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Abstract 
 
Objective: We introduce a case-based training program using the novel system d3web.Train. It allows fast 
development of case studies for a computer course using available clinical patient records. We evaluated the 
training program during a rheumatology course for medical students. 
Methods: Students received a short introduction into the system (d3web.Train) and a personal anonymous code. 
The code enabled us to record how often and intensive a student used the system. In addition, we offered the 
students two questionnaires: one to evaluate each case and another one to evaluate the training system overall.  
Results: 92 students attended the training program. 39 students finished at least one case. Overall 187 cases 
were solved, in average students solved 4.8 cases. For working through one case, students needed 12 minutes in 
average. 24 different students filled in the questionnaire concerning the program, 62 questionnaires about 
individual cases were collected. The students evaluated the cases as very instructive (1.5 ± 0.6 on a scale from 1 
to 5), the training system as very good (1.7 ± 0.8 on a school grade scale from 1 to 6) and want to work further 
with it (1.3 ± 0.5 on a scale form 1 to 5). 
Conclusion: The training system d3web.Train offers a new and good tool for medical education in 
rheumatology. The main advantage of the system is the relatively low effort needed to create a case based 
program starting from available medical records. 
 
1 Introduction 
 
Lectures are one of the most important tools in medical education. In addition, students receive bed side 
teaching, seminars and they participate in rounds. Furthermore the study of medical text books is used to achieve 
medical knowledge. However, careful evaluation of a patient, assessment of clinical investigations and 
developing the differential diagnosis of a disease are hard to learn. 
The “new media”, including digital imaging and the World Wide Web, offer new opportunities for medical 
education and training in rheumatology [1]. Very promising examples are web-based portals, which offer 
information and knowledge not only for patients, but also physicians [2]. Other examples are case-based training 
systems which have already been used in the medical training of students. These interactive systems are valuable 
tools in medical education and they were highly appreciated by students [3, 4, 5, 6]. 
In 2002 the guidelines for medical education in Germany have been changed. Since then, medical education is 
less focused on multiple-choice-questions, but more emphasis is given to the students’ capability to develop the 
complicated differential diagnosis of a patient [7]. In order to achieve this goal, problem oriented and case-based 
learning is highly appreciated. Since patients are not always available, creation of case-based training systems 
for medical education in rheumatology has been highly recommended [8]. 
Therefore we decided to develop a new case-based training program, which we present in addition to the basic 
rheumatology lectures. For our program, we created 12 interactive rheumatology cases. Students in their third 
and fourth year of medical education have access to these cases via the internet. We developed the cases from 
real patients as they were presented in our outpatient and inpatient unit. First we report the patient’s medical 
history and review of systems. In addition we present the physical examination, the laboratory parameters, x-rays 
and results of other important technical tests. Important results are enriched by several digital images and 
corresponding multiple choice questions. By reading through the cases and solving the questions, the students 
are not only introduced to the main diseases in rheumatology, but also train their ability to work up the 
differential diagnosis. 



In this paper, we evaluate the acceptance and usefulness of our case-based training program by medical students. 
We compare our evaluation with other case systems as „Rheumatrainer“ [3, 9], CAMPUS [10] and CASUS [4].  
 
 
2 Methods 
 
 
The training system d3web.Train 
 
d3web.Train[11] is an intelligent case-based training system provided in the web with the goal to provide the 
student the opportunity to play the role of a remote doctor working on an electronic patient record (EPR). To 
achieve this goal d3web.Train enables the student to do five kinds of actions repeatedly: 1. to order 
examinations, 2. to interpret results (e.g. pictures like a radiograph), 3. to choose a diagnosis 4. to make 
treatment decisions and 5. to plan follow-up treatment. In a prestudy [12] to this evaluation, the students most 
acknowledged the action types 2 and 3. Therefore only these two actions types were activated. This simplifies 
the user interface and allows the students to work through a case quite fast. We intend to evaluate the other 
action types in further studies, e.g. with more advanced students. 
Fig. 1 gives an impression about the user interface of the training system and the tasks the student has to do. The 
user gets data about the patient successively, (upper screen, right side in fig. 1) split in the flags “Medical 
history”, “Physical examination”, “Laboratory parameters”, “Technical tests”, “Special technical tests” and has 
to enter his current diagnoses (upper screen, left side). Some patient data comprehend multimedia information, 
which the student has to interpret by answering a multiple choice question (e.g. the images of the physical 
examination in the lower screen). 
 
 
The authoring component of d3web.Train 
 
The Phoenix module of d3web.Train [16] allows a faculty teacher to create a new case from routine patient 
records and the dismissal record by annotating it with little additional information in a standard text system (e.g. 
Microsoft® Word). The dismissal record should contain the final diagnoses and the results of all tests. The 
teacher’s annotations add the list of diagnoses in the domain, from which the student has to choose (part of them 
are shown in the upper screen on the left side in fig. 1). Furthermore the teacher adds a list of available tests 
together with their arrangement in flags (see above), the intermediate diagnostic results and the multimedia 
information. If the latter are pictures, they are simply copied into the medical record together with the correlating 
multiple choice questions (left part of the lower screen in fig. 1). The edited record is uploaded via a web 
interface to Phoenix, which generates a case presentation as shown in fig. 1 automatically and adds it to the pool 
of case presentations of d3web.Train. 
 
 
The training scenario 
 
To support the education in rheumatology, which is part of the classes in internal medicine (students in their 
third and fourth year of medical school), 12 training cases were created. The cases covered the main topics in 
rheumatology and supplemented the corresponding lectures (Lecture 1: Arthritis, Lecture 2: Connective Tissue 
Diseases, Lecture 3: Spondylitis and vasculitis disease). 
 
Overview of the Cases: 
Case 1+2: Rheumatoid Arthritis 
Case 3+4: Psoriatic Arthritis 
Case 5+6: Systemic Lupus erythematosus 
Case 7+8: Systemic Sclerosis 



Case 9+10: Bechterew’s disease 
Case 11+12: Wegener’s Granulomatosis 
 

 
 

Fig. 1: Screenshot of d3web.Train with patient record (up right), actions (up left) and multimedia-interpretation (down). 
 



The students were asked to fill in two online questionnaires during their work with the case-system: one question 
on each case and one question on the training system overall. The second questionnaire was split into two parts: 
one question was asked if the student had solved the first case and another question was asked after solving the 
fifth case. Since only four students filled the questionnaire twice, we used the answer regarding the first 
questionnaire of each student and do not report on the second one. 
At the end of the rheumatologic lectures, the students were asked to write a voluntary 15-minute exam consisting 
of 2 cases and 6 “case-oriented” multiple choice questions. For example, we showed some key symptoms of a 
patient and asked for the most reasonable diagnosis. Additionally, in an optional questionnaire, we questioned on 
the number of our internet cases that the students had processed (with the alternatives: 0, 1-4, 5-8, and 9-12). 
This optional question was necessary, because we could not correlate the statistics of the case-system with the 
individual results in the exams, since students received an anonymous internet account for the training system. 
 
3 Results 
 
About 92 students attended the course and received the opportunity to get direct access to the system. Until the 
end of the course 39 students worked through at least one case and solved 187 cases in total, i.e. in average each 
of these students processed 4.8 cases. The distribution is shown in fig. 2 (e.g. 3 students solved all 12 cases). For 
working through one case, the students needed 12 minutes in average with a standard deviation of 8 minutes. 
These data were extracted from a log-protocol of the session. 24 different students filled in the questionnaire 
about the training system (i.e. ca. 62% of the 39 students) and 62 questionnaires about individual cases (i.e. ca. 
33% of the processed cases). 36 students of the course participated in the voluntary exam. 
 

 
 

Fig. 2: The distribution of the number of cases processed per student (n = 39) 
 
 
In our evaluation we measured three aspects: the subjective opinion of the students about the training program 
(fig. 3), their subjective opinion about the individual cases and the objective correlation between using the 
training system and their grade in the final examination (fig. 4). 
All ratings in fig. 3 were between very good (1) and good (2) on a scale from 1-5 (for two questions even 1-6). 
The best grade was received by the question on students intention to work further with the system (1.3 ± 0.5). 
The system is assessed as a good complement to other learning forms (1.4 ± 0.6). The training system as a whole 
is valued with 1.7 ± 0.8 and the program, to supplement the course with the training system as 1.4 ± 0.7 on a 
grade from 1-6 (1 very good, 6 very bad). The optical presentation of the program was perceived as very good 
(1.5 ± 0.7). The grades for the orientation to get used to the program (1.9) and the usability (2.4) were slightly 
worse than the other grades, but still “good”. The same grades were obtained by the question, whether the 



students learned from the program (2.0 ± 1.0). The instructiveness of individual cases (62 questionnaires) was 
rated quite well (1.5). The difficulty of the cases was rated as adequate by 73%, too difficult by 14%, and too 
easy by 13%. The judgments for the quality of the system feedback during processing the case was rated as fair 
by 87%, too good by 0%, too bad by 11% and totally inadequate by 2%. This feedback is generated comparing 
the system’s diagnosis with the diagnosis of the student and therefore more difficult to calibrate as the extensive 
case discussion at the end of the case (not evaluated in the questionnaire). 
The third part of our evaluation correlates the number of processed cases and the results of the final examination 
in the rheumatology part. Details are shown in fig. 4. There is no significant correlation between the number of 
solved cases and the results in the exam. This may be due to the fact that the first examination case, which was 
similar to one of the training cases, was very easy to solve. 
 

 
 

Fig. 3: Subjective opinion of the students (n = 24) about the training system (mean & standard deviation) 
 
 

 
 

Fig. 4: Average score in final examination depending on number of processed cases per student (n = 36) 
 
 



4 Discussion 
 
Our evaluation shows that the program was very well accepted (fig. 3). We received the best grades for design 
(1.5), the system in general (1.7) as well as the intended future use (1.3) and the application as a useful 
complement to other learning forms (better than 1.7). These data indicate high satisfaction of the students with 
the training system. This result is in accordance with the evaluation of the case-based training system 
“Rheumatrainer” [9, 13 p.247-249]. The assessment of our program is slightly better in all investigated subjects 
as with “Rheumatrainer”. This might be due to a better acceptance of this learning method and simplification of 
the user interface of the program. 
The grades for orientation, usability and gain of knowledge for our training system are good (between 2.0 and 
2.4). The cases introduced in our training system were rated as very instructive (1.5). The judgment for the 
feedback of the system, while solving the case, was very positive (87% of the students rated the feedback as 
fair). 
Our results are in line with many other studies about medical case-based training programs, e.g. in paediatrics 
with CAMPUS [10], in surgery [14] or in a variety of medical subjects with CASUS [4]. However, until now 
case-based training systems need an enormous amount of time to create the single cases. Therefore, the relation 
of benefits versus costs to create a case-based training program is very important. 
We used the training system “d3web.Train”, which is a novel tool to develop a case-based system in a time 
saving manner [12, 16]. The system allows usage of an authentic patient dismissal record, written in a standard 
text system. The record is edited by erasing all personal patient data and by the addition of tutoring information 
(short case introduction, pedagogical case discussion, intermediate diagnoses based on partial information about 
the case, addition of digital images of clinical pictures, questions regarding these images, list of diagnoses, from 
which the student has to choose the right one). The total amount of time for case editing was about 12 hours per 
case: 10 hours for editing the case records as mentioned above, mainly due to the high number of pictures with 
corresponding questions, (2 - 21 pictures per case with an average of 10) which had to be added manually to the 
patient record; 2 hours for technical preparation, formatting the case and use of the program tool which generates 
the final training case. With fewer pictures per case and without tool problems for the technical preparation, the 
necessary time to create a case in the case-system might be much shorter. The system is flexible and can be 
individually adapted with little effort. The lecturer is able to customize the case-system according to his or her 
special favours and to show the same cases in the lectures, as in the case-system. Students missing lectures are 
able to keep up by solving the cases online whenever they want. The ability to create a whole case-system in a 
few weeks is the main advantage of d3web.Train [6]. 
Medical students, whose main problem is to learn a large amount to acquire knowledge for attending 
examinations, have to balance their available time budget. Working through case studies may take much time, 
depending on the amount of background knowledge integrated. Since the students learn the background 
knowledge as well in lectures and in textbooks, it is difficult to assess how much background knowledge in case 
studies is adequate. Therefore, we decided to separate the case from the background knowledge. The background 
knowledge is available as an option, but it is not integrated into the case. Therefore the student, who simply 
wants to check his or her diagnostic knowledge with case studies, can process the case quite fast. This procedure 
seems to be well accepted by the students, who needed only 12 minutes in average to solve a case. The low 
amount of time to process a case resulted in a relatively high percentage of processed cases (in average 40% of 
the available cases; see fig. 2). This is in contrast to other known case-based training systems mentioned above, 
where the average time to process a case is much longer. Evaluation of the average time to process a case in the 
training system CASUS [4] showed 43 minutes to be necessary for finishing a single case. 
Besides the motivation of students, we also tried to measure the learning effects of case based training systems. 
However, the results showed no significant correlation between the number of cases processed and the grades in 
the rheumatology exam (fig. 4). Unfortunately, there were many factors and problems influencing the results of 
the exam. The two main problems were, that the exam was a voluntary test (39 from 92 students took part) and 
that the test was very short with a time of 15 minutes to solve 2 cases and answer 6 multiple choice questions. 
Additionally, the cases and questions were very easy, allowing even poorly prepared students to achieve good 
grades. These problems might have influenced the credibleness of grades that students achieved in this exam. 



To summarize, our results show that the novel d3web.Train system enables the academic teacher to generate a 
fast and flexible case-based training system in rheumatology. The case-system is welcome as addition to 
conventional teaching methods and is very well accepted by medical students. The d3web.Train system might be 
useful for the creation of more case-systems in rheumatology, not only for the education of medical students, but 
also for teaching of physicians in residency. 
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