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When is PBL More Effective? A Meta-synthesis of Meta-analyses
Comparing PBL to Conventional Classrooms

Johannes Strobel and Angela van Barneveld

Abstract

Problem-based learning (PBL) has been utilized for over 40 years in a variety of different
disciplines. Although extensively researched, there is heated debate about the effective-
ness of PBL. Several meta-analyses have been conducted that provide a synthesis of the
effects of PBL in comparison to traditional forms of instruction. This study used a quali-
tative meta-synthesis approach to compare and contrast the assumptions and findings
of the meta-analytical research on the effectiveness of PBL. Findings indicated that PBL
was superior when it comes to long-term retention, skill development and satisfaction of
students and teachers, while traditional approaches were more effective for short-term
retention as measured by standardized board exams. Implications are discussed.
Keywords: Effectiveness, meta-synthesis, PBL

When is PBL More Effective? A Meta-synthesis of Meta-analyses
Comparing PBL to Conventional Classrooms

Problem-based learning (PBL) has been utilized as a design methodology for teaching in
domains like medicine, engineering, science, and economics for over 40 years. Although
alarge number of research studies have been conducted to investigate the effectiveness
of PBL instruction compared to other forms of instruction, there is no consensus on the
value of PBL, but rather a heated debate on its effectiveness. A recent widely debated ar-
ticle in Educational Psychologist by Kirschner, Clark, and Sweller (2006) argued particularly
vehemently of the failure of PBL due to the claimed failure of minimal guidance. While it
is beyond the scope of this particular paper to debate all of the implications of Kirschner
et al's paper (2006), this article addresses the specific claim that PBL is unsuccessful and
ineffective for learning.

Several meta-analyses, conducted over the past 15 years, have specifically investi-
gated and quantified the effectiveness of PBL compared to traditional instruction (Albanese
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& Mitchell, 1993; Vernon & Blake, 1993; Kalaian, Mullan, & Kasim, 1999; Dochy, Segers, Van
den Bossche, & Gijbels, 2003; Newman, 2003; Gijbels, Dochy, Van den Bossche, & Segers,
2005). Although defining PBL similarly, these studies were not consistent in their find-
ings, particularly because of differences in defining effectiveness of learning, and how
effectiveness was measured.

Purpose

The purpose of this study was to synthesize the different meta-analyses, compare and
contrast different conceptualizations of learning and how it was measured, and identify
common and generalizable findings across the meta-analyses with regard to the effec-
tiveness of PBL.

Our research questions were:

1. How do differences in (a) the definition of learning and (b) the measurement of
learning contribute to the inconclusiveness of the different meta-analyses with regard to
the effectiveness of PBL?

2. Taking the differences into consideration, what generalizable value statements
about the effectiveness of PBL can be made and are supported by the majority of meta-
analyses?

What is Problem-based Learning?

PBL in its current form originated as a response to low enrollments and general dissatis-
faction with medical education (Barrows, 1996). Since its origin, PBL has been used in a
variety of disciplines and educational levels (see Savery [2006] for a history; see Savery &
Duffy [1996] for an introduction; see Hung, Jonassen & Liu [2007] for a summary of the
research).

As Barrows (1996) noted, PBL has taken on a myriad of definitions, pushed in part by
institutions wanting to refine their particular approach. Maudlsey (1999) cautioned us not
to assume that those making use of the term, problem-based learning were all referring to
the same concept, especially since the use of problems as a teaching strategy does not
necessarily constitute a PBL-oriented instructional methodology.

One of Barrows’ most recent definitions (2002) identified the following key compo-
nents of PBL:

+ llI-structured problems are presented as unresolved so that students will generate
not only multiple thoughts about the cause of the problem, but multiple thoughts
on how to solve it.

« Astudent-centered approach in which students determine what they need to learn.
It is up to the learners to derive the key issues of the problems they face, define
their knowledge gaps, and pursue and acquire the missing knowledge.

e volume 3, no. 1 (Spring 2009)



46 Johannes Strobel and Angela van Barneveld

« Teachers act as facilitators and tutors, asking students the kinds of meta-cognitive
questions they want students to ask themselves. In subsequent sessions, guidance
is faded.

« Authenticity forms the basis of problem selection, embodied by alignment to
professional or ‘real world’ practice.

For our study, we were guided by the definition of problem-based learning put
forth by Barrows, as described above, and by Savery (2006) who indicated that it is “an
instructional (and curricular) learner-centered approach that empowers learners to con-
duct research, integrate theory and practice, and apply knowledge and skills to develop
a viable solution to a defined problem” (p. 9).

In contrast to PBL, we considered traditional learning approaches to be large-class,
instructor-driven, lecture-based deliveries within a curriculum, which compartmentalized
the content (e.g., in medicine, the instruction would be broken down into pharmacology,
anatomy etc.) (Barrows, 2002).

Methodology

To answer our research questions about how the differences in the definitions and
measurements of learning contribute to the inconclusiveness about the effectiveness of
PBL, we conducted a meta-synthesis (Bair, 1999) of existing meta-analyses. The goal was
to determine which generalizable value statements about the effectiveness of PBL were
supported by the majority of meta-analyses.

A meta-synthesis is a qualitative methodology that uses both qualitative and quan-
titative studies as data or unit of analysis. It is primarily “concerned with understanding
and describing key points and themes contained within a research literature on a given
topic” (Bair, 1999, p. 4). Since we gave emphasis to the interpretation of data and to the
understanding of the differences in the conceptualizations of what constitutes effective-
ness in PBL, we opted not to do a meta-meta-analysis, which would have meant quanti-
tatively synthesizing all effect sizes into a single one (see Spitzer, 1991, for an introduction
to meta-meta-analysis). Rather, we chose a meta-synthesis approach because it allowed
us to represent and account for differences in the conceptualizations and measurements
of PBL effectiveness due to the qualitative orientation of the approach.

According to Walsh and Downe (2005), the steps of meta-synthesis include (a) search
for articles, (b) make decision on inclusion, (c) appraise studies, (d) analyze studies includ-
ing“translation” of different conceptualizations and comparisons, and finally (e) synthesize
findings. While meta-syntheses are traditionally used to synthesize qualitative research
findings exclusively, Bair (1999) expanded the use to include the qualitative comparison
of quantitative, qualitative, and mixed-method studies.
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Sample and process of selection

Our unit of analysis was a meta-analysis or systematic review. A meta-analysis is a
process of quantitatively synthesizing research results by using various statistical methods
toretrieve, select,and combine effect sizes and results from previously separate but related
studies (see Bernard, Abrami, Lou, & Borokhovski, 2004, for a methodological discussion).
Meta-analysis uses effect size as a metric for judging the magnitude of the standardized
difference between a treatment and control condition in a large set of studies and may
also be used to judge the magnitude of the relationship (r* or R?) between measured
variables in a large set of studies (see Leandro, 2005, for more details).

Four research databases, ERIC, PubMEd, Psychinfo, and Web of Science were searched
using the terms problem-based learning (in a variety of different forms), PBL, and meta-
analysis. The date parameter was set to include studies since 1992 (the first recorded
meta-analysis for PBL that met the date parameter appeared in 1993). Twenty-five records
that met these three broad search parameters were selected for an initial review. Abstracts
were reviewed to ensure that articles met the additional criteria for inclusion, which were
(1) a meta-analysis or a systematic literature review (general term for studies that provide
overviews of primary studies that used explicit and reproducible methods [Greenhalgh,
1997]) that assessed multiple studies and either calculated or reported effect sizes, (2)
contained comparisons of the effectiveness of PBL versus traditional learning approaches,
or (3) focused on individual outcome measures rather than program evaluation. This first
review of the 25 selected records resulted in eight studies that met the inclusion criteria—
four meta-analyses and four systematic reviews. Then, the reference sections of those eight
studies were reviewed in search of meta-analytical studies that may have been missed in
the database searches. This resulted in finding two additional meta-analyses. Out of these
ten studies, we excluded Norman and Schmidt (2000), because it was a response to an
existing meta-analysis without providing new data or newly analyzing existing data, and
Smits, Verbeek, and De Buisonje (2002), because the study did not compare traditional
instruction to PBL-oriented training. The total number of studies included in this paper
was eight meta-analyses and systematic reviews.

The research base on the effectiveness of PBL is particularly rich and strong in the
field of medicine. Similarly well developed is assessment in the field of medicine, which
allows comparisons of different instructional interventions on situated and standardized
test environments. Not surprisingly, the meta-analyses dealing with PBL draw heavily
from primary studies conducted in medicine, but contain studies from other domains
(e.g., economy, computer science) to warrant a rather generalizable statement on the
effectiveness of PBL.
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Analysis

We looked for the reported quantitative findings and the narrative description of results
in the meta-analytic studies and synthesized, qualitatively, the findings that assessed ef-
fectiveness of PBL versus traditional approaches.

Instead of predefining codes of effectiveness, we used an open-coding approach
(Denzin & Lincoln, 2005) whereby the selected codes were derived from the research stud-
ies. We focused on the narrative reports of the findings to evoke the codes. In alignment
with our research questions, we sought categories that coded the conceptual definitions
of learning linked to the measurement strategies and outcome patterns used to determine
effectiveness of the teaching and learning approach. We focused on the interpretation
of narrative and qualitative reporting to support our meta-synthesis approach. Two ad-
ditional coding categories emerged. One addressed overall satisfaction with the learning
experience, and the other included patient management, a mix of knowledge and skills
beyond basic science knowledge and in-situ clinical performance. We created a correlation
matrix that captured the measures of effectiveness and modifying variables reported in
each study and the specific orientation of effect sizes (positive or negative) of each vari-
able. After all the measures were identified, we grouped them into categories based on
similarity of measurement intent. To assist with the categorization, we made use of Dochy
et al’s (2003) definitions that knowledge tests measured “the knowledge from facts and
the meaning of concepts and principles” (p. 537) and skill tests measured “to what extent
students can apply their knowledge” (p. 537).

We excluded data from our coding strategy if only one study reported results, and if
results focused on program evaluation rather than individual learning outcomes. Finally,
we looked for overall patterns in measures that tended to favor PBL, indicated by a positive
effect size, and those that tended to favor traditional approaches to learning/teaching,
indicated by a negative effect size.

Details on meta-analysis and systematic reports

With regard to definitions of PBL, the reported meta-analyses consistently employed a
definition of PBL in congruence with Barrows (1996) and Savery (2006), which guided the
conceptual framework of this paper as well.

Summarized here is an overview of each of the eight meta-analyses selected for
this paper, describing the research questions, the selection criteria that the researchers
employed, and the findings. All of the meta-analyses included additional research ques-
tions, which were not pertinent to our particular investigation, for example, the cost of
PBL compared to traditional classrooms. We summarized only the research revolving
around the effectiveness of PBL as a learning strategy compared to the traditional class-
room approach.
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Appendix

Correlation Matrix

1 = Albanese & Mitchell (1993)

2 = Vemocn & Blake (1993)

3 = Berkson (1993)

4 = Kalaian, Mullan, & Kasim (1999)

5 = Colliver (2000)

6 = Dochy, Segers, Van den Bossche, & Gijbels (2003)
7 = Newman (2003)

8 = Gijbels, Dochy, Van den Bossche, & Segers (2005)
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