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Evidence based medicine at medical school: a three week
course on the basis of problem based learning
EBM course based on PBL

Erlernen evidenz-basierter Medizin in der medizinischen Ausbildung. Ein
drei Wochen Blockkurs auf der Grundlage des problemorientierten
Lernens

* Olaf Kuhnigkl’2 « Aenne M. Béthern'” « Volker Schoder’ » Monika Bullingerz’4 * Sigrid Harendza’

Zusammenfassung:

Einleitung: Profundes konzeptionelles Wissen in der ,, Evidenzbasierten Medizin “ stellt heutzutage eine Basiskompetenz fiir klinisch téitige
Arzte dar: Als Konsequenz daraus entwickelten sich Lehrinhalte der studentischen Ausbildung in der Biomathematik von der reinen Lehre
statistischer Methoden zu praxisorientierten Konzepten, wie dem der evidenzbasierten Medizin. Zur Vermittlung dieser Fihigkeiten wurde
ein neues Blockkurskonzept unter modernen lerndidaktischen Erkenntnissen entwickelt und erprobt.

Methode: Zwei Studienjahrgdnge (n=56) des Modellstudiengangs Medizin der Universitit Hamburg in Deutschland nahmen 2003 und
2004 im fiinften Hochschulsemester an einem dreiwdchigen Blockkurs ,, Wissenschaftliches Arbeiten‘ auf der lerndidaktischen Grundlage
des problemorientierten Lernens teil. Kursqualitit und Lernziele wurden mittels Fragebogen und Priifungen evaluiert.

Ergebnisse: Die Evaluationsergebnisse zeigten, dass die Studierenden aus eigener Sicht die definierten Lernziele erreicht haben: Sie
fiihlten sich in der Lage relevante Literatur zu verstehen und kritisch zu beurteilen. Dariiber hinaus fiihlten sie sich auf eigenes wissenschaft-
liches Arbeiten vorbereitet. Die einzelnen inhaltlichen Ausbildungsabschnitte wurden insgesamt als befriedigend bis gut beurteilt. Besonders
positiv wurden die Lernziele, die klinische Ausrichtung, die Vernetzung der einzelnen Ficher, die positive Lehr- und Lernatmosphdre
sowie die inhaltliche Ausgestaltung und organisatorische Struktur des Blockkurses evaluiert. Die Priifungsergebnisse fielen tiberdurch-
schnittlich gut aus.

Zusammenfassung: Die positiven Evalutions- und Priifungsergebnisse sprechen dafiir, dass der Kurs ,, Wissenschaftliches Arbeiten* als
., Blueprint“ fiir das Erlernen wesentlicher Fihig- und Fertigkeiten der evidenzbasierten Medizin fiir Studierende der Medizin dienen kann.
Schliisselwéirter: Evidenz-basierte Medizin, Curriculum Entwicklung, Evaluation, Medizinische Statistik, problemorientiertes Lernen,
Unterrichtsmethoden, Studierendenausbildung

Abstract:

Profound conceptual knowledge in evidence based medicine is required as basic competence for practising physicians. Therefore contents
of courses in medical statistics have moved from mere biostatistical methods to practice oriented concepts like EbM. To train these com-
petences a course for medical statistics was developed and implemented. In 2003 and 2004 a class of medical students (n=56) in a parallel
problem based curriculum at Hamburg Medical School participated in their fifth semester at the three week problem based learning (PBL)
course "The scientific approach”. Course quality and learning objectives were evaluated by questionnaire and exams. Results show that
students feel to have reached the learning objectives, feel enabled to understand and to critically appraise relevant literature, and feel well
prepared for their own scientific work. Course contents were judged from satisfying to good. The following items were rated very positively:
learning objectives, clinical orientation of the course, integration of subjects, positive learning climate, and content and organization of
the course. Exam results were above average. Positive evaluation and exam results recommend this course as blueprint for teaching and
learning evidence based biostatistics in medical education.

Keywords: curriculum development, evaluation, evidence based medicine, medical statistics, problem based learning, teaching methods,
undergraduate medical education

ability to make scientifically-founded decisions about therapeutic

Introduction strategies on the basis of published studies has recently become a
core competency of physicians, which medical students should
Teaching statistical analysis without interpretation of data is cur- have achieved by graduation from medical school. As a con-

rently regarded as major faux pas in medical education [1]. The ~ sequence, concepts of clinical epidemiology - not only methods -
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need to be taught to enable students and physicians, respectively,
to perform their work on the basis of evidence-based medicine
(EBM) [2], [3]. According to the basic concepts of EBM [4] three
main topics of EBM need to be addressed [5] to plan an EBM
course for students:

—

. individual clinical experience of the physician (= internal
evidence),

2. values and requests of the patient, and

3. current status of scientifically-founded clinical medicine (=

external evidence).

The first topic can be addressed by employing examples from
clinical practice in EBM courses for students. Regarding the second
topic, it is evident that students need to be educated in communic-
ation skills throughout their studies to be able to perceive the pa-
tient as an individual and to treat him as a partner in decision
making. The third topic is addressed by the following study. The
course "The Scientific Approach" was designed to enable students
to gather scientific information in clinical medicine (=external
evidence) and to be able to use and to critically appraise this in-
formation.

Methods

* Goals of the study

The following learning objectives for the course were defined:

Upon successful completion of the course, students will be able
to:

* Find relevant references in literature for clinical questions.

* Read, understand, and critically appraise clinical studies with
special regard to biostatistical aspects.

» Discuss methodological questions with statisticians.

At the end of the course students were asked to complete a ques-
tionnaire-based evaluation. In particular the evaluation set out to
assess the following questions:

* Were the above mentioned learning objectives reached?

* Is the problem based course "The Scientific Approach" suited
for learning basic biostatistics and EBM?

+ Is the ability of students to work scientifically higher after fin-
ishing the course than before starting the course?

* Do the students enjoy their participation in the course "The
Scientific Approach"?

* Design of the course "The Scientific Approach"

The course "The Scientific Approach" was placed in the fifth
semester in a parallel track PBL-curriculum without distinction
between "pre-clinical" and "clinical" contents. The course was
developed on the principles of problem based learning [6]. An
idealized paper case on hormone replacement therapy represented
the central starting point for learning. In addition to the above
mentioned learning objectives regarding EBM, students were to
learn to critically value hormone replacement therapy for postmen-
opausal women. Students were grouped into three PBL-tutorials
and were asked to work on the PBL-case “Night sweat in Ham-
burg” (see figure 1), a hormone replacement therapy case, with

three different foci: the estimation of the individual patient's risk
for developing breast cancer, cardiovascular diseases, and bone
fractures. In general, the case was approached using the "seven
steps" technique [6].

The 57-year old homemaker Mrs. Maier is mother of two adult children. Since her
menopause half a year ago she is suffering from night sweat and sleeplessness. Her
GP as well as the friends in her bowling club recommended taking hormones for
relief of her troubles. Her friends claimed to have made good experiences with this
kind of therapy. Her GP is of the opinion that hormone replacement after menopause
is very useful to prevent osteoporosis and to minimize the risk of cardio-vascular
disease.

Mrs. Maier is very sceptical about taking medication. She is wondering whether, if at
all, it is useful to take hormones and what period of time she would be able to take
this medication without concerns. On TV she saw a program where she heard about
a study in the USA where an increase of breast cancer had been observed amongst
women on hormone replacement therapy. Similar reports were cited from England
and Scandinavia. Because of the medical language used in this program Mrs. Maier
didn't understand everything completely but got the impression that it was not clear
whether hormone replacement after menopause was more of a curse or a blessing.
Therefore Mrs. Maier decides to take a second opinion besides the recommendation
of her GP and comes to you to ask for your advice about risks and benefits of a

hormaene replacement therapy.

Figure 1: The PBL case: “Night sweat in Hamburg”

The course was divided into eight sections:

—

. Introduction to the medical library: Students participated
in a guided tour through the medical library. A presentation
followed by an introduction to the structure of the library
(e.g. books and journals available on site, how to borrow
books etc.). Different areas and facilities were shown and
explained (e.g. reading areas, workstations for literature
research, where to copy literature etc.).

2. Introduction to literature search and data bases: Students
were introduced to the most common literature databases
(e.g. PubMed) and to literature search. They participated
in literature search exercises and learned about online
journals and interlending.

3. Introduction to presentation techniques and media: Students
learned about presentation techniques for scientific data
and how to use PowerPoint for the preparation of a
presentation.

4. Introduction to the paper case "hormone replacement ther-
apy": Different teachers from the Institute of Medical Bio-
metrics and Epidemiology provided an introduction to the
specialities of the PBL-case from the biostatistician view.

5. Weekly PBL tutorials: Three PBL-tutorials supervised by
tutors took place on the basis of the seven steps approach
for PBL-tutorials for each group.

6. Seminar about clinical studies: Methods and statistical
design of clinical studies were taught in two seminars.

7. Clerkship in a scientific laboratory: Optional clerkships in

a scientific laboratory were offered for two days a week by

different scientific laboratories.

Exam: Students presented results of their literature searches

several times during the course. In groups of seven, students

il
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Figure 2: Timetable of 5" semester, 1* week

presented the final results of their three weeks of work and
discussed them with the students of the other groups and
with biostatistics teachers. Marks for the groups of seven
were awarded to the students for PowerPoint presentations
and discussion of their work in these groups at the end of
the course. At least two biostatistics teachers gave the marks
(one=worst to four=best) and feedback to the groups based
on strengths and weaknesses of both their results and
presentation (see figure 2).

Four different institutions of Hamburg Medical Faculty participated
in teaching at the course. Students received a total number of 36.44
teaching hours (one teaching session = 45 minutes) (see table 1).

Table 1: Institutions involved, number ob lessons and teachers

Institutions lessons* teaching teachers
sessions”
Medical library 267 2 1
Institute of medical informatics 6.22 4.6 1
Institute of medical biometrics and epidemiology 2133 16 1 (optional 2)
Institute of general medicine 6.22 26 1
36.44 273
sum of lessons

“without time for course-preparation

Course evaluation was a questionnaire that included general
questions about structure and organisation of the course and a
second part with specific questions about the different subjects
and institutes. Questionnaires were distributed immediately after
completion of the course. Two different scales were used: 6-point-
Likert scale: 1=agree very strongly, 2=agree strongly, 3=agree,
4=disagree, S5=disagree strongly, 6=disagree very strongly and 6-
point-scale according to school grades: 1=very good, 2=good,
3=satisfactory, 4=fair, 5=inadequate, 6=insufficient). Students'
performance was rated with an exam as described above.

* Sample size and statistical analysis

All 56 students from two years of the parallel track PBL curriculum
(cohort 1, year 2003, n=21; cohort 2, year 2004, n=35) participated
in the course. 100% of the questionnaires were returned. 67% of
the students were female, 33% male. The average age was 25
years. Results from both cohorts are presented together because
no significant differences between both cohorts were found for
any of the variables. Besides distribution of frequencies and
arithmetic means rank correlations according to Spearman were
calculated [7]. Arithmetic mean was chosen because it is the usual
measure for calculating the average of "school marks" and in this
specific case no common superior statistical alternatives were
readily available.

Results

* General evaluation

All students answered the questions in the different sections of the
general evaluation in a positive manner. The main objective of the
course was to provide students with the ability to work scientific-
ally. Most students felt a lack of knowledge about scientific
working procedures before the course but were quite satisfied with
their achievements in this field after the course. This view resulted
in an overall increase of one point for all items of the questionnaire.
While "good" results were achieved in the areas "literature search",
"functioning of the library" and "use of PowerPoint" despite an
improvement by one point, only "satisfactory" results were seen
in the areas "biostatistics" and "scientific work" (see Figure 3).
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Figure 3: Knowledge (self-assessment), Pre/Post-comparison of grades
(average; n=53); (German grades: 1=very good, 2=good, 3=satisfactory,
4=sufficient; S=deficient, 6=inadequate)

Students were asked to rate the overall gain of their knowledge
after the course ("I gained a lot of knowledge in this course").
Most students answered this question positively (see Figure 4).
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Figure 4: Self-assessment: ,,I learned much in this course* (n=55), “I
learned much about working scientifically” (n=56)

There was strong indication that an increase in knowledge through
the course was independent of previous knowledge (rho=0.04).

Eighty-nine percent of the students had "fun" taking part in the
course (n=49; "agree strongly", "quite agree", "agree"). Items "I
had fun participating in this course" and "I gained a lot of know-
ledge in this course" showed a strong correlation (rho=0.55,
p<0.001). The item "fun" also seemed to be independent of previ-
ous knowledge (rho=0.02). It should be noted that an item for
overall satisfaction with the course was not included in the ques-
tionnaire for the first cohort but was added to the evaluation
questionnaire for the second cohort ("I am satisfied with the com-
plete course"). All students of the second cohort were satisfied
with the complete course.

Almost all students agreed that the course had helped them to "find
relevant literature" (see Figure 5) and to "understand medical liter-
ature" (see Figure 5). All students agreed that the course had en-
abled them to critically appraise medical literature (see Figure 5).
The item "The course has prepared me for my own scientific work"
was answered mostly positive by 96% of the students (see Figure
4).
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Figure S: Self-assessment (n=56): “I learned much about finding
literature”, “I learned much about understanding literature”, “I
learned much about assessment of literature”

The rate of satisfaction with the topic ,,hormone replacement
therapy* was 87%. Analysis of this topic in three groups with a
different focus was classified as suitable by 93% of the students.
Ninety-six percent of the students regarded the learning objectives
as appropriate with respect to content and course time.

The number of teaching hours was described as appropriate by
82% of the students, 18% would have liked more hours of instruc-
tion. The concept of "The Scientific Approach" as block course
was accepted by 95% of the students. The fifth semester was found
suitable for this course by 73% of the students, while 20% would
have liked to participate in this course in a later semester. High
satisfaction (>89%) was noted regarding the structural organization
of the course, course manual and schedule (see Figure 6).

40,0 D agree very strongly
magree strongly
magres

m disagroe

frequancy (%)
8
=

m disagroe strongly

20,0 m disagree very strongly

n=0 n=p =0 0

organisation (n=56) course book (1=53) schedule (n = 53)

Figure 6: Satisfaction with organization, course book and schedule

Exams were regarded as appropriate by 98% of the students. One
student rated the exam as too easy.

* Specific evaluation and exam results

The five institutes participating in the course "The Scientific Ap-
proach" were all rated "good" or "satisfactory" in the specific
evaluation. For the most part, the number of teaching sessions was
found appropriate. The evaluation of the "biostatistics" section
will serve as an example for the items in the section specific
evaluation. “Biostatistics” received an overall average mark of 2.5
(SD=0.8) (see Figure 7). Seventy-five percent of the students were
satisfied with the number of hours taught, while 18% would have
liked more and 6% fewer teaching sessions.
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Figure 7: Assessment of course in biostatistics (n=56)

Students regarded their knowledge before the course as "sufficient"
(M=4.1, SD=1.0) and their knowledge after the course as "satis-
factory" (M=2.9, SD=0.8). Ninety-five percent of the students
agreed that the part "biostatistics" helped them to become prepared
for their own scientific work. For their "competency as a physician"
the students marked the biostatistics classes as "good" (M=2.4,
SD=0.9). Students of cohort 1 (year 2003) received four grade
points (the maximum) in their exams while students of cohort 2
(year 2004) reached a mean of 3.25 of four possible grade points.

Discussion

The concept of the block course "The Scientific Approach" was
based on the theoretical requirements of EBM. National and inter-
national experiences from the literature about EBM and biostatist-
ics courses were used in the planning [8], [2]. The development
of the course was carried out according to the theory of "A Six-
Step approach to curriculum development" by Kern et al. [9]. The
whole course concept was based on the teaching and learning ap-
proach of "problem based learning" which proved to be successful
in clinical medicine. Advantages of PBL for education in medical
statistics are also described [10].

The main feature of PBL is the paper case [6]. The case used in
our course introduced the medical question of hormone replace-
ment therapy. This topic is very relevant for medical practice and
was adapted to the interest and knowledge of third year medical
students. The students’ high level of satisfaction with the content
of the paper case (87%) demonstrates that this topic met the stu-
dents' needs. Working in three groups with different clinical
questions to consider for the case was approved by the students
(93%), and 94% regarded the block course as (very) suitable as
an introduction to scientific work.

The course "The Scientific Approach" was placed in the fifth
semester. Due to the concept of the PBL-curriculum students were
challenged with clinical questions starting in the first semester.
Hence students feel comfortable with this concept before they
continue their studies with practical clinical courses in the tradi-
tional curriculum in year four and five. Seventy-three percent of
the students felt that it was right to take this course in the fifth
semester, while 20% would have liked to take it at a later point in
their studies. The course seems to be appropriately placed in the
fifth semester from a clinical point of view even though some
students probably would have liked to take such a course while

working on their medical thesis. According to Evans [10] the pos-
ition of a course in biostatistics in a medical curriculum can not
be determined independent of its contents. Calculations and graphs
should be taught in the first years while the place for clinical
questions and further aspects of statistics is in the later years of
the curriculum. Baker [11] demands that biostatistics should be
taught in the clinical phase of medical studies. There is consensus
amongst all references that medical statistics should be taught at
medical school. Another argument in this favour is the observation
that students’ increase in knowledge from statistics classes is
greater than physicians” [12]. If basic statistical knowledge is
gained at medical school the use of statistics in medical practice
is easier for most physicians [13].

The course "The Scientific Approach" had 36 teaching sessions
in three weeks, including a guided tour through the medical library.
Eighty-two percent of the students felt the number of hours was
appropriate for the course, and 18% would have liked a greater
number of teaching sessions. This desire for more teaching sessions
mainly referred to classes in biomathematics; an astonishing result
because Altman and Bland [13] found that biomathematics was
not amongst students' favourite courses. Depending on the previous
statistical knowledge of the students courses in biostatistics can
be designed in a very flexible way. When compared to North
American medical schools, the 36 teaching sessions in the course
"The Scientific Approach" rank above average in terms of course
time. The content of biostatistics and evidence based medicine is
taught in 122 of 126 accredited North American medical schools
in mandatory courses, while only 107 of these medical schools
provide separate medical statistics teaching sessions [14]. A mean
of 13 hours (SD=8.6) of biostatistics and 20 hours (SD=20.2) of
evidence-based medicine is provided. It must be taken into account
that no data is provided about the design of statistics teaching
sessions in the USA. Furthermore, no data on teaching formats
nor on the institutes that participate in the teaching is provided
[14].

Students felt after participation in the course "The Scientific Ap-
proach" that they had reached the defined learning objectives.
These positive evaluation results are not consistent with the usual
evaluation results of biostatistics courses. Peters [15] summarizes
this with “the risk of a little cynical exaggeration, what character-
izes the teaching of statistics to undergraduate medical students
is that they all get it, while few of them want it”. This statement
cannot be confirmed by the student evaluation of the course in this
study. In particular, students in our course found the participation
of a clinician extremely helpful in explaining clinical contexts.
The use of external expertise is one of the recommendations for
statistics courses given by Evans [10]. An amazing result of our
study is that the majority of students (>89%) stated that they had
"fun" participating in this course. Ziv [16] demonstrated that
teaching in a good atmosphere and with humour resulted in better
exam results. The atmosphere in our biostatistics class was mostly
rated as good. Students were also requested to actively participate.
The presentation of teaching contents and motivation of the
teachers may have added to this positive result as demonstrated
by Simpson [17].

Besides course evaluation, exam results are another way of con-
trolling the quality of a course. The broad learning objectives of
our course required a special kind of exam since exams should be
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designed to fit the teaching and learning objectives of a course
[18]. For our course a special exam was developed where students
had to talk about the results of their work in a computer based
presentation. Ninety percent of the students found this kind of
exam appropriate. Most other educational programs where statistics
are taught rely on multiple choice questions to measure knowledge
in clinical epidemiology and "critical appraisal knowledge" [19].
Linzer et al. [20] could demonstrate that a free interview was valid
to test for the above mentioned criteria. Newcombe [21] showed
that multiple choice questions were not useful if a distinction was
made between quality of process and quality of results since atti-
tudes changed considerably while quality of academic performance
remained similar. Since the exam was especially developed for
the course "The Scientific Approach" no comparison can be made
with exam results of other national or international courses in
biostatistics. Also, the course features, number of teaching sessions,
learning objectives, and kind of exams differed significantly and
were often ill defined or not at all. Although a comparison of our
exam with exams from other studies was not possible, the exam
was an important part of our course because they motivate students
to learn [10]. Furthermore, adults connect their readiness to learn
with the requirements of real life and orientate their attitude to-
wards learning on real life and job requirements [22]. These prin-
ciples are taken into account using problem based learning in
medical education [23], [24] and were the basic concept of our
course. Since students were able to identify the topic of hormone
replacement in the paper case as relevant to clinical practice they
seemed to be motivated to tackle the learning objectives of this
course. This relevant and basic medical topic served its goal in
orienting the teaching towards the primary target group of students
who want to do clinical work after graduation from medial school
[25].

It has to be taken into account when discussing the results of this
study that the evaluation consisted of a self rating questionnaire
and that the marks given by the biostatisticians to the students for
their final computer-based presentations were given to groups of
seven, rather than to individuals. Quantitative evaluation by
questionnaire contains the basic risk that participants can con-
sciously manipulate the results. However, since evaluation of the
course "The Scientific Approach" was anonymous, one can assume
that the students did not have a personal interest in consciously
manipulating the results. Exams were done in groups of seven
students meaning that validity and reliability of the exams could
not be tested. Since all students of cohort one attainted four out of
four possible grade points in the exam, one can assume that
teachers highly valued the individual increase in knowledge as
well as the use of this knowledge. It is likely that not all students
deserved four grade points in the exam if one had measured mere
outcome criteria and learning progress had been the outcome
variable. Furthermore, it is possible that weaker and less interested
students profited from their stronger colleagues. This problem has
to be noted in the discussion about marks for group work.

Students of cohort two scored a mean of 3.25 of four possible
grade points. This course was taught by a different teacher
demonstrating that the course concept works independently of the
person who is in charge. Achievements of both cohorts were valued
as good by teachers and course directors. The high number of
learning objectives and their great differentiation did not allow for
individual tests of each learning objective. Furthermore, it was not

a blinded study regarding the investigators which is usually reques-
ted of such studies [26]. A randomization of the cohorts into two
groups, each with differently designed courses, was not possible
by decision of the ethics committee. This made the interpretation
of evaluation data more difficult. However, randomized studies
in the field of medical education are currently refused for ethical
reasons which raise methodological problems on an international
basis and is also partly criticised [27].

Conclusion

Professional competence, high quality of care, and patient centered
treatment are major learning objectives in medical education. To
reach these goals EBM can serve as a method for lifelong learning
and as a helpful tool to find the right treatment decision together
with well informed patients [28]. The good evaluation data and
enthusiastic student participation in this course together with the
satisfactory exam results form a good basis for the medical stu-
dents' transition into work life after graduation. Students seem to
be well prepared for the challenge to critically appraise medical
literature.
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