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Problem-based learning curricula have been introduced
in many medical schools around the world.1,2 How-
ever, their adoption was met with some concern, pri-

marily because of the substantial manpower needed. For ex-
ample, student contact hours are 3–4 times greater for
educators in a problem-based learning curriculum than for
educators in a traditional curriculum. As a consequence, the
economic viability of problem-based learning becomes a ma-
jor concern when class sizes exceed 100 students.3 Given the
limited resources available,4 evidence-based evaluation of the
effects of problem-based learning during medical school on
improving physician competency would certainly strengthen
any justification for the adoption of such programs.5–9

Past reviews of problem-based learning focused only on its
effects during medical school or postgraduate training.10–16 In
addition, 4 of those reviews also studied student and educator
preferences and indicated that medical students11,14,15 and edu-
cators16 generally prefer problem-based learning to traditional
teaching methods. The reviews did not study the effects of
problem-based learning during medical school on the compe-
tencies of practising physicians. Colliver emphasized this lack
of evidence when he cautioned that student satisfaction cannot
be extrapolated as a predictor of physician competency.17 To our
knowledge, there has been only one systematic review, pub-
lished in 1993, that indirectly reported the effects of problem-
based learning during medical school on physician competency
after graduation. The study was based on a small sample of doc-
tors in their early postgraduate years.16 Since then, many rigor-
ous studies have evaluated the effects of problem-based learn-
ing during medical school up to 20 years after graduation. We
performed a systematic review of controlled studies to deter-
mine whether problem-based learning during medical school
leads to greater physician competencies after graduation.

Methods

In our study, we used Maudsley’s definition of problem-based
learning, which she defined as both a method and philosophy
involving problem-first learning via work in small groups and
independent study.18 
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Background: Systematic reviews on the effects of problem-
based learning have been limited to knowledge competency
either during medical school or postgraduate training. We
conducted a systematic review of evidence of the effects that
problem-based learning during medical school had on
physician competencies after graduation.

Methods: We searched MEDLINE, EMBASE, CINAHL,
PsycINFO, Cochrane Databases, and the tables of contents
of 5 major medical education journals from earliest available
date through Oct. 31, 2006. We included studies in our re-
view if they met the following criteria: problem-based learn-
ing was a teaching method in medical school, physician
competencies were assessed after graduation and a control
group of graduates of traditional curricula was used. We de-
veloped a scoring system to assess the quality of the studies,
categorized competencies into 8 thematic dimensions and
used a second system to determine the level of evidence for
each competency assessed.

Results: Our search yielded 102 articles, of which 15 met
inclusion criteria after full text review. Only 13 studies en-
tered final systematic analysis because 2 studies reported
their findings in 2 articles. According to self-assessments, 8
of 37 competencies had strong evidence in support of
problem-based learning. Observed assessments had 7
competencies with strong evidence. In both groups, most
of these competencies were in the social and cognitive di-
mensions. Only 4 competencies had moderate to strong
levels of evidence in support of problem-based learning for
both self- and observed assessments: coping with uncer-
tainty (strong), appreciation of legal and ethical aspects of
health care (strong), communication skills (moderate and
strong respectively) and self-directed continuing learning
(moderate).

Interpretation: Problem-based learning during medical
school has positive effects on physician competency after
graduation, mainly in social and cognitive dimensions.
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Search
To identify relevant studies, we searched each of the follow-
ing databases, from the earliest available date through Oct.
31, 2006: MEDLINE (1966), EMBASE (1980), CINAHL (1982),
PsycINFO (1967), and the Cochrane Database of Systematic
Reviews, the Chochrane Database of Abstracts of Reviews of
Effects and the Cochrane Central Register of Controlled
Trials (1993). We also searched the tables of contents of 5
major medical education journals (Medical Education, Aca-
demic Medicine, Medical Teacher, BioMed Central Medical
Education and Advances in Health Sciences Education) for
papers published from date of first issue through Oct. 31,
2006. We used the search terms “problem-based learning,”
“practice-based,” “self-directed,” “learner centred” and “act-
ive learning” to identify problem-based learning studies and
combined them with other key terms such as “medical educa-
tion,” “undergraduate,” “postgraduate,” “practising,”
“physicians” and “doctors.” We did not search by subject
heading because not all databases use “problem-based learn-
ing” as a subject heading. For example, MEDLINE introduced
the term as a medical subject heading only in 1995. We also
manually searched the references of retrieved articles to trace
potentially relevant papers.

Selection
We selected studies if they met the following inclusion cri-
teria: use of problem-based learning as a teaching method
in medical school, assessment of study population after
graduation from medical school (including first-year resi-
dents and pre-registration house-staff) and use of a control
group19 from a traditional (non-problem-based learning)
curriculum. We excluded studies that were qualitative, in-
volved nonphysicians, assessed competency before gradua-
tion, used problem-based learning only during postgrad-
uate medical education or reported combined outcomes for
medical students and postgraduate trainees. Because of
concerns related to contamination including curriculum
changes and co-interventions such as increased community
focus or emphasis on communication skills, we excluded
studies in which all outcomes could be contaminated by
concurrent curriculum changes. And although we included
studies that contained some outcomes that were contamin-
ated by co-interventions, we excluded these contaminated
outcomes from the final analysis. We included nonran-
domized controlled trials because there were very few ran-
domized controlled trials in medical education; we felt that
this approach was acceptable, given that most educational
research has methodological limitations because purity of
curricular change and random assignment of students are
rarely possible.8,20–22 Medical schools in the United States
are mainly entry-level graduate programs, whereas those in
the United Kingdom traditionally accept medical students
without a university degree. As such, age and a prior degree
could be major confounding factors when comparing
studies between these 2 medical education systems.23 Thus,
we included only studies in which the control group came
from the same medical education system. No restrictions
were placed on study design, language or country. If there

was overlap in study populations and reported outcomes,
we considered combining the findings from those studies
for our final analysis.

Data abstraction
One of us (G.C.H.K.) developed a standardized data form to
extract information from the articles we included in our sys-
tematic analysis. We extracted the following information:
sample size, source of control group (whether the control
group came from the same or a different university), study de-
sign, whether random allocation was performed, years spent
in problem-based learning curriculum, number and type of
competencies assessed, type of assessment, response rate,
whether adjustment for potential confounders was per-
formed, and methodological inconsistencies. If such infor-
mation was missing, we obtained it by looking up references
in the paper that previously reported the information or, in
the case of verifying the number of years spent in a problem-
based learning curriculum, by consulting the medical
schools’ websites. One of us (G.C.H.K.) performed the data
abstraction, and the rest of us (H.E.K., M.L.W. and D.K.) in-
dependently checked the data extracted. We did not perform a
meta-analysis because of the wide variations in the constructs
of outcome measures and study reporting, which made calcu-
lating the effect sizes impossible for more than half of the se-
lected studies.

Validity assessment
Because most validated tools for assessing study quality were
designed for clinical interventions, the only tool available to
assess the quality of problem-based learning studies was the
one that Smits and colleagues13 developed to study the effect-
iveness of problem-based learning in postgraduate medical
education. However, of the 5 study-quality indicators they
proposed, only 2 could be applied across the studies included
in our review: response rate and statistical adjustment. As
suggested by Reed and colleagues,24 we therefore adapted
Smits and colleagues’ instrument by adding 8 study-quality
indicators of our own developed on the basis of our experi-
ence in epidemiology and medical education research.  

The study-quality indicators we added were developed to
adhere as closely as possible to validated quality-assessment
instruments for clinical studies, such as the Scottish Inter-
collegiate Guidelines Network 50 instrument for cohort
studies, and to apply to the full spectrum of heterogeneous
studies. Like Smits and colleagues did with their instrument,
we assigned some quality indicators (randomization, sample
size, objective assessment and response rate) greater weight
than others because we felt that they were of greater import-
ance. We acknowledge that this approach is subjective, but
our decisions were based largely on extensive discussion, rea-
sonable assessment and consensus. We did not place restric-
tions on the timing of the post-graduation assessment be-
cause any differences due to the passage of time would be
controlled by the comparison group. 

All 4 of us independently assessed the quality of the
studies using the adapted scoring model (Appendix 1, avail-
able at www.cmaj.ca/cgi/content/full/178/1/34/DC2). We sub-
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sequently classified the studies into 2 levels of quality. Similar
to the cut-off point used by Smits and colleagues, we consid-
ered studies to be high in quality if they scored above the mid-
point of the scoring range.

Data synthesis
One of us (G.C.H.K.) developed a thematic categorization of
physician competencies based on the 7 dimensions of phys-
ician competence described by Epstein and Hundert.25 We
combined 6 of their dimensions to form 3 for our study be-
cause of the lack of valid items within the 6 dimensions. The
relationship and affective/moral dimensions were combined
to form the social dimension, the context and habits-of-mind

dimensions became the managerial dimension, and the inte-
grative dimension was subsumed under the cognitive dimen-
sion. We also extracted research, teaching and knowledge
competencies as independent dimensions to explore the ef-
fects of problem-based learning in these 3 important areas.
We created a new “overall” dimension because some studies
included in our review reported global competency. We cat-
egorized the outcomes from studies that we entered into the
final stage of our systematic analysis according to whether
the competencies of graduates of problem-based learning
curricula were better than, the same as or worse than those of
graduates in the control group. This categorization of compe-
tencies was stratified according to study quality. We present
the results for self- and observed assessments separately be-
cause medical education research suggests that students and
physicians have a limited ability to assess themselves accur-
ately.26,27 To determine the levels of evidence supporting the
effect of problem-based learning during medical school on
various physician competencies, we used a system adapted
from Smits and colleagues in which the level of evidence is
determined based on the number of studies in support of the
data, the quality of those studies and the number of conflict-
ing studies13 (Appendix 2, available online at www.cmaj.ca
/cgi/content/full/178/1/34/DC2). 

Results

Our selection process is outlined in Figure 1. Our keyword
searches yielded 2675 articles. After applying the inclusion
criteria to the abstracts of these articles, we excluded 2573.
We obtained the full-text versions of the remaining articles
and excluded a further 87 articles, which left 15 eligible arti-
cles for our final systematic analysis.28–42

There was overlap in study populations and reported out-
comes among 4 of the 15 articles we retained for our final
analysis. Although the studies by Mennin and colleagues35

and Santos-Gomez and colleagues36 were based on overlap-
ping cohorts of graduates from the University of New Mexico,
we treated these as 2 separate studies because both used dif-
ferent years of assessment and different types of assessment,
and because only 4 of 17 self-assessed competencies over-
lapped. In 2 other cases, we opted to combine the findings
from separate reports. In the first case Watmough and col-
leagues reported graduates’ supervisor assessments and self-
assessments in separate articles, which we treated as 1
study,32,33 and in the second case Woodard and colleagues’
1990 study included previous findings from a paper they pub-
lished in 1981.41,42 As a result, our final analysis is based on 13
studies: 4 from the United States,28,29,35,36 3 from
Canada,38,40–42 3 from Great Britain,30,32–34 2 from the Nether-
lands37,39 and 1 from Australia31 (Table 1). 

Study characteristics
The study populations ranged from first-year residents to
physicians who had been practising for up to 20 years. Gradu-
ates of problem-based learning curricula attended medical
schools that either offered problem-based learning in the first
2 years or throughout the duration (up to 5 years) of medical

Articles identified from  
database search 

n = 2675

Excluded  n = 2573* 
• Outcomes assessed before 

graduation  n = 1458 
• Duplicate articles  n = 752 
• Problem-based learning took 

place during postgraduate 
education  n = 381 

• Nonphysician populations 
included  n = 248 

• No control group  n = 53 
• Qualitative study  n = 46 

Excluded  n = 87* 
• Outcomes assessed before 

graduation  n = 46 
• No control group  n = 35 
• Problem-based learning took 

place during postgraduate 
education  n = 16 

• Qualitative study  n = 3 
• Outcomes combined for 

undergraduates and 
postgraduates  n = 1 

• Outcomes confounded by other 
changes in curriculum  n = 1 

Articles screened 
(titles and abstracts) 

n = 2675

Articles (full text) 
screened for eligibility  

n = 102

Articles included in 
systematic review  

n = 15

Figure 1: Search and selection of studies for systematic review.
*Reasons for exclusion do not add up to total because some
articles were excluded for multiple reasons. 
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school. Types of assessment fell into 2 categories: self-
assessment or observed assessment. Observed assessment
was usually in the form of a supervisors’ survey or an objective
measure, such as a performance indicator database34 or vali-
dated test.38 One study included a nurses’ survey.36

Two studies had major methodological inconsistencies.
Schmidt and colleagues39 surveyed participants in the problem-
based learning group in 1999 but surveyed participants in the
control group 5 years later. Woodard42 used a different method-
ology to select controls between 2 graduating years of doctors.
There was excellent agreement among all 4 of us for scoring
study indicators (average chance-corrected [kappa] = 0.89).
Table 2 classifies the study outcomes according to whether the
competencies of graduates of problem-based learning curricula
were better than (positive), the same as (no different) or worse
than (negative) those of graduates in the control group (a more
detailed version of Table 2 is in Appendix 3, available online at
www.cmaj.ca/cgi/content/full/178/1/34/DC2). The outcomes of
6 studies28,31–35,37could potentially be confounded by other re-

ported changes in problem-based-learning curricula (see re-
marks column of Table 2 for details). These outcomes were ex-
cluded when we assessed the levels of evidence.

Outcomes
We categorized the competencies assessed in the 13 studies
into 8 dimensions: overall, technical, social, cognitive, man-
agerial, research, teaching and knowledge competencies
(Table 3) (more detailed versions of Table 3 are available in
Appendices 4 [self-assessment] and 5 [observed assess-
ment], available at www.cmaj.ca/cgi/content/full/178/1/34
/DC2). Of the 8 dimensions, the social dimension showed the
strongest evidence in support of problem-based learning.
Within this dimension, there was strong evidence that prob-
lem-based learning was superior for 4 of 8 competencies:
teamwork skills, appreciation of social and emotional aspects
of health care, appreciation of legal and ethical aspects of
health care, and appropriate attitudes toward personal health
and well-being. Moreover, within the same dimension, there

Table 1: Characteristics of the 13 studies of problem-based learning included in the systematic analysis  

Group; no. of graduates (class)

Study Country n 
Problem-

based learning Control 

Timing of 
assessment post 
graduation, yr 

Years of 
problem-based 

learning 

No. of 
competencies 

assessed 
Type of assessment 

(response rate) 

Peters et al28 United States 100 50 (1990) 50 (1989) 8–9 2 3 Self (80%) 

Hoffman 
et al29 

United States 1456¶ 784¶  
(1990–1996) 

672¶  
(1997–2003) 

1 2 14 Supervisor (NR**) 

Jones et al30 United Kingdom 261 138 (1999) 123 (1998) 1 5 19/13†† Self (61%–67%), 
supervisor (80%–82%) 

Rolfe et al31*† Australia 384  49 (1992) 335 (1992) 1 5 14 Supervisor (97.2%) 

Watmough 
et al32,33 

United Kingdom 639 316  
(1999–2000) 

323  
(2001–2002) 

1 2 18/13†† Self (52%–68%), 
supervisor (64%–78%) 

Tamblyn 
et al34* 

United Kingdom 165 128 (1991) 37  
(1988–1990) 

4–7 5 4 Administrative 
database (100%) 

Mennin et al35*  United States 

 

140 40  
(1983–1986) 

100  
(1983–1986) 

4–7 2 17 Self (83%–87%) 

Santos-Gomez 
et al36 

United States 130 44  
(1985–1987) 

86  
(1985–1987) 

1–3 2 8 Self (53%–83%), 
supervisor (60%–79%), 
nurse (58%–77%) 

Prince et al37†  Netherlands 1159 239  
(1999–2001) 

920 
(1999–2001) 

2 5 12 Self (45%) 

Shin et al38*† Canada 96 48  
(1974–1985) 

48  
(1974–1985) 

5–16 5 1 Validated test (87%) 

Schmidt 
et al39†‡ 

Netherlands 1441 820  
(1980–1998) 

621  
(1980–2003) 

1–23 5 18 Self (19%–39%) 

Tolnai et al40† Canada 342 156  
(1974–1980) 

186  
(1974–1980) 

9–15 5 1 Objective survey 
instrument (50%–58%)

Woodard41,42†§ Canada 152 105  
(1978–1979) 

47  
(1978–1979) 

1 5 8 Supervisor 
(70%–76%)‡‡ 

Note: NR = not reported. 
*Authors adjusted for possible confounders. 
†The problem-based learning group and the traditional group were from different universities.  
‡The problem-based learning group was surveyed in 1999, and the traditional group was surveyed in 2004. 
§Different methodology was used to select controls between the 1978 and 1979 cohort of graduates.  
¶Although the exact number of residents included in the analysis was not stated, these numbers were inferred from data in the paper.  
**Although the supervisor response rate was not reported, we assumed it to be > 80% because the authors stated that their school routinely solicited residency program 
directors’ evaluations of graduates at the end of their first year of residency. 
††No. of competencies/procedural skills, as categorized in original study. 
‡‡Percentage reflects response rate among supervisors of problem-based learning graduates; the response rate among supervisors of graduates in the control group 
could not be calculated. 
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Table 2: Outcomes of problem-based learning versus traditional curricula (control) in the 13 studies  

Outcome of problem-based learning (type of assessment)  

Study Positive No difference Negative Remarks 
Study 

quality 

Peters 
et al28  

Better than control group 
in humanism and social 
learning (self) 

No difference in lifelong 
learning (self) 

 Changes in problem-based 
learning curriculum 
contaminated positive findings  

High 

Hoffman 
et al29 

Better than control group 
in 12 competencies 
(supervisor)  

No difference in 5 
competencies (supervisor) 

 The significance level was set at 
p < 0.01 because of the study’s 
large sample 

High 

Jones et al30 Better than control group 
in 11 competencies and 8 
procedural skills (self) 
Better than control group 
in 5 competencies 
(supervisor) 

No difference in 7 
competencies and 5 
procedural skills (self)  
No difference in 13 
competencies or in any 
procedural skills 
(supervisor) 

Control group better in 
understanding disease 
processes (self) 

 High 

Rolfe et al31 Better than control group 
in 4 competencies 
(supervisor) 

No difference in 10 
competencies (supervisor) 

 Curriculum emphasis on 
interpersonal skills 
contaminated 2 positive findings 

High 

Watmough 
et al32,33 

Better than control group 
in 9 competencies and 6 
procedural skills (self)  
Better than control group 
in 11 competencies 
(supervisor) 

No difference in 8 
competencies and 7 
procedural skills (self)  
No difference in 6 
competencies or in any 
procedural skills 
(supervisor) 

Control group better in 
understanding disease 
processes (self)  

Curriculum changes 
contaminated positive findings 
on 2 self-rated competencies, all 
procedural skills and 2 
supervisor-rated competencies 

High 

Tamblyn 
et al34 

Better than control group 
in mammography 
screening rates, no. of 
coordinated visits and 
diagnostic accuracy 
(database) 

No difference in rate of 
prescribing for 
contraindicated drugs 
(database) 

 Curriculum emphasis on social, 
preventive and community care 
contaminated 2 positive findings  
Study surveyed only primary 
care doctors 

High 

Mennin 
et al35 

Better than control group 
in 12 competencies (self) 

 Control group better in 
5 competencies (self); 
however, differences 
were not significant 
after Bonferroni 
adjustment  

Curriculum included community-
based preceptorship, which 
contaminated 2 positive findings 

High 

Santos-Gomez 
et al36 

Better than control group 
in communication with 
patients (self) 

Better than control group 
in attention to health 
care costs 

No difference in 7 
competencies (self, 
supervisor) 

No difference in any 
competencies (nurse) 

 Although the differences in 
knowledge between graduates of 
problem-based learning curricula 
and the control group were not 
significant, nurses felt the 
control group was more 
knowledgeable 

Low 

Prince  
et al37 

Better than control group 
in 3 competencies (self) 

No difference in 9 
competencies (self) 

 Curriculum emphasis on 
communication skills 
contaminated 1 positive finding  

Low 

Shin et al38 Better than control group 
in adherence to 
hypertension management 
guidelines (test) 

  Multivariable analysis showed 
that only the type of curriculum 
was significant 

Study surveyed only primary 
care doctors 

Low 

Schmidt 
et al39 

Better than control group 
in 14 competencies (self)   

No difference in 2 
competencies (self) 

Control group better in 
knowledge and writing 
(self) 

 Low 

Tolnai 
et al40 

 No difference in rates of 
participation in continuing 
medical education 
(objective) 

 Control group comprised more 
family physicians and fewer held 
postgraduate certifications 

Low 

Woodard41,42 Better than control group 
in global ratings and all 
competencies (supervisor) 

  Actual rating values and levels 
of significance were not 
reported   

Low 

*Further details of these studies appear in Appendix 3 (available at www.cmaj.ca/cgi/content/full/178/1/34/DC2) 
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was moderate evidence in support of problem-based learning
for communication and interpersonal skills. In the technical
dimension, continuity of care had a strong level of evidence in
support of problem-based learning. Of the 12 competencies
in the cognitive dimension, coping with uncertainty, use of
computers or information resources and understanding of
evidence-based medicine had strong levels of evidence for
problem-based learning. In the knowledge dimension, there
was strong evidence that problem-based learning graduates
rated themselves as possessing less medical knowledge than
graduates in the control group.

According to self-assessments, 8 competencies had a
strong level of evidence in support of problem-based learn-
ing: continuity of care, teamwork, appreciation of social and
emotional aspects of health care, appreciation of legal and
ethical aspects of health care, attitudes toward personal

health and well-being, coping with uncertainty, use of com-
puters or information resources and understanding evidence-
based medicine (Table 3). According to the observed assess-
ments, 7 competencies had a strong level of evidence in
support of problem-based learning. All but 1 (appreciation of
legal and ethical aspects of health care) were different: diag-
nostic skills, communication skills, appreciation of cultural
aspects of health care, responsibility or reliability, and self- or
peer appraisal (Table 3). These different findings based on
type of assessment were not unexpected because medical
education literature suggests physicians have limited self-
assessment abilities.26,27

Only 4 competencies had moderate to strong levels of evi-
dence in support of problem-based learning according to
both self- and observed assessments: coping with uncertainty
(strong), appreciation of legal and ethical aspects of health

Table 3: Level of evidence in support of problem-based learning for self-assessed and observed competencies* 

 Level of evidence Level of evidence 

Competency Self-assessed  Observed Competency Self-assessed Observed 

Overall/global Weak Moderate Cognitive   

Technical    Self-directed or continuing learning Moderate Moderate 

Clerking (e.g., history-taking, physical 
examination) Weak Moderate Problem-solving  Weak Weak 

Selection of investigations None None Independence, initiative Weak Weak 

Diagnostic skills or accuracy Weak Strong Responsibility, reliability NA Strong 

Approach to management None None Coping with uncertainty Strong Strong 

Treatment (including prescribing) None Weak Critical thinking None Weak 

Procedural skills Weak None Awareness of own limitations None None 

Continuity of care Strong None Ability to work under pressure None None 

Social   Creativity  Weak NA 

Communication skills Moderate Strong Clinical judgment, reasoning Weak None 

Interpersonal skills Moderate Weak Use of computers, information resources Strong Weak 

Teamwork skills Strong Weak Understanding evidence-based medicine Strong Weak 

Appreciation of social and emotional 
aspects of health care Strong Weak Managerial   

Appreciation of cultural aspects of health 
care Weak Strong 

Time management and organizational 
skills  Weak Weak 

Appreciation of legal and ethical aspects 
of health care Strong Strong Keeping accurate records None None 

Preventive health care and health 
promotion Weak None Self- or peer appraisal Weak Strong 

Appropriate attitudes towards personal 
health and well-being Strong None Attention to health care costs None Weak 

Research   Knowledge   

Research and presentation skills Weak Weak Possession of medical knowledge  Strong† None 

Writing reports or articles Weak NA Use of medical knowledge Weak NA 

Teaching      

Teaching medical students NA Weak    

Patient education Weak None    

Note: NA = not available. 
*Further details about the levels of evidence appear in Appendix 4 (self-assessed competencies) and Appendix 5 (observed competencies), which are available online 
(www.cmaj.ca/cgi/content/full/178/1/34/DC2). Evidence for self-assessed competencies in references 28, 30, 32, 33, 35, 36, 38 and 39. Evidence for observed 
competencies in references 29–34, 36, 37 and 40–42. 
†Level of evidence against graduates of problem-based learning curricula. 
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care (strong), communication skills (moderate and strong re-
spectively) and self-directed continuing learning (moderate).

According to self-assessments, the knowledge dimension
showed a strong level of evidence against problem-based
learning in terms of graduates’ possession of medical know-
ledge (Table 2 and Table 3).

Interpretation

Our study offers objective evidence that problem-based learn-
ing during medical school has positive effects on physician
competencies after graduation, especially in the social and
cognitive dimensions. The absence of evidence of positive ef-
fects of problem-based learning on physician competencies
in the technical and teaching dimensions is likely due to these
dimensions requiring psychomotor skills, which are more ef-
fectively instilled using deliberate practice methods including
formal procedural skills training and preceptorships. Our
findings indicated a strong level of evidence against problem-
based learning in terms of graduates’ self-assessments of
their possession of medical knowledge. The meta-analysis by
Dochy and colleagues43 found nonrobust evidence that
problem-based learning had negative effects on knowledge
possession, but robust evidence that the method had positive
effects on students’ knowledge application. In our study,
graduates of problem-based learning curricula assessed
themselves as possessing less medical knowledge than
graduates from the control group; however, supervisors gen-
erally found little difference between the 2 groups because,
we suspect, they used knowledge application as their meas-
ure of physician knowledge. The fewer number of compe-
tencies with strong levels of evidence using observed assess-
ments relative to self-assessment supports the findings by
Davis and colleagues27 that physicians have limited self-
assessment abilities. We did not find any differences in out-
comes for problem-based learning graduates based on the
country of study; however, the number of studies from each
country was too few to form the basis for any meaningful
comparison.

Most studies and systematic reviews of problem-based
learning focused on the effect of problem-based learning on
knowledge but neglected other aspects of physician compe-
tency.9,14,43 Controversy has often surrounded the issue of
whether problem-based learning results in a weaker know-
ledge base in students, especially of basic medical sci-
ences.11,16 In our study, it is reassuring that, although gradu-
ates of problem-based learning curricula assessed themselves
as possessing less medical knowledge than graduates of trad-
itional curricula, the evidence from the objective assessments
did not support this finding.

Our study has a number of limitations. First, the hetero-
geneity of problem-based learning is a challenge inherent in
all problem-based learning research. The definition and im-
plementation of problem-based learning varies widely among
medical schools and educators,18 and a number of factors that
are difficult to measure and control affect the success of
problem-based learning curricula.44,45 Second, most of the
studies used surveys as the main measurement to assess

graduates. Surveys are limited in reliability and validity, sub-
jective and prone to rater biases.46 Third, the study-quality
scoring system, the evaluation system of levels of evidence
and the thematic categorization we used were not validated;
however, they were adapted from similar assessment tools
used in previous research on problem-based learning13,14,24

and physician competency.25 Furthermore, in our model we
assigned greater weight to some quality indicators (random-
ization, sample size, objective assessment and response rate)
than to others because we felt that they were of greater im-
portance. We acknowledge that this approach is subjective,
but our decisions were based largely on extensive discussion,
reasonable assessment and consensus. Fourth, we did not
perform a grey literature search, which may have contributed
some information on publication bias. Fifth, with few excep-
tions, the introduction of problem-based learning into med-
ical school curricula was accompanied by other changes such
as increased community focus or emphasis on communica-
tion skills, which makes it impossible to fully dissociate the
findings attributable to problem-based learning from those
attributable to other curricula changes. Lastly, because we
were unable to determine the adequacy of sample size, there
may have been nonsignificant but true differences in out-
comes because of small samples.

In summary, problem-based learning during medical
school has positive effects on physician competencies, espe-
cially in the social and cognitive dimensions. Future research
should look beyond knowledge competency and measure the
effects of problem-based learning on other dimensions of
physician competency.
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