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Abstract
Purpose: To conduct a systematic review of problem-based learning (PBL) in undergraduate, pre-clinical medical education.
Methods: A research librarian developed comprehensive search strategies for MEDLINE, PSYCINFO, and ERIC (1985–2007). Two
reviewers independently screened search results and applied inclusion criteria. Studies were included if they had a comparison
group and reported primary data for evaluative outcomes. One reviewer extracted data and a second reviewer checked data for
accuracy. Two reviewers independently assessed methodological quality. Quantitative synthesis was not performed due to
heterogeneity. A qualitative review with detailed evidence tables is provided.
Results: Thirty unique studies were included. Knowledge acquisition measured by exam scores was the most frequent outcome
reported; 12 of 15 studies found no significant differences. Individual studies demonstrated either improved clerkship (N ¼ 3) or
residency (N ¼ 1) performance, or benefits on some clinical competencies during internships for PBL (N ¼ 1). Three of four studies
found some benefits for PBL when evaluating diagnostic accuracy. Three studies found few differences of clinical (or practical)
importance on the impact of PBL on practicing physicians.
Conclusions: Twenty-two years of research shows that PBL does not impact knowledge acquisition; evidence for other outcomes
does not provide unequivocal support for enhanced learning. Work is needed to determine the most appropriate outcome
measures to capture and quantify the effects of PBL. General conclusions are limited by methodological weaknesses and
heterogeneity across studies. The critical appraisal of previous studies, conducted as part of this review, provides direction for
future research in this area.

Introduction

Practice points

Following the introduction of problem-based learning (PBL) in
medical curricula in the 1960s (Berkson 1993), numerous
medical schools worldwide began to adopt more active
learning strategies over what are considered the traditional
passive methods (Norman & Schmidt 1992). Active learning is
promoted in an effort to improve the quality of education and
the quality of graduating physicians and the care they provide.
The premise is that PBL-based strategies result in enhanced
learning and performance by engaging the students through
self-direction and problem-solving (Berkson 1993; Barrows
1996). In theory, PBL learning goes beyond rote memorization
and simple acquisition of knowledge characteristic of passive
learning strategies, to nurture clinical reasoning, team work
and problem-solving which is presumed to result in enhanced
deep learning, and better preparation for students’ future
careers (Schmidt et al. 1987; Norman & Schmidt 1992; Berkson
1993; Vernon & Blake 1993; Sivan et al. 2000).
Since the introduction of PBL, a number of narrative and
systematic reviews have been published that compare it to
more traditional passive approaches to medical education.
Schmidt et al. (1987) published an overview of 15 select
studies that compared PBL to conventional programs. The
review found that PBL encouraged a student-centred and

. Despite conflicting evidence, there is a continued
movement to integrate problem-based learning (PBL)
into undergraduate medical education.
. Results from 30 comparative studies do not provide
unequivocal support for enhanced learning through PBL.
. Sources of discrepant findings include heterogeneity in
the educational curricula, study methods, and outcomes
examined.
. Measures are required that reflect the outcomes that
PBL seeks to effect, specifically factors that result in
improved practice and quality or outcomes of patient
care.
. Future research needs to address the methodological
shortcomings of previous studies and follow recommendations for improved reporting.

‘inquisitive style of learning.’ They noted that students from
conventional programs tended to perform better on ‘traditional
measures of academic achievement,’ although the differences
were small (Schmidt et al. 1987). The effect of PBL on clinical
competence was weak and inconclusive. The authors discussed the many threats to internal and external validity in this
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body of literature that make it difficult to reach general
conclusions.
Berkson (1993) published an overview of 12 studies that
had been published prior to September 1992. She found no
evidence of enhanced problem-solving skills, knowledge
acquisition, or motivation for learning among PBL students.
Moreover, she reported that PBL was costly and stressful to
students and faculty. She concluded that ‘the graduate of a PBL
curriculum is, to date, difficult to distinguish from his or her
traditional counterpart’ and that any differences in postgraduate clinical performance may be related to a variety of factors
other than the specific medical school curriculum (Berkson
1993).
The first two systematic reviews appeared in 1993
(Albanese & Mitchell 1993; Vernon & Blake 1993). Vernon
and Blake (1993) identified 35 studies from 19 institutions,
published between 1970 and 1992, and included 22 studies
in the meta-analysis. While the authors found no difference
in factual or clinical knowledge, and better performance on
national licensing exams among the traditional students,
they claimed PBL was superior to traditional methods. They
based this positive conclusion on student and faculty
attitudes, better student mood and attendance, better clinical
performance, benefits in terms of academic process variables, and enhanced ‘humanism’ among PBL students.
While the authors conducted a comprehensive search and
clearly described their statistical methods, this review had
major methodological flaws according to established guidelines to assess the quality of systematic reviews (Table 1,
available at www.medicalteacher.org) (Oxman & Guyatt
1991).
The second systematic review to appear in the published
literature also had major methodological flaws (Albanese &
Mitchell 1993). The findings were similar to those of Vernon
and Blake; however, their conclusions towards PBL were less
favourable. Despite findings that PBL was ‘more nurturing and
enjoyable’ for students, there were several factors that
mitigated their conclusions. These included concerns over
gaps in knowledge, reasoning processes, and higher costs and
service utilization of practicing physicians from a PBL program.
They suggested caution when implementing PBL and recommended a hybrid program that capitalizes on the benefits
offered by both PBL and traditional curricula with a gradual
increase in self-directed learning as students progress through
their medical education.
Kalaian et al. (1999) published a systematic review of the
effects of PBL on the National Board of Medical Examination’s
(NBME) performance. A meta-analysis of six studies with 22
samples/classes showed that PBL students performed better
on the clinical science exam (NBME II) but poorer on the basic
science exam (NBME I); however, the differences were not
statistically significant. The authors identified factors associated
with the included studies that were predictive of positive
outcomes with PBL: randomized designs, amount of the
school’s experience with PBL, and earlier publication date.
This review was limited by the small number of studies and
outcomes assessed, as well as having major methodological
flaws. Despite these limitations, the article does draw attention
to the need to consider differences across PBL curricula in

future evaluations and in developing conclusions and
recommendations.
In 2000, Colliver (2000) conducted a review of eight
studies, including three randomized trials, published between
1992 and 1998. The review methods were poorly described
and the review itself had major methodological flaws. The
three randomized trials showed no beneficial effect of PBL on
NBME performance, diagnostic reasoning, or clinical problem
solving. One trial showed some positive effect of PBL on
interpersonal skills, although Colliver argued that the effect
was at best moderate and the results were highly confounded.
He also noted that any beneficial effects observed in the
non-randomized studies were likely due to selection bias and
‘use of outcomes that directly reflect the activities and
experiences of the curriculum tracks’ (Colliver 2000). Colliver
(2000) concluded that there is ‘no convincing evidence that
PBL improves knowledge base and clinical performance, at
least not of the magnitude that would be expected given the
resources required for a PBL curriculum’.
Newman (2003) conducted a pilot systematic review and
meta-analysis of the effectiveness of PBL based on a select
sample of 15 studies identified from previous reviews. PBL
resulted in more positive attitudes to clinical practice while
non-PBL resulted in better consultation skills. For approaches
to learning, results from two studies favoured PBL. One study
showed that ‘satisfaction with the learning environment’
favoured PBL. There was no significant difference in knowledge acquisition and several factors were identified that
influenced the outcomes, including ‘study design, randomization, level of education, and assessment format.’ Newman
(2003) concluded that the ‘limited high quality evidence
available from existing reviews does not provide robust
evidence about the effectiveness of different kinds of PBL in
different contexts’. Aside from the limited search strategy, this
pilot study followed accepted methods for systematic reviews.
The same year, Dochy et al. (2003) published a
meta-analysis of 43 studies to evaluate PBL in terms of
knowledge and skills, as well as to identify factors that may
modify the effects of PBL. This review was not restricted to
medical education but included evaluations of PBL in all forms
of tertiary education. The analysis showed moderate significant effects on practice skills favouring PBL. There was a trend
for scores on knowledge tests to be lower in the non-PBL
group, although the authors deemed the effect to be small and
not of practical significance. While the appropriateness of
combining these data in a meta-analysis is questionable due to
substantial heterogeneity across studies, the analysis did
provide some insight into potential effect modifiers that
warrant attention in future research. These exploratory analyses, which were based on small numbers of studies,
suggested that study design, scope of PBL (i.e., course- vs.
curriculum-based), students’ level of expertise, retention
period, and assessment methods may explain variability in
effect estimates. The authors cite as their main limitation the
compromised internal validity of the primary research studies.
Most recently, Koh et al. (2008) conducted a systematic
review that evaluated PBL on 37 outcomes of physician
competency (identified by the authors) post-graduation. This
review was one of the most methodologically rigorous to date
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in that it comprised a comprehensive and/or systematic
approach to searching, study selection, data extraction, and
quality assessment. The authors identified 13 unique relevant
studies although four only provided self-reported data which
the authors acknowledge as being prone to inaccuracy. The
analysis yielded significant results supporting PBL for 7 of the
37 competencies. The competencies for which there were
strong levels of evidence fell within the social and cognitive
dimensions. Those with little or weak evidence fell in the
technical, research, teaching, managerial, and knowledge
dimensions. Koh et al. pointed out a number of limitations of
their review some of which stem from the nature of the
literature, in particular, the challenge of disentangling the
effects of PBL from other curricular changes.
Notwithstanding these conflicting reviews and some
scepticism around the effectiveness of PBL, there is continued
support for and movement towards curriculum reform and
integration of PBL and other active learning strategies in
undergraduate medical education. The objective of this
systematic review was to contribute to the evidence base
through a methodologically rigorous synthesis of the literature
that evaluated PBL in undergraduate medical education prior
to clinical rotations (i.e., pre-clinical). It is at this stage of
medical education that the application of PBL may be the most
contentious (Shanley 2007).

Methods
Research question
In undergraduate pre-clinical medical education, what is the
evidence from comparative studies of the effectiveness of PBL
versus passive learning strategies in terms of evaluative
outcomes (Vernon & Blake 1993)?

resolved through discussion or in consultation with a third
party with expertise in medical education (AO or JE).
Primary research studies were included if they compared
some form of PBL (either individual courses or partial/entire
curricula) to passive learning strategies during pre-clerkship
undergraduate medical education; and, reported primary data
that measured effectiveness. Acceptable outcomes were
‘evaluative measures’ as defined by Vernon and Blake
(1993). These include measures with unambiguous good or
bad ( positive or negative) dimensions (e.g., test scores);
modes of reasoning, processes of learning or acquiring
knowledge, and attitudes or opinions were not considered
(Vernon & Blake 1993). For practical reasons studies were
restricted to those conducted in Europe, North America, or
Australia.

Assessment of methodological quality
Two reviewers independently assessed the methodological
quality of included studies using the following instruments:
Cochrane Risk of Bias tool (randomized and non-randomized
trials); Newcastle-Ottawa Quality Assessment Scale (cohort
and cross-sectional studies); and Cochrane Effective Practice
and Organization of Care criteria (interrupted-time series).
Discrepancies were resolved through consensus.

Data extraction
One reviewer extracted data (LH) and a second reviewer (CS)
checked data for accuracy and completeness. Data were
extracted using an electronic form that captured: study design
and primary objective; location and setting of the study;
population; description of the intervention and comparison;
results; authors’ conclusions; and stated limitations.

Analysis
Search strategy
A research librarian developed comprehensive search strategies in consultation with experts in medical education to
identify relevant studies in MEDLINE, PSYCINFO, and ERIC
from 1985 to December 2007. The complete search strategy for
MEDLINE appears in Appendix A (available at www.medicalteacher.org); the search strategies for the other databases
are available from the authors on request. To identify
additional relevant studies, we checked the references lists of
related reviews and all included studies. Further, we
hand-searched conference proceedings from the Association
of Medical Education of Europe (AMEE) and the American
Association for Medical Colleges (AAMC) for 2007 and 2008.

Screening and selection of studies
Two reviewers (LH, KR, DD, LT, or CS) independently
screened each title and abstract generated from the searches.
The full manuscripts for all titles deemed potentially relevant
were retrieved and examined in detail by two reviewers (LH,
CS, DD, or LB) to determine relevance to the review.
Disagreements or uncertainty with respect to inclusion were
30

We did not perform a quantitative analysis because of
substantial heterogeneity across studies in the interventions
and comparisons, study populations, study designs, and
outcomes assessed. A qualitative analysis of the studies was
performed by two reviewers (LH, CS). For the analysis, the
studies were grouped by design (trials vs. other) based on
hierarchies of evidence that place trials among the more robust
study designs with less susceptibility for bias. The results
reported within each study were then summarized by
outcome. Evidence tables were developed that detail the
quantitative findings, author conclusions, and stated limitations
for each study. The results are presented according to
curriculum-wide versus course-based PBL based on evidence
that the scope of PBL may create variability in results (Dochy
et al. 2003).

Results
Overview
Figure 1 presents a flow diagram of the selection process. From
over 6000 citations, 38 were identified as relevant to the
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Potentially relevant studies identified from
electronic databases (n = 6,521) and
reference lists (n = 38)

Abstracts excluded based on
screening criteria
(n = 5,453)

Full text articles obtained for potential
inclusion
(n = 1,106)

Studies excluded based on
inclusion/exclusion criteria
(n = 1,068)
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Studies relevant to review question
(n = 38)
Studies excluded due to
multiple publications or
publications with overlapping
data (n = 8)

Curriculum-based
PBL (n = 25)

Randomized
trials (n = 2)

Non-randomized
studies (n = 23)

Course-based PBL
(n = 5)

Randomized
trials (n = 1)

Non-randomized
studies (n = 4)

Figure 1. Flow of studies through the selection process.
review. Five of these represented multiple publications
(Sachs et al. 1985; Woodward et al. 1988; Moore et al. 1990;
Block & Moore 1994; Schmidt et al. 1995), two publications
were subsequently updated with data from additional years
(Baca et al. 1990; Distlehorst & Robbs 1998), and one study
included duplicate data for outcomes of interest (Richards &
Cariaga 1993). We identified four potentially relevant abstracts
from hand-searching conference proceedings; however, none
has been published in full and the abstracts contain insufficient
data either to assess relevance or to include in the review.
Therefore, a total of 30 unique studies were included: 25
curriculum- and 5 course-based comparisons. The studies and
their results are detailed in Evidence Tables 1–4, while a
summary of findings is presented in Table 2 (available at
www.medicalteacher.org). A list of excluded studies and
reasons for exclusion are available from the authors; the
majority of studies were excluded because they were not
comparative (72%).

Curriculum-wide PBL
Of the 25 curriculum-based PBL evaluations there were: two
randomized trials; 11 cohort studies; one interrupted time
series; and, 11 cross-sectional studies. The methodological
quality of the studies is presented by components in Appendix
B (available at www.medicalteacher.org). The randomized
trials were at high risk of bias primarily due to lack of blinding.
The interrupted time series was generally well conducted but
did not report a formal test for trend over time. General

limitations with the cohort studies included self-selection of the
PBL cohort (N ¼ 7), no control for confounding in the design or
analysis (N ¼ 6), and inadequate reporting of losses to
follow-up (N ¼ 8). General limitations with the cross-sectional
studies were self-selection of the PBL cohort (N ¼ 6), selection
of the PBL and non-PBL cohorts from different sources
(N ¼ 10), inadequate reporting of how outcomes were
assessed (N ¼ 6), and inadequate or unclear response rates
(N ¼ 7).
The majority of studies were conducted in North America
(11 US, 5 Canada, 5 Netherlands, 1 Netherlands/Belgium,
1 Netherlands/Italy/Germany, 1 Norway, 1 Australia). The
studies were published between 1986 and 2006, with 1996
being the median year of publication. The curriculum-wide
PBL programs varied across studies: while the focus of the PBL
programs involved small group learning with problem-based
discussions, the programs differed with respect to the level of
student independence, extent of supplementary lectures, use
of other active learning strategies (e.g., simulated patients),
and timing and extent of community-based exposure
(Evidence Table 1, available at www.medicalteacher.org).
Most studies evaluated the short-term performance of
undergraduate medical students by comparing scores on
standardized national examinations. Three studies assessed
performance during clerkships (Richards et al. 1996; Whitfield
et al. 2002; Distlehorst et al. 2005), two during internship
(Woodward 1990; Rolfe et al. 1995), two during residency
(Santos-Gomez et al. 1990; Hoffman et al. 2006), and three of
post-graduation clinical practice (Woodward et al. 1990; Shin
et al. 1993; Tamblyn et al. 2005). Four studies evaluated
diagnostic accuracy (Boshuizen et al. 1993; Schmidt et al. 1996;
Hmelo 1998; Patel et al. 2001).
The two randomized trials evaluated standardized exam
performance and clinical reasoning skills: one trial found no
significant differences between PBL and non-PBL students on
these items (Moore et al. 1994), while the second trial found a
significant difference for the NBME Part I examination
favouring the non-PBL group but no differences for the
NBME Parts II or III (Mennin et al. 1993). Mennin et al. (1993)
concluded that a hybrid program that provides more structured
learning early in the curriculum may be most appropriate.
Moore et al. (1994) concluded that PBL fosters self-directed
learning and may develop humanism in the pre-clinical years.
Among the 23 non-randomized studies, the PBL intervention, the comparator group, and presentation of data differed
on so many characteristics that it was not possible to combine
the results; however, 13 examined knowledge acquisition. Of
these, 11 found no significant difference in exam scores
(Farquhar et al. 1986; Van Hessen & Verwijnen 1990;
Verwijnen et al. 1990; Albano et al. 1996; Richards et al.
1996; Verhoeven et al. 1998; Way et al. 1999; Enarson &
Cariaga-Lo 2001; Whitfield et al. 2002; Distlehorst et al. 2005;
Lycke et al. 2006), while two found a significant benefit for PBL
students (Remmen et al. 2001; Hoffman et al. 2006). Three
studies showed improved clerkship performance (Richards
et al. 1996; Whitfield et al. 2002; Distlehorst et al. 2005); effect
sizes were small (Whitfield et al. 2002; Distlehorst et al. 2005)
to moderate (Richards et al. 1996; Whitfield et al. 2002). One
study of first-year interns showed benefits for PBL on 4 of 13
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pre-defined competencies, while graduates from traditional
schools were rated better on the other competencies.
The competencies at which the PBL graduates excelled were
a focus of the PBL curriculum (i.e., self-directed learning,
interpersonal relationships) (Rolfe et al. 1995). While
Woodward (1990) found favourable trends for interns from a
PBL school with respect to supervisor ratings, she commented
on the ‘lack of distinctiveness’ between PBL and non-PBL
interns in their profile of competencies. Hoffman et al. (2006)
found gains in residency performance, such as improved
communication and collaboration skills, maturity, and initiative. In contrast, Santos-Gomez et al. (1990) found no
significant differences overall in residency performance as
rated by either nurses or doctor-supervisors.
Three studies examined the influence of PBL versus
traditional curricula on the knowledge and practices of
physicians (Woodward et al. 1990; Shin et al. 1993; Tamblyn
et al. 2005). Shin et al. (1993) examined knowledge with
respect to management of hypertension among primary care
physicians who had followed PBL or traditional curricula.
While they found a significant difference in test scores
favouring those from a PBL curriculum (68% vs. 62%;
p 5 0.01), the authors questioned whether the small difference
they detected was clinically significant. Tamblyn et al. (2005)
studied practicing family physicians to determine differences
in rates of mammographic screening, continuity of care, and
prescribing patterns. They found that physicians from a
community-oriented PBL curriculum showed significant practice improvements; however, the changes were not significantly greater than simultaneous changes in the three
comparison schools that followed traditional curricula
(Tamblyn et al. 2005). Woodward et al. (1990) compared
patterns of billing to a provincial health plan for PBL graduates
versus graduates from the province’s non-PBL medical
schools. In general, they observed that PBL graduates
‘provided fewer services, saw fewer patients, and earned
less’; however, their ‘cost per patient seen was higher’. The
authors attribute these findings to different types of services
provided by PBL graduates, notably fewer minor assessments
and more psychotherapy services. The authors were unable to
assess the effect of other confounding factors (e.g., personal
values and characteristics, selection criteria, type of curriculum, post-graduate education) because of the study design and
data source. Both Shin and Woodward point out that there is
no information regarding the impact of the observed
differences on the quality or outcome of patient care.
Three of the four studies evaluating diagnostic accuracy
reported some benefits for PBL students. Hmelo et al. (1998)
found greater increase in diagnostic accuracy among first year
PBL students ( p 5 0.05). Schmidt et al. (1996) found that
students from PBL and integrated curricula made more
accurate diagnoses compared to a conventional curriculum;
there were no differences in the final 2 years between the PBL
and integrated curricula. Based on responses to one specific
clinical problem, Boshuizen found that PBL students demonstrated significantly higher quality and accuracy of answers;
however, no data were reported (Boshuizen et al. 1993). In
contrast, Patel et al. (2001) found that family medicine and
internal medicine residents from a conventional curriculum
32

showed significantly better diagnostic accuracy over PBL
interns in two different case studies (Family Medicine: case
1: 83% vs. 60%; case 2: 33% vs. 5%; Internal Medicine: case 1:
92% vs. 82%; case 2: 42% vs. 21% [all significant at p 5 0.05]).

Course-based PBL
Five studies evaluated the effectiveness of PBL within the
context of a specific course or topic that varied by study
(Evidence Tables 3 and 4, available at www.medicalteacheer.
org): two trials (1 randomized and 1 non-randomized) and
three cohort studies. The trials were at high risk of bias due to
non-randomization in one and lack of blinding in both.
General methodological limitations with the cohort studies
were inadequate or lack of reporting regarding the representativeness of the PBL cohort (N ¼ 2), lack of control for
confounding in the analysis (N ¼ 2), and inadequate reporting
of losses to follow-up (N ¼ 3).
The studies were conducted in the US (N ¼ 2), France
(N ¼ 1), Australia (N ¼ 1), and England (N ¼ 1) and were
published between 1990 and 2005 (median year 1999). The
most common evaluative outcome was knowledge acquisition
measured by exam scores.
Only one study was a randomized trial: the study found no
significant difference in knowledge in terms of overall
academic assessment, although the authors concluded that
PBL students had a ‘richer learning experience’ (Dyke et al.
2001). In a non-randomized trial, Eisenstaedt et al. (1990)
found a significant difference in short-term recall favouring the
traditional lecture-based format (80% [SE 1.7] vs. 67% [SE 2.7]);
however, long-term retention of information was no different
between groups on follow-up assessment 2 years after the
course. The three observational studies showed inconsistent
findings. Hinduja et al. (2005) found significantly better exam
scores for traditional students (37/50 [SD 3.9] vs. 32.35/50 [SD
4.9], p 5 0.001). Casassus et al. (1999) found no difference in
knowledge acquisition between PBL and traditional students;
however, PBL students showed better problem-solving skills.
Finally, Sivam et al. (1995) found that students from the
traditional curriculum were at or below the national average
on a standardized exam while PBL students performed at or
better than the national average.

Discussion
The existing literature provides inconsistent findings with
respect to the effectiveness of PBL relative to more traditional
methods in undergraduate medical education. Discrepant
results likely stem from the heterogeneity of interventions,
varied study designs, relatively short follow-up periods (i.e.,
during or at the end of the course/curriculum), and the
difficulty in objectively evaluating some important professional
characteristics such as team work and life-long learning. The
two randomized trials of PBL produced conflicting results.
Authors of both studies commented on the relative merits of
PBL: PBL does not appear to hamper knowledge acquisition
and may develop characteristics that result in ‘better’ clinicians
post-graduation (Mennin et al. 1993; Moore et al. 1994). One
study suggested that a hybrid program that provides more
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structured learning early in the curriculum with a gradual
increase in active and self-directed learning may be optimal
(Mennin et al. 1993). Few studies assessed the impact of
PBL curricula during medical school among practicing
physicians. One study showed no significant differences
compared to three comparison schools in quality of primary
care (Tamblyn et al. 2005), while another suggested a small
benefit in terms of knowledge acquisition post-graduation
(Shin et al. 1993). A further study identified differences in
billing patterns for PBL graduates but could not associate these
differences with quality or outcomes of patient care
(Woodward et al. 1990).
While this review was conducted according to methodologically rigorous guidelines (Higgins & Green 2006), it is
limited by the weaknesses of the included studies. Our
detailed assessment of the methodological quality of the
included studies highlights some of these weaknesses and
areas for improvement in future research. There were few
randomized trials which represent the highest level of
evidence for the effectiveness of an intervention. Those trials
included were at high risk of bias primarily due to the lack of
blinding which can lead to overestimates of an intervention’s
effects. Blinding can be challenging in these studies due the
nature of the intervention; blinding of outcomes assessors and
objectively measured outcomes should be considered. The
Newcastle–Ottawa Quality Assessment Scale provides a
framework for consideration when designing a study in
order to limit biases due to sample selection, confounding,
outcome assessment, and inadequate follow-up.
Numerous limitations of this literature have been identified
and discussed previously (Schmidt et al. 1987; Berkson 1993;
Vernon & Blake 1993; Leung & Johnston 2006). Key limitations
previously discussed include: bias introduced by self-selection
which may result in cohorts with abilities and preferences that
are commensurate with the curricular track they choose
(Eisenstaedt et al. 1990; Mennin et al. 1993; Vernon & Blake
1993; Antepohl & Herzig 1999); difficulty controlling for many
extraneous variables that may affect outcomes, particularly in
studies that extend over a period of time (Schmidt et al. 1987);
difficulty identifying and isolating the relative contributions of
different curricular components that may affect outcomes
(Schmidt et al. 1987; Schmidt et al. 1996; Tamblyn et al. 2005);
and the limitation of existing outcomes and measurement tools
to directly capture important areas of physician competence
(Berkson 1993; Vernon & Blake 1993; Distlehorst et al. 2005).
The heterogeneity across studies in study populations,
research designs, PBL interventions, control groups, and
outcome reporting limits generalizability. Publication bias has
been raised as an issue in this body of literature (Vernon &
Blake 1993) and is difficult to assess outside of a meta-analysis.
Vernon and Blake (1993) suggested that researchers may be
reluctant to publish negative results on this topic.
A recently published study supports the need for improved
quality of reporting in the field of medical education research
(Cook et al. 2007). Specifically, future reports must provide
adequate and precise descriptions of the interventions and
controls in order to permit comparisons and interpretation
(Kalaian et al. 1999; Newman 2003; Cook et al. 2007).
Measures need to be developed and carefully chosen to

reflect the outcomes that different learning strategies seek to
influence (Vernon & Blake 1993; Kalaian et al. 1999). Our
review focused on evaluative outcomes, therefore the conclusions may be inconsistent with studies that report attitudes or
opinions. For instance, previous studies have demonstrated
that PBL is more enjoyable for students, and this may be the
basis for claims of effectiveness and impetus for its implementation. Rigorous research methods need to be employed
and where necessary, there should be careful consideration of
potential-effect modifiers such as student and program
characteristics, and the extent of a school’s experience with
the experimental intervention (Kalaian et al. 1999). We found
that many of the non-randomized studies did not control for
confounding in the design or analysis, or the analysis
controlled for a limited number of potential confounders.
The value of randomized designs is that all known or
unknown variables are balanced across groups, hence the
findings are attributable to the intervention under study.
Finally, research is needed to evaluate the effect of PBL on
the quality of care and resource utilization of post-graduate
clinicians (Albanese & Mitchell 1993).
In summary, 22 years of evidence does not provide
unequivocal support for enhanced learning through PBL.
What many conclude is that there are no deficits in knowledge;
however, no investigations were designed to assess equivalence (i.e., designed and powered to determine whether the
difference in effect between groups lies within an upper and
lower equivalence level of clinically/practically acceptable
differences) (Higgins & Green 2006). The advantages of PBL
are difficult to quantify and there are questions around the
most appropriate outcome measures for evaluating learning
strategies. The majority of studies examined short-term
knowledge acquisition measured by standardized exams.
The extent to which this outcome correlates with what
makes a good physician is unclear. The studies in this area
are generally methodologically weak. The threat to internal
validity (i.e., potential risk of bias) puts into question any
positive findings, particularly where effect sizes are small.
Furthermore, the heterogeneity of interventions limits
generalizability.
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