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SUMMARY  This study compares the academic achievement of
students from rwo Duich medical schools, one employing prob-
lem-based learning (PBL) and one non-PBL methods. Two
progress tests were administered to 1904 PBL students and 1089
non-PBL students. No systematic differences were found on
total test scores. After the test was spht into three categories
(basic, clinical and social sciences), a few, nom-systematic
differences were found. To some extent the basic sciences fa-
voured the non-PBL curriculum and the social sciences the PBL
curriculum, but this was not consistent for both test administra-
tions. Also, the profiles for both schools at the level of disciplines
show remarkable resemblances. Only at the level of individual
questions could differences betrween PBL and non-PBL be
demonstrated. The results obtained in this study strongly agree
with those of previous comparisons between medical schools but
indicate that effects of PBL and non-PBL instructional methods
on medical factual knowledge are even more similar than we
had previously thought.

Introduction

Since the introduction of problem-based learning (PBL),
many studies have been reported comparing the effective-
ness of PBL curricula with more traditional educational
programmes (Albanese, 1993; Berkson, 1993; Vernon &
Blake, 1993). One aspect of interest is the level of factual
medical knowledge that graduates of a problem-based
learning curriculum have in comparison with graduates
from more traditional schools. Most research in this re-
spect uses student achievement results on licensure exami-
nations such as the USMLE (formerly NBME). One part
of these exams covers basic sciences and most students
take this part at the end of the second year. Another part
covers the clinical sciences and is most often taken during
the fourth year (Schmidt et al., 1987; Swanson et al., 1992;
NBME, 1997). In so far as differences occurred, PBL
students had lower test scores on the basic sciences part
and better test scores on the clinical sciences part (Al-
banese, 1993; Vernon & Blake, 1993). Several other exam-
inations required for licensure and graduation, including
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oral exams and clinical rotation ratings, have also been
used for comparisons. The differences found between PBL
and non-PBL were not very consistent. The selection of
students and implementation differences in PBL probably
account for these inconsistent findings (Woodward, 1996).
The fact that some studies mention differences between
PBL and non-PBL students in knowledge of basic sciences
at the end of the second year does not have to mean that
PBL students eventually have less knowledge of basic
sciences at the end of the curriculum (Van der Vleuten,
Verwijnen & Wijnen, 1996). It is plausible that the gather-
ing of specific medical knowledge does not occur at the
same moment in time in a non-PBL curriculum as in a
PBL curriculum.

In this study the medical factual knowledge of PBL and
non-PBL students is compared at all levels of training. The
major differences between the two medical schools in-
volved are found in the first four years. The PBL school
offers a problem-based, student-centred and integrated
curriculum that is organized in themes. The programme
consists of interdisciplinary units of usually six weeks (Van
der Vleuten, Scherpbier et al., 1996). More attention is
paid to basic and social sciences during the first two years
than in years 3 and 4. The clinical sciences dominate in
years 3 and 4. At the time this study was conducted, the
non-PBL school had a conventional discipline-oriented
educational method marked by instructor-provided learn-
ing objectives and assignments, large-group lectures and
structured laboratory experiences. The teaching of the
principles of basic sciences (mainly years 1 and 2) pre-
ceded the instruction in clinical sciences (mainly years 3
and 4). In the last two years all Dutch medical students
spend their time on clinical rotations and no major pro-
gramme differences exist between the medical schools.

At the time of the study a curriculum change was in
preparation in the non-PBL school. As part of the prep-
aration, the PBL school’s Progress Test (PT) was
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Analysis of progress test results

Table 1. Number of participating students on two administrations of the Progress Tests
(percentages of non-PBL classes in parentheses).

December 1994 March 1995
Year PBL non-PBL (% of class) PBL non-PBL (% of class)
1 190 124 (68) 218 54 (30)
2 146 104 (64) 151 60 37
3 135 87 (49) 133 51 29)
4 188 151 (58) 169 53 (20)
5 144 140 (68) 155 69 (33)
6 135 122 (59) 140 74 (36)

administered to students of all six classes of the non-PBL
school. This was done to get experience with administra-
tion of this kind of test and to provide a base-line for
further research guiding the curriculum change. Ideally a
random sample of students had to participate, but this
could, for practical reasons, not be realized. Therefore
volunteers were asked to take the PTs. Volunteers are
mostly the better students, but this methodological short-
coming had to be taken for granted.

We were interested whether there would be differences
in students’ results on the Progress Test with regard to (1)
total test score (overall medical knowledge); (2) subscores
in basic sciences, clinical sciences and social sciences; (3)
subscores in disciplines (anatomy, surgery, ENT, etc.) in
all curriculum years; and (4) scores on individual test
items.

Methods
Instrument

The results on the PT were used in this comparison
(Verwijnen et al., 1982). The PT is best characterized as a
comprehensive final examination in medicine. Each PT
samples the complete domain of factual knowledge that is
considered pertinent for a medical graduate to master and
consists of approximately 250 true/false questions with a
question mark (‘I do not know’) option. These questions
are stratified in categories based on the International
Classification of Diseases (ICD). The content of the ques-
tions may or may not be covered by the educational
programme. Therefore the PT can be called a ‘programme
independent’ test and can be administered at every medi-
cal school regardless of its specific educational programme.
The PT is given four times a year to all students in the
curriculum regardless of their class. An equivalent test is
produced for each occasion on the basis of a blueprint. In
this way it is possible to monitor progress or growth
towards the overall objectives (Van Hessen & Verwijnen,
1990; Verwijnen et al., 1990; Van der Vleuten, Verwijnen
& Wijnen, 1996). Two progress tests were used in this
study: the PT of December 1994 consisting of 242 items;
the PT of March 1995 comprising 226 items.

Subjects

Students of all six classes of two medical schools in the

Netherlands, one PBL and one non-PBL, were used (the
medical training programme takes 6 years in The Nether-
lands). The freshmen of the eight medical schools are
comparable in respect of age, gender and knowledge base.
They enter medical school directly after secondary edu-
cation. The secondary school system in The Netherlands is
quite homogeneous and students only graduate after pass-
ing a national secondary school examination. Medical
school admission is centralized. The selection procedure is
partly based on grade-point average and partly on a lottery,
and is therefore called a ‘weighted’ lottery system (Wijnen,
1978). After this selection, students are assigned to one of
the eight medical schools in The Netherlands. No aca-
demic differences between entering medical students
across schools are to be expected through this system.

Table 1 shows the number of participating students
from both schools per class as well as the percentage of the
participating non-PBL students in relation to the total
number of students in their year.

Procedure

Two PTs were administered. At the PBL school the PT is
part of the regular assessment programme and the test
results had consequences for study progress. At the non-
PBL school the PT was not part of the assessment pro-
gramme. All participating students were volunteers and
their test scores had no consequences for advancement
decisions. We had no information on the representative-
ness of the volunteer group. The two administrations used
in this study took place in December 1994 and in March
1995. On both occasions it concerned fully synchronized
administrations at the same moment in time only at differ-
ent places.

Statistical analysis

To discourage guessing, formula scoring was used in which
the incorrect scores are subtracted from the correct scores
(the ‘I don’t know’ option receives no marks). For each
student the scoring was expressed as a percentage of the
total number of questions. For both PTs the means and
standard deviations were calculated per class and per fac-
ulty. Total scores as well as subscores on basic sciences
(anatomy, biochemistry, pharmacology, physiology, gen-
etics and cell biology, immunology, microbiology and
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Table 2. Students’ mean correct minus incorrect scores and standard deviations (SD) on total test and clusters of disciplines.

December 1994 March 1995
PBL Non-PBL PBL Non-PBL

Year No. of items Mean SD Mean SD No. of items Mean SD Mean SD
Total test 242 226

1 9.61 4.06 10.70 5.37 11.42 4.29 12.17 6.85
2 20.68 4.94 19.27 6.68 20.64 6.43 22.26 8.27
3 26.18 6.68 23.50 9.32 26.51 6.88 30.37t 9.14
4 33.27 7.98 31.54 8.95 35.14 7.64 38.03 9.28
5 38.46 8.53 38.80 9.16 38.41 8.59 41.52 9.37
6 41.03 8.01 44.491 8.99 42.12 6.71 44.85 11.07
Basic sciences 92 93

1 8.43 4,77 10.68+ 6.78 11.26 5.66 14.971 8.20
2 19.09 8.27 16.66 8.59 18.78 8.19 2548t 10.74
3 21.08 8.56 19.63 10.00 24.46 8.88 31.58t 11.06
4 25.86 9.31 25.66 10.50 32.46 8.96 37.741 10.02
5 30.13 1097 31.16 11.70 36.25 10.39 38.41 10.30
6 32.33  10.21  37.07t 11.00 36.49 8.24 41.081 12.09
Clinical sciences 103 91

1 8.24 4.74 9.23 6.65 4.77 4.57 3.74 7.90
2 19.26 6.94 20.46 8.13 14.41 7.46 13.33 8.53
3 26.39 8.62 26.09 10.60 23.10 8.69 25.02 10.99
4 37.88 9.80 36.15 10.80 34.38 10.33 3541 11.92
5 44.56 9.71 45.30 10.40 38.72 11.06 41.77 13.35
6 48.71 10.04 52511 11.10 46.44 9.12 48.60 12.85
Social sciences 47 42

1 14.93 9.74 13,98 10.30 26.18 11.90 24.21 14.33
2 26,90 11.20 21.77t 10,40 38.25 12.40 34.44 12.78
3 35.70 12.71 25.39%+ 13.80 38.42 12.67 39.26 12.57
4 37.65 12.86 32.937 13.90 42.772 12.25 44.34 14.42
5 41.43 13.04 39.53 12.10 42,53 13.40 47.831 13.19
6 41.26 11.36 41.42 12.37 4524 11.15 45.05 16.74

Note: Statistical significance at the level p < 0.01 (one-way ANOVA).

pathology), clinical sciences (surgery, cardiology, derma-
tology, gynaecology and obstetrics, family medicine, inter-
nal medicine, paediatrics, ENT, neurology, orthopaedics,
ophthalmology, pulmonology and rehabilitation medicine)
and social sciences (health care economy, epidemiology,
health care law, ethics and philosophy, medical psy-
chology, medical sociology and social psychiatry) were
compared. To test the significance of the differences be-
tween the mean total scores and subscores per year group
of both schools, a one-way ANOVA was used. To correct
for the number of comparisons, a Bonferroni correction
was used and p =< 0.01 was considered to be significant.
The correct minus incorrect scores on disciplines and
items were compared using visual inspection of plots and
correlation coefficients (Pearson product-moment corre-
lation coefficient).

Results

In Table 2 the correct minus incorrect scores of both
schools are presented per year on the complete test as well
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as on the three clusters of disciplines (basic, clinical and
social sciences). The statistically significant differences in
scores found in December 1994 do not correspond with
those found in March 1995. Only the differences that are
found in the basic sciences scores in the first and sixth
years are significantly different in both December and
March. Remarkably, however, this difference does not
exist for year five. In March 1995 the significant differ-
ences mainly concern the basic sciences in favour of the
non-PBL group, whereas in December 1994 the significant
differences are found in the social sciences domain in
favour of the PBL group.

At the discipline level of comparison, each discipline
may be represented by only a few test items, causing a
considerable spread of scores. For this reason statistical
significance testing has not been used and a visual inspec-
tion of the profile was preferred. In figures la to Id the
mean test score on each discipline is depicted for the first
and sixth year separately. The parallelism of the profile of
the curves is striking. There is quite some variation across
disciplines, but this is (almost completely) identical for
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Figure 1. Disciplinary knowledge profiles (mean correct minus incorrect score on each discipline) of PBL and non-PBL
students: (a) first-year students, Progress Test of December 1994; (b) first-year students, Progress Test of March 1995; (c)
sixth-year students, Progress Test of December 1994; (d) sixth-year students, Progress Test of March 1995.

both schools. Interestingly, the profiles are not the same
across both test administrations.

The most detailed level of comparison is a comparison
of the ‘item scores’. These scores represent the percentage
of students who answered a question correctly minus the
percentage of students who answered the same question
incorrectly. These ‘item scores’ (242 test items in Decem-
ber and 226 in March) of both faculties are plotted in
scatter diagrams for years one, three and six (Figures 2 to
4). Data points on the diagonal represent perfect resem-
blance between the scores of the PBL and non-PBL stu-
dents. The more distant a data point is from the diagonal,
the less resemblance is present between the two schools on
that specific item, suggesting that the PBL and non-PBL
students have different (curriculum-specific) knowledge.
Figure 2 contains the data for year one. A cluster of data

points is situated near the intersection of the two axes of
the graph, meaning that many items remain unanswered or
that many students in both faculties do not have the
knowledge to answer those items correctly. Some items are
situated near the diagonal and further away from the
intersection of the axis. Students of both faculties have the
same level of knowledge on these items. In addition, some
items are answered correctly by either more non-PBL or
more PBL students, suggesting the existence of curricu-
lum-specific knowledge on these items. In the third year
(Figure 3), fewer data points are situated near the intersec-
tion, meaning that students, as can be expected, answer
more questions. However, quite a lot of items are answered
correctly by either more non-PBL or more PBL students.
This suggests curriculum-specific knowledge on those
questions. The number of items that have a negative
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non-PBL

Figure 4. Comparison of correct minus incorrect ‘item scores’ of sixth-year PBL. and non-PBL students:
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(a) all 242 items

of Progress Test of December 1994; (b) all 226 items of Progress Test of March 1995.

questions from a discipline are more difficult or easier
irrespective of the school’s training method. The level of
difficulty of a cluster of questions within a certain disci-
pline or category appears to be rather a generic phenom-
enon, varies from test to test, and is independent of the
curriculum that one follows. Only at the level of individual
questions could differences between PBL and non-PBL be
demonstrated. In the first year of medical school many
questions can be found that are answered better by PBL or
non-PBL students. However, this effect diminishes sys-
tematically with increasing seniority in the curriculum. At
the end of the sixth year these differences at item level too
yielded nearly total parallelism. At the end of their curric-
ula, PBL and non-PBL students answer the same ques-
tions correctly and incorrectly. The students master the
same knowledge; it is only the moment in time that they
learn it that differs.

Methodological considerations

A few methodological considerations can be mentioned
with regard to this study. In the non-PBL medical school
all participating students were volunteers. The test results
had no consequences for them in contrast with the PBL
students, for whom the tests were obligatory and part of
their exams. Both aspects are essential methodological
shortcomings of this study and make a valid interpretation

Table 3. Pearson correlation coefficients of
item scores of PBL and non-PBL students on
two administrations of the Progress Test.

Year December 1994 March 1995
1 0.72 0.66
2 0.69 0.69
3 0.73 0.76
4 0.83 0.78
5 0.87 0.85
6 0.88 0.86

of this comparison more difficult (Schmidt, 1990). Volun-
teers in most cases are the better students (Ten Cate,
1985), and tests that have no consequences for the partic-
ipants lead to different answer strategies, particularly more
guessing. Indeed, we found that the volunteers (non-PBL
students) did use significantly fewer question marks (data
not shown). To correct for these different answer strate-
gies, formula scoring was used in this comparison.

Perhaps the questions that are used in the PT are not
sensitive enough to detect differences between curricula.
They could be too rough, not tailored enough, asking
about only those knowledge aspects that everyone will
learn anyway by spending six years in a medical school.
The real differences could be in topics that are not in-
cluded in the PT and therefore are still to be discovered.
Research, however, shows that the PBL students experi-
ence the PT as a relevant test that reflects topics covered
by their curriculum (Linden et al., 1995). This, plus earlier
comparisons, suggests the PT is a valid and valuable in-
strument to compare medical curricula, even internation-
ally (Albano ez al., 1996).

Despite these methodological shortcomings, this study
indicates that the effects of PBL and non-PBL instruc-
tional methods on medical factual knowledge output are
even more similar than we had previously thought.
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