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Abstract A knowledge–basedtutorial computer system in rheumatology had been integrated
in a standard course of internal medicine for students in their fourth year of medical curricu-
lum. The tutoring software is based on the expert–system shell–toolkit D3 and its tutorial
component D3Trainer. Based on the knowledge base “Rheuma", which is also used for con-
sultation, the “Rheumatrainer" is generated with the D3Trainer. The students visit the course
two weeks in groups of two or three twice a week. After taking the medical history from
patients, students turn to the tutorial programm “Rheumatrainer" for other parts of the diag-
nostic process for training of the ensuing diagnostic work up. Using the software, students
learn recognition and interpretation of symptoms and findings, indication of further tests and
deduction of diagnoses in a trial–and–error environment while the system is able to criticize
all decisions of the student.

1 Introduction

The trend in medical school education is towards problem based learning with cur-
ricula organized around real or typical cases the students should solve on their own.
The aim of this teaching approach is a higher motivation level as well as a better
transfer from knowing to doing. The students should be integrated into everyday
medical practice as early as possible. Since knowledge–based systems for various
domains are readily available it seems obvious to apply this knowledge to teach-
ing. In this paper we first explain this approach in detail and discuss some of the
available systems, before presenting evaluation results available.

2 D3Trainer

The expert system tool kit D3 [Puppe et al. 1996] integrates a teaching component
(D3Trainer) for tutorial use of knowledge bases developed originally for diagnos-
tic problem solving. The D3Trainer ([Puppe & Reinhardt 1995], [Reinhardt 1997])
draws on various knowledge sources including the static knowledge of the knowl-
edge base, the dynamic knowledge of the problem solver and a case base, to gen-
erate intelligent training environments for students to practice diagnostic problem
solving. The main didactic idea of training systems is to provide a learning environ-
ment, in which students operate self responsible and maintain control. Regarding
the basic tasks of diagnostic problem solving,recognition and interpretation of raw
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data, selection of new dataand deduction of diagnoses, a training system should
allow students to perform all of these actions within a case scenario. Based on these
requirements, the D3Trainer presents a case description and offers the following
options to the students:

1. ask for new information and explain the choice,

2. recognize findings in a multimedia document,
3. suggest diagnoses and cite findings supporting them.

All students’ actions can be criticized based on a comparison to the underlying
expert system’s knowledge (Fig. 1).

For recognition of findings in a multimedia document a new authoring tool had
to be added enabling the domain expert to create a collection of images presenting
the case. To allow critque of students’ interpretation of these images, they have to
be connected to knowledge base elements.

The idea of using an

Figure1.Case–presentation,picture for recognition and
feedback of the D3Trainer

existing knowledge base
was introduced by Clancey
in Guidon [Clancey 1987],
where the Mycin knowledge
base was applied to teach-
ing. Another example is the
intelligent computer-assisted
instruction system (ICAIS)
[Fontaine et al. 1994] for clin-
ical case teaching based on
And/Or–networks. However,
in both systems the knowl-
edge base for consultation

had to be extended with special teaching knowledge, like tutoring rules (Guidon)
or a separate adjunct network (ICAIS). Furthermore there was no possibility to
integrate multimedia elements, so recognition of findings in images could not be
provided. There are some conventional coded systems like “Trouble in Thorax"
[Eitel & Arends 1994] or “Thyroidea" [Fischer et al. 1994], which use media
elements making the system more attractive and teaching recognition of findings as
well. The architectures of “Trouble in Thorax" and “Thyroidea", built with the au-
thoring system Casus [Holzer et al. 1998], are based on a linked order of knowledge
parts, while possible student actions and feedback are specifically modeled by the
case authors. A disadvantage of full coded, non knowledge–based teaching systems
is their restriction of students’ actions. Every possible action has to be coded for
every single case situation, so the effort for providing near–complete scenarios
exceeds the reasonable costs. In the D3Trainer there is no need to consider any
single student action because theunderlying expert system with its comprehensive
problem solving capabilities does this job.
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3 The Evaluation Scenario

The tutoring software is generated from
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Figure2.Structure of courses for rheuma-
tology

the knowledge base of the consultation
system “Rheuma" ([Gappa et al. 1993],
[Puppe & Schewe 1997]). An evalua-
tion of this rheumatologic knowledge
base in different stages of development
was performed over years in several
studies by comparing the results of the
expert system with those of specialized
physicians [Schewe & Schreiber 1993].
Preliminary evaluations of the training
system generated with this knowledge
base were carried out in similar scenarios
[Schewe et al. 1996]. A modified system is
currently being used and evaluated in the
context of continued medical education
[Rienhoff 1998].

The Rheumatrainer has now been ap-
plied over five semesters as an integral part of medical school education of students
in their fourth year. Each term 14 to 27 students were trained within the following
scenario for practical instruction. This was established over several years without
major changes as shown in Fig. 2: groups of two or three students received four
training lessons, lasting 1.5 hourseach. The first day, students were faced with
an out–door patient in the rheumatology unit of Munich medical–school. During
approx. 30 min, students took the medical history and did the physical examina-
tion. This is the conventional teaching method in the other parts of the course, e.g.
cardiology. After the patient examination the case is discussed with a professor of
rheumatology with respect to examination techniques and different strategies for
ordering further tests without getting their results. During the next day the same pa-
tient is presented to the students in the computer based training system with the full
range of findings (e.g. symptoms, lab data, images).

In discussion with their tutor the students decide on a diagnosis, which is then
compared to the solution of the knowledge–based system. In addition to this case
the students have to solve another case with similar symptoms but a potentially
different diagnose. In the time between the second and the third lesson (approx. a
week) the students have time to learn and deepen the differential diagnostic aspects
of these cases. In both summer terms ’97 and ’98 a CD with the Rheumatrainer with
25 additional cases was given to the students for supporting their studies at home or
in the clinic, where some PCs were offered for students who do not have access to a
computer at home.

After the week of private study, the students return to the rheumatology unit and
for presentation of another patient to be examined by the students, followed by a
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discussion with the professor. During the fourth and last day the students diagnose
two cases using the Rheumatrainer software without the support of a tutor.

4 Methods of Evaluation

A total of 82 students participated in the study over a period of four years (22 stu-
dents in the winter term ’94/’95, 19 in the summer term ’95, 27 in the summer term
’97 and 14 in the summer term ’98). At the beginning and the end of winter term
’94/’95 and summer term ’98 a test was given, each with two up to four rheuma-
tological cases. For each case the presenting symptoms were forwarded to the stu-
dents, who had to ask for additional findings from history, physical examination,
laboratory and images. In addition to these tests the students filled out a question-
naire with 46 items ranked from 0 (most negative) to 10 (most positive judgement)
and seven yes–or–no–questions. The essential parts of the questionnaire remained
constant during the four years.

An intended randomized study of comparing the learning success with or with-
out the training system could not be performed due to organizational reasons: both
groups of students (with and without training system) would have to be observed
under identical learning conditions. This seperation was not possible due to the in-
tegration of this rheumatology scenario into the curriculum for internal medicine
important for the acceptance among students and lecturers.

5 Results

The results collected over the past four years as shown in detail in Table 1 exhibit
that the integration of tutoring software in higher education is appraised very posi-
tivly (7.6�1.94) and that the ranking of the Rheumatrainer as an optimal computer
based training program is surpassing (6.1�1.9). The score is particularly high for
the application in self–education and the use of the Rheumatrainer in addition to a
course (6.44� 2.34), whereas it is rejected as a replacement for a practical class or
a human teacher.

Learning with systems like the Rheumatrainer is judged reasonable, esp. for
training in special fields (like rheumatology). It can also motivate learning in new
domains. The power of the Rheumatrainer clearly lies in the systematic analysis of
cases and the knowledge transfer, esp. for learning how to take a medical history
and diagnostic capabilities. The students appraise the tangibility, the structuring as
well as the legibility of the texts as positive.

The judgement of the ease of learning how to use the Rheumatrainer is most
outstanding, as the understandability of the decisions of the knowledge–based sys-
tem is. The pleasure working with the Rheumatrainer, combined with the fact that
working with it is not boring leads to the statement, that the students are motivated
to do further training with that software.

Nevertheless there were technical difficulties with the Rheumatrainer. Students
with technical problems using the Rheumatrainer as expected gave lower rankings
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for the application of tutoring software in common and especially of the Rheuma-
trainer and some other points concerning the itÕs use. Neither the sex nor the acces-
sibility of a PC at home had significant influences on the opinions of the students.
Throughout the different terms the answers of the students only changed marginally.

An increase of knowledge could be observed both for winter–term ’94/’95 (com-
pare to [Schewe et al. 1996]) and for summer–term ’98. In two different cases with
an estimated connective tissue disease there were significant more correct state-
ments for history, physical, laboratory and technical examinations since the start of
the class until the end of the term. There were also notable more correct answers
in clarification of two cases of monarthritis; while by the clarification of gout no
differences could be proven. The target criterion of ordering a test for antinuclear
antibodies as basical for diagnosing the group of connective tissue diseases was
reached of 11 more students at the end of the class compared to the beginning vs.
one student who missed it. Five other students selected it correctly both on start-
and end–test of the course.

6 Conclusion

The Rheumatrainer was well accepted by the students particularly with regard to
the integration in the conventional education scenario as described in this evalua-
tion. Students will always prefer the confrontation with a real patient instead of a
computer program, because they can experience the personal world of the patient
and repeat the most important clinical examinations. On the other hand, with the
computer program they benefit from the chance to choose all possible examinations
and to learn by trial–and–error. So the integration of a computer based training sys-
tem in conventional teaching seems agood solution for problem based education.

Unlike many other evaluation studies for computer based training systems (e.g.
[Fischer et al. 1994], [Schulz et al. 1997]) this evaluation took place in a real ed-
ucation situation. The disadvantage of this approach is the difficulty to provide a
statistical sound control group, but the advantages prevail. The real world situation
as well as representative student participants (without special interests in neither
computer based training nor rheumatology) make the whole evaluation more real-
istic. Surprisingly neither the sex nor the previous computer–experience had any
influence on the assessment of the training system.

Apparently a part of the students (10 %) rejected the computer as an educational
tool. Reasons were technical problems with the handling of the program, related
partly to hardware restrictions of the students’ computers and partly to the absence
of printed user information. Both problems are solved by now so that the current
evaluation study in the winter term ’98/’99 is expected to show better results in this
respect.

The critique concerning the lack of clarity expressed by some students and
physicians is understandable but unavoidable given the complexity of rheumatol-
ogy. There is some technical help, for example dynamic hierarchies or coloring of
pathological findings. However, since 70% of the diagnostic informations can be
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derived from medical history, its presentation has to be very detailed, especially in
an educational environment.

The measurable learning success documented in test results (immediately after
the class as well as in the finals, sometimes months after the class) [Schewe et al. 1996]
supports the conclusion that the learning goals could be achieved during the class.
This holds particularly for areas, in which the students lacked knowledge prior to
the class, less for areas with considerable pre–knowledge.

The effort for building a teaching case, from real documentation of the medi-
cal history up to the provision of diagnostic images with multimedia elements, is
considerable higher than for the preparation of a conventional class. The expected
benefit from multiple usage of the system, e.g. in a planned internet version, could
not yet be confirmed.

As shown in other evaluations ([Gräsel 1997], [Arends & Eitel 1998]), com-
puter based training systems can be a useful addition to problem based learning,
but cannot be the only source to learn with. To get an optimal result the systems
have to be integrated in the existing curriculum, so the time spent with real patients
can be used effectively while the students can follow a more trial–and–error way of
learning with the training systems.
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Table of Results

Table1.Table of judgements of all students combined (level of significance refers to mean
difference between the rankings and an indifferent score of 5).
level of significancep < 0:01 + + resp. - - for negative values,p < 0:05 + resp. -, n.s. not
significant

Item meanstandard No. of level of
valuedeviationcases significance

value of rheumatology for the study 6,61 1,68 82 + +
value of rheumat. for a later profession 6,22 2,14 82 + +
technical problems 3,35 2,68 81
self assessment of knowledge before 3,10 1,42 82 - -
self assessment of knowledge afterwards 5,69 1,51 80 + +
tutoring programs are reasonable 7,61 1,94 82 + +
this program is optimal in CBT 6,07 1,87 82 + +
using the program during the lessons 6,44 2,34 81 + +
using the program on a PC at university 5,01 2,66 82 n.s.
using the program at home 7,30 2,58 81 + +
using it in a group 3,52 2,49 80 n.s.
using the program for self-studies 7,42 2,32 82 + +
complementary to a course 6,99 2,56 82 + +
as substitution of a course 1,55 1,21 82 - -
preparation for a test 5,58 2,70 82 n.s.
for training in special fields 6,61 2,67 82 + +
motivation to explore unknown domains 6,05 2,74 60 + +
learning with the program is reasonable 6,55 2,32 82 + +
working with the program is not boring 6,88 2,06 82 + +
eligibility for case analysis 6,81 1,99 80 + +
applicability to clarify terms 5,59 2,30 81 +
qualification to learn how to take history 6,00 2,43 81 + +
diagnostic capabilities 6,73 2,29 81 + +
learning pace 4,53 2,36 81 n.s.
support for diagnostic 6,30 2,28 81 + +
learning motivation 6,31 2,43 81 + +
diagnostic process 5,63 2,56 81 +
knowledge transfer 6,76 2,13 81 + +
relation to practical use 5,09 2,68 81 n.s.
replace the human tutor 1,79 1,38 81 - -
help for lecturers 6,86 2,25 81 + +
training of factual–knowledge 4,85 2,31 81 n.s.
think autonomous 6,36 2,81 81 + +
tangibility of texts 7,17 1,63 77 + +
structuring of texts 6,71 1,92 77 + +
legibility of texts 6,32 2,24 77 + +
graphical representation 5,49 2,23 77 n.s.
easy to learn 7,26 2,10 77 + +
roboustness 5,34 2,82 77 n.s.
clarity 5,47 2,34 77 n.s.
do further training with the program 6,43 1,96 77 + +
understandability 6,78 2,04 77 + +
explanation of own hypthesis 5,66 2,32 77 +
pleased by working with the trainer 6,51 2,06 77 + +
concentration on the work 5,88 2,28 77 + +
utility for study 6,84 2,37 77 + +


