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Rapport de synthèse 

L'article qui fait l'objet de ma thèse évalue une nouvelle approche pédagogique pour 
l'apprentissage de certains chapitres de physiopathologie. Le dispositif pédagogique 
se base sur l'alternance d'apprentissage ex-cathedra et de l'utilisation d'un site web 
comprenant des vignettes cliniques. Lors de la consultation de ces-dernières, 
l'étudiant est invité à demander des examens de laboratoire dont il pourrait justifier la 
pertinence selon le cas clinique étudié. La nouveauté du procédé réside dans le fait 
que, préalablement à son cours ex-cathedra, l'enseignant peut consulter les 
statistiques de demandes de laboratoire et ainsi orienter son cours selon les éléments 
mal compris par les étudiants. A la suite du cours ex-cathedra, les étudiants peuvent 
consulter sur internet la vignettes clinique complète avec des explications. 
A l'issue de tout le cours, une évaluation auprès des étudiants a été conduite. Le 
procédé a été mis en place durant deux années consécutives et l'article en discute 
notamment les résultats. Nous avons pu conclure que cette méthode innovatrice 
d'enseignement amène les étudiants à mieux se préparer pour les cours ex-cathedra 
tout en permettant à l'enseignant d'identifier plus précisément quelles thématiques 
étaient difficiles pour les étudiants et donc d'ajuster au mieux son cours. 

Mon travail de thèse a consisté à créer ce dispositif d'apprentissage, à créer 
l'application web des vignettes cliniques et à l'implanter durant deux années 
consécutives. J'ai ensuite analysé les données des évaluations et écrit l'article que j'ai 
présenté à la revue 'Medical Teacher'. Après quelques corrections et précisions 
demandées par le comité de lecture, l'article a été accepté et publié. 

Ce travail a débouché sur une seconde version de l'application web qui est 
actuellement utilisée lors du module 3.1 de 3è année à l'Ecole de Médecine à 
Lausanne. 

Lausanne, le 15 janvier 2009 

Le doctorant 
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Abstract 
Ai rn: The aim of this study was to evaluate a new pedagogical approach in teaching fluid, electrolyte and acid-base 
pathophysiology in undergraduate students. 
Met ho d s: 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 
unclerstand 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 thircl year of the curriculum. 
Resu lts: The maj01ity of students answered the questions on the web as requested and evaluated positively their experience with 
this fonn 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 ail 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 teclmology is now 

widely available and offers the opportunity to introduce 
computer-assistecl 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 deliverecl online 
to a large number of students. lt 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 traclitional teaching 
methods (Friedman 1996; McKimm et al. 2003). A number of 
principles should be taken into account for cleveloping 
effective WBL (Cook & Dupras 1994). Arnong these p1inciples, 
it is worth mentioning the definition of specific goals and 
objectives, the incentive for self-directed, problern-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 leaming (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 meclical students to take better advantage of 
their grounding in basic sciences to solve complex patient-

Practice points 

A web based interaction with the students prior to a 
classroom lecture enhances their active participation 
during the lecture. 
The study of clinical cases on the web linked to an 
online activity (choosing lab tests) promotes a deeper 
forethought of the case. 
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 clevelop tearn 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 procluced 
by the disease process. Altered fluid, electrolyte and acid-base 
balance represents an area of pathophysiology that is 
paiiicularly clifficult to master by medical students as it implies 
cornplex 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. 

Correspondence: Prof. Bernard Waeher, Division of C!inical Pathophysiology, University Hospital, MP14, CH - 1011 Lausanne, Switzerland. 
Tel: 0041 21 314 07 60; Fax: 0041 21 314 25 18; email: Bernard.Waeber@chuv.ch 

ISSN 0142·· 159X printilSS l'i 146G·· 137X onlineiOU/050131-G 2003 lnlorma U K Ltd. el31 
DOi: 1O.1080/0142·1590801932210 



P. C.V. Dijken et al. 

~Day 15 
1 

Day 2 1 .... 1 _D....,ay~o__. 
1 1 

[ Day 15 1 

1 

Part 1 : 4 cases Part 2: Part 3 : comment on the 
available for the statistics cases available for the 

students given to students 
the 

lnterÇtctive 
discussion of 

cases (2 hours) 

Figure 1. Procedure. 

A i m s opportunity to print the cases together with the Iaboratory 

The airn of this paper is first to desctibe the patient-based, 
WBL program that we created to help students to better 
unclerstancl and interpret the clinical and laboratory findings 
associated with clisorclers in fluicl, electrolyte and acid-base 
homeostasis. Another aim is to comment the feedback of 
stuclents we obtained on our online, interactive support of 
traditional teaching. Finally, this paper is also directed to share 
our positive experience with this peclagogical set up and make 
freely available the software we clevelopecl for ail teachers 
who woulcl like to use it. 

Methods 

In the Faculty of Biology and Meclicine of Lausanne medical 

students are exposed to diclactic lectures covering ail fields of 
pathophysiology during the third year of the cuniculum. 

Eleven homs are clirected to the teaching of fluicl, electrolyte 
and acicl-base disorclers, 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 
stuclents' knowleclge. 

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 stuclents are 
invitecl 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 conclucting the interactive 
session. The cases are chosen to be representative of typical 
fluid, electrolyte and acid-basic disturbances encountered in 
clinical practice (dimThea-induced hypematremia and meta­
bolic acidosis, vomiting-induced metabolic alkalosis, hyper­
osmolar diabetic coma, diabetic ketoacidosis). A lis! of 33 
laboratory tests (in bloocl and urine) is proposed. The students 
are asked to select the tests that seem the most approp1iate 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 consiclered as non-essential. The stuclents have the 
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results. 

Part 2: Two clays before the interactive session, the adrninis­
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 clinicat cases by asking students 
questions such as: « Why did you ask for this test?», « How do 
you inteq)J'et 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 stuclents 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 fonns by selecting for each 
question (Table 1) a response on a Likert scale (« Strongly 
agree », « Agree », « Disagree », « Strongly disagree » or 
« Unknowm> ). Open-enclecl free comments were also solicitecl. 
The analysis of evaluation fonns was carried-out in an 
anonymous fashion by a collaborator of the Educational 
Unit (ST). Free comrnents 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-basecl approach to teaching has been cmTied-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). 



(1) Did you ask for laborato1y tests as requested? 
Yes 
No 

(2) Old you print the case studies? 
Yes 
No 

(3) Was the work on internet stirnulating? 
Strongly agree 
Agree 
Disagree 
Strongly disagree 
Unknown 

(4) Did the work on internet rnotivate you to independent learning? 
Strongly agree 
Agree 
Disagree 
Strongly disagree 
Unknown 

(5) Was the case preparatlon on internet useful for understanding the 
clinical signiflcance of laboratory tests? 
Strongly agree 
Agree 
Disagree 
Strongly disagree 
Unknown 

(6) Was the cornplexity of the clinical cases appropriate for your knowledge? 
Strongly agree 
Agree 
Dlsagree 
Strongly disagre e 
Unknown 

(7) Were the online procedures easy to follow? 
Strongly agree 
Agree 
Dlsagree 
Strongly disagree 
Unknown 

PCvD can be contacted ut 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 cunfoulum was 120 and 122 

drning 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 accmmted for 
by the fact that students visiting the website did not necessarily 
fill up the evaluation fmms. 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 ail 
registered students, was therefore 65% dming Year l and 
78% during Year 2. Out of the stndents who completed the 
fmm, 68% (53/78) went through the web case-staries during 

Online case-based teacl1ing 

Year i Year 2 

n 0/o n O/o p 

ns 
44 83 73 91.3 

9 17 7 8.7 

0.013 
39 73.6 41 51.2 
14 26.4 38 47.5 

0.004 
23 43.4 57 71.3 
23 43.4 18 22.5 
4 7.5 2 2.4 
1 1.9 1 1.3 
2 3.8 2 2.4 

ns 
22 41.5 31 38.8 
18 34.0 33 41.3 
6 11.3 11 13.7 
5 9.4 5 6.2 
1 1.9 0 0 

ns 

16 30.3 23 28.7 
28 52.8 47 58.8 
4 7.5 4 5.0 
0 0 0 0 
5 9.4 6 7.5 

ns 
17 32.1 31 38.8 
29 54.7 46 57.5 
3 5.7 1 1.3 
2 3.7 0 0 
2 3.7 2 2.4 

ns 
41 77.4 70 87.5 
10 18.9 9 11.3 

1 1.8 0 0 
0 0 1 1.2 

1.8 0 0 

Year 1, cornpared with 84% (80/95) during Year 2. The Mann­
Whitney test perfom1ed showed that this difference is 
significant (p 140.010). 

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 ail 
questions, and the ratings were very similar on Y ear 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 1.4 0.013) and were more stimulated by 
the work on internet (p1.40.004) than the students of Year 1. 
For ail 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.l % during Year 2, and dealt with the question: «Did the 
work on internet motivate you to independent leaming? ». 

The best rating, according to the same crite1ia, 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 session really 
interactive? » and « Did you enjoy the interactive session? » 
nearly ail 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 (n % 59 Year 1, and n % 61 
Year 2) than negative comments (n l/,i 14 Year 1, and n 1.4 14 
Year 2). Most of the positive comments stressed that 
the approach was clinically oriented (n 1,4 19 Year 1, and 

n 

1. Students who visited the webslte (count based 66.5' 
on web server statistics) 

2. Students who vislted the website (count based 53 
on the evaluation form) 

3. Students who didn't visit the website 25 

Total of 2 p 3 78 

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

Conclusions 
In clinicat practice, an under.standing of the mechani.sms 
of diseases is a pivota! 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-01iented problems. 

Year 1 Year 2 

0/o n % p 

94.75' 

67.9 80 84.2 

32.1 15 15.8 

100 95 100 0.01 

'Represents the average of visits recorded by the web server for the 4 cases tliat were analysed. 

0% 101·% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

c 

'~ ------1 

& 

llStrongly agree lllAgree OD!sagree OStrongly disagree OUnknown 

Fig LI re 2. Fractions of students having answered by « Strongly agree », « Agree», « Disagree», « Strongly disagree » or 
« llnknown », to the questions « Was the interactive session really interactive?» (Question l) and« Did you enjoy the interactive 
session ? » (Question 2). ln 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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Positive experience with case-based teaching tutorials in the 
field of cardiovascular physiology has been reported 
(Hudson et al. 200 l ). This teaching was performed in 

small groups of students with a tmor as a facilitator of the 
learning process. We recently developed a web case-based 
teaching of fluid, electrolyte and acid-base homeostasis 
disorders. This teaching approach bas 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 01iginal in important aspects: (1) the clinical cases 
are macle available on the web a few clays before 
conclucting an interactive session; (2) the interactive session 
involves the entire classroom uncler 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 stuclents 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 indepenclent work. Fnrthermore, 
it allows the challenging of students and the getting of an 
anonymous feeclback to stimulate stuclent-teacher discussions 
on the clay 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 traclitional physiology course 
(Taradi & Taracli 2004). lt is more like the interactive web­
based rhemnatology teaching developed recently for under­

graduate students and based on the presentation of clinical 
cases (Wilson et al. 2006), but in our approach, the stuclents 
receive an immecliate, online feeclback on the options they 
took when they went through the case. 

Our students were invitecl to prepare the discussion session 
by completing the case stuclies on the web. A large fraction of 
them did so (Year 1: 67.9%; Year 2: 84.2%; p1,1.io.Ol0). 

The significant difference between Y ear 1 and Y ear 2 could 
be explained by the fact that the students of Y ear 1 

recommended the site to their colleagues of Year 2. The 
reason(s) why the remaining stuclents clid not explore this new 
teaching resource was unfortunately not explored in our study. 
To be consiclered is a lack of motivation, possibly because 
solving the case studies was regarcled as a supplementary 
« homework » which was not manclatory. Also some stuclents, 
possibly hacl no easy access to the web at home, even if 
internet access is provicled in the institutional library. Among 
stuclents who returned the evaluation questionnaires, around 

80% navigatecl through the cases and orclered laboratory tests 
as requestecl. Approximately 40% of these web users said that 

Positive comments 
Negative comments 

n 

59 
14 

Year 1 

O/o 

69.4 
16.5 

n 

61 
14 

Year 2 

74.4 
17.1 

Online case-based teaching 

this lecl them to prepare the interactive session, on both Y ear 1 

and Year 2. 
The responses to the questionnaire were similarly positive 

on the two consecutive years. More or less 90% of stuclents 
agreecl that working on the cases online was stimulating 
(Year 1: 86.8%; Year 2: 93.8%; p%0.004). The stuclents of 
Year 2 were significantly more stimulated than the stuclents 
of Year 1 but more than 85% of students were satisfied on both 
years. An explanation coule! be that we encouragecl the 
stuclents probably more during the second year. The students 
agreecl that the task to choose the most approp1iate tests was 
useful and that the complexity of the clinical cases corre­
sponcled to their degree of knowledge. A main objective of our 
web-teaching program was to motivate students to cleepen 
their knowledge. This goal was incleed achieved in 80% of 
stuclents. Moreover, more than 90% of students founcl that the 
online program was easy to use. The stimulating aspect of 
this method is supportecl by the free comments made by the 
stuclents. Finally, the stuclents 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 regarclless of whether the stuclents 
participatecl or not in the initial step on the web. Notably, the 
teacher hacl available on the clay of the interactive session 
information on how stuclents orclered investigations during the 
online case studies. This was felt by the teacher to be of great 
help in promoting questions and answers frorn the class. 

Problem-solving leaming is an essential approach in 
meclical eclucation as it enhances the ability of stuclents to 
apply their knowleclge 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 clescdbed in this paper had 
presumably a positive effect on the learning process of our 
stuclents. This remains however uncertain as we clic! not assess 
whether completing the proposed case stuclies on the web hacl 
a positive impact on the learning outcome. 

A few years ago Rawson & Quilan (2002) developecl a 
computer-based approach to teaching acicl/base physiology. 
They concluded by proposing general guidelines for educa­
tional software development. According to these recommen­
dations, our case-basecl learning concept shonld well 
respond to the neecls 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 understancling rather than the memoriza­
tion process; (4) it provides a means to discuss why some 
answers are wrong and why the right answer is c01Tect; 
(5) it provides a direction for leaming; (6) the software is of 
easy use. Finally, major advantages of our approach are to 
allow the stndent to prepare himself for the interactive 
session and the teacher to drive his teaching by knowing in 
advance the pe1formance of the stuclents 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 stuclies of clinical cases on the web, and 
interactive student-teacher discussions. In our opinion, our 
approach is innovative as it allows the stuclent 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 stuclents on the web. 
This teaching approach, overall, was ve1y well perceivecl by 
the stuclents, which urges us to extencl it's use in the 
curriculum during the coming years. 

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