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BACKGROUND 
Case-based reasoning is ubiquitous in real-world medical diagnosis, and yet most technology-enhanced 
medical training systems fail to provide new information and training in a manner consistent with the way 
professionals need to later access learned information. Medulator provides an ecologically valid 
alternative to these systems and also provides the opportunity to optimize learning through application of 
principles of transfer from the analogical reasoning literature. Analogical reasoning involves comparison 
of structured information between two cases and allows the reasoner to make inferences about one case 
(the target) based on prior knowledge of another case (the source).  Numerous laboratory studies have 
suggested conditions that may facilitate transfer via analogy (see 11-13 for reviews); however, few of 
these methods have been evaluated in complex learning environments such as the domain of medicine. 
In the present study we use Medulator to evaluate two potential methods for the optimization of learning. 
By definition analogy involves comparison of cases based on structure (i.e., a comparison of the pattern 
of relations present in each case). For example, the diagnoses for two patients may be said to be 
analogous if they have similar patterns of symptoms and test results. However, the objects in the source 
and target of an analogy can also be similar at a surface level (e.g., two patients may be the same race, 
ages or have a similar occupation).  These non-diagnostic surface characteristics can frequently be quite 
salient and can distract reasoners from a full appreciation of the structural similarities between two cases. 
Thus, transfer to novel cases will be promoted if the learner is led to focus on structural similarities. There 
is some debate in the experimental literature as to whether surface similarities that correlate with 
structural similarities may aid in initial learning. On one hand, the salience of surface similarities may 
facilitate initial detection of the less salient structural similarities, at least for young children (14); however, 
the presence of these surface similarities may in some circumstances lead the learner to overlook the 
diagnostic structural characteristics (15).  In this study we investigate these alternatives by varying the 
order of cases with respect to surface and structural similarity. 
A second factor that has been shown to affect analogical transfer and learning under certain 
circumstances is explicit case comparison during study (16-18). For example, Gentner, Lowenstein and 
Thompson (18) demonstrated that business students were more likely to recall analogically relevant 
source cases when they were required to explicitly compare cases during study.  However, the 
effectiveness of this strategy may be domain-specific, both because of the way knowledge in a domain is 
structured, and also because different types of learners may implicitly use analogy as a standard learning 
mechanism.  For instance, medical and legal professionals who work in a domain that is dominated by 
case-based reasoning may not be as sensitive to explicit comparison enhancement as business students 
who work in a domain that is not as structured with respect to cases.  To evaluate the effect of explicit 
comparison during study, we have modified the Medulator Final Assessment section to include an 
explicit Analogy Transfer Evaluation (ATE).  The ATE requires case users to compare and contrast the 
current case to previous known cases (at least one of which is a true structural analog of the current 
case).  
An integral part of ATE is the Case Summary component, which students use as a self-reminder of 
previously solved cases’ germane features when comparing and contrasting to an unknown case.  
Literature also shows that using self-explanation in problem solving tasks improves performance (4–7).

 
 In 

the context of ATE, Case Summary serves as a self-explanation proxy.  Thus, a separate arm of this 
study would examine the effect of student Case Summary on case performance, independent of ATE. 
The research described was designed and conducted in cooperation with Dr. Keith Holyoak from the 
UCLA Department of Psychology and Dr. Robert Morrison from Xunesis. 
 

Research Objectives 
1. Determine whether case-ordering that manipulates the relative surface and structural similarity 

between adjacent cases affects learning as measured by Medulator performance metrics. 
2. Determine whether explicit comparison as implemented through the ATE can enhance learning 

as measured by Medulator performance metrics. 
3. Determine effect of Case Summaries on learning as measured by Medulator performance 

metrics.  
4. Determine user satisfaction with Medulator and perceived effect of ATE on diagnostic process 

METHODS 
We used Medulator to study the effect of case ordering, explicit case comparison, and writing case 
summaries on diagnostic and treatment performance using cases that systematically varied structure (i.e., 



diagnosis determinants such as full symptom constellation, physical examination findings, diagnostic test 
results, response to therapy, etc.) and surface characteristics (i.e., salient, non-diagnostic information 
such as patient age, gender, occupation, chief complaint, presenting symptoms, etc.). Participants were 
senior medical students. 
Each participant worked through 11 physician-authored Medulator Virtual Patient cases. Diagnoses were 
from one of three groups: (1) four analogous Bioterrorism cases of primary lower respiratory infections 
(Anthrax, Pneumonic Plague, Q Fever, and Tularemic pneumonia), (2) four analogous Cardiology cases 
of Congestive Heart Failure (Hypertensive CHF, Idiopathic Dilated Cardiomyopathy with CHF, Acute MI 
with CHF, and Infective Endocarditis with CHF) and (3) three non-analogous distracter cases. Study 
cases were structurally analogous within their own diagnostic category but superficially similar within 
and/or across diagnostic categories. Cases were presented in two different sequences: (1) “easy” 
analogies (surface and structure matched) followed by “hard” analogies (only structure matched), and (2) 
hard analogies followed by easier analogies.  
Ninety six (96) senior medical students who had never used Medulator self-enrolled and were paid $150 
for their participation which took 5.0 hours on average. Participants were randomly assigned to one of six 
groups (see Table 1). Participants completed cases in a defined order (see Figure 1). For Groups 1 and 
4, explicit case comparison was evoked via Analogy Transfer Evaluation (ATE) on 2

nd
, 3

rd
, and 4

th
 

analogs of each analogous case set; in these two groups, students were encouraged to write a Case 
Summary to serve as a reminder of cases’ salient features.  All other groups received no instructions for 
comparing previous cases but proceeded directly to the default Final Assessment (diagnosis and 
treatment selections, and post-test).  However, Groups 2 and 5 wrote Case Summaries (without ATE) 
while Groups 3 and 6 did not. 
 

The ATE condition consisted of 2 parts:   

1. First, once students completed selecting their Final Diagnoses and Final Treatments, they were 
presented with instructions to rate the degree to which previously completed cases were 
structurally similar to the current case.  Upon submitting their ratings, they were given feedback 
as to which case(s) were the closest analogs (as determined by the case authors). 

2. Next, students were asked to select the categories in which the case analogs were most similar, 
then most different.  Eight structural categories were offered for comparison and contrast, 
including Symptom Constellation, Pertinent Diagnostic Tests, Effective Treatments, etc.  Students 
were then asked to justify their responses in free text.  Upon submission of this page, an expert 
opinion of the analogies was given, which students were expected to use to mentally index the 
current analog for future reference.  

 
Table  1.  Design of Experiment 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Design of Experiment.  Both Groups received a series of cases for which they had to make a 
diagnosis.  Participants received feedback after each case.  Case Ordering Group 1 received two 
beginning cases followed by two easy cases that matched both the structure and the surface 
characteristics of the initial cases.  These cases were followed by two harder cases that required cross-
mapping (i.e., the previous structurally analogous cases had different surface characteristics.)   Case 

Group Case Ordering ATE Case Summary 

1 Hard/Easy Yes Yes 

2 Hard/Easy No Yes 

3 Hard/Easy No No 

4 Easy/Hard Yes Yes 

5 Easy/Hard No Yes 

6 Easy/Hard No No 



Ordering Group 2 received the last four with the harder cross-mapped cases first followed by the easier 
cases.  In a final test phase, both groups received cases with unique surface characteristics.  In the figure 
below C represents surface characteristics and S represents structure.  Structure always matches the 
diagnosis type (D).  The number after C or S represents a class of surface or structural characteristics 
and the letter following the number indicated a particular instance of that class. 
 

 
 
Dependent Variables measured: 

1. Number of treatment attempts required to achieve a positive patient outcome 
2. Number of Correct Final Diagnoses chosen 
3. Number of Incorrect Final Diagnoses chosen 
4. Number of Correct Final Treatments chosen 



5. Number of Incorrect Final Treatments chosen 
6. Number of diagnostic tests chosen 
7. Costs of diagnostic tests chosen 
8. Final Quiz Score

†
 

9. Case time (keyboard time) 
†   A 5 MCQ post-test was given after each case and was designed to test how well students recalled the surface characteristics of 
each case, rather than further testing them on their knowledge of disease. 

 
Participants were initially allowed 2 weeks to complete the study.  However, in order to achieve the goal 
of at least 64 completions, some subjects were granted up to 3 one-week extensions.  A MARS Honor 
System was published stating that subjects should work independently and with no external assistance. 
Each subject was asked to complete a wrap-up survey after completing all 11 cases. 
 

RESULTS 
Of the 96 subjects who originally self-enrolled, 72 subjects completed all 11 cases (33 in ATE group, 39 
controls) and 71 students completed the wrap-up survey. Only data from subjects who completed all 11 
cases were analyzed.  Outlying data were discarded using a three standard deviation cut.  
 
Case Ordering. To measure the effect of case sequencing on performance we analyzed test cases 9 (a 
bioterrorism case) and case 11 (a cardiology case). To control for the effect of case summaries groups 3 
and 6 were eliminated from analysis -- thus all participants in this analysis wrote case summaries for 
every case.  Half of the participants in this analysis compared cases using the ATE instructions (groups 1 
and 4) while half just performed case summaries (groups 2 and 5). We performed a 2 x 2 between-
subjects ANOVA to investigate the effect of case sequencing and explicit comparison (ATE) as well as 
their possible interaction. Though individual effects were not statistically significant for either case 
sequencing alone, a reliable cross-over interaction was seen (p=.009), as shown in Figure 2.  On closer 
inspection of the data the interaction appears to be driven by the cardiology case and not the bioterrorism 
case. There were no other reliable effects for other dependent variables in this analysis.  
 
Figure 2.  KEY:  Case Ordering 1 = Easy to Hard; Case Ordering 2 = Hard to Easy 

       
Explicit Comparison (ATE). To evaluate the effectiveness of explicit comparison between cases as 
implemented using the Analogy Transfer Evaluation (ATE), we only included cases in which the 
participants in the ATE group were given ATE instructions (thus the first cases of each diagnosis as well 
as the unrelated cases were eliminated). Groups who did not do case summaries (Groups 3 and 6) were 
not included in this analysis. We performed a mixed 2 x 2 ANOVA which factored diagnostic category 
(i.e., Cardiac vs. Bioterrorism cases) as a within-subject factor and explicit comparison (ATE vs. no-ATE) 



as a between subject variable. Participants spent more on tests (i.e., test costs) on Bioterrorism cases 
(p=.03) and there was a trend (p=.05) toward a reduction in test costs in the ATE condition.  Likewise, 
Diagnosis, Treatment, and Quiz performance were all harder with Bioterrorism cases (p<.001) but there 
was no reliable effect of ATE.  Treatment attempts (i.e. number of measured treatment attempts users 
required to achieve a positive patient outcome) were higher with ATE (p=.013).  ATE produced no 
significant effect on study and solution time (Case Time). 
 
Case Summaries. To measure the effect of Case Summary, independent of ATE, we looked at all Cardiac 
and Bioterrorism cases. Groups 2 and 4 were eliminated from analysis because they did ATE in addition 
to case summaries. We performed a mixed 2 x 2 ANOVA which factored diagnostic category (i.e., 
Cardiac vs. Bioterrorism cases) as a within-subject factor and whether or not participants were required to 
write case summaries as a between subject variable. Diagnostic accuracy reliably increased (p<=002) 
while treatment attempts decreased (p=.05) when participants were prompted to write case summaries.  
A trend suggested that writing case summaries improved diagnosis of Bioterrorism cases more than 
Cardiac cases (p=.06) and treatment attempts mainly decreased with case summary writing for Cardiac 
cases (p=.04). Writing case summaries had no reliable effect on test costs, treatment score, or quiz 
score.   
 
DISCUSSION 
In this study we attempted to apply several principles from the analogy basic research literature to 
enhance medical learning using Medulator, an interactive multimedia Virtual Patient case simulator.  
Specifically, we investigated whether using explicit comparison of cases (ATE) would increase student’s 
ability to identify relevant diagnostic principles improving their diagnostic accuracy or efficiency.  We also 
investigated case ordering, hypothesizing that forcing students to focus on structural characteristics 
without the support of non-diagnostic surface characteristics might ultimately immunize them from 
distraction by surface characteristics and improve their performance.  Lastly we evaluated whether writing 
case summaries would improve performance on analogous cases. 
 
Though results from this study were mixed, there was not strong evidence that applying explicit 
comparison of cases using ATE had a positive influence on most measures of performance.  Likewise 
case ordering did not have a reliable effect on test case performance.  There is a suggestion in our 
results, however, that explicit comparison can improve performance when students encounter difficult 
cases first, particularly when they are somewhat familiar with the basic principles involved in the 
diagnostic category. One explanation for this result is that explicit comparison of cases tends to focus 
students on all salient characteristics of the case—both diagnostic structural characteristics and non-
diagnostic surface characteristics.  In the “easy” case ordering surface and structural characteristics were 
aligned across early cases and thus students may have mistakenly associated surface characteristics 
with diagnostic efficacy.  In contrast, when non-diagnostic surface characteristics do not align with 
diagnostic structural characteristics in early cases, explicit comparison via the ATE seems to improve 
later test case performance.  This appears to be particularly true for cases in which the students may 
already be somewhat familiar with the treatment principles (Cardiac vs. Bioterrorism cases).  Thus, this 
suggests that for new areas of medical learning it is necessary to first educate students on important 
diagnostic and treatment principles before moving on to case-based education methods. 
 
There are several possible reasons why explicit comparison (ATE) did not improve subjects’ case 
performance.  First, it is possible that the students participating in this study did not have the necessary 
expertise to abstract the diagnostic and treatment principles from the cases.  Thus, explicit comparison of 
cases did not reinforce these principles (see Chi, Feltovich, & Glaser (10) for a similar issue in the domain 
of physics).  This hypothesis is consistent with the results in treatment score performance noted in the 
previous paragraph.  
A second, alternative explanation is that medicine, like law, and unlike business is an intrinsically 
analogical domain and thus fourth year medical students (in contrast to Gentner, Lowenstein and 
Thompson’s ( 18) business students) instinctively think analogically.  Thus forcing explicit comparison of 
cases is superfluous.   
 



A third reason may be that subjects’ memory of analogs simply decayed over time – a per-subject 
analysis of case performance against time between study initiation and study completion would be 
complicated and has not yet been attempted.  While this explanation is possible, medical professionals 
obviously use very old knowledge from previous cases to diagnose new cases.  Thus, this explanation 
may interact with the experience of the student/professional. 
 
Lastly, explicit comparison may have failed to produce a greater effect because of the complexity and 
interactive nature of the case analogs themselves.  Previous studies on the effect of analogical reasoning 
have used relatively simplistic case scenarios with fewer variables to consider and categorize as 
superficial versus structural characteristics (e.g. 18).  Also, in those studies, information was passively 
transferred, such that subjects were insured of being exposed to all structural characteristics germane to 
solving the problem.  In contrast, cases which offer comprehensive detail, such as the medical cases 
used in this study, may present too many variables to make definite determinations about the similarities 
and differences between cases.  Subjects could be overwhelmed when trying to determine which 
structural categories of data (historical, diagnostic, therapeutic, etc.) are most important to compare and 
contrast.  Furthermore, due to the highly interactive nature of Medulator cases (emulating real-world 
information gathering), subjects may fail to elicit certain critical structural information required for source 
analog comparison. 
 
There were a number of other limitations of the present study. Cases were not standardized for level of 
difficulty prior to the study.  However, all cases were authored by a Board-certified Internal Medicine 
physician, reviewed internally by a separate Board-certified physician, and were deemed to be of equal 
(or similar) difficulty level within diagnostic categories.  That is, all Bioterrorism cases were written to be 
similarly challenging, as were all Cardiac cases.  Bioterrorism cases were expected to be (and indeed 
proved to be) more difficult than Cardiac cases. 
 
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.  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. 
 
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, other students) 
beyond those provided internally within the cases themselves.  
 
An additional potential limitation was the variability in the time period over which subjects completed 
cases.  Subjects were initially urged to complete all cases within 2 weeks.  Previous laboratory studies 
requiring analogical reminding have typically been conducted over one week or less (19). Justification for 
this stipulation is founded in the concept that Analogical Reasoning requires the subject to be able to 
recall the pertinent structures of known cases.  Case summaries served this purpose to the extent that 
subjects were insightful and meticulous in their accounts of each case.  Nevertheless, when excessive 
periods of time transpire between the source case and the target case, an unpredictable degree of 
information decay can occur, limiting the usefulness of the subject’s recall.  However, in order to reach 
the target of subject completions (and avoid participant drop-out), study account extensions were granted 
in one-week increments.   Thus, between-subject variance may have dramatically increased because 
some students completed all cases within a brief period of time (e.g. 24 hours) versus others who took 
more than a month to complete all 11 cases, resulting in weeks between their first and last cases. 
 
Of note, and of particular interest to designers of CBL programs, is case performance improvement 
resulting from the use of Case Summary as a tool for reflection and as a proxy for self-explanation.  In the 



present study, diagnostic accuracy improved and treatment attempts were reduced in participants who 
summarized in writing the pertinent information in each case.  This effect was observed early (from the 
first case in each sequence) and was sustained throughout each case sequence.  While this result is 
consistent with previous research, and in itself is not surprising – after all, case summaries are analogous 
to physicians writing an “H&P” or a “SOAP note” – these investigators are aware of no comparable 
computer-based CBL platforms which incorporate such a simple yet effective tool.  Furthermore, informal 
analysis of subjects’ case summaries written for this study revealed that even subjects in groups which 
did not perform ATE (and, therefore, did not need case summaries as a comparison tool) wrote word 
counts comparable to ATE subjects, suggesting that those subjects were using the Case Summary utility 
for reflection and self-explanation. 
 
Finally, the follow-on survey results demonstrate a high degree of user acceptance of Medulator (see 
Appendix A for full survey results and interpretation).  Although the cases in this study operated in pure 
assessment mode, user comments indicated that many considered Medulator an excellent learning 
tool—an observation supported by their improvement in performance during the course of study.  
However, subjects perceived explicit analogical reasoning to be more effective than it was.  Interestingly, 
the applicability of bioterrorism cases to subjects’ training was rated low. 
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