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BACKGROUND

E-Learning has been shown to compare favorably to traditional teaching methods as measured by
standard achievement tests and learner satisfaction.(1,2,3,28) And though there is a paucity of such
studies demonstrating that the increased knowledge gained is of greater practical use, one recent
example is provided by Fordis et al. (2005) where online CME was shown to effect changes in physician
practice behavior better than traditional (live) CME.(1) As well, an online review of medical and
educational literature databases (Medline, ERIC, and Cinahl) revealed a paucity of investigations which
objectively compare pedagogical methods in medical education using an online CBL component to
traditional methods. Practical criteria for evaluating online patient simulations are only recently being
proposed.(20) Sakowski, Rich, and Turner (2001) found that students using Web-based case simulations
as an individual exercise did not perform differently on the clerkship written examination than those in the
traditional clerkship curriculum.(22) However, this study used only a small number of subjects and cases
were not truly interactive, because no user input was elicited and no feedback was given. Leong,
Baldwin, & Adelman (2003) compared different methods of case delivery and concluded that computer
cases are better than paper cases or simple study articles.(23) And Swagerty et al. (2001) showed pre-
test to post-test improvement in third year medical students enrolled in a case-oriented Web-based
curriculum. Other examples of unilateral testing of case-based courses exist. But overall, few relevant
studies can direct our investigation to detect differences based on pedagogical format. Making
comparisons even more difficult are the widely various formats — from paper-based tutorials to medium
fidelity interactive computer-based simulations to the most sophisticated haptics-based virtual reality
programs — that qualify as “patient simulations.”

Still, CBL is universally well-received by students, and the use of online CBL is burgeoning in medical
schools. Literature espousing the effectiveness of Problem-Based Learning and it's core component CBL
is readily available in a broad array of healthcare education settings.(21,22,23,24) And evidence of the
benefits of interactive multimedia, including its ability to promote "deep" rather than "surface" learning, is
likewise abundant, dating back to before the use of personal computers.(25,26,27)

Computer-based interactive patient simulations can help students affect transfer of knowledge from the
basic sciences to patient care because they allow students to develop and practice problem solving and
decision-making skills interactively within the context of patient problems.(34) Thus, in theory,
supplementing didactic information delivery in medical education curricula with an online CBL platform
that is rich in interactive multimedia should improve knowledge retention through practice of knowledge
application and deep memory formation. However, PBL proponents argue that while the case is the
stimulus in the PBL experience, actual learning occurs during the group’s collaborative discussion of the
case. On the other hand, PBL opponents cite the inefficiency of small group tutoring. It remains to be
seen if learning can occur through highly interactive stand alone case simulations when used to reinforce
learned concepts — this is the focus of MedCoMS.

A major advantage of the Medulator Virtual Patient case platform is that it is entirely data-driven, with the
ability to track highly specific aspects of user performance (e.g. diagnostic and therapeutic accuracy,
cost-effectiveness of patient evaluation). Thus, in collaboration with the University of Utah’'s Departments
of Internal Medicine and Clinical Epidemiology, MT investigators designed and conducted a study
comparing a Medulator-based course on upper respiratory infections with traditional classroom delivery
of similar content.

Research Objective
To compare pedagogical effectiveness of an online case-based course to that of traditional classroom-
based delivery, using Medulator performance data in addition to pre-test and post-test performance.

METHODS
o 3 faculty members at the University of Utah School of Medicine:
= Wrote teaching material addressing 2 different upper respiratory infections: Acute Rhinosinusitis
and Acute Bronchitis
= Provided and managed housestaff completion of study requirements
e Content consisted of:



= 12-question paper-based multiple-choice pre-test.
= Classroom material: Two 20+ minute PowerPoint-based lectures, delivered sequentially.
= Online material: Two 10-minute Flash-based didactic presentations, using the verbatim
classroom-based lecture transcript, plus 2 Medulator Virtual Patient cases which were stripped of
some teaching features in order to reduce time-on-task.
= Test material: Three Medulator Virtual Patient cases, with all teaching points and case
discussion removed (ie. pure summative mode), plus a 10-question online multiple-choice post-
test, covering the material presented on Acute Rhinosinusitis and Acute Bronchitis.
e 139 Internal Medicine residents and interns were randomized to one of 2 study groups:
= Control group: Receives classroom lectures
= Intervention group: Completes online study material
o No subject had previously used Medulator.
e Control (classroom) group subjects sat in-class on one of 3 lecture delivery dates, at the beginning of
which they completed the 12-question paper-based MCQ pre-test.
e Intervention (online) subjects completed the same pre-test individually, and then were given
instructions for accessing and completing the online material (didactic presentations + 2 study cases).
e Following a minimum 10-day waiting period after completion of either classroom lectures or online
study material, all subjects were given instructions for accessing the online test case material.
e Performance data was computer-generated during online test case sessions, and consisted of the
following dependent variables:
= Number of treatment attempts per case to achieve a positive patient outcome
Number of diagnostic tests ordered and costs incurred, per case
Number of correct and incorrect Final Diagnoses per case
Number of correct and incorrect Final Treatments per case
Case (keyboard) Time per case
Quiz Score

Statistical Methods

Groups were compared on unordered categorical variables with two outcome categories using the chi-
square or Fisher's exact test as appropriate. For unordered categorical variables with more than two
categories, the chi-square test or Fisher-Freeman-Halton test was used as appropriate. For ordered
categorical variables, the groups were compared using the Wilcoxin-Mann-Whitney test. Groups were
compared on continuous variables using the two-sample t test, or the Wilcoxon-Mann-Whitney test if the
distributions were skewed, as indicated by a significant Shapiro-Wilks test computed separately for each
group. For skewed distributions, the median and interquartile range was used to summarize the
distribution, rather than the mean and standard deviation. For multiple continuous outcomes, such as
quiz scores, the average of the multiple outcomes was used as the outcome measure.

To adjust for pretest test scores using an analysis of covariance approach, linear regression was used if
the outcome variable was sufficiently normally distributed, using the pretest score as a covariate. For
skewed outcome variables, ordinal logistic regression was used if the outcome had a narrow range and
linear regression on a log-transformed outcome variable if it had a wide range.

All reported p values are for a two-sided comparison, computed using Stata/SE 9.1 statistical software
(StatCorp, College Station, TX).

RESULTS

Of the 139 subjects assigned to complete the materials, 129 subjects, representing training levels PGY1
thru PGY3, completed the study (72 online, 57 classroom). Dropout of 10 subjects occurred for a variety
of reasons, including vacation, graduation from the residency program prior to completion, and otherwise
failure to finish all test cases by study completion. Six subjects, originally randomized to the classroom
group, failed to show for class and were re-assigned to the online group.

Online subjects spent an average of 15.25 minutes and 14.53 minutes on the two study cases (for a total
average of 29.8 minutes of case time), and the two online didactic lecture presentations required a total of
20.2 minutes of runtime. Thus, average total time-on-task for the online group was 50 minutes. In




comparison, total lecture time for the two faculty members delivering PowerPoint lectures in class
averaged 45-50 minutes in each of the 3 classroom sessions. The average time from study session to
testing was 16.4 days for the online group and 17.8 days for the classroom group.

To test the effectiveness of each instructional method, we measured each dependent variable provided
by Medulator, as well as performance on each of two 5-MCQ post-test quizzes. Results appear in Table
2.

Table 2. Main outcome results for 129 subjects who completed the required 3 test cases.

Online Classroom unadjusted | adjusted
[n=72] [n=57] p value p value**

Post-Graduate (Residency) Year

1st 30 (41.2) 21 (36.8)

2nd 15 (20.8) 12 (21.1) 0.637

3rd 25 (34.7) 24 (42.1)

4" (recently graduated PGY3) 2( 2.8) 0( 0) -
Pretest score,

mean (SD)

(high score is best) 61.7 (14.9) 56.9 (12.3) 0.056 --
Mean of two Quiz Scores (0 to 5
possible),

median (25th , 75th percentile) 4.0 (3.5,4.5) 3.5(3.5,4.0) 0.044 0.051

(high score is best)
Mean Case Time* (time required to
complete each case), minutes,

median (25th , 75th percentile) 13.7 (10.3, 17.5 (13.3,

(low score is best) 17.3) 23.2) <0.001 0.001
Mean Treatment Attempts per case,

median (25th , 75th percentile) 2(14,2.7) 27(2,3.3) 0.002 0.005

(low score is best)
Mean number Correct Treatments

mean (SD) 3.8 (0.5) 3.4 (0.6) <0.001 0.001

(high score is best)
Mean number Incorrect Treatments

median (25th , 75th percentile) 0.33 (0.00, 0.33 (0.00, 0.110 0.144

(low score is best) 0.67) 0.33) ' '
Mean number Correct Diagnoses

mean (SD)

(high score is best) 1.0 (0.2) 1.0 (0.2) 0.404 0.437
Mean number Incorrect Diagnoses

median (25th , 75th percentile) 0.17 (0.00 , 0.33 (0.00,

(low score is best) 0.33) 0.33) 0.258 0.398
Mean number of Tests Ordered,

median (25th , 75th percentile) 1.00 (0.67 , 1.33 (0.67

(low score is best) 1.67) 1.67) 0.222 0.477
Mean Test Costs (cost of all tests
ordered), $US

median (25th , 75th percentile) 45(20,717) | 45(38.3,62.8) | 0.853 0.986

(low score is best)

* Case times greater than one hour were set to missing before computing average of the three cases, the assumption
being the student stepped away during case exercise.
** p-value adjusted for pretest score in a regression model.



The online group reliably took less time to complete each test case (p<.001), required fewer treatment
attempts to achieve a positive patient outcome (p=.002), selected more correct treatment options
(p<.001), and scored higher on the post-test quiz than the classroom group (p=.044). After adjusting for a
non-significant difference in pre-test scores (p=.056), these effects remained reliable except post-test quiz
scores showed a nearly reliable trend (p=.051).

There was no significant difference for other dependent variables, including incorrect treatments, correct
and incorrect diagnoses, number of tests ordered, and test costs.

DISCUSSION

In this study we attempted a head-to-head comparison of instructional methods, with the main
intervention being a dual-methodology approach of supplementing didactic material with interactive
patient simulations. The dual-methodology platform was delivered via the Web versus a traditional
approach of delivering the same instructional principles and concepts synchronously and podium-style to
a classroom of subjects. Because online delivery of didactic material can be accomplished in a fraction of
the time it takes human lecturers — the online didactic presentations used the verbatim lecture transcripts
but took a total of 20.2 minutes, compared to 45-50 minutes for classroom delivery — we were able to
augment the online didactics with Medulator Virtual Patient case studies and still match time-on-task to
the traditional method. However, in order to accomplish this, many of the teaching features of Medulator
were stripped for the study. Thus Medulator was operating much closer to pure assessment mode.

Our hypothesis that supplementing didactic material with interactive multimedia patient simulations would
improve delayed performance proved largely true. The difference between the groups in time passed
from study material to testing was only 1.4 days, which is not felt to be meaningful. However, despite the
fact that the classroom group spent an average of 22% longer to complete their cases, the online group’s
performance was significantly better than the classroom group’s in several of the most important
performance indicators (treatment attempts, correct treatments, and quiz score).

At initial glance, it is not surprising that the online group took less case time, since they practiced on 2
study cases prior to the test phase. However, analysis of the differences in case time showed no
reduction in the gap of case times from Test Case 1 (between-group difference of 2.2 minutes) to Test
Case 3 (also 2.2 minutes), which would be expected if prior practice were the only explanation.
Alternatively, it may be that the online group truly became more comfortable with the main principles and
concepts to be learned in the study phase and were thus more efficient in applying those concepts in the
test cases.

No significant difference was seen between the groups for dependent variables such as diagnostic
accuracy or cost-effectiveness of diagnostic testing. The lack of effect with respect to diagnostic accuracy
was to be expected given the narrow differential diagnosis that subjects were led to expect (acute viral
sinusitis, acute bacterial sinusitis, or acute bronchitis). And the lack of effect with respect to cost-
efficiency of diagnostic testing suggests that both groups understood the concepts presented equally well
(e.g. appropriate indications for diagnostic testing such as chest x-ray for cough, and lack of efficacy of
sinus radiography in cases of acute sinusitis).

There were a number of limitations in our study. Human factors could have led to overestimation of some
dependent variables in both groups. For example, subjects cannot advance to the Final Assessment
section of a case until they achieve a positive patient outcome (based upon selected treatment regimens).
However, because subjects were not required to advance to the Final Assessment section of each case
upon achieving a positive patient outcome, they could have continued to select additional treatment
regimens in order to observe their effect on patient outcome. While such “curious experimentation” may
be valuable from a learning standpoint, it leads to overestimation of treatment attempts (and case time).
Likewise, when selecting diagnostic tests, Correct Diagnoses, or Correct Treatments, subjects could
potentially take a “shotgun approach” by selecting more options than necessary in order to observe the
feedback or to assure a correct selection, leading to spuriously high numbers of incorrect selections.

Another limitation includes Medulators method for measurement of case times, which were server-
generated keyboard times. This method of time measurement tends to overestimate the time that users



actually spend on case activity since they may step away for uncontrolled periods from an open browser,
with the clock running.

Also, as with any testing where students are allowed to work independently, we were unable to control
potential seeking of assistance from informational resources (e.g. Web, textbooks, and other students)
beyond those provided internally within the cases themselves. However, the brief average case times —
in other studies using more complex Medulator cases, case times averaged 25 - 30 minutes — suggest
that any time taken to consult external resources was minimal or nil.

Finally, our population of subjects represents a single major Internal Medicine training program. Lack of
information regarding this population’s previous training and knowledge on the subject matter material,
relative to other training programs, limits our ability to generalize our results.

Due to insufficient sample size, we were unable to measure an effect of the Medulator cases
independent from the online didactic presentation component. Thus, the question remains if, and if so
how much, Medulator improves performance over simply re-formatting live lecture material to the
asynchronous Web environment. Previous studies have shown that simply re-formatting paper-based
material to a more interactive Web version improves achievement scores.(31) However, our study
approach and findings are consistent with the findings of Fordis et al. (2005), in which online CME,
including a choice of multimedia presentations plus interactive cases with feedback, compared favorably
to live CME activities and actually improved physician practice behavior.(1) However, the Fordis study
also included both live and online forms of enabling tools and reinforcement that were not part of our
instructional methods.

The cases used for this study were relatively simple inasmuch as the disease differential diagnoses, and
therefore the therapeutic options, were limited. Because subjects knew that the cases covered recent
lecture material on 2 specific disease states, albeit important Ambulatory Care disease states, they were
conditioned for those diseases in the cases. It would be interesting in future research to use more
complex cases, with broader differential diagnoses, and which are administered as part of a larger
unstructured curriculum, in order to enable larger effect sizes in dependent variables such as diagnostic
accuracy and diagnostic cost-effectiveness.

Nevertheless, we conclude that the Web-based approach adopted for this sample population, wherein
online didactic material was supplemented with interactive cases, led to overall increased knowledge
retention and ability to apply learned concepts in a computer-simulated teaching/assessment
environment. Medulator is an effective way to reinforce such learned concepts in a benign,
asynchronous, online practice environment, as well as to expose students and clinicians to more cases
than they see during normal patient care, and to measure detailed aspects of their performance.
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