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Abstract

Introduction Assessment of medical students’ clinical skills (CS) remains a challenge. Little is known about early predic-
tors of future CS performance. This study examines the relationship between students’ pre-clerkship clinical skills (PCCS)
performance and year 3 clerkship performance measures.

Methods The authors performed a retrospective analysis of four medical student cohorts who matriculated between 2014
and 2017 and participated in a longitudinal pre-clerkship CS curriculum. A total of 440 students were included in the analy-
ses. Students’ clinical skills were assessed through a series of PCCS exams, each consisting of a single standardized patient
encounter. First-year PCCS exams assessed history taking, physical examination, professionalism, and communication skills;
second-year PCCS exams also assessed clinical documentation and clinical reasoning skills. Evaluators assigned a grade
of “satisfactory,” “borderline,” or “unsatisfactory” for each skill set. Regression analyses compared year 3 performance
outcomes between students with one or more “unsatisfactory” or “borderline” PCCS skill set grades and students assessed
as “satisfactory” for all PCCS skill set assessments.

Results Thirty-two percent (n=140) of the 440 students had at least one borderline or unsatisfactory (US) PCCS skill set
grade. These students performed significantly worse on year 3 National Board of Medical Examiner subject exams, work-
place-based clinical performance evaluations, and overall year 3 performance compared to students who passed all PCCS
exam components. In addition, a higher percentage of students with PCCS performance deficiencies failed the United States
Medical Licensing Examination Step 2 CS exam on the first attempt versus students who passed all PCCS exam components.
Conclusions PCCS exam performance at our institution aligned with future student performance on multiple year 3 clerkship
outcome measures. This pre-clerkship performance data can be used to identify at-risk students who would benefit from
additional resources to achieve competency in the clerkship environment and future medical training.
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Introduction (EPAs) for Entering Residency—a framework designed
to guide curriculum development and competency-based

Medical schools are tasked with ensuring students mas- assessment of medical students before their transition to

ter knowledge and display competency in core clinical
skills required for the practice of medicine. Such skills are
encompassed by the American Association of Medical Col-
leges’ (AAMC) Core Entrustable Professional Activities
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residency [1]. Although most medical schools administer
internally developed observed structured clinical examina-
tions (OSCE) to assess 3"- or 4-year student’s clinical
skills [2], experts have expressed concerns about variability
in passing standards among schools, the ongoing use of
norm-referenced standards in which students are compared
to one another rather than achievement of a competency
standard, and reluctance among school leadership to fail
under-performing students [3—7]. Beginning in 2004, the
United States Medical Licensing Exam (USMLE) Step 2
Clinical Skills (CS) Exam was implemented as a national
standardized exam to assess allopathic medical students’
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clinical skills performance for licensing purposes. At many
medical schools, a passing score on the USMLE Step 2
CS exam was a graduation requirement, and many resi-
dency training programs used performance on this exam
as a selection criterion for applicants [8]. Following the
discontinuation of the Step 2 CS exam in early 2021, indi-
vidual medical schools have increased responsibility to
reliably assess and attest to their students’ clinical skills
competence [9].

CS assessments that predict students’ future performance
provide validity for these assessments [10]. Direct obser-
vation of students’ clinical skills in the clerkship years is
inconsistent and often limited [11]. Those with preexist-
ing CS performance deficiencies are at risk for ongoing
performance difficulties. Therefore, early identification of
these students and their specific area(s) of skill deficiency
is important for remediation and skill improvement before
clinical immersion and subsequent high-stakes testing. Stud-
ies evaluating the relationship between pre-clerkship clinical
skills (PCCS) performance outcomes and student perfor-
mance later in training are limited, and predicting which
students will struggle in the clerkship years of medical
school remains challenging, given the complexity of clini-
cal competencies and their assessment [5, 12]. A few stud-
ies have demonstrated that students who underperform on
pre-clerkship OSCEs also underperform on OSCE:s later in
their medical school curriculum [13-16]. Investigators at the
Edward Hébert School of Medicine of the Uniformed Ser-
vices University showed that students’ PCCS performance
predicted workplace-based clinical performance in the
clerkships, clerkship National Board of Medical Examiner
(NBME) subject exam scores [17], USMLE Step 2 CS per-
formance [18, 19], and internship clinical performance [19,
20]. Beyond these studies, there is little literature examining
correlation of students’ PCCS performance with subsequent
performance in training.

In this study, our goal was to address this research gap by
investigating the relationship between medical students’ per-
formance on PCCS assessments and performance outcomes
in the third-year clerkships of medical school, hypothesiz-
ing that students with PCCS performance deficiencies will
demonstrate lower performance in the third year of medi-
cal school. Specifically, we sought to determine if students
with one or more deficiencies on PCCS exams and students
with no PCCS deficiencies differed with regard to year 3
NBME subject exam scores, workplace-based clinical per-
formance evaluations, or Honors clerkship grade designa-
tion. As secondary outcomes, we also sought to characterize
the frequency of PCCS exam performance deficiencies with
respect to specific clinical skill sets and to determine if stu-
dents with PCCS exam deficiencies were at higher risk of
failing the USMLE Step 2 CS exam than students with no
PCCS deficiencies.
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Materials and Methods
Subjects, Setting, and Study Design

This study was a single-institution, observational cohort
study of four consecutive medical student classes who
matriculated to Wake Forest School of Medicine (WFSM)
between 2014 and 2017. We collected performance out-
come data for these students during their first 3 years
of medical school (i.e., 2014 to 2020). Students were
excluded from data analysis only if they did not complete
the entire third-year clerkship curriculum during the study
period.

Pre-clerkship Clinical Skills Course Structure

In addition to basic science coursework, all students at
WEFSM are required to participate in and pass a longitu-
dinal PCCS course before transitioning to the third-year
clerkships. This PCCS course is designed using deliber-
ate practice principles [21], consisting of twenty-six class
sessions distributed longitudinally throughout the 2-year
pre-clerkship curriculum. Small groups of students are
facilitated by 2 clinical faculty instructors. Class sessions
consist of iterative, directly observed student practice of doc-
tor-patient communication and interpersonal skills, history
taking skills, physical examination skills, and professional-
ism tasks during standardized patient (SP) and hospitalized
patient encounters. Students receive individualized forma-
tive performance feedback on patient encounter skills from
their faculty instructors, SPs, and small-group peers; faculty
also provide individualized feedback on students’ clinical
documentation skills and clinical reasoning skills.

Pre-clerkship Clinical Skills Course Assessments

Students are assessed on these skill sets through a series
of 6 to 7 clinical performance examinations distributed
over the two pre-clerkship years; each exam consists of a
single, 40-min SP encounter (for students who matricu-
lated in 2017, the total number of second-year PCCS
exams decreased from 3 to 2, for a total number of 6 PCCS
exams, due to shortening of the pre-clerkship curriculum
duration from 22 to 18 months). First-year PCCS exams
assess students’ performance of professionalism tasks,
communication and interpersonal skills, history taking
skills, and physical examination skills. In addition to these
skill sets, second-year PCCS exams assess clinical reason-
ing and clinical documentation skills on a written history
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and physical document. PCCS faculty instructors serve
as the evaluators for the PCCS exams; except for the first
PCCS exam of year 1 (which is formative), PCCS faculty
instructors never evaluate their own small-group students.

The grading rubric for each PCCS exam consists of a
list of directly observable tasks and behaviors for each
skill set assessed (Appendix 1). Evaluators assess students’
performance of each task as either “performed” or “did not
perform” for communication/interpersonal skills, profes-
sionalism tasks, history taking skills, clinical documenta-
tion skills, and clinical reasoning skills; physical examina-
tion tasks are assessed as either “correctly and completely
performed,” “performed but incompletely or incorrectly,”
or “not performed.” The grading rubric for each skill set
also includes an item assessing the student’s overall per-
formance of that skill set, assessed by the evaluator as
either “satisfactory” or “unsatisfactory.”

Pre-clerkship Clinical Skills Course Grade
Determinations

Students are given a separate grade (satisfactory or US) for
each of the 4 to 6 skill sets tested on each of the first- and
second-year exams, respectively. For all students whose
PCCS performance of any skill set is assessed by evalua-
tors as unsatisfactory (US), the student’s performance is
independently reviewed by a member of the CS Review
Team—a core group consisting of 3 experienced PCCS
faculty and the 2 PCCS co-course directors. This team
meets to discuss and establish, by consensus, satisfac-
tory versus US performance criteria, a priori, for each
skill set on each PCCS exam and applies those criteria
to make standardized grade determinations for students
under review (i.e., criterion-referenced standard setting).
The PCCS co-course directors also use these criteria to
screen the faculty evaluation forms for all students as an
additional standardization measure; any students with
performance concerns identified by this method are also
reviewed by the CS Review Team. In addition, the CS
Review Team identifies “borderline satisfactory performers”
—students whose performance is low for stage of training
but meets criteria for satisfactory performance.

Remediation is required for all students with US perfor-
mances on one or more skill sets and is encouraged (but
not required) for students with borderline performances.
Reassessment of students’ skills occurs on the next sched-
uled PCCS exam. Students must demonstrate satisfactory
performance in all skill sets by the end of each academic
year in order to pass the PCCS course, and passing the
course is required to progress to the next training year.
Individual students’ PCCS performance data is not pro-
vided to year 3 clerkship administrators or faculty.

Year 3 Clinical Clerkship Structure and Assessment

All WFSM students participate in the same core clinical
clerkships during their third year of the curriculum: family
medicine, internal medicine, emergency medicine, obstet-
rics and gynecology, pediatrics, psychiatry, neurology, and
surgery. Students receive a clinical evaluation score for
each clerkship comprised of workplace-based evaluations
assessing multiple domains of students’ clinical skills per-
formance, including history taking and physical examination
skills, communication skills, clinical reasoning skills, oral
presentation skills, clinical teamwork skills, and profession-
alism. Final third-year clerkship grades are calculated based
on students’ clinical evaluation scores, National Board of
Medical Examiners (NBME) subject exam score, and other
clerkship-specific performance measures. Of note, our stu-
dents take the NBME subject exam for Emergency Medicine
(EM) as part of their EM clerkship grade, though this exam
was not specifically designed for third-year medical students.
Students are given clerkship grades of Honors, High Pass,
Pass, Low Pass, or Fail.

Data Analysis

For the purposes of this analysis, a CS performance defi-
ciency was defined as an US or borderline grade on any
skill set for any PCCS exam in the first or second year of the
PCCS course. Students with at least one US performance
on any PCCS exam were designated as the US group, and
students without any US performances on PCCS exams were
designated as the non-US group (note: this group included
students with “borderline” performances). Students with at
least one CS performance deficiency of either type (i.e., US
or borderline) on any PCCS exam were designated as the
US/borderline (US/B) group, and students without any CS
performance deficiencies on any PCCS exam were desig-
nated as the all-passing group (Fig. 1).

We characterized the number and distribution of CS per-
formance deficiencies among students in the US/B group by
calculating the total number and percentage of students with
CS performance deficiencies and the total number of CS
performance deficiency instances using descriptive statis-
tics. We categorized students with CS performance deficien-
cies by clinical skill set and by number of total deficiency
instances per student and calculated the total number and
percentage of students in each category. We also calculated
the total number and percentage of CS performance defi-
ciency instances among students in each of these categories
to examine their distribution.

We performed analyses comparing the US student group
to the non-US group to examine the relationship between
PCCS performance and performance outcomes within
each third-year clerkship, including students’ clinical
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Analysis 1: students with only passing grades vs. students with one or more unsatisfactory (US)

grades:
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Fig. 1 Groupings of students used for analyses, according to PCCS grades assigned

evaluation score and NBME subject examination score.
For these analyses, students’ raw third-year clinical evalu-
ation scores and NBME subject exam scores were con-
verted to Z scores for easier comparison between scores
(for NBME subject exam scores, we used a mean of 70
and standard deviation of 8). We assessed for significant
group differences (US vs. non-US) in achieving Honors for
the clerkship grade and for performance on the USMLE
Step 2 CS exam. The same analyses were performed to
compare the US/B group to the all-passing student group.
Finally, we performed an additional analysis on the subset
of students who received a PCCS exam performance defi-
ciency on one of the first-year PCCS exams (defined as the
first-year US/B group). All data analyses were performed
using SAS Enterprise Guide 7.1 for Windows (Cary, NC).

Institutional IRB approval was obtained for this study
(IRB00043836), and students were provided opt-out
consent for participation. Identifying information was
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removed from records, and students were assigned a
unique study number to protect individual identity.

Results
Student PCCS Exam Performance

A total of 440 students were included in the data analysis.
Three hundred students (68%) passed all skill set compo-
nents of all PCCS exams (i.e., the all-passing group). One
hundred and forty students (32%) had at least one CS per-
formance deficiency on a PCCS exam, defined as having
either an unsatisfactory or a borderline performance in one
section of the exam (i.e., the US/borderline group, Table 1).
Within the US/B group, 73 students (52%) had only 1 skill
deficiency, while 67 students (48%) had 2 or more total CS
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Table 1 Distribution of pre-

L . Year in training
clerkship clinical skills exam

Students with only satisfactory
grades for all PCCS exams, n (%)*

Number of students with 1 or more
deficiencies on PCCS exams, 1 (%)°

grades among medical students
at Wake Forest School of

ax First-year PCCS exams 385 (87%) 55 (13%)
Medicine, 20142018 (n=440)  §. nd-year PCCS exams 333 (76%) 107 (24%)
Total across both years® 300 (68%) 140 (32%)

Abbreviations: PCCS, pre-clerkship clinical skills

This represents the all-passing group (i.e., no borderline or unsatisfactory performances)

®This represents the US/borderline group

“The total number of unique students with an US or borderline grade was 140. Some students in the US/
borderline group had skill deficiencies in both the first and second training years of the PCCS course, thus
leading to the above total numbers of US/borderline students in each year of training

performance deficiencies, comprising 15% of the total stu-
dent cohort.

Distribution of CS Deficiencies by Skill Set

Among skill sets, deficiencies in history taking skills
occurred with the highest frequency, accounting for 38% of
all US/B instances, followed by physical examination skills
(27%), clinical reasoning skills (23%), clinical documenta-
tion skills (7%), communication/interpersonal skills (5%),
and professionalism (0.4%). The breakdown of CS deficien-
cies by skill set and curriculum year is presented in Table 2.

PCCS Performance and Year 3 Performance

Comparison Between US and Non-US Groups (Analysis
1) Data showed a consistent trend of students in the US
group achieving lower clinical evaluation scores than in the
non-US group across clerkships, and this group performance
difference achieved statistical significance for all clerkships
except for Psychiatry. For NBME subject exam performance,

we noted a similar pattern: the US group scored significantly
worse than the non-US group across all clerkships. Odds of
achieving Honors were significantly lower in the US group
in all clerkships except for Emergency Medicine All of the
related analysis results are presented in Table 3.

Comparison Between US/B and All-passing Groups (Analysis
2) When students with borderline performances were added
to the US student cohort (i.e., US/B group), the analysis
showed significant differences between the US/B group and
the all-passing group in clinical evaluation scores (P <0.05)
for all clerkships except Psychiatry. NBME subject exam
performance and Honors designation were significantly dif-
ferent between the US/B and all-passing groups across all
clerkships (Table 4).

First-Year PCCS Performance and Year 3 Performance
When comparing only those students who had a PCCS

exam performance deficiency within the first year of the
PCCS course (i.e., first-year US/B group) with students

Table 2 Distribution of clinical skill set deficiencies among pre-clerkship medical students with one or more performance deficiencies on first-
and second-year pre-clerkship clinical skills exams (n=140), Wake Forest School of Medicine, 2014-2018*

Number of students with CS deficien- First-year PCCS exams

Second-year PCCS exams Total across both

cies, by skill set and year of training:

years of training

us Borderline 1% yeartotal ~ US Borderline 2™ year total

(N=31) (N=32) (N=55) (N=70) (N=54) (N=107)
Communication and interpersonal skills 0 5 5 3 4 7 12
Professionalism tasks 0 1 0 0 0 1
History taking skills 28 24 52 16 31 47 99
Physical examination skills 12 9 21 24 26 50 71
Clinical documentation skills® N/A N/A N/A 13 6 19 19
Clinical reasoning skills® N/A N/A N/A 47 13 60 60

Abbreviations: CS, clinical skills; PCCS, pre-clerkship clinical skills; US, unsatisfactory performers; N/A, not applicable

#The total number of unique students with an US or borderline grade was 140. Some students in the US/borderline group had skill deficiencies in
multiple skill domains, thus leading to the above total numbers of US/borderline students for each year of the PCCS course

bSkill set summatively assessed only in the second training year of the PCCS curriculum
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Table 3 Comparison of third-year performance outcomes between
medical students with one or more unsatisfactory performances on
pre-clerkship clinical skills exams (US group, n=93) and students

with no unsatisfactory performances (non-US group, n=347), Wake
Forest School of Medicine, 2014-2020

Clerkship Clinical evaluation score NBME subject exam score 0Odds of achieving Honors clerkship
(Z score, SD) (Z score, SD) grade

(Wald chi-square statistic)

US group Non-US group P value US group

Non-US group P value US group Non-US group P value

Emergency -0.05(1.14)  0.23 (0.99) 0.02 —-0.34(1.00) 0.16(1.03) <0.0001 8.99%  14.08% 0.21
Medicine

Family Medicine  —0.06 (0.93)  0.20 (0.97) 0.02 —-0.16(1.05) 0.48 (1.07) <0.0001 18.28%  38.29% 0.0004

Internal Medicine —0.24 (0.91)  0.22 (0.92) <0.0001 0.26 (1.34) 0.80(1.19) 0.0002 8.7% 19.48% 0.02

Pediatrics —-0.28 (0.94) 0.06 (1.10) 0.006  0.38(1.29) 0.79 (1.22) 0.004 17.20%  33.14% 0.003

Obstetrics and —0.17 (0.90)  0.07 (0.99) 0.04 0.004 (1.10) 0.59 (1.07) <0.0001 14.89%  34.10% 0.0005
Gynecology

Neurology —0.21(1.09)  0.05 (1.00) 0.03 0.02 (1.21) 0.73 (1.06) <0.0001 12.77%  31.43% 0.0005

Psychiatry —-0.10(1.03) —-0.01(1.16) 0.49 0.44 (1.54) 1.14(1.41) 0.0003 29.79%  54% <0.0001

Surgery —0.25(0.99)  0.10 (0.99) 0.003  0.04(1.11) 0.54(1.10) <0.0001 8.51%  19.48% 0.015

Abbreviations: SD, standard deviation; NBME, National Board of Medical Examiners; US group, students with 1 or more unsatisfactory perfor-
mances on pre-clerkship clinical skills exams; non-US group, students with no unsatisfactory performances on pre-clerkship clinical skills exams

who did not have PCCS exam performance deficiencies
in their first year of the PCCS course, clinical evaluation
scores were different between these two groups for six of
the eight clerkships, while NBME performance was differ-
ent between these two groups across all clerkships except
for Emergency Medicine. Odds of achieving Honors des-
ignation were significantly lower in the first-year US/B
group for five of the eight clerkships (Table 5).

Table4 Comparison of third-year performance outcomes among
students with one or more pre-clerkship clinical skill deficiencies.
Unsatisfactory/borderline group of students from first and second
years (n=140) versus students with no pre-clerkship clinical skills

For the analysis examining group differences in PCCS
exam performance and USMLE Step 2 CS exam perfor-
mance, due to the timing and impact of the novel coronavi-
rus (COVID-19) pandemic on the USMLE Step 2 CS exam,
we only had USMLE Step 2 CS performance data for 3 of
the 4 student classes (N=311, 70%). A higher percentage
of students in the US/B group failed the USMLE Step 2 CS
exam (11%) compared to the PCCS passing student group

deficiencies (all-passing group, n=300 students), Wake Forest
School of Medicine, 2014-2020. Analysis of data included students’
performance on all pre-clerkship clinical skills exams throughout the
preclinical curriculum

Clerkship Clinical evaluation score NBME subject exam score Odds of achieving Honors clerkship

(Z score, SD) (Z score, SD)

grade
(Wald chi-square statistic)

US/B group  All-passing Pvalue  US/B group

All-passing Pvalue US/B group  All-passing P value

group group (%) group (%)

Emergency —0.05(1.00)  0.28 (0.98) 0.001 —-0.10(1.06) 0.30(0.98) 0.0002 8.09% 15.31% 0.04
Medicine

Family —0.05(0.97)  0.24 (0.94) 0.003 -0.03 (1.01) 0.52(1.09) <0.0001 22.54% 39.53% 0.0005
Medicine

Internal —0.23(0.92)  0.28 (0.90) <0.0001 0.25(1.22) 0.89 (1.20) <0.0001 7.80% 21.67% 0.0006
Medicine

Pediatrics -0.29(1.21)  0.12(0.98) 0.0001 0.39(1.16) 0.86 (1.26) 0.0002 22.54% 33.22% 0.02

Obstetrics & —0.17 (0.90)  0.11 (1.00) 0.005 0.13(1.05) 0.63(1.08) <0.0001 21.83% 33.89% 0.01
Gynecology

Neurology —0.20 (1.03)  0.08 (0.99) 0.006  0.07 (1.10) 0.81(1.07) <0.0001 18.18% 31.89% 0.003

Psychiatry —0.10(1.16) —0.01 (1.16) 0.49 0.44 (1.54) 1.14(1.40) <0.0001 29.79% 54% <0.0001

Surgery —0.25(1.00)  0.10(0.99) 0.003  0.04 (1.11) 0.54(1.10) <0.0001 8.51% 19.48% 0.002

Abbreviations: SD, standard deviation; NBME, National Board of Medical Examiners; US/B group, students with 1 or more unsatisfactory or

borderline performances on pre-clerkship clinical skills exams
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Table 5 Comparison of third-year performance with first-year PCCS
performance only. Outcomes among students with one or more first-
year clinical skills exam deficiencies (first-year unsatisfactory/bor-
derline group, n=55) versus students with no first-year clinical skills

exam deficiencies (all-passing group, n=385 students), Wake Forest
School of Medicine, 2014-2020. Analysis of data included students’
performance on clinical skills exams from the first year of preclinical
instruction/assessment only

Clerkship Clinical evaluation score NBME subject exam score Odds of achieving Honors clerkship
(Z score, SD) (Z score, SD) grade
(Wald chi-square statistic)
Year 1 US/B All-passing Pvalue  Year 1 US/B All-passing P value  Year 1 US/B All-passing P value
group group group group group (%) group (%)
Emergency -0.31(1.25) 0.23 (0.97) 0.0003 0.03(1.03)  0.06 (1.04) 083  1.96% 14.51% 0.04
Medicine
Family —0.20 (0.95) 0.20 (0.95) 0.003 -0.42(094) 0.46 (1.07) <0.0001 21.43%% 35.92% 0.04
Medicine
Internal —0.39 (0.98) 0.19 (0.91) <0.0001 —0.28 (1.07)  0.83 (1.20) <0.0001 5.45% 18.91% 0.02
Medicine
Pediatrics —0.46 (1.51) 0.05 (0.99) 0.0008 —0.22 (1.09)  0.84 (1.21) <0.0001 25% 30.49% 0.40
Obstetrics & —0.14 (0.89) 0.04 (0.99) 020 -0.29(098) 0.58(1.07) <0.0001 25% 30.75% 0.38
Gynecology
Neurology —0.32 (1.09) 0.04 (0.99) 0.011 -0.46(1.07)  0.73 (1.06) <0.0001 17.54% 28.94% 0.08
Psychiatry —0.10 (1.01) —0.02 (1.15) 0.62 —-0.06(1.38) 1.16(1.41) <0.0001 28.07% 51.94% 0.001
Surgery —0.27 (0.96) 0.07 (1.00) 004 -0.19(1.01) 0.53(1.11) <0.0001 12.50% 17.83% 0.37

Abbreviations: SD, standard deviation; NBME, National Board of Medical Examiners; US/B group, students with 1 or more unsatisfactory or

borderline performances on pre-clerkship clinical skills exams

(3%), and this difference was statistically significant (Wald
chi-square statistic 6.71, P=0.0096).

Discussion

PCCS exam performance at our institution aligned with
students’ future performance on multiple performance
measures in the third-year clinical clerkships, with low
PCCS exam performers demonstrating lower clerkship
workplace-based clinical evaluation scores, lower NBME
scores, lower odds for achieving Honors for overall clerk-
ship grade, and a higher risk of failing USMLE Step 2
CS. Most low-performing students had only 1 CS defi-
ciency over the course of the PCCS course, with a sig-
nificant percentage of the total number of CS deficiencies
accounted for by a subset of students. Over one-third of
low performers were identified within the first year of the
course. The results of our study suggest that a longitudinal
PCCS course with robust assessment methods can predict
which students are likely to underperform in their clerk-
ships based on early PCCS exam performances. We found
student performance in a rigorous clinical skills assess-
ment program correlates strongly with future performance
in both real and simulated patient encounters. This sup-
ports the development of clinical skills assessments that
reliably predict performance in more advanced clinical
practice environments as an achievable goal. Development
of a robust local CS assessment program is particularly

important given the recent elimination of the USMLE
Step 2 CS exam as a national, standardized assessment
students’ clinical skills competencies [9].

CS assessments that predict students’ future performance
provide validity for these assessments [10]. Our findings are
consistent with previous studies assessing the relationship
between PCCS exam performance outcomes and future
clerkship performance, including the work of LaRochelle
and colleagues who found PCCS exam performance pre-
dicted third-year clerkship NBME exam performance and
clerkship final grades [17]. Our findings are also consistent
with previous studies showing PCCS exam performance pre-
dicts later high-stakes OSCE performance [13-16, 18, 19].
In contrast to these studies, in which PCCS exams involved
multiple SP encounters, we were able to identify predictors
of future clerkship performance from PCCS exams involv-
ing a single SP encounter. Although previous research has
shown improved reliability of CS assessments involving
multiple patient encounters [5, 22], our findings suggest that
it is possible to identify low- performing students with robust
assessments involving only a single SP encounter. This has
potential implications for decreased cost and resource utili-
zation, which can be substantial for such exams [23].

Another important difference between our study and pre-
vious studies is the timing of PCCS performance data col-
lection. In previous studies, PCCS exams were administered
at the end of the pre-clerkship period. In contrast, we meas-
ured PCCS exam performance outcomes serially throughout
the pre-clerkship period, beginning a few months into the
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first year of the PCCS course, and found that even early
PCCS exam performance data could predict later student
performance. The ability to identify struggling learners
early in their training has significant implications for stu-
dents whose skill deficiencies might otherwise go unde-
tected. Low-performing medical students have lower levels
of self-efficacy and higher levels of anxiety and frustra-
tion, compared to higher-performing peers [24]. Attending
to students’ self-efficacy early in their training is important,
given the impact of self-efficacy on academic achievement
in medical school [25, 26]. The later in training a struggling
learner is identified, the higher the likelihood that they will
develop exhaustion and discouragement, requiring more
extensive make-up and negatively impacting the student’s
ability to modify or make changes to their self-regulated
learning behaviors [24]. Clinical skills assessment efforts
should attempt to identify individual students’ specific defi-
ciencies early in training, to optimize remediation efforts
and future clinical skills performance. A PCCS assessment
program that can identify students early who are likely to
underperform in the clinical clerkships allows for devel-
opment of effective, targeted instructional programs to
enhance later performance.

While our study provides important findings related to early
predictors of student clerkship performance, it did not evaluate
the underlying etiology of student performance deficiencies
on PCCS exams. We also did not evaluate the relationship
between PCCS outcomes and clinical performance following
undergraduate medical training. Additional studies are needed
to further explore these aspects of medical student training.

Limitations

This was a single-institution study, and our results may not
be generalizable to other institutions where the PCCS course
structure, content, instructional methods, and assessment
methods may differ. Despite intensive faculty development
and the use of standardized grading rubrics, faculty evalua-
tors’ identification of US or borderline performances during
PCCS exams involves some degree of subjectivity. Student
performance evaluations during the third-year clerkships
also involve subjective assessments of student performance.
Each clerkship at our institution employs slightly different
criteria to calculate students’ final clerkship grades, and the
NBME subject exam score contribution to the overall clerk-
ship grade varies among clerkships. The number of third-
year clinical evaluations completed for a given student varies
among students and is comprised of resident, fellow, and
faculty evaluators. We attempted to account for this variabil-
ity by performing and presenting analysis of multiple, sepa-
rate measures of clerkship performance, including NBME
subject exam scores, clinical evaluation scores, and Honors
designation.

@ Springer

Conclusions

Robust clinical skills assessments administered early in
the pre-clinical curriculum can predict future clinical per-
formance of medical students. Educators should use these
assessment tools to identify students at risk for later perfor-
mance deficiencies early in the curriculum when there is
more opportunity to provide additional resources and reme-
diation to these students.
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