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Many disciplines including 
medicine are evolving to 
incorporate online teach-

ing as part of the course curricula 
to meet student education objectives. 
There have been many reasons cited 
for the introduction of online learn-
ing, including improved student sat-
isfaction as well as requiring less 
use of faculty time and resources.1,2 
More specific to medical education, 

online case curricula during required 
clerkships has been posited to help 
clerkship directors comply with the 
Liaison Committee on Medical Edu-
cation (LCME) ED-2 and ED-8 stan-
dards.3-5 These requirements aim to 
ensure comparable educational ex-
periences and evaluation methods 
across all instructional sites (ED-
8) and require clerkships to specify 
the volume and breadth of conditions 

that students must encounter to 
achieve the course’s learning ob-
jectives (ED-2). It is thought that 
advantages of virtual curricula in-
clude the ability to update content 
in real time and the ability of stu-
dents to access the materials remote-
ly, among others. There has been a 
continuous move toward develop-
ing more sophisticated versions of 
web-based curricular materials for 
use in family medicine clerkships.3,4 
This has included the development 
and dissemination of fmCASES, a 
set of online cases that is designed 
to teach the national clerkship cur-
riculum recently defined by the So-
ciety of Teachers of Family Medicine 
(STFM).3 Because of its comprehen-
sive nature, fmCASES has been uti-
lized across many medical schools 
as a replacement for traditional 
course textbooks or didactic teaching 
throughout the clerkship. To the best 
of our knowledge, prior research in 
this area has reported on the use of 
supplemental online learning among 
medical students and has not exam-
ined whether replacing traditional 
teaching modalities results in im-
proved outcomes. 

Previous research has demon-
strated that successful integration of 
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a web-based case learning program 
into family medicine clerkships is 
possible.4,5 Moreover, Shokar and col-
leagues report that addition of case-
based learning to the curriculum 
may result in improved exam per-
formance.6 However, research to date 
has reported on student feedback of 
online curricula and the process of 
development and implementation of 
curricula. With the exception of Sho-
kar and colleagues,6 who found that 
web-based case learning was associ-
ated with higher scores on the Na-
tional Board of Medical Examiners 
(NBME) subject exam and the stan-
dadized patient (SP)-based exam, 
and Wiecha and colleagues,1 who 
report students completing an on-
line module during the family medi-
cine clerkship demonstrated higher 
scores on a post-clerkship diabetes 
management assessment, we know 
of no research evaluating the im-
pact of case-based online curricula 
on medical student clinical learning.  

In our family medicine clerkship, 
we implemented a curricular change 
by replacing our previously recom-
mended textbook with a set of 29 fm-
CASES. We studied the effect of this 
change by evaluating performance 
on the end of clerkship exam, which 
was modified to retain specific ele-
ments of our historic exam as well 
as add questions generated from the 
fmCASES bank of test questions. We 
hypothesized that student clerkship 
performance on standard measures 
would not change with a change of 
teaching methodology from textbook 
to online cases. 

Methods 
Overview 
This study evaluated exam perfor-
mance on specific test questions by 
medical students who completed our 
4-week required family medicine 
clerkship. The clerkship is structured 
to have students work with family 
medicine preceptors Monday–Thurs-
day and then convene for a series 
of didactic teaching sessions each 
Friday. The 4-week experience is a 
continuous and discreet block that 
is paired with 2 months of inpatient 

internal medicine that students do 
before or after the family medicine 
block. The overall family medicine 
and internal medicine curriculum as 
well as the placement of clerkships 
did not change during the study pe-
riod. The didactic sessions consist of 
a regular series of lecture-style pre-
sentations on relevant primary care 
topics and are given to all students 
in all blocks and generally by the 
same presenters each month. 

Intervention
Until 2011, the recommended read-
ing for the family medicine clerkship 
was Essentials of Family Medicine 
(Sloan et al). At the start of the 2011 
clerkship year, we stopped recom-
mending the textbook reading and 
instead assigned all clerkship stu-
dents to complete 29 online cases 
(27 fmCASES, 2 CLIPP cases from 
a pediatric set of cases). All other 
teaching elements of the clerkship, 
including didactic content, faculty 
lecturers, and clerkship sites, re-
mained unchanged from the prior 
year. Although online case comple-
tion was recommended, lack of com-
pletion did not affect their grade. 
Students were advised that exam 
questions would be drawn from the 
question bank associated with the 
specific assigned cases. 

Exam Assessment 
Prior to 2011, students were given 
a multiple choice exam that repre-
sented 30% of their course grade. 
The 75-question exam contained a 
mix of questions taken from the Es-
sentials of Family Medicine question 
bank as well as “home-grown” ques-
tions developed by faculty members 
that correlated to didactic content. 
Midway through the 2010 year, a 
random pool of fmCASES test ques-
tions corresponding to three non-
required fmCASES (hypertension, 
diabetes, musculoskeletal topics) 
were added to the student exam in 
addition to the existing exam ques-
tions. We chose these subject areas 
because they are core components of 
family medicine and ones that we ex-
pect all students to learn throughout 

the clerkship. Each student received 
10–16 additional questions that ap-
peared identical in format to the 
usual exam (the first month that 
featured the additional questions 
had 16 fmCASES questions, but in 
all subsequent months only 10 ques-
tions from the pool of 16 were includ-
ed to keep the exam from being too 
long). Although these questions were 
scored, they did not factor into the 
student grade. In 2011, we replaced 
the historic exam with a new exam 
in which random questions were 
drawn from the fmCASES test ques-
tion bank only for the cases that had 
become recommended reading. In ad-
dition, we retained 22 items that had 
been on our previous exam. These re-
tained items included 11 questions 
from the Essentials test bank and 11 
institutional questions, all of which 
addressed core clerkship content. All 
other elements of the exam, includ-
ing the exam format and percentage 
of course grade, remained constant. 

Analysis 
All data were uploaded to an Excel 
spread sheet along with additional 
student information, including pre-
ceptor evaluation score and score on 
a musculoskeletal objective struc-
tured clinical exam (OSCE) given 
during the course. The database 
was organized to ensure that each 
unique question was tracked across 
the 2 years of analysis (2010–2011). 
We then exported the spreadsheet 
to a statistical program. All analy-
ses were performed using STATA 
12.0 (College Station, TX). We were 
able to generate mean performance 
scores by calculating percentage of 
questions correct for each student 
on their respective examination. We 
used those values to calculate mean 
exam score by year. We used a series 
of t tests to compare means between 
years. To control for the maturation 
effect that occurs across the clerk-
ship year, we controlled for block in 
our analysis. In addition, we per-
formed sub-analysis using multiple 
domains. We were able to separate-
ly analyze performance on specific 
sets of questions. We did this based 
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on question source, which were cat-
egorized based on whether they 
came from the Essentials test bank 
(AIMS), “home-grown” questions 
(HOME), or the fmCASES test bank 
(fmCASES). We also examined the 
performance on subsets of questions 
based on topic. Specifically, we coded 
questions if they were relevant to di-
abetes (DM), hypertension (HTN), or 
musculoskeletal health (MSK), since 
those were three topic areas that 
were both strongly relevant to the 
course teaching goals and had many 
questions from multiple sources. Fi-
nally, we were able to isolate small 
subsets of questions that satisfied a 
narrower domain (eg, diabetes ques-
tions from fmCASES). We performed 
weighted least squares regression to 
account for imbalances between the 
two classes and control for potential 
confounding by sex, age, and pre-
clerkship baseline knowledge. The 
study protocol and specific aims were 
submitted to the University of Penn-
sylvania Institutional Review Board 
and was considered exempt from for-
mal review.

Results
Of 320 students in academic years 
2010 and 2011, complete score re-
porting was available for 303 (95%). 
Students in these 2 years had sim-
ilar demographic profiles and pre-
clerkship academic achievement 
(Table 1). Overall average perfor-
mance on the end of course exam did 
not change with the transition from 
textbook to online learning (Table 
2). Average exam score in 2010 was 

78.4 compared to 79.7 in 2011. Simi-
larly, other elements of course grade 
including preceptor evaluation and 
score on the musculoskeletal OSCE 
were not statistically different be-
tween the 2 years. Exam reliabili-
ty was established using a separate 
comparison (not shown) that re-
vealed that the average exam score 
in 2010 (baseline year) was similar 
to the average exam score in the 
preceding 5 years of the clerkship 
as well as a national norm for a sim-
ilar 75-item examination based on 
the Essentials of Family Medicine, 
Fifth Edition textbook.7 

Analysis of average score by sub-
ject yielded mixed results (Table 3). 
Student average score on hyperten-
sion questions (81.6 versus 78.3) and 
diabetes questions (79.5 versus 82.3) 
were not statistically different from 
2010 to 2011. However, students 
scored worse on musculoskeletal 
health questions (77.8 versus 66.8) 
in 2011 (P<.001). 

When organized by question 
source, differences were noted from 
1 year to the next for all three types 
of questions. Average score on text-
book (AIMS) questions (79.8 versus 
75.0) and homegrown (HOME) ques-
tions (79.3 versus 70.7) declined from 
2010 to 2011 (P<.001). Conversely, 
students in 2011 performed better on 
fmCASES questions than students 
in 2010. This difference remained 
statistically significant even after 
controlling for student block. 

We created a separate variable 
that incorporated average score on 
the 34-item constant exam that in-
cluded 11 AIMS, 11 HOME, and 12 
fmCASES questions that were asked 
in both 2010 and 2011 in order to 
look at a subset of the same ques-
tions to control for modification of 
teaching method. The average score 
on this measure (77.7 versus 76.4) 
was not different between the two 
years (P=.35). Secondary analyses 
revealed that for this subset of con-
stant questions, subject was not 

Table 1: Entering Class Student Demographics

2010* 2011**

Class size 154 162

% female 47.4 44.4

Average age 23 23

Mean GPA 3.80 3.81

Mean MCAT score 35.0 35.7

 
* Data for 2010 clerkship class is based off of the 2008 entering class.  
** Data for 2011 clerkship class is based off of the 2009 entering class. 
GPA—grade point average  
MCAT—Medical College Admission Test

Table 2: Comparison of Overall Assessment

2010 2011 P Value 
Weighted 
Difference

Adjusted 
P Value

Students 150 100% 153 90%

Average exam score* 78.4 77.3–79.5 79.7 78.6–80.9 .10 1.3 .10

Average preceptor score** 6.2  6.1–6.3 6.2 6.1–6.3 .85 -0.01 .85

Average OSCE Score*** 9.0  8.8–9.2 9.0 8.8–9.2 .88 -0.02 .88

 
* Average exam score is based on a 100-point scale 
** Average preceptor score is based on a 7-point scale 
*** Average OSCE score is based on a 10-point scale 
OSCE—objective structured clinical exam
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correlated with performance across 
the 2 years but question source was 
(Table 4). Students in 2011 per-
formed statistically worse on AIMS 
questions (75.0 versus 85.2, P<.001) 
and HOME questions (70.8 versus 
77.1, P<.001). However, they scored 
better on fmCASES questions (86.4 
versus 67.5, P<.001). 

Discussion
In this study of 303 medical students 
rotating through the family medi-
cine clerkship at our institution, we 
found that implementing an on-
line teaching curriculum of fmCAS-
ES did not change overall content 
knowledge as measured by an end 
of clerkship multiple choice exami-
nation. Students who were exposed 

to an assigned fmCASES curriculum 
scored equally as well on their re-
spective end of clerkship exams as 
the students who were assigned text-
book reading in the previous year. 
This performance, however, was 
variable by subject. Although over-
all performance on diabetes and 
hypertension questions remained 
unchanged, students in the 2011 

Table 3: Analysis of Overall Exam Questions

2010 2011 P Value 
Weighted 
Difference

Adjusted 
P Value

By Subject

HTN 81.6 79.3–83.9 78.3 75.7–80.9 .07 -3.3 .07

DM 79.5 77.0–81.9 82.3 80.4–84.2 .07 2.8 .07

MSK 77.8 73.9–81.7 66.8 63.9–69.6 <.001 -11.1 <.001

By Source

AIMS 79.8 78.7-80.9 75.0 73.0–77.1 <.001 -4.7 <.001

HOME 79.3 77.8-80.9 70.7 68.8–72.7 <.001 -8.6 <.001

fmCASES* 61.5 58.0-64.9 81.7 80.3–83.1 <.001 20.2 <.001

 
* Analysis limited to just Block 3 and 4 to control for exposure to fmCASES questions 
HTN—hypertension 
DM—diabetes 
MSK—musculoskeletal 
AIMS—textbook questions 
HOME—“home-grown” questions 
fmCASES—fmCASES questions

Table 4: Analysis of Constant Exam Questions

Question 
Count 2010 2011 P Value

Weighted 
Difference

Adjusted  
P Value

Constant exam 
score*

33 77.7 75.6–79.8 76.4 74.7–78.2 .35 -1.3 .35

By Subject

HTN* 7 84.3 80.8–87.9 81.7 78.2–85.3 .31 -2.6 .33

DM* 8 77.2 73.6–80.8 80.5 78.0–83.1 .13 3.3 .14

MSK* 6 72.1 67.0–77.3 73.7 69.0–78.5 .65 1.6 .67

By Source

AIMS 11 85.2 83.6–86.9 75.0 73.0–77.1 <.001 -10.2 <.001

Home 11 77.1 75.1–79.1 70.8 68.9–72.8 <.001 -6.3 <.001

fmCases* 12 67.5 61.7–73.2 86.4 83.5–89.3 <.001 18.9 <.001

 
* Analysis limited to just Block 3 and 4 to control for exposure to fmCASES questions 
HTN—hypertension 
DM—diabetes 
MSK—musculoskeletal 
AIMS—textbook questions 
HOME—“home-grown” questions 
fmCASES—fmCASES questions
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intervention group performed worse 
on musculoskeletal questions. One 
potential explanation is that stu-
dents did not learn as much from 
the fmCASES surrounding muscu-
loskeletal topics as they had learned 
from reading a textbook. This conclu-
sion may indicate that online learn-
ing may be better or more efficient 
at teaching certain subjects. Inter-
estingly, however, the performance 
on a musculoskeletal OSCE was 
not changed from prior years. This 
finding may suggest that although 
knowledge acquisition in this area 
did occur, the specific musculoskel-
etal questions associated with fm-
CASES were not able to detect it. 
It may also be the case that the de-
gree of difficulty for musculoskele-
tal questions in the fmCASES test 
bank is higher than other previous-
ly used test questions. It was also 
noted in our results that students 
in 2010 performed better on ques-
tions that were drawn from AIMS 
or HOME question banks and worse 
on questions that came from the fm-
CASES question bank. Not surpris-
ingly, students in 2011 who learned 
using fmCASES had the opposite 
results. This finding highlights the 
fact that regardless of other learn-
ing tools, students appear to do 
better on the type of question that 
corresponds to their test prepara-
tion. Thus, students who read the 
textbook performed better on AIMS 
questions, and students who read 
fmCASES did better on fmCASES 
questions. However, this assump-
tion does not explain why students 
in 2011 did worse on home grown 
(HOME) questions that matched up 
with didactic teaching and other core 
content but not necessarily the as-
signed course reading. This finding 
may reflect that student test prep-
aration was directed more toward 
fmCASES than other learning com-
ponents of the clerkship. 

This intervention study is not the 
first to explore the effect of online 
learning cases on medical student 
education. Previous literature has 
supported the use of virtual cas-
es or online curricula to enhance 

clinical teaching.8-11 Our findings, 
however, are unique in that we ex-
amined the effect on learning when 
the traditional reading material for 
the course is replaced, not supple-
mented by online learning cases. 
These findings extend the previous 
research in this field by demonstrat-
ing that in a family medicine clerk-
ship, transitioning to an online case 
curriculum does not impact overall 
knowledge as measured by an end-
of-clerkship examination. More spe-
cifically, our constant exam questions 
demonstrated that despite a change 
in teaching method, knowledge ac-
quisition stayed the same. 

A notable strength about our 
study is that we relied on a con-
trolled intervention study design. In 
doing so, we were able to isolate cur-
ricular change only to the required 
learning modality (textbook versus 
fmCASES) while maintaining all 
other elements of the clerkship es-
sentially unchanged. Although we 
did not restrict their extracurricular 
reading, students in both years had 
equal access to textbooks, the bio-
medical library, online resources, and 
full access to the entire set of fm-
CASES. Our analysis also takes into 
account the location within the clerk-
ship year in which the students took 
the exam to better control for mat-
uration effect.12 Further, while this 
study was not designed to validate 
individual examination questions, 
our study design, which included re-
tention of a subset of questions from 
year to year, reduces the likelihood 
that variation in scores was caused 
by a changing mix of easy or diffi-
cult questions. 

There are also several limitations 
to our study. Our intervention was 
performed at a single university that 
has very competitive entrance stan-
dards. Our findings therefore may 
not be applicable to students at all 
universities. However, these fm-
CASES were designed to reflect a 
national curriculum, and the exam-
ination was developed to be taken by 
students in all medical schools. An-
other limitation of our study is that 
we did not begin to incorporate 

fmCASES until the second half of 
the 2010 year. Because of this de-
sign, in our subanalysis of this ques-
tion type, we needed to control for 
the block in which students per-
formed the clerkship as students in 
later blocks have generally acquired 
more knowledge across their clerk-
ship year. Additionally, although we 
changed the assigned reading cur-
riculum for students in the 2 years, 
we did not survey, quantify, or re-
strict the amount of reading that 
students may have done outside 
of those assignments. Thus, varia-
tions in exam-based knowledge may 
have been at least partially attrib-
uted to student selection of other 
textbooks, study guides, or review 
materials. Finally, we understand 
that the control group had been tak-
ing an examination that had been 
largely unchanged in many years, 
while the experimental group was 
told they would be given a new 
fmCASES exam. Although we cannot 
quantify this effect, we suspect that 
there may have been some sharing 
of exam content passed along from 
class to class in prior years that be-
came muted with the switch to a 
new test bank of questions. In other 
words, students could have remem-
bered which concepts from didactic 
lectures were tested on the examina-
tion for prior groups, but they may 
have paid less attention to this in 
2011 upon hearing that the exam 
was new and based mostly on fm-
CASES. 

Our findings provide insight into 
student learning that has direct 
applications to all family medicine 
clerkships and other health profes-
sions programs that rely upon on-
line or virtual cases. In addition to 
prior evidence that using these tools 
to supplement clinical learning can 
be advantageous, our results support 
that these resources can effective-
ly replace more traditional textbook 
readings without having significant 
detriments to student knowledge. 
However, our findings also suggest 
that not all online cases may be cre-
ated equal, and while students can 
learn many clinical concepts through 
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virtual cases, the degree of learning 
can vary by topic. Departments who 
are or will implement online cases 
as part of their curriculum should 
be aware of the possibility of com-
pensatory learning that may occur 
as students focus preferentially on 
some course material instead of oth-
ers. Future studies will be needed 
to examine the full degree to which 
compensatory learning occurs as a 
result of change to a clerkship cur-
riculum based primarily on a set of 
online cases as well as establish-
ing optimum balance of virtual case 
based learning and other teaching 
modalities. 
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