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S tandardized knowledge-
based examinations are the 
standard by which medical 

professionals must demonstrate a 
minimum competence in order to 
earn a medical license and achieve 
specialty-based credentials. Previous 
studies suggest a strong correlation 

between National Board of Medi-
cal Examiners (NBME) subject ex-
aminations and subsequent United 
States Medical Licensing Examina-
tion (USMLE) scores.1-3 Thus, stu-
dent preparation and performance 
on gateway NBME subject exami-
nations can potentially provide a 

foundation for future successful li-
censing examination performance. 

Previous studies demonstrate the 
ability of clerkship practice tests to 
predict performance on NBME sub-
ject examinations, but show mixed 
results of the impact on student 
performance improvement.4-5 Gen-
eral education concepts show that 
practice tests can contribute to im-
proved performance on standardized 
tests via comprehension calibration, 
study plan development, and appli-
cation of metacognitive strategy.6-13  

fmCASES are online case-based 
modules originally created to meet 
the Society of Teachers of Family 
Medicine’s National Clerkship Cur-
riculum Objectives,14 and were found 
to “foster self-directed and indepen-
dent study” and “emphasize and 
model clinical problem-solving.”15 

During the time of this initiative, 146 
medical schools in the United States 
utilized fmCASES to teach or assess 
student learners.16 Increased student 
engagement in the online fmCASES 
is associated with improved student 
performance on end-of-clerkship ex-
aminations, and use of the virtual 
cases is comparable to traditional 
textbook learning.17-20 Evidence also 
exists to suggest that the fmCAS-
ES National Examination provides 
accurate and valid assessments of 
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student clinical knowledge in family 
medicine, and are comparable to the 
use of NBME examinations.17  

Our study extended the appli-
cation of fmCASES National Ex-
amination outside of its use as an 
end-of-clerkship evaluation. The spe-
cific aims were: (1) to assess if imple-
mentation of the fmCASES National 
Examination as a tool for formative 
assessment decreased group overall 
failure rates on the end-of-clerkship 
NBME examination, and (2) to as-
sess if fmCASES pretest scores cor-
relate with student NBME scores.

Methods
This was a retrospective cohort 
study comparing outcomes of stu-
dents from two different medical 
school classes. Participants includ-
ed students from the class of 2016 
(Co16) and 2017 (Co17) who com-
pleted the 6-week family medicine 
clerkship at the Uniformed Services 
University (USU). Co16 USU stu-
dents served as the control cohort, 
and Co17 USU students served as 
the intervention/comparison group. 
The local Institutional Review Board 
approved this project as an exempt 
protocol.

As part of a clerkship curriculum 
change in January 2015, we imple-
mented the fmCASES National Ex-
amination as a 100-question pretest 
and formative assessment tool. Our 
goals were: (1) to provide initial per-
sonal perspective and reflection on 
topic areas likely to be covered on 
the NBME exam; (2) to use this per-
spective to serve as study focus areas 
during the following rotation weeks; 
(3) to give students an objective mea-
surement of their knowledge prior to 
taking the NBME examination; (4) 
to identify students at risk for fail-
ure of the NBME examination; and 
(5) to highlight individual knowledge 
areas in need of improvement. 

Students in the intervention group 
were given one of two versions of the 
fmCASES National Examination, a 
nationally-standardized and validat-
ed test on Med-U.org. The examina-
tion was administered in proctored 
classrooms in the online format. A 

results report was provided to all 
students 2 days after the exam. In-
tervention group students attended 
an hour-long study skills lecture di-
recting them to prioritize study time 
during clinical weeks on the fmCAS-
ES for which they received the low-
est scores. Other study management 
strategies were also discussed. All 
students completed the NBME ex-
amination at the end of the clerk-
ship.  

Intervention group students were 
risk stratified based upon their pre-
test score. Those who received a 
score below the group 20th percen-
tile were designated as at-risk for 
failure of the NBME examination, 
and subsequently received academ-
ic counseling by one of two clinical 
associate professor faculty members 
(current and previous FM clerkship 
directors). Faculty assisted at-risk 
students in development of individu-
alized study plans. Study plans were 
tailored toward the learning styles of 
the learners, with focused study in 
weaker knowledge areas. In addition 
to completion of online fmCASES, 
study plan options included use of 
question banks, case-based learning 
textbooks, directed topic reading, and 
online video review. The clerkship di-
rector offered optional assistance to 
all clerkship students.

We determined an overall NBME 
failure rate for the control and inter-
vention groups. In the intervention 
group we also examined individual 
pretest and NBME scores for corre-
lation. Chi-square analysis, multi-
variate linear regression, Pearson 
correlation, and receiver-operator 
curve analysis were used to evaluate 
the effectiveness of the intervention.

Results
Demographic data for the control 
and intervention groups is shown in 
Table 1. The family medicine clerk-
ship was completed by 171 students 
hip in the class of 2016. This con-
trol group did not take the pretest. 
The intervention group (Co17) had a 
significantly higher undergraduate 
GPA, but characteristics of age and 

MCAT score were not significantly 
different between the groups.

Thirty of 171 students (17.5%) 
failed the family medicine NBME 
on the first attempt; 160 students 
from the class of 2017 took the fm-
CASES pretest and completed the 
entirety of the family medicine 
clerkship. Among these students, 
13 (8.1%) failed the family medicine 
NBME examination on the first at-
tempt. Chi-square analysis between 
these two groups indicates a signifi-
cant difference in pass rates, with 
P=0.01 (Table 2). Multiple regres-
sion analysis was used to test if the 
student pretest score was predictive 
of the NBME score as compared to 
other demographic factors (Table 
3). It was found that pretest signifi-
cantly predicted NBME score (β=.56, 
P<0.001). Age, undergraduate GPA, 
and MCAT scores were not predic-
tive of NBME score.

Bivariate Pearson correlation 
analysis of the relationship be-
tween pretest scores and NBME 
scores showed a correlation coeffi-
cient of 0.55 with P<0.001 (Figure 
1), indicating a statistically signifi-
cant moderate positive correlation 
between pretest scores and NBME 
examination scores.  

Receiver-operator curve (ROC) 
analysis determined the optimal 
pretest examination score with the 
highest sensitivity and specificity 
for failing the NBME examination. 
Pretest examination scores ranging 
from 40% to 78% were selected as 
cutoff values based upon the range of 
scores achieved by the pretest group. 
For each score cutoff value, sensitiv-
ity and specificity were calculated 
and the results were plotted as an 
ROC curve. Figure 2 displays the 
ROC curve with optimal sensitivity 
and specificity cut-offs marked with 
an arrow. According to our data, a 
pretest score cutoff value of 60 opti-
mized sensitivity and specificity for 
test failure.

Discussion
The fmCASES National Examina-
tion in conjunction with the case 
breakdown results report served 
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as a helpful formative assessment 
tool and guided individual NBME 
examination preparation in our 
student population. Our findings 
demonstrate that use of this exam 
as a pretest combined with study 
plan counseling can decrease over-
all failure rates on the end-of-clerk-
ship NBME examination for FM 

clerkship students. Additionally, we 
confirmed a moderate positive cor-
relation between fmCASES pretest 
scores and end-of-clerkship NBME 
examination scores. In general, low-
er fmCASES pretest scores were as-
sociated with lower NBME scores. 
Although there was a slight differ-
ence in demographic characteristics 

between the groups, the pretest score 
was a significant predictor of NBME 
score after adjusting for age, MCAT 
score, and undergraduate GPA. Oth-
er institutions could use this corre-
lation and our ROC analysis to help 
identify students most likely to fail 
the end-of-clerkship exam.

We theorize that the benefits 
gained from our pretest intervention 
are not purely secondary to the iden-
tification of knowledge gaps. General 
education theory suggests that test-
ing produces better organization of 
knowledge and improves the trans-
fer of knowledge to new contexts.13 

We also theorize that completion of 
the pretest served as a cognizant or 
mindful introduction to the clerk-
ship course objectives, and that de-
tailed awareness of these objectives 
helped students tailor their clinical 
encounters and academic study time 
to subject areas most likely on the 
final exam.  

Conclusion
Implementation of a formative as-
sessment prior to the beginning of 
a clerkship can provide students an 
explicit roadmap for learning objec-
tives and assist them in identifying 
content areas in most need of study.  

Table 1: Student Demographic Characteristics

Student Characteristics Class of 2016 Class of 2017 P Value

Total Number 171 *170

Mean Age 24.5 24.4 0.74

Male 111 114 0.68

Average Cumulative Undergraduate GPA 3.53 3.60 0.02

Average MCAT Score 31.1 31.3 0.45

Race/Ethnic Group    

     Black American 7 2

     American Indian/Alaskan/Hawaiian 0 0

     White 116 106 0.29

     Asian/Pacific Islander 30 45

     Puerto Rican 0 0

     Mexican American/Chicano 3 2

     Other Hispanic 2 3

     Race not reported 13 12

* Only 160 students took both the pretest and family medicine NBME exam. 

Table 2: Failure Rates Between Cohorts

Total Fail Failure %

Control group 171 30 17.5%

Intervention group 160 13 8.1%

Total 331 43

P=.01

Intervention Group Subanalysis

     “Non at-risk” students 132 9 6.8%

     “At-risk” students 28 4 14.3%

P=.19

Table 3: Multivariate Linear Regression Coefficients
β P Value

Age -0.15  0.37

Cumulative undergraduate GPA  0.03  0.27

MCAT score  0.36  0.11

Pretest score  0.56 <0.001

Dependent Variable: NBME Score
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fmCASES National Examination is 
helpful in this context and can be 
used to help students design indi-
vidualized study plans.
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Figure 1: Pretest Score vs Shelf Exam Score

Figure 2: ROC Curve
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