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Abstract
Computer-based clinical simulations for medical education

exhibit wide variation in structure and format, yet few studies
have examined which formats are optimal for particular
educational settings. This study is a randomized comparsion
of the same simulated case offered in three formats: a
"pedagogic" format offering explicit educational support, a
"high fidelity" format attempting to model clinical reasoning in
the real world, and a "problem solving" format that required
students to express specific diagnostic hypotheses. Data were
collected from rising third year medical students using a
posttest, attitudinal questionnaire, students' writeups of the
case, and log files of students' progress through the
simulation. Student performance on all measures differed
significantly by format. In general, students using the
pedagogic fomat were more proficient but less efficient. They
acquired more information but were able to do proportionately
less with it. Students at this level had difficulty generating
queries for clinical information using natural language. The
results suggest that the format of computer-based simulations
is important educationally; a format that works well for one
learner population may not work as well for another
population with different characteristics.

Introduction
Interest in educational use of computer-based clinical

simulations took root in the early 1970s. The most visible
products of this early work included the CASE system
developed at the University of Illinois (1) and a series of
simulations developed at the Massachusetts General Hospital
(2). At about the same time, Richard Friedman built
simulations into the fabric of clinical teaching in an internal
medicine clerkship (3,4). Friedman (4) noted several potential
advantages of using simulations in clinical education:

1) All students are given experience with a core group of
disorders regardless of patient population or service in the
hospital...

2) Students are given an opportunity to see the importance
of cost and test availability in detenmining what tests are
truly most valuable.

3) Since all students can work up the same case,
simulation iv, the ideal vehicle for teaching diagnostic
skills.

4) Students are given detailed self-evaluation feedback...so
that emerging deficiencies can be rapidly corrected.

5) Mistakes are made on a computer and not a patient.
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Several design variants were evident in these simulation
programs. Some were "static" simulations, providing for
students the opportunity to work up a simulated case only at
one point in time, while other, "dynamic" simulations allowed
students to experience the time evolution of the case in
response to their own management decisions. The CASE
system required students to obtain information about the
"patient" using natural language query instead of choosing
menu items.

Computer-based simulations using mainframe technology
did not, in general, disseminate beyond the institution where
each program was developed (2). One possible reason was
cost on a student-hour basis which, despite promising early
projections, turned out to be much higher than comparable
costs of classroom instruction (5).

With the advent of relatively powerful and inexpensive
microcomputers in the early 1980s, the number of computer-
based systems for patient simulations proliferated rapidly (6-
9). These systems generally employed the dynamic model
whereby students could specify treatment of the simulated
"patient" and encounter the patient again at a later point in
simulation time. However, the mixed modality of user-
interfaces remained: some systems using natural language,
others using menus. The origin of this diversity was rather
clear. Some system developers would argue that the work
required to produce natural language simulations was justified
by the element of realism they introduce, since experienced
physicians do not bring checklists of interview questions to
their encounters with real patients (10). Others would argue
that the cognitive task of selecting items from a very long
menu is equivalent to a natural language environment, since it
is very inefficient to "shop through" a lengthy list.

Systems also varied in the amount and timing of feedback
they presented to learners. Some simulations provided
directive feedback during the simulation, keeping students
generally on track in the management of the patient (6). Other
simulations followed more closely the "flight simulator" model
by providing relatively little explicit feedback, letting the
realistic clinical consequences of clincial decisions indicate to
the student whether he/she was proceeding on a fortuitious
path (8).

There also developed serious interest in using simulations
for formal assessment of clinical skills. The CBX (Computer
Based Exam) project was initially sponsored by the American
Board of Internal Medicine and later adopted by the National
Board of Medical Examiners (11,12). Current plans call for
the introduction of CBX into Part III of the National Board
examination early in the 1990s.

At this writing a new generation of simulation programs
for medical education is under development. An obstacle to
the proliferation of simulations in medical education has been a
relative paucity of case material for students to employ. In
most systems, each case must be authored essentially from
scratch, a labor-intensive task that falls primarily to an expert
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clinician. To address this problem, the ILIAD system (13),
when functioning in a simulation mode, can generate medically
plausible cases probabilistically from its knowledge base.
Another perceived drawback of educational simulations has
been the lack of an explicit pedagogic strategy in the programs.
That is, most simulations do not direct students to employ a
systematic approach to clinical problem-solving. A system
developed at Southern Illinois University invokes an explicit
hypothetico-deductive framework which compels students to
think systematically through a clinical problem by asserting a
diagnostic hypothesis before eliciting data to test that
hypothesis (14).

Structure of the Studv
As the number of clinical simulation systems continues to

increase, a great deal of diversity in their format remains. This
study explicity compares alternative formats for these
programs, exploring which is preferable along several
dimensions of educational outcome. The approach we selected
was to give random samples of students simulations of the
same clinical case, but with systematically varied format. The
three formats used were based on approaches that are prevalent
among existing simulation systems:

* A "pedagogic" model that provided explicit
educational support. This version gave students access to
clinical information via hierarchical menus and provided
educational feedback as the simulation unfolded.

* A "high fidelity" model that attempted as closely as
possible to mimic clinical reasoning in the real world.
Students requested information in natural language and
received no feedback other than the clinical consequences
and monetary costs of their decisions.

* A "problem solving" model that imposed a
hypothetico-deductive approach by requiring students to
assert a working hypothesis before eliciting data, and
required them to assert whether each item of information
received tended to confirm, rule out, or uninformative
regarding the stated hypothesis.

We compared student performance on a number of
educational outcomes, with emphasis on information access
and recall. This emphasis was directed by the importance of
problem- specific knowledge in clinical reasoning (15,16). In
exploring these outcomes, we are interested in issues of
proficiency (How much critical information do students access
and subsequently recall?) as well as efficiency (What
proportion of information that students access and recall is
critical information?) (17). Multiple outcomes assessed by
multiple measurement tools are employed to create a more
comprehensive picture of each simulation format's effects than
would derive from just one outcome measure.

Investigwative Ouestions
Specifically, this study explores whether students

employing alternative formats of clinical simulations differ in:

1) Behavior on the Simulation Itself:

a) the amount of clinical information accessed while
working through the case;

b) the amount of cntical clinical information accessed
while working through the case;

c) the proportion of clinical information accessed that is
critical information.

2) Content of a Case Write-Up:

a) the total amount of information about the case noted
in the write-up;

b) recall of information about the case: the proportion of
information accessed during the simulation that is
entered in a case write-up;

c) the amount of information inferred: information noted
in the case write-up directly accessed during the
simulation;

d) the ratio of ritica information reported in the write-
up to that accessed while working the case.

3) General knowledge about the case as reflected in scores
on a posttest.

4) Perceived value of the simulation as an educational
experience.

Methods
Design: The study employed a randomized, three group

design. The design had one independent variable, format of
the simulation, with three levels of this variable corresponding
to the three discrete simulation formats employed. Subjects
were randomly assigned to one of the three simulation
formats. Each of nine outcome measures constitutes a separate
dependent variable. The outcome variables were assessed by
analysis of log files maintained by the computer system, and
by asking each subject to complete a "write up", a posttest,
and a questionnaire. To add precision to the study, we also
explored the effects on the outcome measures of prior
achievement in basic science courses relevant to the simulation
content.

Subjects: Subjects in the study were rising third year
medical students at the University of North Carolina (UNC)
School of Medicine. The simulation exercise was a formal
part of the "Transition" course within the UNC medical
curriculum, designed to bridge students from the pre-clinical to
the clinical phases of their education. Of the 145 medical
students enrolled in the course, eighty participated by
administrative assignment in the computer simulation exercise
while the remaining students studied a different topic.
Participation in the exercise was an integral part of the course,
so students were motivated to perform well. Complete data
for use in the study were obtained from 72 students.

Simulation Program: Students worked through all three
versions of the simulations using author/driver software
developed for Apple II series computers by one of the authors
(CPF). In its generic form, this software contained many
features needed for this research, including routines for
interpreting natural language queries and a log file feature that
recorded student trajectories through the simulation. Specific
variations were made in the driver program as needed to create
the alternative presentation formats for the common case
script. In earlier trials, students reported the program to be
acceptably fast and accurate in interpreting natural language
requests for information. Because the software had been used
by two previous cohorts of students in the Transition course at
UNC, it was essentially free of bugs and its mechanics of use
had been improved each year.

The simulations, in all three formats, had a node and
branch structure. Students encountered the "patient" in a
series of scenes. During each scene the student could elicit
history, physical exam, and lab/test data. When the student
completed data elicitation in a given scene, he/she was
presented with a list of up to seven discrete management
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options. The option selected determined the scene to which
the student was branched, corresponding to a realistic clinical
change in the patient's condition. When the student branched
to a new scene, all patient data were updated accordingly.
When branching to a new scene, the student was told the cost
of care for that scene and total costs incurred in the simulation
to that point.

The three formats used in this research were variants on
this general scenario. The manner in which data were elicited
within each scene of the simulation depended on the format of
the simulation. Natural language query--with students typing
in their requests--was employed in the "high fidelity" and
"problem solving" versions. Data elicitation in the "pedagogic"
version was based on a hierarchy of menus; students made
choices from given lists. (For example, available history items
were divided into eight sub-menus from which students could
make specific selections.) In the "pedagogic" version only,
students could receive feedback on the plausibility of a number
of diagnoses at the end of each scene. In the "problem-
solving" model, students had to assert a working hypothesis
before eliciting any data and also were required to assert the
impact of each data item received on their evaluation of the
working hypothesis. The working hypothesis could be
changed at any time.

The Clinical Case: The simulated case employed in the
study ("Mrs. Jones") involves a 57 year old woman who
presents with abdominal pain, claiming that her previous
physicians have been unable to help her. Mrs. Jones has six
problems that could be diagnosed separately and a seventh
problem (urinary tract infection) that develops only if the
student elects to hospitalize her at a particular point in the
simulation. Despite the complexity of the case, the two most
important diagnoses of diabetes mellitus and depression are
not difficult to reach. When used in the same course during the
two previous years, this case problem was found to be an
appropriate, though very challenging, educational exercise for
rising third year students. The total case consisted of nine
discrete scenes. A total of 127 history, exam, and lab items
was available in each of the scenes. The author of the case had
earlier designated 43 of these items as "critical" to a complete
work-up.

Research Instruments: Data to address the research
questions were collected using several methods. We were able
to record, for later analysis, the data items accessed by each
student during the simulation using the log file feature of the
simulation driver program. To address students' unstimulated
recall of case information, we used a hospital progress note
form on which each student recorded a "write up" of the case.
We assessed students' general knowledge about the case using
a 22 item posttest developed collaboratively by the authors.
The posttest covered the interpretation of critical data items
about the patient, the appropriateness of the important
diagnoses and the information supporting them, and
management of Mrs. Jones' many problems. Students'
satisfaction with the simulation was addressed using a 10
Likert scale items on a self-administered questionnaire.
Relevant prior achievement was assessed using students'
scores on the endocrinology and psychiatry course
examinations in the second year medical curriculum at UNC.
These courses were chosen because their content was basic to
the primary diagnoses in the simulated case.

Procedures: As a part of his/her schedule for the
Transition course, each participant in the study was assigned
one afternoon (of three) to work the simulation, complete the
study instruments, and attend a group discussion of the case
led a medical preceptor. Students had been previously
randomized into the treatment groups. When each student
arrived for the session, he/she was given a diskette containing
the simulation in the pre-assigned format. Students were told

they had approximately one hour to work individually through
the case. The authors were available to the students to help
with system mechanics and to answer questions of medical
terminology. After finishing with the simulation, students
brought their diskette (which contained their log files) to a
member of the staff and received the write-up form, the
posttest, and the questionnaire. When students completed
these forms they reported to a classroom for the group
discussion.

Analysis: Complete data were acquired from 72 students:
26 in the "pedagogic" group, 24 in the "high fidelity" group,
22 in the "problem-solving" group. Each student's log file
was analyzed for data items accessed and the proportion of
those items that were "critical." One of the authors read all
case write-ups and coded these for the presence/absence of
each data item. Since this process required some subjective
decisions, a second coder crosschecked a representative
sample of eight write-ups. Agreement coefficients among the
coders (Cohen's Kappa) averaged .85 for these items,
pointing to high reliability of these data. The posttest, in
multiple-choice format, was scored based on total number of
correct responses. Items on the questionnaire were analyzed
individually and responses to ten items were summed to
compute an index of satisfaction.

Early in the data analysis, we found that the measures of
prior achievement had no significant relationship to the
outcome variables in the study (r<.12 for all variables). Data
were subsequently analyzed using one-way analysis of
variance to explore global differences among the simulation
formats. Separate analyses were employed for each outcome
variable. Scheffe's test was used to explore pairwise
differences among formats in instances where a global
difference was found using an F-test. The Kruskal-Wallace
nonparametric test was used to explore group differences on
individual questionnaire items.

Results
Table 1 summarizes the findings for the major dependent

variables in the study. The table reports means and standard
deviations for each group, the results of the analysis of
variance (F-test) to test global differences between the groups,
and the results of Scheffe's test exploring differences between
pairs of groups. From the Table 1, it is evident that the format
of the simulation was related to all dimensions of learning
explored in this study.

Students using the "pedagogic" version of the simulation,
which makes information accessible from menus, did
accumulate a much larger set of clinical information about
"Mrs. Jones" than users of the other two versions (p<.05 by
Scheffe's test) who obtained data using natural language. The
same finding was observed for numbers of cntical infornation
items that were accessed, which is an index of proficiency.
However, a different result obtains for the efficiency index
which is the proportion of items obtained that were critical
items. Here we observe higher efficiency for the "high
fidelity" and "problem-solving" formats (p<.05 by Scheffe's
test). Since 43 of 127 data items (34%) were designated as
critical, the efficiency index of students in the "pedagogic"
group (.38) suggests that they were essentially
undiscriminating in their search for information. An efficiency
index of .34 would be expected by chance alone.

With regard to the case write-up, students using the
"pedagogic" version listed more items of information than did
users of the other two versions (p<.05 by Scheffe's test). As
evidenced by the recall index, students using the "high
fidelity" and "problem-solving" versions of the simulation
were able to recall in their case write-ups a higher proportion
of what they had accessed. The inference index addresses the
number data items that were not explicitly accessed during the
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Outcome
Measure

Total Items
Accsed

Critical Items
Accessed

Efficiency
Index

Table 1:
Means, Standard Deviations and Tests of Signirican

Mean (SD) for Each Format*

PedaQ klghity Problem-Solving_

58.65
(19.49)

22.00
(6.19)

0.38
(.06)

Total Items in 18.57
Write-Up (9.15)

Recall
Index

Inference
Index

Critical Recall
Ratio

Posttest
Raw Score

Satisfaction
idex**

0.27
(.17)

2.77
(1.86)

0.39
(.18)

13.7
(2.52)

30.52
(5.94)

25.25
(8.77)

11.96
(3.03)

0.48
(.09)

15.08
(4.98)

0.43
(.14)

4.29
(1.85)

0.56
(.18)

11.6
(2.22)

37.42
(6.22)

21.36
(6.87)

10.45
(3.22)

0.51
(.10)

11.35
(5.45)

0.38
(.23)

3.14
(1.94)

0.54
(.21)

11.4
(2.91)

34.41
(8.08)

ice by Format

Test of Group Differences

F(2/69) ,Signifcance

58.93 p<.001

47.08 p<.001

15.52 p<.001

6.22 p<.Ol

6.15 p<.01

4.37 p<.05

6.51 p<.Ol

6.11 p<.Ol

6.70 p<.Ol

*Means listed in bold face do NOT differ signficantly by Scheffe's test at the .05 confidence level.

**Lower scores imply higher levels of satisfaction.

simulation but were listed explicitly in the case write-up.
Because the write-ups were completed immediately following
work at the computer, it is necessary that students inferred
these items from the information they did access while
working the case. By Scheffe's test, users of the "high
fidelity" version inferred more information than users of the
other two versions. The critical recall ratio indicates the
proportion of all critical items acessed in the simulation that
also appeared in the write-up. Students using the "problem-
solving" and "high fidelity" versions had significantly higher
critical recall ratios than students using the "pedagogic"
version.

The posttest addressed the major diagnostic and
management issues in the case and, as such, is a broader
indicator of overall performance and understanding of the case
than the information access and recall variables described
previously. The average score for all students on the posttest
was 12.2 (55.5%). As seen in Table 1, students in the
"pedagogic" group outscored the other students.

An overall satisfaction index was computed by
summing 10 Likert-scale items in the questionnaire. As
indicated by the lower mean score in Table 1, the "pedagogic"
format was rated most highly by the students. Differences
between the "high fidelity" and "problem solving" formats
were not significant. Table 2 presents mean ratings for each of
the 10 questionnaire items. The items that differed significandy
across the formats are indicated in bold type. The "pedagogic"
format received significantly superior ratings for four items
relating to infornation access and understanding of the case,

by the Kruskal-Wallace non-parametric test. The "high
fidelity" version received superior ratings on realism.

Dscu n
These results lead to an overarching conclusion that

simulation format makes a difference educationally. Students
responded to these alternative formats in systematically
different ways, largely in accord with theoretical and intuitive
expectations. It follows that designers of clinical simulations
and faculty members planning to employ them in medical
curricula should consciously tailor their choice of format to
their specific objectives and the backgrounds of their students.

Students using the "pedagogic" version accessed more
items of data and more critical items of data, but were able to
do proportionately less with them. These students were more
proficient but less efficient. Students using the "pedagogic"
version scored higher in the posttest, but not in proportion to
the amount of information they acquired about Mrs. Jones as
her case unfolded. The menu format made it easier for them to
access information, and the questionnaire revealed that they
appreciated that feature, but they did seem to "window shop"
for data--seemingly acquiring information because it was there
rather than because it was necessary. Students in the "problem-
solving" group obtained the least information overall, and the
least amount of critical information. The overhead of asserting
hypotheses and evaluating each data item against the current
working hypothesis forced students to consider clinical data
more thoroughly than the other students were compelled to do.
Given more time than students in this study were provided,
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Table 2:
Mean Ratings for Likert-Scale Questionnaire Items

Item* Format"*
Pedagogic High-Fidelity Problem-Solving

Program was
Easy to Use 1.85 2.42 1.86

Program Held
My Interest 1.77 2.00 1.59

Taught Organization
of Clinical Data 1.89 2.58 2.18

Helped Relate
Data to Diagnoses 1.92 2.58 2.22

Helped Me Think
Systematically 1.88 2.46 2.27

Matches the
Way I Think 2.08 2.71 2.41

Was a Realistic
Experience 2.74 2.02 2.43

Difficult for Student
at this Level 2.73 2.37 1.86

I Learned About
Clinical Reasoning 1.92 2.08 2.00

Format Made Data
Access Difficult 2.81 1.88 2.14

*Items listed in bold face differed significantly by format (p<.05
using Kruskal-Wallace test).

**Responses on scale from "1" (strongly agree) to "4" (strongly
disagree).

and students' willingness to spend more time on a simulated
case, the "problem-solving" model may yield educational
benefits untapped by the design of this study.

Students using the "high fidelity" and "problem solving"
versions of the simulation reported difficulties in accessing the
information they felt they needed to work through the case.
There are several possible origins of this sentiment. Students
at this level may not know what to ask for, or how specifically
to ask for it. These difficulties would have been exacerbated
by the occasional inability of the program to correctly interpret
students requests as initially entered. When this occurred, the
students may not have a readily accessible set of synonyms to
employ to ask the question in a different way. A "help"
feature that suggests synonyms would have been useful to
these students.

These results must be interpreted in light of the educational
level of the subjects and generalized with great caution to
trainees at other levels. These rising third year students were
just beginning their learning of clinical medicine. The features
of the "pedagogic" simulation format--particularly the
hierarchical menus--eased their data acquisition and helped
them learn the structure of clinical information. This structure
is something a fourth year student might take for granted, but
it is a novel concept to students at early stages of clinical
training. The findings of this study--particularly those findings
relating to efficiency--suggest that students may derive
educational benefit from constructing requests for information
rather than choosing from a list. Overall, however, students

who are clinical neophytes are probably best served by a
simulation that offers a great deal of support in obtaining
clinical information and explicit educational feedback on
various diagnostic and management options. It is not clear
how quickly students in active clinical training would outgrow
this format as they progress in clinical training. Both
alternatives we studied--the "high fedelity" and "problem-
solving" formats--have features that seem attractive for trainees
at higher levels and for continuing education of physicians in
practice.
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