Undergraduate medical education: comparison of
problem-based learning and conventional teaching
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Objective. To review the literature on studies comparing all aspects of problem-based learning with the
conventional mode of teaching.

Data sour ces. Medline literature search (1980 through 1999) and the references cited in retrieved articles.
Data selection. Studies and meta-analyses that compared the newer problem-based learning curriculum and
the conventional lecture-based mode of teaching undergraduate medical students. Areas of comparison
included the academi ¢ process; programme eval uation; academic achievement; graduates’ performance, specialty
choices, and practice characteristics, and the attitude of students and teachers towards the programmes.

Data extraction. Data were extracted independently by multiple authors.

Data synthesis. Students of the problem-based |earning curriculum found learning to be “ more stimulating and
more humane” and “engaging, difficult, and useful”, whereas students of the conventional curriculum found
learning to be “non-relevant, passive, and boring”. Students who used the problem-based learning method
showed better interpersonal skills and psychosocial knowledge, as well as a better attitude towards patients.
Students using the conventional model, however, performed better in basic science examinations. Teachers
tended to enjoy teaching the newer curriculum. Although the two curricula encourage different ways of
learning, there is no convincing evidence of improved learning using the problem-based |earning curriculum.
Conclusion. A combination of both the conventional and newer curricula may provide the most effective
training for undergraduate medical students.
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| ntroduction

There is growing concern among medical educators
that conventiona modes of teaching medical students
(lecture-based curricula) neither encourage the right
qualities in students nor imparts a life-long respect
for learning.? Fundamental reforms in undergraduate
medical education have been advocated for 100 years.
In 1899, Sir William Oder? redised that the complexity
of medicine had already progressed beyond the ability
of theteachersto teach everything that studentswould
need to know. Osler recommended abolishing the
lecture method of instruction and allowing students
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moretimeto study. He also emphasi sed the important
role of teachers in helping students to observe and
reason. In 1932, the Commission on Medical Educa
tion of the Association of American Colleges® stated
that medical education should develop sound habits
aswell as methods of independent study and thought,
which will equip the students to continue their self-
education through life. This can be brought about only
by freeing medical education from some of its present
rigidity and uniformity, by reducing classroom over-
crowding, and by adapting medical education to more
closely meet the educational needs of students.

Undergraduate medical education, aswith any other
educational programme, needs ongoing improvements
to meet the changing demands of medical practice
in the 21st century. Although the complexities of
medical care have increased dramatically over the
last century, the methods of teaching medicine have
changed little. Teachers need to learn about the latest
techniques and theories of both adult and medical
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education. Medical education should be given the same
emphasis as research and patient care.

There has recently been widespread interest in the
problem-based learning curriculum (PBLC). Sinceits
adoption at McMaster University, Canada, in 1969,
the PBL C hasgrown in popul arity and spread to many
parts of the world, including Hong Kong. Despite this
spread, there is continuing confusion about what the
PBLC is and whether it can effectively replace the
conventional curriculum.

The problem-based learning curriculum

In a student-centered problem-based curriculum,
studentslearn by actively solving problemsrather than
by passively absorbing information. The PBLC usesa
problem as the starting point for student learning.®
While the knowledge imparted by a PBLC should be
comparable to that of lecture-based curriculum, the
PBL C goes beyond the latter in three important ways:
(1) A PBLC integrates basic science materials into
a single programme. Facts that make up basic
medical sciences are learned concurrently and
always in the context of a particular health
problem, becausethey areintegrated into the same
programme;

(2) Students must actively participate in their own
education, with the emphasis being on learning;
and

(3) In addition to biomedical training, students
practice skillsthat will encourage them to become
self-directed learners for the rest of their lives.

The key features of the PBLC at McMaster
University are to analyse health care problems as the
main method of acquiring and applying knowledge;
to develop life-long learning skills; and to use small-
group tutorials (six students) with a faculty tutor in
each group.? An important aspect of the PBLC is
teaching basic sciences in the context of a clinical
problem, whether real or hypothetical. This serves
two goals. to make knowledge more relevant and
retrievable, and to foster the development of specific
reasoning.®

The conventional curriculum

Conventional teaching separatesthe basic science seg-
ment from the clinical segment. In the conventional
curriculum, teaching is tutor-centred and comprises
large group lectures, tutorials, structured laboratory
experience, and periodic tests of achievement. Students
passively absorb information rather than actively
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acquire knowledge. The conventiona curriculum is
characterised by a 1- to 2- year basic science segment
comprising formal courses drawn from various basic
science disciplines. This is followed by clerkships
in the clinical years of study. Educational research
indicates that this format of teaching is frequently
unstructured, the acquisition of skillsisleft largely to
chance and is subject to little quality control, students
are inadequately monitored, and feedback is seldom
given.’

Several studies have compared the PBLC with
conventional teaching. The areas of comparison have
included the academic process; programme evaluation;
academic achievement; graduates performance,
specialty choices, and practice characteristics; and
faculty members’ satisfaction.® Somestudieshave aso
compared the cost of teaching the PBLC with
traditional teaching.®

The academic process and programme
evaluation

Studentsin problem-based | earning programmes place
more emphasis on meaning (understanding) than
reproduction (rote learning and memory); the op-
posite pattern prevails among students in traditional
programmes.®® Students using the PBLC also place
more emphasis on journas and on-line databases as
sourcesof information; make greater use of thelibrary;
make greater use of self-selected reading materias,
as opposed to those selected by the teaching faculty;
and more frequently feel competent in information-
seeking skills.?

Moore et a*! found that PBLC students who were
enrolled in 1989 and 1990 at Harvard M edical School,
United States, learned in a more reflective way,
memorised less than their peers, and preferred active
learning. The PBLC students also reported less
‘cramming’ before examinations; better retention of
knowledge in the months afterwards; and, because
the examination result was a pass or fail rather than a
grade, feeling less stressed. In addition, they reported
significantly greater autonomy, more innovation and
involvement, and similar work pressures when com-
pared with matched controls after 2 years. The PBLC
students also felt more sure of themselvesin handling
uncertainty and were more likely to describe their
preclinical years as being “engaging, difficult, and
useful”. In contrast, students following the corven-
tional curriculumwere morelikely to usethe key words
“non-relevant, passive, and boring” to describe their
preclinical experience.'®



Students of the PBL C tend to use a more in-depth
approach of learning than do students of the conven-
tional curriculum.** An in-depth approach is encour-
aged by an interest in the subject matter and/or by
its vocational relevance, whereas students who use a
‘surface’ approach are predominantly motivated by a
concern to complete the course or by afear of failure.
They intend to fulfill the assessment requirements by
the reproduction of factual materials.4

A study from McGill University, Canada, has shown
that students of the new and conventional types of
curriculaexhibit distinctly different modes of reason-
ing.>When asked to give diagnostic explanations of a
clinical case, PBLC students displayed a ‘ backward-
directed’ hypothetico-deductive mode of reasoning,
whereas students of the conventional curriculum
displayed a more ‘forward-directed’ method of
reasoning. While the PBLC students gave extensive
elaboration and cited relevant biomedical information
in their answers, they also tended to generate errors.
Nevertheless, PBLC beginners were able to give
more coherent answers by using both clinical and
basic science inferences, whereas their counterparts
inthe conventional group used basic scienceinferences
to link haphazardly a few cues from the clinical con-
text. Intermediate students of the PBLC generated a
number of inferences based on basic scienceinforma-
tion, rather than on clinical examination, whereas
the balance was reversed for the students in the
conventional group.®®

Students' attitudes

Studies have shown that students of the PBLC have a
more positive attitude towards their curriculum than
do students in a conventional class.’** Kaufman and
Mann'¢found that PBL C students had amore positive
attitude towards teachers and their ability to arouse
student curiosity. Theseresultsindicate ahigh level of
enthusiasm among PBL C students and teachers. The
PBLC allows students to identify their own learning
issues and thereby substantially guide the tutorial
process, which perhaps explains why PBLC students
aremorelikely to find their learning environment more
democratic than do students receiving conventional
teaching.’® Students using the PBLC have a greater
intrinsic interest in learning—by solving problems,
students learn new concepts—and, athough the new
format may initially reduce the amount that students
learn, subsequent retentionisincreased.*** The PBLC
also has a psychological effect on students and teach-
ing staff: more students reported that they found the
learning environment “more stimulating and more
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humane” than did graduates of conventiona schools.'#
With undergraduate medical education currently
carrying a health warning because of the stress and
anxiety caused to students and young graduates, any
educational process that promotes enjoyment of
learning without loss of basic knowledge and skills
must be agood thing.1%2°

At Harvard University, interpersonal skills, psycho-
social knowledge and attitudes towards patients were
found to be better in the PBLC (‘new pathway’)
group.**2 Conventional curriculum studentsweremore
positive than their PBLC counterparts about student
interaction in class, whereas PBLC students tended
to form several factionswithin the class. Theintensity
of the small-group process may account for PBLC
students becoming acquainted at a deeper level more
quickly than in the conventional, lecture-based curricu-
[um.***3In contrast, Dolmas? found no difference be-
tween the two curriculain students’ attitudes towards
socia issuesin medicine.

Academic achievement

Performance in basic science examinations
Participants of the 1989 Macy Conference on the
Evaluation of Innovative Curriculaconcluded that they
would expect National Board of Medical Examination
Part | (NBME I) scoresto be lower for studentsin the
innovative curriculathan for students in conventional
curricula? Mennin et al?® have reported that a more
teacher-centred and structured conventional curricu-
lum better prepares students for the NBME |. Similar
findings have been reported in a meta-analysis con-
ducted by Vernon and Blake.?* Farquhar et a% have
observed no significant differences in the total test
scores among students of thetwo curricula, whereas stu-
dents of the PBL C at the Mercer University School of
Medicine, United States, did better in the NBME |.%
The general perception is that PBLC students do not
perform as well as conventional students in basic
science examinations.

Clinical competence

Three general types of data relevant to clinical
functioning have been used to evaluate PBLC: ratings
and tests of clinical performance; tests of clinical
knowledge (represented by the NBME Part 11
examination and the Federal Licensing Examination);
and the *humanism’ variables studied in the evalu-
ation of Harvard Medical School’s PBLC students.'
Most reports show a slight but non-significant
trend in favour of PBLC students in clinical science
performance. 123242
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First choice of residency

One significant measure of success of acurriculumis
the extent towhich itsgraduates obtain their first choice
of residency. Seventy-nine percent of McMaster
University medical graduates received their first
choice residency positions in 1989, compared with
58.9% for all Canadian graduates.* Ninety percent of
graduates of the Mercer University School of Medi-
cine received their first choice residency positions,
with 71% doing so during the 7-year operation of the
school’s PBLC curriculum.?

Graduates performance

Studies that compare the preparations of PBLC
graduates with those of their peersin the conventional
curriculum show no evidence to suggest that PBLC
graduates perceive themsel vesto be disadvantaged.?
Eighty-nine percent of McMaster University medical
graduates of the PBLC regarded themselves to be
equally or better prepared than their peersat independ-
ent learning, problem solving, self-evaluation, data-
gathering, behavioural sciences, and degling with social
and emotional problems of patients. Of the super-
visors, 62.5% described PBL C graduates as perform-
ing better or much better than first-year postgraduate
fellow trainees.?” Students of the PBLC have tended
to rate themselves lower in terms of their basic
science preparation.?’ In contrast, students of the
conventional curriculum havetended to ratetheir train-
ing more positively in the areas of clinical medicine
and biomedical science.®

Santos-Gomez et al?® have compared the perform-
ances of 130 PBL C graduates and 130 graduates of a
parallel, conventional curriculum at the University of
New Mexico School of Medicine, United States.
Graduates from the PBLC group received superior
ratings than did graduates from the conventional
group in the areas of health care costs, communica-
tion with patients, and patient education. Nurses
gave ahigher evaluationin knowledgeto residentsfrom
the conventional curriculum. Data from Australia®
show that graduatesfrom the PBL C wererated signifi-
cantly better than their peers, with respect to their
interpersona relationships, reliability, and self-directed
learning.

Specialty choices and practice characteristics

In general, it seems that the PBL C tends to produce a
higher proportion of graduates who choose careersin
family medicine,* and some schools such as that at
McMaster University produce graduates who pursue
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careersin family medicinein academic environments.*
Graduates of the PBLC are less likely to locate to rura
areas or be in solo practice than are their conventiona
counterparts.®

Faculty members satisfaction

In afaculty survey of the McMaster University med-
ical curriculum, PBLC was the most frequently cited
strength.® In a survey of Dutch medica schools, the
PBLC faculty rated their curriculum higher in teach-
ing clinical reasoning, humanistic qualities, and
preventive care than did the conventional faculty.?®
The latter, however, rated their schools higher in
the teaching of clinical medicine and biomedical
sciences.®

When asked what type of curriculum teachers
would prefer, 72% of the teachers at McMaster
University chose the PBLC.* At the same university,
95% of afaculty that used the PBLC said they would
serve as a PBLC tutor again after having had the
experience.* Thirteen of 14 non-volunteer tutorsin a
PBLC course said the experience was more positive
than they had expected. The most often cited benefit
was student contact, by virtue of the small-group
format.*® These studies suggest that tutors find the
PBLC provides a satisfying way to teach.

Much of the dissatisfaction with the conventional
medical curriculum has come about as a result of the
pronounced shift towards|ectures. Thelecture method
has proven far from satisfactory as a principle mode
of instruction. Lecturestend to vary widely in quality
and they attract low attendances. Thus, educatorswho
use conventional curricula are forced to emphasise a
inadequate method of instruction.®

Costs of the problem-based learning
curriculum

The two most costly components of medical educa-
tion areinfrastructure/equipment and faculty (teacher)
time. Both problem-based learning and conventional
curricula require approximately the same infrastruc-
ture/equipment, so the costs involved are essentialy
similar. Faculty time devoted to preparing examin-
ations, attending meetings, and performing ancillary
activities is also approximately equivalent in both
types of programme, as is the time devoted to teach-
ing laboratories. It becomes apparent that in compar-
ing the cost of the two curricula, one really compares
the cost of the small-group tutorial format to that of
the lecture format.



Because the mission of al medical schools is to
transform students into doctors, the most valid unit
of cost comparison is ‘faculty hours per year per
graduate’ (FHY G). The Mercer University School
of Medicine compared a 42-student PBL C pathology
programmewith aconventional lecture courseinwhich
130 students were enrolled. The PBLC programme
‘cost’ 13.9 to 20.9 FHYG (mean, 17.4 FHYG). The
lecture component of the conventional curriculum
‘cost’ 3.2510 6.25 FHYG (mean, 4.8 FHYG). It was
estimated that PBLC costs less per student for
classes containing fewer than 40 students, and that
PBLC may be impractical for class sizes greater than
100.% For class sizes greater than 100, there are fairly
serious concerns about the economic viability of
PBLC, athough costs can be reduced by increasing
group sizes, decreasing the number of times the
group meets per week, or using non-faculty teachers
for some meetings.*

The problem-based learning curriculum in
Hong Kong

The PBLC was introduced to Hong Kong by the
Faculty of Medicine of The University of Hong Kong
in September 1997. The Faculty is prospectively
collecting data about the impact of the new curricu-
lum on undergraduates and teachers. The general
impression is that teacher-student relationshipsin the
PBLC curriculum are far more interactive than they
used to be in the old curriculum. In the conventional
format, alectureis prepared inisolation and delivered
with very little persona interchange. In the PBLC
format, preparation timeisminimal and 50% to 75% of
the teaching effort is spent in close informal contact
with students (unpublished data, 1999).

Another benefit of the new curriculum is that
students are more communicative, show more initia-
tive, and are more positive about preclinical training.
They adjust more readily to clinical clerkships, are
more likely to ask questions, and seem to have
superior independent learning and problem-solving
skills (unpublished data, 1999). These trends are
reassuring, considering that many teachers in the
faculty had expressed initial reservations about Hong
Kong students' ability to cope with the PBLC.

Conclusion

Compared with conventional students, PBL C students
place more emphasis on meaning than on memoris-
ing, use journals and on-line databases as sources
of information, use self-selected reading materials,

Undergraduate medical education

feel more confident in information-seeking skills,
use amore in-depth approach of learning, and employ
a'backward-directed’ hypothetico-deductive mode of
reasoning. They also show better interpersonal skills,
psychosocial knowledge, and attitudestoward patients.
While they do not perform as well in basic science
examinations as their conventional counterparts, they
perform aswell if not better in clinical examinations.
Centres that have adopted a PBLC approach have
found improved student motivation and enjoyment, but
there is no convincing evidence of improved learning
per se. An intelligent combination of using both the
traditional and PBLC approaches may provide the
most effective training for undergraduate medical
students.
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