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"Medical Education Unit, Faculty of Biology and Medicine, “Division of Clinical Pathophysiology, Department of Internal
Medicine, University Hospital, Lausanne, Switzerland

Abstract

Aim: The aim of this study was to evaluate a new pedagogical approach in teaching fluid, electrolyte and acid-base
pathophysiology in undergraduate students.

Methods: This approach comprises traditional lectures, the study of clinical cases on the web and a final interactive discussion of
these cases in the classroom. When on the web, the students are asked to select laboratory tests that seem most appropriate to
understand the pathophysiological condition underlying the clinical case. The percentage of students having chosen a given test is
made available to the teacher who uses it in an interactive session to stimulate discussion with the whole class of students. The
same teacher used the same case studies during 2 consecutive years during the third year of the curriculum.

Results: The majority of students answered the questions on the web as requested and evaluated positively their experience with
this form of teaching and learning.

Conclusions: Complementing traditional lectures with online case-based studies and interactive group discussions represents,
therefore, a simple means to promote the learning and the understanding of complex pathophysiological mechanisms. This simple

problem-based approach to teaching and learning may be implemented to cover all fields of medicine.

Background

The use of the web in medical education is very attractive for
both students and educators (Chumley-Jones et al. 2002;
McKimm et al. 2003). This communication technology is now
widely available and offers the opportunity to introduce
computer-assisted instructional programs into the curriculum
of medical schools. Web-based learning (WBL) may replace
face-to-face teaching, allowing the maximization of institu-
tional resources since a given course can be delivered online
to a large number of students. It may also be used as a support
to conventional teaching, with the aim to encourage more
independent and active learning. WBL has not only advan-
tages and is not necessarily superior to traditional teaching
methods (Friedman 1996; McKimm et al. 2003). A number of
principles should be taken into account for developing
effective WBL (Cook & Dupras 1994). Among these principles,
it is worth mentioning the definition of specific goals and
objectives, the incentive for self-directed, problem-based and
interactive learning, as well as the design of easy to use
programs. With this is in mind we conceived a new e-learning
tool to be used as a complement to a traditional lecture course
in pathophysiology.

Case-based learning (CBL) represents another way to
facilitate the learning process of students. Its main advantage
is to link theoretical concepts and clinical situations to be
solved, allowing medical students to take better advantage of
their grounding in basic sciences to solve complex patient-

Practice points

e A web based interaction with the students prior to a
classroom lecture enhances their active participation
during the lecture.

e The study of clinical cases on the web linked to an
online activity (choosing lab tests) promotes a deeper
forethought of the case.

e The fact that the lecturer knows decisions made by
students facing a clinical case, before the classroom
lecture, helps him to understand their way of thinking
and subsequently to drive the discussion during the
face-to-face teaching.

oriented problems. CBL promotes hypothesis generalization,
consolidation and integration of learning activities and
contributes to develop team working skills (Williams 2005).

Pathophysiology is the discipline focusing on the physio-
logical and biological manifestations of disease and the
adaptations that the body makes to the changes produced
by the disease process. Altered fluid, electrolyte and acid-base
balance represents an area of pathophysiology that is
particularly difficult to master by medical students as it implies
complex integrative regulatory mechanisms involving different
organs. In the Faculty of Biology and Medicine of Lausanne
pathophysiology has been taught for many years during the
third year by classroom lectures.
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Aims

The aim of this paper is first to describe the patient-based,
WBL program that we created to help students to better
understand and interpret the clinical and laboratory findings
associated with disorders in fluid, electrolyte and acid-base
homeostasis. Another aim is to comment the feedback of
students we obtained on our online, interactive support of
traditional teaching. Finally, this paper is also directed to share
our positive experience with this pedagogical set up and make
freely available the software we developed for all teachers
who would like to use it.

Methods

In the Faculty of Biology and Medicine of Lausanne medical
students are exposed to didactic lectures covering all fields of
pathophysiology during the third year of the curriculum.
Eleven hours are directed to the teaching of fluid, electrolyte
and acid-base disorders, under the responsibility of the same
lecturer (BW). A summative exam (multiple choice questions)
is performed at the end of the academic year to test the
students” knowledge.

The last 2 hours of the pathophysiology course are
dedicated to an interactive discussion based on clinical cases
(referred to below as ‘interactive session’). The students are
invited to prepare this discussion by studying the cases on the
web. The procedure comprises 3 parts (Figure 1).

Part 1: The clinical history of 4 patients is made available on
the students’ website 15 days before conducting the interactive
session. The cases are chosen to be representative of typical
fluid, electrolyte and acid-basic disturbances encountered in
clinical practice (diarrhea-induced hypernatremia and meta-
bolic acidosis, vomiting-induced metabolic alkalosis, hyper-
osmolar diabetic coma, diabetic ketoacidosis). A list of 33
laboratory tests (in blood and urine) is proposed. The students
are asked to select the tests that seem the most appropriate to
understand the path physiological condition underlying
the clinical case. The results of tests preselected by the teacher
are immediately provided whereas no result is given for the

tests considered as non-essential. The students have the
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Procedure.

opportunity to print the cases together with the laboratory
results.

Part 2: Two days before the interactive session, the adminis-
trator of the website (PCvD) closes the site and switches on the
automatic calculation of the number of students who studied
each case, and the percentage of them who have asked for
each laboratory test. This analysis is made available to the
teacher on the day before the plenary session, allowing him
the interactive resolution of clinical cases by asking students
questions such as: « Why did you ask for this test? », « How do
you interpret the result of this test? », «How do you explain the
development of the observed abnormalities? ». This also
makes it possible for the teacher to comment on the answers
given by the students on the web.

Part 3: The resolution of cases is provided on the students’
website for 15 days after the interactive session.

An evaluation form was administered to the students at the
end of the interactive session. The students were asked
whether or not they used the online program. They were also
instructed on how to fill the forms by selecting for each
question (Table 1) a response on a Likert scale (« Strongly
agree », « Agree », « Disagree », « Strongly disagree » or
« Unknown»). Open-ended free comments were also solicited.
The analysis of evaluation forms was carried-out in an
anonymous fashion by a collaborator of the Educational
Unit (ST). Free comments were counted and classified as
expressing either a positive or a negative judgment on one
aspect or another. The number of positive and negative
comments was then calculated. The evaluation of our new
online, case-based approach to teaching has been carried-out
during two consecutive academic years [2004—-2005 (Year 1)
and 2005-2006 (Year 2)]. The statistical comparison between
the two sets of observations was made using a Mann-Whitney
test. A p value <0.05 was considered significant.

The software has been developed by PCvD and uses PHP
as programming language and MySQL as Database, both wide
spread open-source web technologies.

The cases are stored in an xml file quick creation and
update of the cases without programming knowledge. Only a
few XML tags must be known. The software is made
available free of charge on the web (http://cases.2bib.ch).



Online case-based teaching

Table 1. Ratings of the students who went on the website.

Year 1 Year 2
n % n % e}
(1) Did you ask for laboratory tests as requested? ns
Yes 44 83 73 91.3
No 9 17 7 8.7
(2) Did you print the case studies? 0.013
Yes 39 73.6 41 51.2
No 14 26.4 38 47.5
(8) Was the work on internet stimulating? 0.004
Strongly agree 23 43.4 57 71.3
Agree 23 43.4 18 22.5
Disagree 4 7.5 2 2.4
Strongly disagree 1 1.9 1 1.3
Unknown 2 3.8 2 2.4
(4) Did the work on internet motivate you to independent learning? ns
Strongly agree 22 41.5 31 38.8
Agree 18 34.0 33 41.3
Disagree 6 11.3 11 13.7
Strongly disagree 5 9.4 5 6.2
Unknown 1 1.9 0 0
(5) Was the case preparation on internet useful for understanding the ns
clinical significance of laboratory tests?
Strongly agree 16 30.3 23 28.7
Agree 28 52.8 47 58.8
Disagree 4 7.5 4 5.0
Strongly disagree 0 0 0 0
Unknown 5 9.4 6 7.5
(6) Was the complexity of the clinical cases appropriate for your knowledge? ns
Strongly agree 17 32.1 31 38.8
Agree 29 54.7 46 57.5
Disagree 3 5.7 1 1.3
Strongly disagree 2 3.7 0 0
Unknown 2 3.7 2 2.4
(7)  Were the online procedures easy to follow? ns
Strongly agree 41 7.4 70 87.5
Agree 10 18.9 9 11.3
Disagree 1 1.8 0 0
Strongly disagree 0 0 1 1.2
Unknown 1 1.8 0 0

PCvD can be contacted at the e-mail address whenever
assistance is required.

Results

The number of students having to attend the pathophysiology
course during the third year of the curriculum was 120 and 122
during Year 1 and Year 2, respectively. Table 2 gives the
number of students who visited the website to discover the
four patient cases during each of the two years. The first
line relates to the average number of real visits as recorded by
the web server. This number was slightly greater that the one
based on the evaluation form, which might be accounted for
by the fact that students visiting the website did not necessarily
fill up the evaluation forms. Actually, the number of evaluation
forms collected was 78 for year 1 and 95 for year 2.
The response rate, calculated in taking into account all
registered students, was therefore 65% during Year 1 and
78% during Year 2. Out of the students who completed the
form, 68% (53/78) went through the web case-stories during

Year 1, compared with 84% (80/95) during Year 2. The Mann-
Whitney test performed showed that this difference is
significant (p=0.010).

Table 1 shows the percentage of the ratings given by the
students who went on the web. By far the majority of students
gave a «Strongly agree» or « Agree» rating. This was true for all
questions, and the ratings were very similar on Year 1 and
Year 2. Nevertheless the answers to two questions were
significantly different: the students of Year 2 printed more
often the case studies (p=10.013) and were more stimulated by
the work on internet (»=0.004) than the students of Year 1.
For all the other questions the results were not significantly
different on Year 1 and Year 2.

The worst rating including « Strongly agree» and
« Agree » answers achieved 75.5% during Year 1 and
80.1% during Year 2, and dealt with the question: «Did the
work on internet motivate you to independent learning? ».
The best rating, according to the same criteria, corresponded
to the question: « Were the online procedures easy to follow?
» and reached 96.3% and 98.8% during Year 1 and Year 2,
respectively.
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When asked « Was the
interactive? » and « Did you enjoy the interactive session? »

interactive session really
nearly all students answered « Strongly agree» or « Agree »,
regardless of the fact they studied or not the case stories on the
web. This is illustrated in Figure 2.

There were a total of 85 and 82 spontaneous, hand-written
comments in the Year 1 and Year 2 evaluations, respectively
(Table 3). There were more positive (72=59 Year 1, and 7= 061
Year 2) than negative comments (=14 Year 1, and n=14
Year 2). Most of the positive comments stressed that
the approach was clinically oriented (7=19 Year 1, and

n=32 Year 2) and pointed out that the pedagogical scenario
was stimulating (7=11 Year 1, and n=15 Year 2).

Conclusions

In clinical practice, an understanding of the mechanisms
of diseases is a pivotal part of the evaluation of patients.
Case-based teaching represents an effective way to bridge
the gap between theory and practice, allowing medical
students to take better advantage of their grounding in
basic sciences to solve complex patient-oriented problems.

Table 2. Number of students who visited the website.

Year 1 Year 2
n % n % p

1. Students who visited the website (count based 66.5* - 94.75* -

on web server statistics)
2. Students who visited the website (count based 53 67.9 80 84.2

on the evaluation form)
3. Students who didn’t visit the website 25 32.1 15 15.8
Total of 2+3 78 100 95 100 0.01

*Represents the average of visits recorded by the web server for the 4 cases that were analysed.
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Figure 2. Fractions of students having answered by « Strongly agree », « Agree», « Disagree», « Strongly disagree » or
« Unknown », to the questions « Was the interactive session really interactive ? » (Question 1) and « Did you enjoy the interactive

session ? » (Question 2). In A are shown the answers of students who have experienced the e-learning and in B those of students

who did not study the cases on the web.
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Online case-based teaching

Positive experience with case-based teaching tutorials in the

field of cardiovascular physiology has been
(Hudson et al. 2001). This teaching was performed in
small groups of students with a tutor as a facilitator of the

learning process. We recently developed a web case-based

reported

teaching of fluid, electrolyte and acid-base homeostasis
disorders. This teaching approach has also as objectives, like
the case-based teaching tutorials described by Hudson et al.
(2001), « to foster an understanding of the elements of
history, physical examination, and investigation in a case-
based learning environment » and « to strengthen problem
solving and problem-based learning skills ». Our concept is
however original in important aspects: (1) the clinical cases
are made available on the web a few days before
conducting an interactive session; (2) the interactive session
involves the entire classroom under the supervision of a
teacher who prepared the case studies as a complement to
his didactic lectures; (3) the teacher receives online a
feedback of students before the interactive session.

Our online case-based teaching approach has one main
advantage: it represents not only an out-of-class lecture aid,
but also an incentive for independent work. Furthermore,
it allows the challenging of students and the getting of an
anonymous feedback to stimulate student-teacher discussions
on the day of the interactive session. Our concept is different
from that of other teachers who used the web as a discussion
forum as a supplement of a traditional physiology course
(Taradi & Taradi 2004). It is more like the interactive web-
based rheumatology teaching developed recently for under-
graduate students and based on the presentation of clinical
cases (Wilson et al. 2000), but in our approach, the students
receive an immediate, online feedback on the options they
took when they went through the case.

Our students were invited to prepare the discussion session
by completing the case studies on the web. A large fraction of
them did so (Year 1: 67.9%; Year 2: 84.2%; p=0.010).
The significant difference between Year 1 and Year 2 could
be explained by the fact that the students of Year 1
recommended the site to their colleagues of Year 2. The
reason(s) why the remaining students did not explore this new
teaching resource was unfortunately not explored in our study.
To be considered is a lack of motivation, possibly because
solving the case studies was regarded as a supplementary
« homework » which was not mandatory. Also some students,
possibly had no easy access to the web at home, even if
internet access is provided in the institutional library. Among
students who returned the evaluation questionnaires, around
80% navigated through the cases and ordered laboratory tests
as requested. Approximately 40% of these web users said that

Table 3. Spontaneous hand-written comments.

Year 1 Year 2
n % n %
Positive comments 59 69.4 61 74.4
Negative comments 14 16.5 14 17.1

this led them to prepare the interactive session, on both Year 1
and Year 2.

The responses to the questionnaire were similarly positive
on the two consecutive years. More or less 90% of students
agreed that working on the cases online was stimulating
(Year 1: 86.8%; Year 2: 93.8%; p=0.004). The students of
Year 2 were significantly more stimulated than the students
of Year 1 but more than 85% of students were satistied on both
years. An explanation could be that we encouraged the
students probably more during the second year. The students
agreed that the task to choose the most appropriate tests was
useful and that the complexity of the clinical cases corre-
sponded to their degree of knowledge. A main objective of our
web-teaching program was to motivate students to deepen
their knowledge. This goal was indeed achieved in 80% of
students. Moreover, more than 90% of students found that the
online program was easy to use. The stimulating aspect of
this method is supported by the free comments made by the
students. Finally, the students pointed out through their free
comments the practical feature of the approach. They
appreciated having the opportunity of applying the learned
theory to clinical cases.

The interactive session was highly appreciated by the
students. This last step of our case-based problem solving
approach was appreciated regardless of whether the students
participated or not in the initial step on the web. Notably, the
teacher had available on the day of the interactive session
information on how students ordered investigations during the
online case studies. This was felt by the teacher to be of great
help in promoting questions and answers from the class.

Problem-solving learning is an essential approach in
medical education as it enhances the ability of students to
apply their knowledge in solving problems, which will
represent a main task in their future professional activities.
The study of clinical cases is particularly suitable for this type
of active learning (Schuwirth et al. 2001). The use of blended
learning of pathophysiology described in this paper had
presumably a positive effect on the learning process of our
students. This remains however uncertain as we did not assess
whether completing the proposed case studies on the web had
a positive impact on the learning outcome.

A few years ago Rawson & Quilan (2002) developed a
computer-based approach to teaching acid/base physiology.
They concluded by proposing general guidelines for educa-
tional software development. According to these recommen-
dations, our case-based learning concept should well
respond to the needs of the students: (1) it uses clinical
cases; (2) it repeats concepts in a variety of contexts
(lectures, self-training on the web, interactive discussion);
(3) it promotes the understanding rather than the memoriza-
tion process; (4) it provides a means to discuss why some
answers are wrong and why the right answer is correct;
(5) it provides a direction for learning; (6) the software is of
easy use. Finally, major advantages of our approach are to
allow the student to prepare himself for the interactive
session and the teacher to drive his teaching by knowing in
advance the performance of the students prior to the
interactive session, thereby stimulating the discussion; often
difficult in a large group of students.
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In conclusion, the present study describes a new approach
to teaching pathophysiology, which includes traditional
lectures, individual studies of clinical cases on the web, and
interactive student-teacher discussions. In our opinion, our
approach is innovative as it allows the student to prepare
himself before a lecture, facilitating thereby the interaction
with the teacher, and the teacher to drive his lecture in taking
into account the answers given by the students on the web.
This teaching approach, overall, was very well perceived by
the students, which urges us to extend it's use in the
curriculum during the coming years.

Although very promising, this approach still needs to be
validated by comparing the performance of students who used
this set up with the one of those who did not.
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