.*> However, having a strong undergraduate science background could contribute to
a better MCAT score.® The uGPA and MCAT score may not be as effective at predicting MS1 GPA in underrepresented
minorities in medicine. One multisite study found statistically insignificant differences in MCAT predictive capability for
MSI1 performance between students of different races, ethnicity, parental education, and gender, while another study
noted that in minority students, uGPA seems to be more correlated with MS1 performance than MCAT score.' In
general, a negative correlation between underrepresented minority status and MS1 performance was found.” Using both
uGPA and MCAT provides stronger correlations and allows for higher predictive value for MS1 performance and
assessing both statistics could account for variances noted due to sociodemographic differences among students.'

Previous studies have largely focused on assessing whether the MCAT and uGPA served as predictors of medical
school success. While MCAT and uGPA correlate with MS1 and MS2 performance, the MCAT and preclinical scores are
more highly correlated with success on future standardized examinations. MCAT has a high predictive value for further
success in medical school including USMLE Step 1 performance and the National Board of Medical Examiners®
(NBME) Subject Exams.® MCAT shows less predictive value for Objective Structured Clinical Examination (OSCE) and
post-graduation success including residency evaluations as indicated by a military medicine study.” MS1 GPA and MS2
GPA were highly correlated with USMLE Step 1 and further clinical performance.® The first medical school exam grade
was more strongly correlated with USMLE Step 1 score when compared to pre-matriculation factors alone.'® One study
assessed the predictive value of NBME Comprehensive Basic Science Self-Assessment (CBSSA) as part of the
Foundation in Medicine and Musculoskeletal modules in the first 5 months of medical school. This study showed that
low scores on NBME CBSSA serves as an indicator for poor academic performance and low USMLE Step 1 scores.''

Predicting how a student will perform once in medical school remains a challenge as many factors appear to play
a role. Additionally, the identification of a metric to distinguish struggling students before matriculation or early in
medical school is essential so that learners can be offered academic assistance prior to USMLE Step 1. A meta-analysis
published in 2007 revealed that the MCAT alone has a fairly high predictive value for the USMLE Step 1 (r = 0.66)
however, the MCAT does not provide a very good predictive value for performance in pre-clinical course work (r=
0.43)." Another study utilized a different outcome to assess medical student success across schools that they termed
“unimpeded progress toward graduation” which reported that the combination of MCAT and uGPA were the best
predictors for student success.'> A very recent study took a longitudinal approach to access student success on NBME
tests during the first year of medical school.'* The authors found that the students who showed “growth” or continued
improvement in these assessment scores during the first year were more likely to perform better on the USMLE Step 1
than their classmates who did not show the same pattern of improvement.

There have been a few studies indicating the utility in using early exam grades as a predictor of medical school
performance. However, there are no known studies that have correlated USMLE Step 1 performance with performance
on course assessment questions mapped to course level objectives. Therefore, the specific aim of this study was to
determine if student performance on Molecular and Cellular Foundations of Medicine (FDNS) course objectives
correlates with FDNS course performance and USMLE Step 1 performance. We hypothesize that; 1) student performance
on pre-matriculation metrics will correlate with their FDNS course performance and 2) student performance in the FDNS
course and on specific FDNS course objectives will correlate with their Step 1 performance. Knowing early in medical
school whether specific course objectives correlate with medical student performance allows for more directed course

improvement as well as early targeted intervention for struggling students.
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Methods

Data Collection

This was a retrospective cohort study that analyzed performance data for students matriculating to the University of South
Carolina School of Medicine Greenville in 2018 (N = 110) and 2019 (N = 106). The following deidentified data were
collected: science uGPA, total uGPA, MCAT score, student performance in the FDNS course (the first biomedical science
course in the first year of the curriculum) and test item performance on FDNS course objectives. Test items are developed and
mapped to FDNS course objectives by the course faculty (ie course content experts teaching the material) in ExamSoft®, the
assessment platform used to administer FDNS exams. Test items may be mapped to multiple course objectives.

Molecular and Cellular Foundations of Medicine Course Description and Grading
The FDNS course is the first biomedical science module in the pre-clerkship curriculum for the University of South
Carolina School of Medicine Greenville which has been previously described.'” The FDNS course covers the basic
science content for biochemistry, genetics, cell biology, molecular biology, and introduction to pharmacology. The
overall grade for the FDNS course consists of points earned through weekly team-based learning assessments that
account for 5% of the course grade (individual readiness assurance test and the group readiness assurance test) and a final
exam consisting of multiple-choice exam questions that accounts for 95% of the course grade. Test items are written by
content experts teaching the course, and NBME format is followed in most cases.

Data Analysis

Data were analyzed using the statistics program International Business Machines (IBM) Statistical Package of the Social
Science (SPSS) software, version 27 (IBM Corporation, Armonk, NY). Pearson product-moment correlation analysis was
performed to determine if there was a correlation with pre-matriculation data (ie science uGPA, total uGPA, and MCAT
score) and/or FDNS course objectives with the FDNS course grade. In addition, a Pearson product-moment correlation
analysis was performed to determine if there was a correlation with pre-matriculation data, FDNS course objectives, or
FDNS course performance with the USMLE Step 1 score (3-digit-score). A multivariate regression analysis was performed
to determine which independent variable combinations might provide a stronger correlation to FDNS course performance.
Statistical significance was set at a p-value <0.05. The sample analyzed included two cohorts of medical students from two
consecutive years (matriculation years 2018 and 2019) who had completed the FDNS course and taken the USMLE Step 1.

Ethical Approval

This study was reviewed and considered exempt by the University of South Carolina Institutional Review Board (IRB).

Results
Figure 1 provides the grade distribution for the final exam in FDNS and the overall grade distribution for the course. The
FDNS course grade was weakly-moderately correlated with pre-matriculation metrics of science uGPA, total uGPA, and
MCAT, adjusted r* of 0.139, 0.121, 0.223, respectively (Table 1). USMLE Step 1 performance was also weakly
correlated with science uGPA, total uGPA, and MCAT, adjusted * of 0.095, 0.07, and 0.153, respectively (Table 1).
The FDNS course grade showed a moderate correlation to USMLE Step 1 scores, adjusted r* = 0.257 (Table 1).
Specific FDNS course objectives are listed in Table 2 along with the number of course exam items mapped to each
objective. Questions were mapped to one or more objective(s) by course faculty (ie course content experts teaching the
material). The FDNS course grade was more strongly correlated with performance on course objectives pertaining to
cellular structure and growth (ie objective 1), pharmacokinetics (ie objective 9), and lifestyle medicine (ie objective 10)
compared to the other course objectives, adjusted r* of 0.178, 0.158, and 0.232, respectively (Table 1). USMLE Step
1 performance was more strongly correlated with FDNS course performance when objectives pertaining to catabolic and
anabolic process (ie objective 4) and regulation of cell cycle and DNA replication and repair (ie objective 7) were
combined, r(190) = 0.598, p = <0.001 (adjusted r* of 0.357).
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Figure | Student performance on summative assessments in the molecular and cellular foundations of medicine course. Summative course exam and final course grade.
Number of students = 211.

Figure 2A presents the student performance on all questions mapped to a single objective. FDNS course objectives
pertaining to cellular structure and growth (ie objective 1), evaluation of pedigrees (ie objective 6), and pharmacokinetics
(ie objective 9) had >20% of students perform <69.5% on all items mapped to that objective while objectives pertaining
to regulation of cell cycle and DNA replication and repair (ie objective 7) and clinical decision making uses biochemical
and molecular testing (ie objective 8) had <6% of students perform <69.5% on all items mapped to that objective.
Figure 2B presents student performance across multiple course objectives. That is, how many students performed >69.45
on all ten objectives, on nine objectives, etc. Twenty-eight percent of students scored >69.45 on all questions mapped to
each objective while 3.3%, 1.4%, and 2.4% of students scored >69.45 on all questions mapped to either 5, 4, or 3
objectives, respectively.

Discussion

Our data presents correlations of student performance outcomes based on course objectives in a medical school FDNS
course to the USMLE Step 1 performance. Providing such insight will help identify struggling students for early targeted
intervention which has been shown to improve future performance.'® This study may also inform other medical school
foundational science course directors as they work to improve their own courses as this process of analyzing course
objective outcomes provides targeted opportunities for course adjustment in content time allocation, additional
review, etc.

In addition, we provide further analysis of student performance on individual objectives within a course and how
those objectives correlate with FDNS course grades. Student performance on FDNS course objectives and its correlation
with course performance allow for targeted improvements for course design. Specifically, performance on cellular
structure and growth, pharmacokinetics, and lifestyle medicine more strongly correlated with the overall FDNS grade
compared to other course objectives. The strongest correlations with student performance mapped to course objectives
that represented only a small portion of the assessed material in the course, specifically objectives 1, 9, and 10 (3 out of
10 module objectives; 27 out of 203 assessment mappings). Ideally, we would want all course objectives to have strong
correlations, especially those that represent the larger portions of assessed materials (objectives 4, 6, and 8). This finding
suggests the need to further examine how items were mapped for each objective as well as further examine the content
taught for each objective. We could consider mapping each assessed item to the single best objective to more accurately
assess student performance on each objective in the course. This is also an interesting finding given that cellular
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Table | Correlation Between Pre-Matriculation Metrics and Molecular and Cellular Foundations of Medicine Course Objective
Performance with Molecular and Cellular Foundations of Medicine Course Grade and USMLE® Step | Score

Molecular and Cellular Foundations of Medicine Course Grade USMLE® Step |

Pearson’s (r) | Score Variations (Adjusted r1) P | N Pearson’s (r) | Score Variations (Adjusted rz) p | N
Pre-Matriculation Metrics
Science uGPA 0.378 13.9% <0.001 210 0316 9.5% <0.001 196
Total uGPA 0.353 12.1% <0.001 210 0.276 7.2% <0.001 196
MCAT 0.476 22.3% <0.001 210 0.396 15.3% 0.001 196
Molecular and Cellular Foundations of Medicine Course Objectives

0.426 17.8% <0.001 210 0310 9.2% <0.001 193

2 0.208 3.8% 0.002 210 0.250 5.7% <0.001 193
3 0.339 11.1% <0.001 210 0.307 9.0% <0.001 193
4 0.350 11.8% <0.001 210 0.428 17.9% <0.001 193
5 0.268 6.8% <0.001 210 0.121 1.0% <0.001 193
6 0.366 12.9% <0.001 210 0.314 9.4% <0.001 193
7 0.369 13.2% <0.001 210 0.393 15.0% <0.001 193
8 0.348 11.7% <0.001 210 0.249 5.7% 0.003 193
9 0.402 15.8% <0.001 210 0212 4.0% <0.001 193
10 0.486 23.2% <0.001 210 0.276 7.1% <0.001 193
Molecular and Cellular Foundations of Medicine Course Exam Grade and Final Course Grade
Multiple-Choice Exam Grade 0.998 99.6% <0.001 210 0.500 24.6% <0.001 193
Final Course Grade N/A N/A N/A N/A 0.511 25.7% <0.001 193

Note: Molecular and Cellular Foundations of Medicine course objectives are presented.
Abbreviations: USMLE®, United States Medical Licensing Examination®; p, p-value; N, number of students; uGPA, undergraduate grade point average; MCAT, Medical
College Admission Test; N/A, Not applicable.

structure, signaling, and growth (ie objective 1) are often discussed in numerous required undergraduate courses while
pharmacokinetics and lifestyle medicine (ie objectives 9 and 10, respectively) are generally new topics for incoming
students.

Within our curriculum, pre-matriculation variables have a weak correlation with performance in the FDNS module
and on USMLE Step 1 performance. The FDNS module grade had a significantly higher correlation with USMLE Step
1 performance compared to pre-matriculation variables which is consistent with other studies.'®'! We also show an even
stronger correlation with USMLE Step 1 performance when FDNS course performance and two FDNS objectives (4
and 7), pertaining to anabolic and catabolic processes, regulation of cell cycle, and DNA replication and repair, were
combined. While no single course objective alone revealed a strong correlation with USMLE Step 1, this could be due to
the narrow focus of the objectives within this first-year basic science course. The manner in which this content appears
on USMLE Step 1 is typically embedded within a vignette that includes a specific pathology description. At the stage
when this course is taught (the first basic science module of the first year) the students have not been exposed to disease
pathology. Therefore, our finding that no single FDNS course objective had a strong correlation with Step 1 performance
may reflect the aggregation of knowledge throughout our first and second year curriculum is what is influencing Step 1
success.

Greater than forty-eight percent of students averaged >89.5% on exam items mapped to course objectives 2, 3, 5, 7,
and 8 (Figure 2A). This is not a surprising finding given that these objectives, except objective 8, cover areas that would
require some level of background knowledge from undergraduate training (Table 2). However, good performance on
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Table 2 Molecular and Cellular Foundations of Medicine Course Obijectives for Academic Years 2018-2019 and 2019-2020

Molecular and Cellular Foundations of Medicine Course Objective Number of Multiple-Choice
Summative Exam Questions
Mapped to Objective*

|. Describe the subcellular elements of a eukaryotic cell; recognize that these structures and their associated 15
biochemical processes underlie the seven characteristic processes of life: homeostasis, metabolism,

organization, growth, adaptation response to stimuli and reproduction.

2. Describe the characteristics of protein folding into structural components and enzymes in cells and explain how 15

small changes in this amino acid sequence or its local environment can alter protein function, kinetics and dynamics.

3. Describe how cells communicate and the major signal transduction pathways by which they can elaborate 18

responses to received messages.

4. Evaluate the regulation of both anabolic and catabolic processes; explain their respective regulation and key 55

cofactors (eg, vitamins), and discuss their roles in metabolic homeostasis and development.

5. Describe gene structure and the processes of transcription, translation and post-translational modification; 14

list means by which these processes are regulated during growth and development.

6. Evaluate pedigrees to identify single gene, chromosomal, multifactorial/complex, epigenetic and 28
mitochondrial modes of inheritance and calculate their probability for recurrence; estimate population gene

frequencies and associated phenotypes.

7. Describe the regulation of the cell cycle, DNA replication and repair; relate how disruptions in these 15
processes contribute to the basis of disease and development.

8. Analyze results of biochemical or molecular testing and evaluate how this information is used in clinical 31
decision making.

9. Describe the fundamental principles of pharmacokinetics (relate how drug absorption, distribution, 6
metabolism, and elimination are influenced by parameters including the chemical nature of the drug and its

route of administration, pharmacogenomic differences and biometrics) and dynamics (general processes by

which cells can become desensitized to hormones and therapeutic agents, and explain the manner by which
drug dose-response relationships are mathematically characterized and visualized.

10. Recognize that mitigation of disease risk includes adopting lifestyle choices including exercise and a healthy 9

balanced diet providing the micro and macronutrients needed for optimal cellular function.

Notes: *One multiple-choice question could be mapped to more than one course objective. Total number of exam items = 109.

objectives that are novel to the incoming student might be more reflective of effective study strategies and time
management skills. One study found that study skills and time management ability were often more predictive than
MCAT or uGPA.'® Tt is critical to establish foundational knowledge upon entering medical school. In addition,
development of study strategies and time management skills are essential to future medical school success. This can
be further addressed through qualitative studies assessing student learning styles correlated with performance on specific
module objectives or module performance.

Future directions for this research could include tracking performance of specific course objectives throughout pre-
clinical years which could help identify specific content areas for targeted improvements on USMLE Step 1 performance,
clinical performance, and provide specific information for targeted course improvements. Further study will analyze the
course objectives as these topics are further reinforced throughout the MS1 and MS2 curriculum to determine if
performance on reinforced topics provide a stronger correlation to Step 1.

This type of analysis with assessing course objectives with Step 1 performance can be an especially useful metric for
schools with truly integrated curricula where foundational content is spread over multiple course modules. Course directors
and teaching faculty typically rely on student feedback, peer evaluation and average course grades to gauge the success of

a given course and then determine if course modifications should be made. However, the targeting of course changes could be
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Figure 2 Student performance on molecular and cellular foundations of medicine course objectives. (A) Student performance on all questions mapped to molecular and
cellular foundations of medicine course objectives. Obj I: N = |5 (7.28); Obj 2: N = 15 (7.28); Obj 3: N = 18 (8.74); Obj 4: N = 55 (26.70); Obj 5: N = 14 (6.80); Obj 6: N =28
(13.59); Obj 7: N =15 (7.28); Obj 8: N =31 (15.05); Obj 9: N =6 (2.91); Obj 10: N = 9 (4.37). Obj. = Molecular and cellular foundations of medicine objective. N(%) = number of
questions (% of questions) mapped to each molecular and cellular foundations of medicine objective. A question can be mapped to more than one FDNS objective. Number of
students = 21 1. (B) Percent of students scoring 269.5% on molecular and cellular foundations of medicine course objectives. Number of students = 21 I.

better informed if student performance on specific course objectives was known to correlate with Step 1 performance. In this
situation, course directors and teaching faculty could modify how a given objective content was delivered, add additional time
for specific topics within “impactful” objectives, or allow for review hours for these objectives.

One limitation of the study is that the analysis on USMLE Step 1 performance is from one institution. A second
limitation of the study is that results are dependent on stated objectives where each assessed item can be mapped to
multiple objectives. Additionally, mapping of assessment items is done by several assessment item authors, due to
multiple faculty teaching in module, which introduces some level of variations in mapping to objectives. A third
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limitation of the study is the change to USMLE Step 1 to pass/fail. How the change in USMLE Step 1 scoring will
impact predictions of student performance has yet to be analyzed and reported.

Conclusion

The FDNS course grade and performance on specific course objectives could serve as a predictor of USMLE Step
1 performance. Poor performance in the course or on identified course objectives could allow for early student
identification and targeted intervention. Analysis of the relationship between specific module objectives and USMLE
Step 1 performance provides a more targeted and concise approach to identification and intervention of low-performing
students. In addition, the findings of this study could be used to improve the foundations course design, course content,
assessment item mapping and refinement of course objectives.
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