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Longterm effects of problem-based learning:
a comparison of competencies acquired by graduates
of a problem-based and a conventional medical

school

HEeNkK G ScHMIDT, LYyANDA VERMEULEN & HENK T VAN DER MOLEN

BACKGROUND Problem-based learning (PBL) as an
approach to the instruction of medical students has
attracted much attention in recent years. However, its
effect on the performance of its graduates is the
subject of considerable debate. This article presents
data from a large-scale study among graduates of a
problem-based medical school and those of a con-
ventional medical school to contribute to this dis-
cussion.

PURPOSE To study the longterm effects of problem-
based medical training on the professional compe-
tencies of graduates.

METHODS A questionnaire was sent to all graduates
since 1980 of a problem-based and a conventional
medical school. Participants were requested to rate
themselves on 18 professional competencies derived
from the literature.

RESULTS The graduates of the PBL school scored
higher on 14 of 18 professional competencies.
Graduates of the problem-based school rated them-
selves as having much better interpersonal skills,
better competencies in problem solving, self-directed
learning and information gathering, and somewhat
better task-supporting skills, such as the ability to
work and plan efficiently. There were no sizeable
differences with regard to general academic compe-
tencies, such as conducting research or writing a
paper. Graduates from the conventional school rated
themselves as having slightly more medical know-
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ledge. The findings were shown to be valid and
robust against possible response bias.

CONCLUSION The findings suggest that PBL not
only affects the typical PBL-related competencies in
the interpersonal and cognitive domains, but also the
more general work-related skills that are deemed
important for success in professional practice.
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INTRODUCTION

Those who advocate problem-based learning (PBL)
as an approach to learning and instruction articulate
high expectations of the professional competencies
of the graduates produced by such programmes.
Students graduating from problem-based medical
schools are, for instance, expected to be more skilled
in interpersonal cornmunication,1 are thought to be
better problem-solvers® and to be better prepared for
self-directed, lifelong learning.” These expectations
are based on the particular characteristics of PBL:
students collaborate in small groups, their learning is
centred on problems relevant to their domain of
study, and they spend much time on self-directed
learning. The assumption here is that these activities
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Overview
What is already known on this subject

Small-scale studies have suggested that gradu-
ates of problem-based medical schools have
better interpersonal competencies, positively
affecting their interactions with patients.

What this study adds

Problem-based learning not only affects the
level of interpersonal competence of gradu-
ates but also seems to influence cognitive skills
such as problem solving and task-directed
skills such as the ability to work more effi-
ciently.

Suggestions for further research

The method used in this study was self-rating.
Although the findings appear to be consistent
with what we know from other studies, there is
a need for cross-validation using different
methods.

enable students to practise the above-mentioned
professional skills while still at university. Graduates
of PBL curricula should therefore be better prepared
to respond to the challenges of professional practice
than graduates of conventional curricula.

The empirical evidence actually supporting these
expectations is presently, however, rather limited, in
particular because many relevant competencies, such
as the skills required to work in a team, are hard to
measure and require extended observation periods.
In addition, comparing the effects of treatments that
extend over several years and do not allow for much
experimental control is fraught with difficulties.*”

Consequently, our knowledge of how well graduates
of problem-based medical schools perform in pro-
fessional practice can be summarised in a single
paragraph. Firstly, graduates of problem-based med-
ical schools feel better prepared for professional
practice than their counterparts from conventional
schools.® Secondly, they think that they are able to
communicate with their patients in a better way.1
Woodward and McAuley at McMaster University in
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Canada demonstrated that supervisors characterise
graduates from that problem-based school as better
communicators with patients.7 Such an outcome was
also suggested by a recent study at Harvard Univer-
sity: graduates of its PBL track rated their preparation
to practise medicine in a humane fashion more
highly than did graduates of its conventional track
and expressed more confidence in their ability to
manage patients with psychosocial problems.® Finally,
according to another study, graduates of PBL curri-
cula are better self-directed learners.’ However,
others have failed to find such differences.'”"!

Recently, a study among graduates of a problem-
based medical school suggested that the effects of
PBL are largely confined to the interpersonal skills
domain: team work, running meetings and helping
colleagues, and to cognitive skills typically empha-
sised by PBL, such as problem solving and self-
directedness.'? However, this study did not include a
control group trained at a conventional medical
school. To remedy this shortcoming, we conducted a
study on graduates of a problem-based school and
graduates of a conventional medical school. These
graduates were asked to rate themselves on 18
professional competencies assumed to be important
to the practice of medicine. These competencies are
summarised in Table 1.

Table 1 Average self-ratings of graduates of a problem-based and a
conventional medical curriculum on 18 profession-related competencies
(standard deviations in brackets). Differences between means 2 0.10 are
all statistically significant at the 0.01 level

PBL Conventional
curriculum curriculum

1 Problem-solving skills 3.80 (0.65) 3.41 (0.58)
2 Collaboration skills 3.92 (0.67) 3.37 (0.58)
3 Possession of profession-relevant  3.16 (0.66) 3.27 (0.56)
knowledge
4 Interpersonal skills
5 Skills relevant to running
meetings
(e.g. chairing a meeting)
6 Writing reports or articles
7 Paper presentation skills
8 Research skills
9 Self-directed learning skills
10 Use of information resources

4.15 (0.62) 3.43 (0.62)
3.77 (0.78) 2.93 (0.72)

2.98 (0.77) 3.10 (0.79)
3.35 (0.78) 3.12 (0.85)
3.28 (0.85) 3.14 (0.81)
3.64 (0.73) 3.28 (0.61)
3.66 (0.73) 3.17 (0.61)
11. Professional skills 3.60 (0.70) 3.19 (0.53)
(such as physical examination)
12. Producing new ideas for
doing one’s work in a better way
13 Helping colleagues
14 Productivity
15 Ability to work independently
16 Planning skills
17 Efficiency, time management
18 Ability to work under pressure

3.61 (0.71) 3.30 (0.65)

3.69 (0.70) 3.47 (0.58)
3.46 (0.70) 3.54 (0.65)
3.85 (0.72) 3.53 (0.64)
3.58 (0.76) 3.37 (0.69)
3.43 (0.81) 3.28 (0.73)
3.48 (0.73) 3.46 (0.67)
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METHODS
Participants

Participants were 820 graduates of a problem-based
medical school in the Netherlands (418 women, 402
men). These graduates represented a 39% response
rate of the total population of 2081 doctors who have
graduated from this school since its first batch
received their degrees in 1980. Their average age was
33.57 years and the average length of time since
graduation was 8.49 years. As a comparison group,
621 graduates of a conventional medical school were
included (324 women, 297 men). The latter group
represented a response rate of 19% of the 3268
doctors who have graduated from this school since
1980. Their average age was 36.20 years and the
average length of time since graduation was

9.91 years. Both groups were reasonably similar in
terms of gender, age and experience. Inspection of
alumni records kept at both medical schools revealed
that both groups can be considered representative of
their respective populations. For instance, the con-
ventional school’s non-responders were on average
35.12 years old and 49.9% of them were male.
Admission criteria for both schools were similar. In
fact, in the Netherlands admission to medical school
is dealt with at the national level, employing a
weighted lottery procedure based on achievement on
a national entrance examination. This procedure
(inadvertently) results in groups of students in
different schools who are quite similar in terms of
past performance, age, gender and motivation for
studying medicine. (The overall difference in
response rate between the 2 groups — 39% versus 19%
— and its possible implications for the findings will be
dealt with in the Discussion section.) The problem-
based school emphasised problem solving, small-
group work and self-directed learning, whereas the
learning in the conventional school was largely
lecture-based.

Instrument and procedure

In the spring of 1999 all alumni of the PBL
curriculum received a questionnaire inquiring
about their current perspectives on the quality of
their training. Among other items, they were asked
to rate themselves on the 18 professionally relevant
skills displayed in Table 1. The list of competencies
included was based on an analysis of 3 reports
describing the general skills necessary for profes-
sional practice in medicine.'*™® The graduates’ task
was to compare themselves with colleagues they

knew, who had been trained at another school, and
to indicate on a 5-point scale, provided with each
of the 18 skills, whether they considered themselves
much less competent, less competent, equally
competent, more competent, or much more com-
petent than these colleagues. In the spring of 2004
all alumni who had graduated from the conven-
tional school between 1980 and 2003 were sent the
same questionnaire.

Statistical analysis

For each of the competencies and for both the
problem-based and the conventional curriculum
average ratings were computed. Reliabilities for the
instrument as a whole were computed to assess
measurement precision. Differences between the 2
groups were tested employing 1-way aNova. In addi-
tion, using aMos Version 5.0, a confirmatory factor
analysis was conducted to test whether subscales
could be distinguished.'®

RESULTS

The alpha reliability of the items displayed in Table 1
is 0.82, indicating good measurement precision.
Table 1 contains the results of the comparisons.

Graduates of the problem-based school rated them-
selves more highly not only on the competencies
usually associated with PBL, such as skills for colla-
borating with peers or problem-solving skills, but also
on many of the other work-related skills. In total, they
rated themselves more highly on 14 of 18 compe-
tencies. Graduates of the conventional school rated
themselves more highly on the possession of profes-
sion-relevant knowledge and writing skills. There
were no differences for productivity and ability to
work under pressure. The reader should, however,
bear in mind that, with large sample sizes such as
those found in the present study, differences as small
as 0.10 are already statistically significant. Therefore,
the results displayed in Table 1, although informat-
ive, make it difficult to interpret trends behind the
data. To further clarify our findings, the data were
aggregated into 4 indices:

1 interpersonal competencies, representing an
average score on items pertaining to the ability to
work in a team, interpersonal skills, and skills
required for running meetings;

2 PBlL-related, cognitive competencies such as:
problem solving, self-directed learning and infor-
mation gathering;
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3 general academic competencies such as: writing
reports, presenting papers and doing research,
and

4 task-supporting competencies such as: producing
new ideas, helping colleagues, being productive,
being able to work independently, planning one’s
work adequately, being efficient, and being able
to work under pressure.

Although these categories are not mutually exclusive,
they provide a more succinct picture of the effects of
curricula on graduate performance. To test whether
such grouping of variables would be reliable, a
confirmatory factor analysis was conducted on the
proposed 4-factor structure.'® The results of this
structural equation modelling attempt were:

¥® = 426.54, d.f. = 67, P< 0.01, y* / d.f. = 6.37, CFI
(comparative fit index) = 0.95 and RMSEA (root
mean square error of approximation) = 0.06, indi-
cating that the proposed 4-factor structure comes
close to fit with the empirical findings. Table 2
contains the average self-ratings of both groups on
these 4 indices of professional competence.

The difference between the graduates of the PBL
curriculum and those of the conventional curriculum
seems to be particularly large with regard to skills in
the domain of interpersonal relations, such as the
ability to work in a team, interpersonal skills, and
skills required for running meetings:

I(1,1436) = 676,43, MSE = 0.26, P < 0.01. In this
domain, the mean difference was 0.70, representing
an effect size (ES) equal to 1.30, usually considered a
large effect.'” This finding is in general agreement
with other studies in this area."®”'® Somewhat
smaller are the effects of PBL on problem solving,
self-directed learning and information gathering
skills: F(1,1436) = 247.89, MSE = 0.25, P< 0.01.
Here the average difference was 0.42, representing an
ES = 0.78. This value is generally considered a
medium to large effect (effects 20.80 are considered

Table 2 Average self-ratings of graduates of a problem-based and a
conventional medical curriculum on 4 indices of professional compet-
ence (standard deviations in brackets)

PBL Conventional
curriculum  curriculum

3.94 (0.54)  3.24 (0.46)
370 (0.54)  3.28 (0.44)

Interpersonal competencies

PBL-related cognitive
competencies

General academic competencies  3.21 (0.59)  3.12 (0.65)

Task-supporting competencies 3.58 (0.51)  3.42 (0.45)
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large). Relatively small was the effect with regard to
the general academic skills such as report writing,
doing research and presenting papers:

11(1,1430) = 6.49, MSE = 0.38, P < 0.05. Here the
average difference was 0.09, representing a marginal
ES = 0.14. Finally, for task-supporting competencies,
such as productivity, helping colleagues, ability to
work independently, planning skills, efficiency and
ability to work under pressure, the results were as
follows: F(1,1433) = 35.16, MSE = 0.23, P < 0.01,
ES = 0.31. This effect is small but it is nevertheless
not without meaning. Statistically, such difference
implies that both populations from which the
samples were drawn overlap for about 75% of items;
they do not, however, overlap for a sizeable 25%. It
seems that PBL, in the perception of its graduates,
not only affects the typical PBL-related competencies
in the interpersonal and cognitive domains but also
the more general work-related skills that are deemed
important for success in professional practice.

DISCUSSION

Of course, surveys of the kind reported here allow for
control over the data to a lesser extent than true
experiments. Therefore, there may be sources of
differences between the groups involved that were
not accounted for. We will discuss some of them here.

A first possible source of error concerns the validity of
the ratings. To what extent do these self-observations
reported here reflect real differences in professional
practice? The reader is reminded that each graduate
was asked to compare his or her own performance
with those of colleagues they knew not to have been
trained at the same medical school. A problem with
the interpretation of such ratings is, as we have
argued elsewhere,'? that observers may have overes-
timated their own competencies, or underestimated
those of others, or both. It is, however, possible to
check the validity of the self-ratings against other
findings reported in the literature. From previous
research it is known, for instance, that medical
students trained at the particular problem-based
school tend not to have more medical knowledge
than students trained at conventional schools.'”* In
fact, the graduates in our problem-based sample
rated themselves slightly lower on this variable than
did those from the conventional school. Secondly,
the fact that PBL graduates consider themselves as
better skilled in the interpersonal domain is corro-
borated in 2 studies using independent judges:
graduates of the PBL schools studied did actually
display better interpersonal skills.”*' Thirdly, there is
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no reason to believe that the report writing, presen-
tation and research skills of the graduates of the PBL
curriculum are more advanced than those of the
conventional school, because the particular PBL
curriculum does not put any more emphasis on these
topics. Again this reality is reflected in the ratings:
PBL graduates rated themselves only marginally
better on these general academic skills (mainly
because they consider themselves better at presenting
papers). From this we conclude that our data do not
merely echo the idiosyncratic convictions held by the
subjects involved in our study, but reflect true
behavioural differences among the samples studied.

A second possible source of error relates to the fact
that the data from the graduates of the conventional
school were collected 5 years after the data from the
PBL group had been collected. It may be possible
that more recent classes for some reason or other
rated themselves less positively than earlier classes,
contributing to the differences between the 2 groups.
However, a within-group comparison between the
conventional school’s classes that graduated before
2000 and more recently graduated classes displayed
only 1 significant difference: the younger group rated
itself significantly lower on task-supporting compe-
tencies: F(1,620) = 4.48, MSE = 0.20, P < 0.05. On
all other variables, the more recently graduated
group rated itself slightly, but not significantly, lower
than the older group. These differences are, however,
so small that removing this group from the data does
not in any way nullify our findings.

A third source of possible invalidation is response
bias. The response to the questionnaire was around
40% for the PBL-trained graduates and 20% for the
graduates of the conventional school; hence, the
response of the PBL group was much larger than the
20-25% typically found in large-scale, mail-based
surveys.?”” To study the possible effects of differential
response rates on the findings, several sensitivity
analyses were conducted.”” The questions to be
answered by such analyses are: To what extent are the
findings sensitive to the specific samples we studied?
Would the results be different if we had been able to
draw different samples? In the first sensitivity analysis
we increased the sample size of the conventional
school with 654 imaginary graduates (an additional
20%, to match the PBL group’s response rate), on
the assumption that, if these graduates had been
included, they would have scored no differently to
the PBL group. This analysis essentially cuts the
Evalues resulting from the ANOvAs in half. As some of
the original findings had large effect sizes, only the
difference with regard to general academic

competencies became statistically insignificant, sug-
gesting that the original findings are quite robust to
sampling errors due to possible response bias.

In 2 further analyses we reduced the size of the PBL
sample to 19% of its population (to match the
conventional group). First, we removed the highest
scoring individuals on the item pertaining to the
possession of profession-relevant knowledge. In the
second analysis, we did the same for the highest
scoring individuals on the general academic compe-
tencies measure. The assumption here is that, in the
PBL sample, there may be a group that would
generally tend to be more positive about the effects of
their training and therefore rate their abilities more
highly. By identifying this group and removing them
from the analyses, the remaining sample would
provide less biased estimates of the remaining vari-
ables. However, removing the 421 highest scoring
participants of the PBL group left the differences
between the PBL group and the conventional group
on interpersonal, cognitive and task-supporting
competencies largely intact, again demonstrating the
robustness of the findings against possible response
bias.

CONCLUSION

This study documents pervasive effects of PBL on the
professional competencies of its graduates. Graduates
of the problem-based school considered themselves
to have much better interpersonal skills, better
competencies in problem solving, self-directed
learning and information gathering, and better task-
supporting skills, such as the ability to work and plan
efficiently. The findings suggest that PBL not only
affects the typical PBL-related competencies in the
interpersonal and cognitive domains, but also the
more general work-related skills that are deemed
important for success in professional practice. These
findings turned out to be robust against possible
response bias. In addition, the response patterns, and
their agreement with findings from smaller-scale
observational studies, suggested that the findings do
not simply reflect the idiosyncratic beliefs of the
participants but represent valid observations of
themselves and others in professionally relevant
situations. However, as our findings extend beyond
what others have found, there is a definite need for
further corroboration.

One intriguing finding is the difference in response
rates between the graduates of the PBL school and
those of the conventional school. Both schools were
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established around 1970 and no obvious differences
exist among the students who have populated them.
A reasonable assumption therefore is that the PBL
approach itself inspires greater commitment to the
training institute on the part of its students, which
manifests in readier willingness to respond to surveys
such as that used in this study. Further research is
necessary here.
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