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Abstract

This meta-analysis has two aims: (a) to address the main effects of problem based learning
on two categories of outcomes: knowledge and skills; and (b) to address potential moderators
of the effect of problem based learning. We selected 43 articles that met the criteria for
inclusion: empirical studies on problem based learning in tertiary education conducted in real-
life classrooms. The review reveals that there is a robust positive effect from PBL on the
skills of students. This is shown by the vote count, as well as by the combined effect size.
Also no single study reported negative effects. A tendency to negative results is discerned
when considering the effect of PBL on the knowledge of students. The combined effect size
is significantly negative. However, this result is strongly influenced by two studies and the
vote count does not reach a significant level. It is concluded that the combined effect size for
the effect on knowledge is non-robust. As possible moderators of PBL effects, methodological
factors, expertise-level of students, retention period and type of assessment method were inves-
tigated. This moderator analysis shows that both for knowledge- and skills-related outcomes
the expertise-level of the student is associated with the variation in effect sizes. Nevertheless,
the results for skills give a consistent positive picture. For knowledge-related outcomes the
results suggest that the differences encountered in the first and the second year disappear later
on. A last remarkable finding related to the retention period is that students in PBL gained
slightly less knowledge, but remember more of the acquired knowledge.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The complexity of today’s society is characterized by an infinite, dynamic and
changing mass of information, the massive use of the internet, multimedia and edu-
cational technology, a rapid changing labor market demanding a more flexible labor
force that is directed towards a growing proportion of knowledge-intensive work in
teams and lifelong learning (Nonaka & Takeuchi, 1995; Quinn, 1992; Tynjéld, 1999).
As a consequence, today’s information community expects graduates not only to
have a specific knowledge base but also to be able to apply this knowledge to solve
complex problems in an efficient way (Engel, 1997; Poikela & Poikela, 1997; Segers,
1996). Educational research has shown that successful problem solvers possess an
organized and flexible knowledge base and master the skills to apply this knowledge
for problem solving (Chi, Glaser, & Rees, 1982).

Educational practices have been criticized for not developing these prerequisites
of professional expertise (Mandl, Gruber, & Renkl, 1996). An important challenge
for today’s higher education is the development and implementation of instructional
practices that will foster in students the skill to apply knowledge efficiently. For this
purpose references are made to the design of “powerful learning environments” (De
Corte, 1990a, 1990b; Honebein, Duffy & Fishman, 1993; Tynjild, 1999). Such
powerful learning environments should support the constructive cumulative, goal-
oriented acquisition processes in all students, they should allow for the flexible adap-
tation of the instructional support, especially the balance between self-discovery and
direct instruction (De Corte, 1995). Further, such environments should use as much
as possible representative authentic, real life contexts that have personal meaning
for the learners, and offer opportunities for distributed and co-operative learning
through social interaction. Finally, powerful learning environments should provide
possibilities to acquire general learning and thinking skills (including heuristic
methods, metacognitive knowledge and strategies (Boekaerts, 1999a, 1999b)) embed-
ded in different subject-matter (De Corte, 1995) and assessment should be congruent
with the learning.

Based on recent insights in cognitive psychology and instructional science
(Poikela & Poikela, 1997), many educational innovations are implemented in the
hope of achieving the aforementioned goals more effectively (Segers, 1996)—edu-
cational achievements that might become regular issues in the future for decades.
Already within several international evaluation projects, such as TIMSS or the 2003
OECD PISA international survey, it is seen that complex problem solving will be
directly assessed (Salganik, Rychen, Moser, & Konstant, 1999). Also within the
DeSeCo project of the OECD, different types of competencies are developed (that
might e.g. require new educational learning environments) (Owen, Stephens, Mos-
kowitz, & Guillermo, 2000). One of these innovations is problem-based learning
(PBL) (Barrows, 1984). If one ponders the implementation of PBL, a major question
is: do students from PBL reach the goals (knowledge and skills, i.e., knowledge
application) in a more effective way than students who receive conventional instruc-
tion?

Albanese and Mitchell (1993, p.56) pose this question as follows:
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“Stated bluntly, if problem-based learning is simply another route to achieving
the same product, why bother with the expense and effort of undertaking a painful
curriculum revision?”

In order to find an answer to this question, a meta-analysis was conducted.

2. Problem-based learning versus conventional lecture-based instruction

Although new in some aspects, problem-based learning (PBL) is generally based
on ideas that originated earlier and have been nurtured by different researchers
(Ausubel, Novak, & Hanesian, 1978; Bruner, 1959, 1961; Dewey, 1910, 1944; Pia-
get, 1954; Rogers, 1969). PBL, as it is known today, originated in the 1950s and
1960s. It grew from dissatisfaction with the common medical education practices in
Canada (Barrows, 1996; Neufield & Barrows, 1974). Nowadays PBL is developed
and implemented in a wide range of domains. In spite of the many variations of
PBL that have evolved, a basic definition is needed to which other educational
methods can be compared. Six core characteristics of PBL are distinguished in the
core model described by Barrows (1996). The first characteristic is that learning
needs to be student-centered. Second, learning has to occur in small student groups
under the guidance of a tutor. The third characteristic refers to the tutor as a facilitator
or guide. Fourth, authentic problems are primarily encountered in the learning
sequence, before any preparation or study has occurred. Fifth, the problems encoun-
tered are used as a tool to achieve the required knowledge and the problem-solving
skills necessary to eventually solve the problem. Finally, new information needs to
be acquired through self-directed learning. It is generally recognized that a seventh
characteristic should be added: Essential for PBL is that students learn by analysing
and solving representative problems. Consequently, a valid assessment system evalu-
ates students’ competencies with an instrument based on real life, i.e. authentic prob-
lems (Baxter & Shavelson, 1994; Birenbaum, 1996; Shavelson, Gao, & Baxter,
1996). The assessment of the application of knowledge when solving problems is
the heart of the matter. Therefore, test items require examinees to apply their knowl-
edge to commonly occurring and important problem-solving situations (Segers,
Dochy, & De Corte, 1999).

It should be noted that just as the definition of PBL is ambiguous, the definition
of what constitutes a conventional lecture-based program is also ambiguous. For the
most part, conventional instruction is marked by large group lectures and instructor-
provided learning objectives and assignments (Albanese & Mitchell, 1993).

3. Research questions
Two sets of research questions guided this meta-analysis. First, we addressed the

main effects of PBL on two broad categories of outcomes: knowledge and skills
(i.e., application of knowledge). Secondly, potential moderators of the effect of PBL
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are addressed. A first category of moderators are design aspects of the reviewed
research. In the second category of moderators, we examined whether the effect of
PBL differs according to various levels of student expertise. Third, we looked more
closely at different types of assessment methods. Fourth, we investigated the influ-
ence of the insertion of a retention period.

4. Method
4.1. Criteria for inclusion

Before searching the literature for work pertaining to the effects of PBL, we
determined the criteria for inclusion in our analysis.

1. The work had to be empirical. Although non empirical literature and literature
reviews were selected as sources of relevant research, this literature was not
included in the analysis.

2. The characteristics of the learning environment had to fit the previously described
core model of PBL.

3. The dependent variables used in the study had to be an operationalization of the
knowledge and/or skills (i.e., knowledge application) of the students.

4. The subjects of study had to be students in tertiary education.

5. To maximize ecological validity, the study had to be conducted in a real-life

classroom or programmatic setting rather than under more controlled laboratory
conditions.

4.2. Literature search

The review and integration of research literature begins with the identification of
the literature. Locating studies is the stage at which the most serious form of bias
enters a meta-analysis (Glass, McGaw, & Smith, 1981): “How one searches deter-
mines what one finds;, and what one finds is the basis of the conclusions of one’s
integration” (Glass, 1976, p. 6).

The best protection against this source of bias is a thorough description of the
procedure used to locate the studies.

A first literature search was started in 1997. A wide variety of computerized data-
bases were screened: the Educational Resources Information Center (ERIC) cata-
logue, PsycLIT, ADION, LIBIS. Also, the Current Contents (for Social Sciences)
was searched. The following keywords were used: problem-solving, learning, prob-
lem-based learning, higher education, college(s), high school, research, and review.
The literature was selected based on reading the abstracts. This reading resulted in
the selection of 14 publications that met the above criteria. Next, we employed the
“snowball method” and reviewed the references in the selected articles for additional
works. Review articles and theoretical overviews were also gathered to check their
references. This method yielded 17 new studies. A second literature search, started
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in 1999, followed the same procedure. In addition we contacted several researchers
active in the field of PBL and asked them to provide relevant studies or to identify
additional sources of studies. This second search yielded 12 studies.

4.3. Coding study characteristics

Using other literature reviews as a guide (Albanese & Mitchell, 1993; Dochy,
Segers & Buehl, 1999; Vernon & Blake, 1993), we defined the characteristics central
to our review and analyzed the articles we selected on the basis of these character-
istics. Specifically, the following information was recorded in tables:

. first author and the year of publication;

. study domain;

. number of subjects;

. dependent variable (i.e., method of assessment) and independent variable;
. principal outcomes of the research; and

. method of analysis and the statistical values:

AN AW -

As a result of a first analysis of the studies, it became clear that other variables
could also be of importance. The coding sheet was completed with the following
information:

1. the year of the study in which the assessment of the dependent variable was done;
2. if there was a retention period;
3. the name of the PBL institute.

With respect to the dependent variable, we must note that only the outcomes
related to knowledge and skills (i.e., knowledge application) were coded. Some stud-
ies have examined other effects of PBL, but those were not included in the analysis.

The dependent variable was used to distinguish tests that assess knowledge from
tests that assess knowledge application. The following operational definitions were
used in making this distinction. A knowledge test primarily measures the knowledge
of facts and the meaning of concepts and principles (Segers, 1997). This type of
knowledge is often defined as declarative knowledge (Dochy & Alexander, 1995).
A test that assesses skills (i.e. knowledge application) measures to what extent stu-
dents can apply their knowledge (Glaser, 1990). It is important to remark that there
is a continuum between knowledge and skills rather than a dichotomy. Some studies
treat both aspects. In coding those studies, both aspects were separated and categor-
ized under different headings.

Two condensed tables were created (one for knowledge and one for skills) that
contain potential critical characteristics. These tables are included in Appendices A
and B (legend in Appendix C). In the tables, the statistical values were, as much as
possible, summarized and reported as effect size (ES) and p-values.
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4.4. Synthesizing research

There are three methods to review literature: narrative reviews, quantitative
methods, and statistical meta-analysis. In a narrative review, the author tries to make
sense of the literature in a systematic and creative way (Van Ijzendoorn, 1997).
Quantitative methods utilize elementary mathematical procedures for synthesizing
research studies (e.g., counting frequencies into box scores). These methods are more
objective but give less in-depth information than a narrative review (Dochy, Seg-
ers, & Buehl, 1999).

Glass (1976) systematized the approach of quantitative procedures and introduced
the term meta-analysis: the analysis of analyses, i.e., the statistical analysis of a large
collection of analysis results from individual studies for the purpose of integrating
the findings (Kulik & Kulik, 1989).

For our purposes, a statistical meta-analysis was conducted. This analysis was
supplemented by more inclusive vote counts and the associated sign test.

4.4.1. Vote-counting methods

The simplest and most conservative methods for combining results of independent
comparisons are the vote-counting methods. Only limited information is necessary.
To do a vote count of directional results, the reviewer must count the number of
comparisons that report significant results in the positive direction and compare this
to the number of comparisons reporting significant results in the negative direction
(Cooper, 1989). Once counted, a sign test is performed to discover if the cumulative
results suggest that one direction occurs more frequently than chance would suggest
(Cooper, 1989; Hunter & Schmidt, 1990). In performing this procedure, one assumes
that under the null hypothesis of no relation in the population of any study, the
frequency of significant positive results and negative results are expected to be equal
(Hedges & Olkin, 1980).

In performing the vote count, the number of experiments with significant positive

and negative findings was counted. If one study contained multiple experiments, they
were all counted.

4.4.2. Statistical meta-analysis

A statistical meta-analysis is the quantitative accumulation and analysis of effect
sizes and other descriptive statistics across studies (Hunter & Schmidt, 1990).

4.4.2.1. Metric for expressing effect sizes The metric that we used to estimate and
describe the effects of PBL on knowledge and skills was the standardized mean
difference (d-index) effect size. This metric is appropriate when the means of two
groups are being compared (Cooper, 1989; Glass, McGaw, & Smith, 1981). The d-
index expresses the distance between the two group means in terms of their common
standard deviation. This common standard deviation is calculated by using the stan-
dard deviation of the control group since it is not affected by the treatment.
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4.4.2.2. Identifying independent hypothesis tests  One of the assumptions underly-
ing meta-analysis is that effects are independent from one another. A problem arising
from calculating average effect sizes is deciding what will be considered as an inde-
pendent estimate of effect when a single study reports multiple outcomes. This meta-
analysis used the shifting units method from Cooper (1989). Each statistical test is
initially coded as if it were an independent event. However, when examining poten-
tial moderators of the overall relation, a study’s results are only aggregated within
the separate categories of the influencing variable. This strategy is a compromise
that allows studies to retain their maximum information value, while keeping to a
minimum any violation of the assumption of independence of hypothesis tests.

4.4.2.3. Combining effect sizes across studies ~Once an effect size had been calcu-
lated for each study or comparison, the effects testing the same hypothesis were
averaged. Unweighted and weighted procedures were used. In the unweighted pro-
cedure, each effect size was weighted equally in calculating the average effect. In
the weighted procedure, more weight is given to effect sizes with larger samples
(factor w=inverse of the variance), based on the assumption that the larger samples
more closely approximate actual effects (Cooper, 1989; Hedges & Olkin, 1985).
These weighted combined effect sizes were tested for statistical significance by cal-
culating the 95% confidence interval (Cooper, 1989).

4.4.2.4. Analyzing variance in effect sizes across studies  The last step was to
examine the variability of the effect sizes via a homogeneity analysis (Cooper, 1989;
Hedges & Olkin, 1985; Hunter & Schmidt, 1990). This can lead to a search for
potential moderators. So, we can gain insight into the factors that affect relationship
strengths even though these factors may have never been studied in a single experi-
ment (Cooper, 1989).

Homogeneity analysis compares the variance exhibited by a set of effect sizes
with the variance expected by sampling error. If the result of homogeneity analysis
suggests that the variance in a set of effect sizes can be attributed to sampling error
alone, one can assume the data represent a population of students (Hunter,
Schmidt, & Jackson, 1982).

To test whether a set of effect sizes is homogeneous, a Qt statistic (Chi-square
distribution, N-1 degrees of freedom) is computed. A statistically significant Qt sug-
gests the need for further grouping of the data. The between-groups statistic (Qb) is
used to test whether the average effect of the grouping is homogeneous. A statisti-
cally significant Qb indicates that the grouping factor contributes to the variance in
effect sizes, in other words, the grouping factor has a significant effect on the out-
come measure analyzed (Springer, Stanne, & Donovan, 1999).

5. Results

Forty-three studies met the inclusion criteria for the meta-analysis. Of the 43 stud-
ies, 33 (76.7%) presented data on knowledge effects and 25 (58.1%) reported data
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on effects concerning the application of knowledge. These percentages add up to
more than 100 since several studies presented outcomes of more than one category.

5.1. Main effects of PBL

The main effect of PBL on knowledge and skills is differentiated. The results of
the analysis is summarized in Table 1.

In general, the results of both the vote count and the combined effect size were
statistically significant. These results suggest that students in PBL are better in apply-
ing their knowledge (skills). None of the studies reported significant negative find-
ings.

However, Table 1 would indicate that PBL has a negative effect on the knowledge
base of the students, compared with the knowledge of students in a conventional
learning environment. The vote count shows a negative tendency with 14 studies
yielding a significant negative effect and only seven studies yielding a significant
positive effect. This negative effect becomes significant for the weighted combined
effect size. However, this significant negative result is mainly due to two outliers
(Eisenstaedt, Bary, & Glanz, 1990; Baca, Mennin, Kaufman, & Moore-West, 1990).
When these two studies are left aside, the combined effect sizes approaches zero
(unweighted ES=-0.051; weighted ES=—0.107, CI:+/— 0.058).

5.1.1. Distribution of effect sizes

The results of the homogeneity analysis reported in Table 1 suggest that further
grouping of the knowledge and skills data is necessary to understand the moderators
of the effects of PBL. As indicated by statistically significant Qt statistics, one or

more factors other than chance or sampling error account for the heterogeneous distri-
bution of effect sizes for knowledge and skills.

Table 1
Main effects of PBL

Outcome® Sign.+°  Sign.—°¢ Studies  Average ES Qt
N

Unweighted ~ Weighted (CI 95%)

Knowledge 7 15 18 -0776

—0.223 (+/—0.058) 1379.6 (p=0.000)
Skills 14 0 17 +0.658

+0.460 (+/-0.058) 57.1 (p=0.000)

* Two-sided sign-test is significant at the 5% level.
b All weighted effect sizes are statistically significant.

° +/— number of studies with a significance (at the 5% level) positive/negative finding.
4 the number of total nonindependent outcomes measured.
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5.2. Moderators of PBL

5.2.1. Methodological factors

A statistical meta-analysis investigates the methodological differences between
studies a posteriori (Cooper, 1989; Hunter & Schmidt, 1990). This question about
methodological differences will be handled through two different aspects: the way
in which the comparison between PBL and the conventional learning environment
is operationalized (research design) and the scope of implementation of PBL.

5.2.1.1. Research design The studies included in the meta-analysis can all be cate-
gorized as quasi-experimental (cf., criteria for inclusion). Studies with a randomized
design deliver the most trustworthy data. Studies based on a comparison between
different institutes or between different tracks are less reliable because randomization
is not guaranteed. Some studies attempt to compensate for this shortcoming by con-
trolling (e.g., Antepohl & Herzig, 1997; Lewis & Tamblyn, 1987) or matching the
subjects (Anthepohl & Herzig, 1997; Baca, Mennin, Kaufman & Moore-West, 1990)
for substantial variables. Most problematic are those studies having a historical
design (Martenson, Eriksson, & Ingelman-Sundberg, 1985). Some studies comparing
the PBL-outcomes with national means were also included.

The results of the homogeneity analysis reported in Table 2 suggest no significant
variation in effect sizes for knowledge-related outcomes can be attributed to method-
related influences (Qb=7.261, p=0.063). However, the most reliable comparisons
(random) suggest that there is almost no negative effect on knowledge acquisition.

Contrary to the data concerning knowledge, the variation in effect sizes for skills
outcomes was associated with the methodological factor research design (Qb=7.177,
p=0.027). The weighted combined effect sizes of the designs “between institutes”
or “elective tracks” are higher than the combined effect size emanating from a histori-
cal-controlled research design.

5.2.1.2. Scope of Implementation ~PBL is implemented in environments varying
in scope from one single course (e.g., Lewis & Tamblyn, 1987) up to an entire
curriculum (e.g., Kaufman et al., 1989). While the impact of PBL as a curriculum
is certainly going to be more profound, a single course can offer a more controlled
environment to examine the specific effects of PBL (Albanese & Mitchell, 1993;
Schmidt, 1990).

Table 3 presents the result of the analysis with scope of implementation as the
moderating variable. No significantly different effects on achievement were recog-
nized between a single course (ES=0.187) and a curriculum-wide (ES=0.311)
implementation of PBL (Qb=4.213, p=0.120). In both cases a clear positive effect
(see vote count and combined effect sizes) is established.

The analysis of studies examining the effect on knowledge shows that scope of
implementation is associated with the variation in effect sizes (@b=13.150, p=0.001).
If PBL is implemented in a complete curriculum, there is a significant negative effect
(see vote count and ES=—0.339, CI:+/— 0.099). No appreciable effects can be found
in a single course design.
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Table 2
Research design as moderating variable

Sign+  Sign. — Studies N Combined ES ob

Unweighted ~ Weighted (CI

95%)°
Knowledge 7.261
(p=0.063)

Between 0 3 2 —-0.242 —0.049

(+/—0.152)™
Random 3 3 4 —-1.277 —0.085

(+/—0.187)™
Historical 1 2 2 —0.680 -0.202 -

(+/—0.082)
Elective 3 6 10 -0.722 —0.283

(+-0.112)
National 0 1
Skills 7.177

(p=0.027)

Between 4 0 4 +0.864 +0.360

(+/—0.137)
Elective 8 0? 10 +0.567 +0.317

(+/—-0.103)
Historical 2 0 3 +0.685 +0.173

(+/—0.083)

2 Two-sided sign-test is significant at the 5% level.
b Unless noted ™ , all weighted effect sizes are statistically significant.

5.2.2. Expertise-level of students

The analysis of the moderators of PBL suggests that significant variation in effect
sizes exists for knowledge (Qb=125.845, p=0.000) and skills (9b=20.63, p=0.009).
The related outcomes are associated with the expertise level of the students. The
results of these analyses are summarized in Table 4. It should be noted that when
conventional curricula are compared with PBL, the conventional curriculum tends
to be characterized by a two-year basic science segment composed of formal courses
drawn from various basic disciplines (Albanese & Mitchell, 1993; Richards et al.,
1996). On the other hand, in a problem-based learning environment, the students are
immediately compelled to apply their knowledge to the problems that they confront.
After the first two years of the curriculum, the conventional curriculum emphasizes
the application of knowledge. The conventional and the problem-based learning
environment become more similar (Richards et al., 1996).

The differences of the effect sizes between the expertise levels of the students are
remarkable, especially for knowledge-related outcomes. In the second year
(ES=—0.315), the negative trend of the first year (ES=—0.153) becomes significant.
This is also shown in the vote count. The picture changes completely in the third
year. In the third year, both the vote-counting method (two significant positive effects
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Table 3
Scope of Implementation as moderating variable®
Sign+  Sign. — Studies N Combined ES Qb
Unweighted Weighted (CI

95%)
Knowledge 13.150 (p=0.001)
Single course 6 4 9 -0.578 -0.113

(+/—-0.071)
Curriculum 1 10° 9 -0.974 -0.339

(+/—0.099)
Skills 4.213 (p=0.120)
Single course 4 0° 6 +0.636 +0.187

) (+/—0.081)

Curriculum 9 0 10 +0.660 +0.311

(+/—0.085)

2 Two-sided sign-test is significant at the 5% level.
b All weighted effect sizes are statistically significant.

vs zero negative) and the combined effect size (ES=0.390) suggest a positive effect.
Students in the fourth year show a negative effect of PBL on knowledge: a negative
tendency in the vote-counting method and a negative combined effect size
(ES=—0.496). On the contrary, this negative effect is not found for students who
graduated.

These results suggest that the differences arising in the first and the second year
disappear if the reproduction of knowledge is assessed when the broader context
asks all the students to apply their knowledge (both in the conventional and the PBL
environment). The only exception is the results in the last year of the curriculum.

The effects of PBL on skills (i.e., application of knowledge), differentiated for
expertise-level of students give a rather consistent picture. On all levels, there is a
strong positive effect of PBL on the skills of the students.

5.2.3. Retention period

Table 5 summarizes the results of dividing the studies into those that have a reten-
tion period between the treatment and the test and those that do not.

If the test measures knowledge, the division leads to more homogeneous groups
(Qb=28.683, p=0.000). The experiments with no retention period show a significant
negative combined effect size (ES=—0.209). The vote count also supports this con-
clusion. On the other hand, experiments using a retention period have the tendency
to find more positive effects.

These results suggest that students in PBL remember more of the acquired knowl-
edge. A possible explanation is the attention on elaboration in PBL (Schmidt, 1990):
elaboration promotes the recall of declarative knowledge (Gagné, 1978; Wittrock,
1989). Although the students in PBL would have slightly less knowledge (they do
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Table 4 Table 5
Expertise-level of students as moderating variable Retention period as |
Sign.+ Sign. — Studies N Combined ES Ob Si
Unweighted Weighted (CI
95%)°
Knowledge 125.845 Knowledge
(p=0.000)
1¢ year 1 1 3 —0.205 ~0.153 Retention 4
(+/—0.186)"
2° year 0 6* 12 —1.489 —0.315 No Retention 3
(+/—0.067)
3¢ year 2 0 5 +0.338 +0.390 Skills
(+/-0.129)
4¢ year 0 1 2 —1.009 —0.138 Retention 3
(+/—0.199)"
5¢ year 0 0 1 —0.037 —0.037 ; No Retention 1
(+/—0.233)"s
Last year 0 42 3 —0.523 —0.496
(+/-0.166) 2 Two-sided sign:
All 0 1 1 -0.919 -0.919 b All weighted ef
(+/—0.467)
Graduated 2 0 4 +0.193 +0.174
(+/—0.204) not know as mai
Skills 20.630 7 they have bette;
(»=0.009) ! For tests asse
1° year 1 0 2 +0.414 +0.433 § sizes can be ats
(+/—0.340) . £ PBL o
2° year 1 0 4 +0.473 +0.318 ; effect o )
(+/—0.325)n : ately and lastin
3¢ year 4 0 11 +0.280 +0.183 :
(+/-0.093) o 5.2.4. Type of
4° year 1 0 1 +0.238 +0.235 ) The authentic
(+—0.512)" i .
5¢ year 1 0 1 +0.732 +0.722 { students in very
(+—-0.536) edge- and skills
Last year 4 0 3 +0.679 +0.444 contexts, resear
(+/-0.174) (Dochy, Segers
All 0 0 1 +0.310 +0.310 The followir
(+/—0.161) i ..
Graduated 1 0 1 +1.193 +1.271 ; analysis:
(+/-0.630) !
e National Bo
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ES

0Ob

Weighted (CI
95%)°

—0.153
(+/~0.186)"
-0.315
(+/~0.067)
+0.390
(+/-0.129)
—-0.138
(+/~0.199)
—0.037
(+/~0.233)s
—0.496
(+/-0.166)
-0.919
(+/—0.467)
+0.174
(+/—0.204)

+0.433
(+/—0.340)
+0.318
(+/-0.325)"
+0.183
(+/—0.093)
+0.235
(+/—0.512)"
+0.722
(+/—0.536)
+0.444
(+/-0.174)
+0.310
(+/-0.161)
+1.271
(+/-0.630)

125.845
(p=0.000)

20.630
(p=0.009)

:ant.
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Table 5
Retention period as moderating variable
Sign.+ Sign. — Studies N Combined ES Qb
Unweighted Weighted (ClI
95%)°
Knowledge 28.683
(p=0.000)
Retention 4 2 9 +0.003 +0.139
(+/—0.116)
No Retention 3 132 24 —-0.826 -0.209
(+/—0.053)
Skills 1.474
. (p=0.223)
Retention 3 0 5 +0.511 +0.320
(+/—0.198)
No Retention 11 0? 22 +0.500 +0.224
(+/—0.057)

a Two-sided sign-test is significant at the 5% level.
b Ail weighted effect sizes are statistically significant.

not know as many facts), their knowledge has been elaborated more and consequently
they have better recall of that knowledge.

For tests assessing skills, the results suggest that no significant variation in effect
sizes can be attributed to the presence or absence of a retention period. The positive
effect of PBL on the skills (knowledge application) of students seems to be immedi-

ately and lasting.

5.2.4. Type of assessment method
The authentic studies assessed the effects of PBL on the knowledge and skills of

students in very different ways. A description of the results of contrasting the knowl-
edge- and skills-related outcomes by the type of assessment method follows. In other
contexts, research has shown that assessment methods influence the effects findings

(Dochy, Segers, & Buehl, 1999).
The following assessment tools were used in the studies included in this meta-

analysis:

e National Board of Medical Examiners: United States Medical Licensing

e Step I: MCQ about basic knowledge

e Step 2: MCQ about diagnosing

e Modified Essay Questions (MEQ): The MEQ is a standardized series of open

questions about a problem. The information on the case is ordered sequentially:
the student receives mew information only after answering a certain question
(Verwijnen et al., 1982). The student must relate theoretical knowledge to the
particular situation of the case (Knox, 1989).
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® Essay questions: A question requiring an elaborated written answer is asked
(Mehrens & Lehmann, 1991).

Short-answer questions: Compared to an essay question, the length of the desired
answer is restricted.

® Multiple-choice questions

Oral examinations

Progress tests: The progress test is a written test consisting of about 250 true-
false items sampling the full domain of knowledge a graduate should master
(Verwijnen, Pollemans, & Wijnen, 1995). The test is constructed to assess
“rooted” knowledge, not details (Mehrens & Lehmann, 1991).
Performance-based testing:Rating Standardized rating scales are used to evaluate
the performance of the students (performance assessment) (Shavelson et al., 1996;
Birenbaum and Dochy, 1996). It can be used to evaluate knowledge as well as
higher cognitive skills (Santos-Gomez, Kalishman, Resler, Skipper, & Minnin,
1990).
Free recall Students are asked to write down everything they can remember about
a certain subject. This task makes a strong appeal to the students’ retrieval stra-
tegies.
® Standardized patient simulations These tests are developed by the OMERAD
Institute of the University of Michigan. A patient case is simulated and students’
knowledge and clinical skills are assessed by asking the student specific questions
(Jones, Bieber, Echt, Scheifley, & Ways, 1984).
® Case(s) Students have to answer questions about an authentic case.

If the “Key feature approach” is used, questions are asked on only the core aspects
of the case (Bordage, 1987).

The results of the statistical meta-analysis are presented in Table 6. In this analysis,
we did not use the “shifting units” method to identify the independent hypothesis
tests, but the “samples as units” method (Cooper, 1989). This approach permits a
single study to contribute more than one hypothesis test, if the hypothesis test is
carried out on separate samples of people. In this way it was possible to gain more
information on certain operationalizations of the dependent variable.

The results of the homogeneity analysis (Table 6) suggest that significant variation
in effect sizes as well as effects on knowledge (Qb=254.501, p=0.000) and skills
(Qb=25.039, p=0.001) can be attributed to the specific operationalization of the
dependent variable.

The results in the domain of the effects on skills are more coherent than the results
for knowledge. The effects found with the different operationalizations of skills are
all positive. A ranking of the operationalization based on the size of the weighted
combined effect sizes, gives the following:

NBME Step II (0.080); Essay (0.165); NBME III (0.263); Oral (0.366); Simulation
(0.413); Case(s) (0.416); Rating (0.431); MEQ (0.476).

If this classification is compared with a continuum showing to what degree the
tests assess the application of knowledge, rather than the reproduction of knowledge,
the following picture emerges: the better an instrument is capable of evaluating stu-

Table 6
Type of assessment met}

<
N

Knowledge
NBME part 1
Short-answer
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Table 6
Type of assessment method as moderating variable
Sign+  Sign.— Studies  Combined ES Ob
N

Unweighted ~ Weighted (CI

95%)°
Knowledge 254.501
(p=0.000)
NBME part I 0 62 5 —1.740 —0.961
(+—0.152)
Short-answer 2 1 3 +0.050 -0.123
(+/—0.080)
MCQ 3 7 12 —1.138 -0.309
(+/—0.109)
Rating 1 0 4 +0.209 -0.301
(+/—0.162)
Oral 0 0 2 —0.334 -0.350
(+/—0.552)™
Progress 0 1 6 +0.011 —0.005
(+/—0.097)
Free recall 1 0 1 +2.171 +2.171
(+/—0.457)
Skills 25.039
(p=0.001)
NBME part I 1 0 4 +0.094 +0.080
(+/—0.125)
NBME part III 1 0 2 +0.265 +0.263
(+/—0.153)
Case(s) 5 0* 11 +0.708 +0.416
(+/—0.119)
MEQ 1 0 1 +0.476 +0.476
(+/—0.321)
Simulation 1 0 2 +0.854 +0.413
(+-0.311)
Oral 1 0 2 +0.349 +0.366
(+/—0.554)™
Essay 2 0 3 +0.415 +0.165
(+/—0.083)
Rating 2 0 3 +0.387 +0.431
(+/—0.182)

= Two-sided sign-test is significant at the 5% level.
b Unless noted ™, all weighted effect sizes are statistically significant.

dents’ skills (i.e., application of knowledge), the larger the ascertained effects of
PBL (compared with a conventional learning environment).

Effects found with the NBME Step II are negligible. However, the NMBE Step
11 is also the least suitable instrument to examine the skills of the students. It assesses
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clinical knowledge rather than clinical performance (Vernon & Blake, 1993). The
S to evaluate the integration of knowledge
» & van der Vleuten, 1997), but they are not often used to make an
application of knowledge. This is also the case for oral examination. In this case,
however, there was a clear distinction between questions that examined knowledge
and questions that assessed problem-solving skills (Goodman et al., 1991). Only the
latter are categorized as skills-related outcomes.

Excepting the NBME Step 11, essay questions, and the oral examination of NBME
Step III, all the other instruments can be classified as measuring the skills of the
students to apply their knowledge in an authentic situation. On these tests, the stu-
dents in PBL score consistently higher (ES between 0.416 and 0.476). The only
exception is the results on the NBME step III (ES=0.265). It should be noted that
the exam consists only partially of authentic cases.

A rating was made for the knowledge-related outcomes:

NBME I (-0.961); Oral (=0.350); MCQ (=0.309); Rating (=0.301); Short-
answer (—0.123); Progress test (—0.005); Free recall (+2.171)

The results suggest a similar conclusion as the result presented in the Retention

i g appeal to retrieval strategies, students in
PBL do at least as well as the students in a conventional learning environment, A
rating context, short-answer questions, or free recall tests make a stronger appeal to
retrieval strategies than a recognition task (NBME step I and MCQ) (Tans, Schmidt,
Schade-Hoogeveen, & Gijselaers, 1986). Also the progress test examines “rooted”

6. Conclusion
6.1. Main effects

The first research question in this meta-anal
on the acquisition of knowledge and the skills to apply that knowledge. The vote
count as well as the combined effect size (ES=0.460) suggest a robust positive effect
from PBL on the skills of students. Also no single study reported negative effects.

A tendency to negative results is discerned when considering the effect of PBL
on the knowledge of students. The combined effect size is significantly negative
(ES=—0.223). However, this result is strongly influenced by two studies. Also the
vote count does not reach a significant level.

Evaluating the practical significance of the effects requires additional interpret-
ation. Researchers in education and other fields continue to discuss how to evaluate
the practical significance of an effect size (Springer, Stanne & Donovan, 1999).

ysis dealt with the influence of PBL
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Cohen (1988) and Kirk (1996) recommend that d=0.20 (small effect), d=0.50
(moderate effect) and d=0.80 (large effect) serve as general guidelines across disci-
plines. Within education, conventional measures of the practical significance of an
effect size range from 0.25 (Tallmadge, 1977 in Springer, Stanne & Donovan, 1999)
to 0.50 (Rossi & Wright, 1977). Many education researchers (Gall, Borg, & Gall,
1996) consider an effect size of 0.33 as the minimum to establish practical signifi-
cance.

If we compare the main effects with these guidelines, it can be concluded that
the combined effect size for skills is moderate, but of practical significance. The
effect on knowledge, already described as non-robust, is also small and not practi-
cally significant.

6.2. Moderators of PBL effects

The moderator analysis is presented as exploratory because of the relatively small
number of independent studies involved.

6.2.1. Methodological factors

The most important conclusion resulting from the analysis of the methodological
factors seems to be the diminished negative effect of PBL on knowledge, if the
quality of the research is categorized as higher.

6.2.2. Expertise-level of students

The analysis suggested that both for knowledge- and skills-related outcomes the
expertise-level of the student is associated with the variation in effect sizes. Neverthe-
less, the results for skills give a consistent positive picture. For knowledge-related
outcomes the differences of the effects between the expertise levels of the students
are remarkable. The results suggest that the differences encountered in the first and
the second year disappear if the reproduction of knowledge is assessed in a broader
context that asks all the students to apply their knowledge.

6.2.3. Retention Period

This moderator analysis indicates that students in PBL have slightly less knowl-
edge, but remember more of the acquired knowledge. A possible explanation is the
attention for elaboration in PBL: the knowledge of the students in PBL is elaborated
more and, consequentially, they have a better recall of their knowledge (Gagné, 1978;
Wittrock, 1989). For skills-related outcomes, the analysis indicates no significant
variation in effect sizes. The positive effect of PBL on the skills of students seems
immediate and lasting.

6.2.4. Type of assessment method

In other contexts, research has shown that assessment methods influence the find-
ings (Dochy, Segers, & Buehl, 1999). In this review, the effects of PBL are moder-
ated by the way the knowledge and skills were assessed. The results seem to indicate
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that the more an instrument is capable of evaluating the skills of the student, the
larger the ascertained effect of PBL.

Although it is not so clear, an analogue tendency is acknowledged for the knowl-
edge-related outcomes. Students do better on a test if the test makes a stronger appeal
on retrieval strategies. This could be due to a better structured knowledge base, a
consequence of the attention for knowledge elaboration in PBL. This is in line with
the conclusion presented previously in the Retention period.

6.3. Results of other studies: different methods, same results?

The interest in the effects of PBL has already produced two good and often cited
reviews (Albenese & Mitchell, 1993; Vernon & Blake, 1993). These reviews were
published in a short period and mostly rely on the same literature. The two reviews
used a different methodology. Albanese and Mitchell relied on a narrative integration
of the literature, while Vernon and Blake used statistical methods. Methodologically,
this analysis is more similar to Vernon and Blake. Both reviews, however, concluded
that at that moment there was not enough research to draw reliable conclusions.

The main results of this meta-analysis are similar to the conclusions of the two

reviews. They had found a robust positive effect of PBL on skills. Vernon and Blake
(1993, p. 560) express it as follows:

“Our analysis suggests that the clinical performance and skills of students exposed
to PBL are superior to those of students educated in a traditional curriculum.”

The reviews also drew similar conclusions about the effects of PBL on the knowl-
edge base of students. Albanese and Mitchell (1993, p.57) concluded very carefully:

“While the expectation that pbl students not do as well as conventional students
on basic science tests appears to be generally true, it is not always true.”

Vernon and Blake (1993) specified this doubt with their statistical meta-analysis:

“Data on the NBME I ...suggest a significant trend favoring traditional teaching
methods. However, the vote count showed no difference between Problem-bases
learning and traditional tracks” (p.555).

And

“Several other outcome measures that appeared to be primarily tests of basic

science factual knowledge. The trend in favor of traditional teaching approaches
was not statistically significant” (p.556).

This meta-analysis also made similar conclusions about the effect of PBL on
knowledge and provides a further validation of the findings from the two mentioned
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» effects of PBL on the knowl-
-57) concluded very carefully:

vye!l as conventional students
it 18 not always true.”

their statistical meta-analysis:

favoring traditional teaching
‘ence between Problem-bases

l?e; primarily tests of basic
ditional teaching approaches

ibout the effect of PBL on
ngs from the two mentioned

f

F. Dochy et al. / Learning and Instruction 13 (2003) 533-568 551

reviews. This meta-analysis then went further by analyzing potential moderators of
the main effects.

Finally, a remark should be made concerning the limitations of this review. Per-
haps the greatest limitation of this meta-analysis is strongly related to its greatest
strength. By including only field studies (quasi-experimental research), the meta-
analysis gains a lot of ecological validity, but sacrifices some internal validity relative
to more controlled laboratory studies (Springer, Stanne & Donovan, 1999). As a
consequence, its results should be interpreted from this perspective, from which we
try to bridge the gap between research and educational practice (De Corte, 2000).
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Appendix A. Studies measuring knowledge

See Table 7

Appendix B. Studies measuring skills

See Table 8

Appendix C. Legend for the tables of Appendix A and B

Study

First author and the year of publication.

Pbl-Insitute

Institute in which the experimental condition has taken place.

University of New Mexico; Universiteit van Maastricht; McMaster University;
University of NewCastle; Temple University; Michigan State University; Karolinska
Institutet; University of Kentucky; Rush Medical College; Mercer University; McGill
University; University of Rochester; Universiteit van Keulen; University of New
Brunswick; Michener Institute; University of Alberta; Harvard Medical School;
Wake Forest University; Southern Illinois University.

When no institute was mentioned, the institute was described.

Bv. ‘Institute for higher professional education’ (Tans, Schmidt, Schade-Hooge-
veen, & Gijselaers, 1986).

Level

Participants’ level.

1=first year
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2=second year
3=third year
%’ 4=fourth year
2 5=fifth year
L=last year
; A=in every year
= - % i Jg=Just graduated
8| wnl| 8% Scope
“lhRpes ' _: Scope of PBL-imy
= 5 8§ C=curriculum-wid
£ 5 % S=single course
G 20 9 Design
9 &9 8
> g 58 o 58 :
< 8 kL e [: comparison bet
g S 88F¢ S% S e K: -curriculum-w |
& 24 =2EEC-SE e single course: P}
© A8 ssef Y ¢ R: random assign
3 e H: historical cont
2 g “ ; ® N: control is bas¢
& ¢ M: matched cont
3 ‘ ¢ C: controlled for
[=7
g § Subjects (subj.)
Number of subjec
g the control conditio!
2 ~ Retention (Ret.)
A M Z Is there a retentic
g Y=Yes
3 N=No
2 © © Operationalizatio
® MCQ=Multiple ¢
E « 0 Ratings, question
o NBME (USMLE
2 8 II of Part III exam
2 g g S § Case
é k é 3 < Standardized Pat:
Clinical Rotation
Oral
Essay questions
g g % Key };e(z]iture prot
= —
i = e First try pass rat
e g B Progress testing
5| 3 2 3 Result
§ 2 S § Effect size (ES)
smaller (—).
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2=second year
3=third year
4=fourth year
5=fifth year

L=last year

A=in every year
Jg=Just graduated
Scope

Scope of PBL-implementation
C=curriculum-wide
S=single course
Design

e 1. comparison between two institutions

e K: -curriculum-wide: Elective track within one institution
e _single course: PBL-optional course

R: random assignment into two groups

H: historical control

N: control is based on a national composite

M: matched controls

C: controlled for substantial variables

Subjects (subj.)

563

Number of subjects in the experimental condition (PBL) / number of subjects in

the control condition (conv)
Retention (Ret.)
Is there a retention period between treatment and test?
Y=Yes
N=No
Operationalization dependent variable (Operat. AV)
MCQ=Multiple choice question
Ratings, questionnaires

NBME (USMLE) I, II of [II=National Board of Medical Examiners Part I, Part

II of Part III exam
Case
Standardized Patient (simulation)
Clinical Rotations
Oral
Essay questions
Key feature problem examination
First try pass rate
Progress testing
Result

Effect size (ES): The sign of the ES shows if the Pbl-result is greater (+) or

smaller (—).
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If it was not possible to compute an ES, than only the sign of the results is given.
If there was no effect found than ¢/’ is indicated.
p-value: ns=not significant /=no p-value given.
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