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Background Knowledge is an essential component of
medical competence and a major objective of medical
education. Thus, the degree of acquisition of knowledge by students is ODeof the measures of the effectiveness of a medical curriculum. We studied the growth
in student knowledge over the course of Maastricht
Medical School's 6-year problem-based curriculum.
Methods We analysed 60 491 progress test (PT) scores
of 3226 undergraduate students at Maastricht Medical
School. During the 6-year curriculum a student sits 24
PTs (i.e. four PTs in each year), intended to assess
knowledge at graduation level. On each test occasion all
students are given the same PT, which means that in
year 1 a student is expected to score considerably lower
than in year 6. The PT is therefore a longitudinal,
objective assessment instrument. Mean scores for
overall knowledge and for clinical, basic, and behavioural/social sciences knowledge were calculated and
used to estimate growth curves.
Findings Overall medical knowledge and clinical
sciences knowledge demonstrated a steady upward
growth curve. However, the curves for behaviourall
social sciences and basic sciences started to level off in
years 4 and 5, respectively. The increase in knowledge

Introduction
Many studies on clinical reasoning confirm that knowledge is a central factor in medical competence.
Medical expertise appears to be based upon doctors'
well-developed, highly structured and reshapeable
knowledge networks.1-6 It is therefore important that
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was greatest for clinical sciences (43%), whereas it
was 32% and 25% for basic and behavioural/social
sciences,respectively.
InterpretationMaastricht Medical School claims to
offer a problem-based, student-centred, horizontally
and vertically integrated curriculum in the fust 4 years,
followed by clerkshipsin years5 and 6. Students learn
by analysing patient problems and exploring pathophysiologicalexplanations.Originally, it was intended
that students'knowledgeofbehavioural/social sciences
would continue to increase during their clerkships.
However,the results for years5 and 6 showdiminishing
growth in basic and behavioural/social sciencesknowledge compared to overall and clinical sciencesknowledge,which appearsto suggesrthere are discrepancies
betweenthe actual and the planned curricula. Further
researchis neededto explain this.
Keywords Education, medical, undergraduatel
*standards; *curriculum; educational measurement;
clinical
competence/*st'andards; .problem-based
learning/methods.
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medical schoolprovidesstudentswith a comprehensive
and functional knowledgebase.To evaluatethe effectivenessof the structure and content of medical curricula in this respect,we need to know how students'
knowledge grows and develops in the course of their
medical training. Much is known about knowledge
increment during specific curricular elements or courses, but little is known about the development of
knowledge over the medical curriculum as a whole.
This article focuseson the latter.
.
Severalpublished studieshave addressedthe growth
of medical knowledge during the entire curriculum.
However, some of these are limited to the growth of
knowledge in a single discipline or a cluster of
disciplines, and most are based on cross-sectional
data.7-9 Others describe the introduction of longitudinal assessment
instrumentsand focus on the reliability,
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validity, and educational implications of such tests. 10-14
Several publications present mathematica! models for
predicting growth of knowledge.15-l7 To date, no
studies have been published about the relationship
between content and structure of the undergraduate
curriculum and the development of students' medical
knowledge base during the entire training programme.
The study reponed in this article was performed at
Maastricbt Medical School (MMS), the Netherlands,
whicb claims to offer a problem-based, studentcentred, horizonially and vertically integrated curriculum, organized by themes. Students enter the 6-year
programme directly from secondary education. The
fust 4 years consist of mostly 6-week, interdisciplinary
thematic units. During the clinical phase in years 5 and
6, students 1:otate through the major clinical disciplines.lS
Since 1976, the progress test (PT) bas been a
distinctive feature of the assessment programme. It is
administered four times a year to all students, regardless of their class. Each PT is a comprehensive
examination constructed with the intention of reflecting
the final objectives of the curriculum.13 In order to
ensure that tests are equivalent, a blueprint derived
from the International Classification of Diseases is
used. In the blueprint, each discipline is assigned to one
of three clusters, namely basic sciences (anatomy, biochemistry, pharmacology, physiology, genetics and cell
biology, immunology, microbiology and pathology),
clinical sciences (surgery, cardiology, dermatology,
obstetrics and gynaecology, family medicine, internal
medicine, paediatrics, ENT, neurology, onhopaedics,
ophthalmology, pulmonology, radiology, rehabilitation
medicine and urology) and behavioural/social sciences
(health care economics, epidemiology, health care law,
ethics and philosophy, medical psychology, medical
sociology and psychiatry).19 The PT contains approximately 250 items in multiple (true/false/I
do not
know) format. The content and wording of all items are

critically reviewed by a test review comminee.19
Students are discouraged trom making blind guesses
by calculating the test score using formula scoring.
They are given the option of stating that they do not
know the answer. This is neither penalized nor rewarded. A correct answer is rewarded with ODemark while
an incorrect answer is penalized with a negative mark.
The sum of the marks is calculated and expressed on a
percentage scale. Over the course of the 6-year curriculum, students sit 24 PTs. This means that the test
scores provide cross-sectional and longitudinal data.
Students' collective successive PT scores reflect the
development of medical knowledge throughout the
curriculum, and thus provide an excellent longitudinal,
cross-sectional design to study knowledge growth. This
paper presents the first exploratory results of such study.
Given the problem-based, student-centred, integrated curriculum, we hypothesized that medical knowledge would show a steady increase throughout the
curriculum. After all, encouragement of continuous
learning is a major objective of problem-based learning.2o Assuming an approximately equal curriculum
laad across the years, we expected total PT scores to
show a linear upward growth curve. Secondly, the
integrative nature of the curriculum should lead to
similar continuous growth rates for the three science
clusters, at least during the first 4 years. The fact that
all students spend the last 2 years rotating through
clinical disciplines as clerks might impede sustained
contributions by all science clusters during the last
phase of medical training.

Methods
Instrument

To obtain the most reliable estimate possible of the
average medical knowledge growth curve throughout
the curriculum, we used the scores of all PTs (84)
administered between September 1977 and May 1998.

Subjects
All students who entered MMS between September
1977 and September 1997 were included in the study.

Procedure

Ideally, undergraduate medical students sit 24 PTs, 16
of which take place in the fust four preclinical years and
eight ofwhich take place during the tWo clerkship years.
Therefore there are 24 measurement pointS.21 Each
individual PT score is a measurement of ODestudent's
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knowledge and represents a dot on bis/her knowledge
curve across the 24 measurement points. We collected
all available individual test scores and used these to
calculate the average test score for each of the 24
measurement points. The material therefore comprises
groups of individuals of several cohorts, each measured
at standardized times, This is called a mixed longitudinal design and is considered the best design for
measuring change.22 The average test scores across
the 24 measurement points were analysed using a curve
estimation procedure that calculates the mathematical
function that best explains the data (SPSS release 7'5,
14 November 1996). Both linear (Y = bo + bI x) and
quadratic (Y = bo + bI x + b2 x1 models were used,
Next the 'curve of best fit' was plotted, resulting in an
estimated growth curve of the 'average' student's
knowiedge. This procedure was repeated for the
subscores on basic, clinical, and behavioural/social
sciences.

Results
The number of students varied considerably across the
measurement moments (Tabie 1). PartiJ, this is a
result of attrition. Some students dropped out at
various points in the curriculum, representing less than
Table I Numbers of students who took the PT per
measurement moment

Measurementnumber
1
2
3
4

5
6
7
8
9

10
11
12
13

14
15

16
17
18
19
20

21
22

23
24
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Number of test scores

The mean correct minus incorrect score for overall
knowledge increases from 5% to 41% during the
curriculum. The growth pattems of the three subscores
are considerably different. On entry to medical school,
students know most about behavioural/social sciences
and least about clinical sciences. During the first
3 years, basic, behavioural/social and clinical sciences
have similar, nearly parallel growth curves. In year 4 the
curve for behavioural/social sciences starts to level off,
as does that for basic sciences in year 5. This results in
two curve intersections in year 5, because clinical
knowledge inclines faster than knowledge of basic and
behavioural/social sciences. Over the 6 years, the mean
score for behaviourall social sciences increases from
12% to 37%. This contrasts sharply w!th the scores for
basic sciences (from 6% to 38%) and clinical sciences
(from 1 % to 44%).

2996
3128
3136
3109
2875
2805
2792
2761
2691
2679
2674
2548
2672
2656
2596
2459
2191
2085
2112
2071
1992
1967
1797
1699
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10% ofthe total.z3 Most ofthe variance in the number
of subjects is explained by fluctuation in class sizes.
Maastricht Medical School was established in 1974. In
1977 there were only four classes available to git
progress tests, and thus there are no scores available
from measurement moment 17 onward for that year.
Likewise, in 1978 there are no scores available from
measurement 20 onward. These classes consisted of no
more than 60 students. From 1977, the number of
students per class rose dramatically each year to reach
200 in 1997. Moreover, students who have been held
back from progression partly repeat a year. Because of
this, significantly more test scores of the first measurement moments were available. In all, we collected
60 491 test scores of 3226 different students. Figure 1 a
presents the mean total test scores for the 24 measurement points. The line in Fig. 1 b represents the mathematical function ('curve of best fit') that best explains
the data. Figure 2 shows the 'curves of best fit' for
basic, clinical and behavioural/social science scores.
Tables 2 and 3 show the calculated best fitting linear
functions and quadratic functions of the four curves
including Rz (proportion of explained variance) as a
measure of fitting. The growth curves based on the total
test scores and the scores on r>asic and behaviourall
social sciences are best approached by aquadratic
function (i.e. curved). The growth of clinical science
knowledge caD be approached by linear and quadratic
models (Rz = 0.995) equally weil. The bz in the
quadratic model equals 0.0027, meaning it is almost a
straight line.
.

Discussion
At the end of the curriculum, medical students score
41 % (correct minus incorrect) of the maximum PT
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Figure l(a) Mean total PT score per
measurementmoment. (b) The 'curve of
best fit', explaining the data of Fig. la
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score. At this measurement moment students leave
25% of the questionsunansweredand answer17% of
questions incorrectly (data not shown). The correct
minus incorrect scoreof 41 % correspondsto a correct
score of 58%, which seemsrather low for graduating
students.However, national and international compar-

Figure 2 Curves of best fit' for basic
(solid line), clinical (dashed line) and
behavioural/social sciences(doned line).

ative studies that have used the PT as a measuring
instrument report similar scores.7,24-26The average
graduate score is significantly higher than the contentbased standard established by an expert panel (correct
score of 41.4%).27 The low correct score is partly an
artefact of formula scoring. Forcing students to answer
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Table 2 Mathematical equations of the best fitting linear
models per growth curve and the proportion explained variance

Table 3 Mathematical equations of the best fitting quadratic
models per growth curve and the proportion explained variance

(R2)

(R1
Y=bo+b1x

Growthcurve
Total
Basic sciences
Social sciences
Clinical sciences

bo
4'8481
7,7091
15'5639
-1'0760

Y=bo+b\x+b2x2
b,

R2

Growth curve

bo

bi

1-5665
1-3930
1-0814
1-8777

0,989
0,960
0,884
0,995

Total
Basic sciences
Social sciences
Clinical sciences

2.5302
3.6191
9.5559
-0.7853

2.1014
2-3369
2-4678
1-8107

all items will, by pure chance alone, result in an increase
in correct scores ofsome 12.5%. Theoretically, this will
result in a correct score of 71 %.28 In the FT, as in all
other end-objective tests that are administered to all
students regardless of their year of training, an 'I do not
know' option is inevitabie as not all students are
expected to have mastered all the objectives included
in the test. Graduates do not answer 25% of the
questions. Assuming this means 'I do not know because
the subject was not covered in my years of training', this
suggests that the test items are too difficult, or
controversialor do not reftect the end-objectives of
undergraduate medical education. If this is the case, it
implies that at least part of the FT fails to assess the
core content of the curriculum. Further research is
needed to test this hypothesis.
Another possibility is that the curricular objectives for
years 5 and 6 are not met. The results show that the
growth in overall medical knowledge during the undergraduate medical programme is continuous but not
quite linear; growth diminishes at the end of the educational programme. The growth in clinical sciences
knowledge remains linear. The other two clusters
demonstrate slowing growth rates from years 4 and 5.
At the end of the medical curriculum, clinical sciences
knowledge bas increased by 43%, whereas growth in
knowledge of behavioural/social and basic sciences is
much less impressive, at 25% and 32%, respectively.
These findings are not consistent with the integrative
nature of MMS's educational approach. A closer look
at the actual curriculum is required to explain the
findings. The main focus of the interdisciplinary units
in years 1 and 2 concerns the normal functioning of the
human body. In years 3 and 4 the principal focus
concerns abnormal functioning. Finally, all students
spend 2 years in clerkship rotations through 11 clinical
disciplines, including family medicine. During the first
3 years, the knowledge curves of the three science
clusters are verf similar, but from year 4 students
appear to paf less attention to basic and behaviourall
@ Blackwell Science Ltd
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R2

-0-0214

0-997

-0-0378

0-987

-0-0555

0-973

0-0027

0-995

social sciences. This seems to compensate for the
attention given to clinical disciplines.
It can be argued that being a doctor is about being a
good clinician, who needs clinical knowledge rather
than knowledge of basic or behavioural sciences.
However, several studies have shown that clinical
expertise is based upon a large body of knowledge
from all kinds of disciplines, linked and organized in a
network of knowledge.6 This network is shaped by
adding associated findings, incorporating pathophysiological knowledge and modifièation of erroneous parts.
Research in cognitive psychology bas linked the development of a well-structured associative network of
functional knowledge with learning in a professionally
meaningful context and with abundant opportunities to
practise and apply earlier acquired knowledge.6 A
curriculum that is designed to .me~t these learning
requirements should ideally result in continuous learning in all three broad domains of medicine throughout
the curriculum (and even thereafter). Working on
patient problems and trying to find pathological explanations, as students do in the MMS curriculum, should
lead to a better functioning network, resulting in higher
PT scores on all three domains. The marked shift in
knowledge growth characteristics at the transition
between year 4 and year 5, demonstrated by our data,
should not occur. We suspect that this is attributable to
the structure of the actual curriculum. Currently, the
curriculum is being revised. The sharp distinction
between preclinical and clinical years will disappear;
patient contacts and clerkships will start much earlier in
the educational programme. The patient is to become
the basic organizing principle running through the
curriculum from beginning to end.29 Normal and
abnormal function will be offered together in interdisciplinary units. The assessment programme will be
adjusted accordingly. This will encourage students to
paf attention to basic, behavioural/social and clinical
sciences during each phase of the curriculum.
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Methodological

cons,iderations

One methodological drawback of this study must be
addressed. We used all test scores of all students who
had entered our medical school.' Although most
students do finally graduate, the results maf be
biased by the scores of students who dropped out at
some point in the curriculum. Most students either
drop o'ut in the fust 4 years or decide not to stan
their clerkships. Assuming that it is the weaker students who drop out, we conclude that disregarding
the scores of the drop-outs would result in slightly
higher scores in the fust 4 to 5 years. This will not
change the shapes of the curves essentially. Because
more than 90% of students graduate, we decided to
use all available data and accept some possible con-
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