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C

hanges in the delivery of medical education in Australia
and elsewhere have been driven by two imperatives. The
first relates to the combined effects of the explosion of
knowledge in medical science and the changing nature of
contemporary medical practice. Consequently, students must
understand the key principles that underlie the scientific basis of
medicine and be able to apply them, rather than attempt to
memorise
ever-increasing
volumes
of facts.
second imperative
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prerequisite
for
graduates
to
be
able
to
identify
and solve
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new problems
by, where
necessary,
acquiring
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and critically evaluating new information. Accordingly, the
Medical
education
education
process
must develop independent and motivated learners who can identify their limitations and gaps in knowledge, and
know how to fill them. The best way to achieve this is to provide
contextual, student-centred learning opportunities.
With far less evidence than the standards of evidence-based
medicine demand, problem-based learning (PBL) was widely introduced, in a revolutionary manner, as the predominant mode of
learning in medical programs, particularly in the preclinical years.
The purposes of PBL are to develop reasoning skills, enable learning
within a relevant context, promote integration and retention of
knowledge, and promote self-directed learning. PBL devolves the
responsibility for learning, and determining what to learn, to
students. Despite graduate satisfaction with well implemented PBL
programs, there is no evidence, apart from higher ratings of selfconfidence,1 that graduates of such programs are significantly
different1,2 or better able to maintain competence than graduates of
more traditional programs.3 Moreover, tutor quality and consistency
— key determinants of the success of a PBL group — are issues that
have become more challenging as demand for tutors increases
alongside escalating student cohort sizes.4
PBL is not an end in itself, and it exists in many variants of the
originally described form.5 Similar outcomes to those of PBL can
be achieved, and the goals of PBL complemented, with a range of
other pedagogic methodologies. Arguably, self-directed learning
should be established as routine, rather than the exclusive routine
for learning during undergraduate medical education.5 Case-based
learning (CBL), which provides more focused learning, offers more
efficient use of student and faculty time and is preferred over PBL
by students.6,7 CBL has greater utility for developing problemsolving skills, which is particularly applicable in clinical contexts,8
and can be delivered in an interactive manner online.9 Structured
tutorials stimulate student participation, effectively develop basic
science and clinical knowledge, and enhance depth of learning, as
well as the ability to evaluate information.10 Medical graduates
must function in a team-based, collaborative work environment;
have sound knowledge and clinical skills; and have a capacity for
lifelong learning.11 PBL may have a role in the process of
developing some generic transferable skills, but there is no
compelling case for it to be the primary method of learning.12
The original “McMaster PBL” curriculum (developed at McMaster University in Canada) attempted to integrate both basic and
clinical science into biomedical problems. A second iteration of the
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curriculum focused on priority health problems and common
medical problems, on the basis that an understanding of the
management of common conditions includes areas of knowledge
that are essential for clinical competence. A third iteration, the
COMPASS (concept-oriented, multidisciplinary, problem-based,
practice for transfer, simulations in clerkship, streaming) model,
was adopted in 2005; it placed an emphasis on underscoring the
underlying concepts in the curriculum with logical sequencing of
both the concepts and the body systems.13 This model of learning
represents an evolutionary change in approach.
A return to the fundamental notion that definable core knowledge of the scientific basis of medicine is required for clinical
practice is welcome. The structure of the human body (macroscopic and microscopic), together with its functions at systems,
cellular and molecular levels, must be grasped to properly understand the processes of disease, as well as the origins of symptoms
and signs that result from disruption of normal function. This
information must be appropriately synthesised to enable selection
of appropriate investigations and interpretation of results. It is also
necessary to understand not only the principles of pharmacology,
but also how to independently evaluate evidence to facilitate
rational and safe prescription of medications.
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In many modern curricula that use PBL, optimal acquisition of
medical knowledge and clinical skills by students appears to be
problematic. For example, many students find that learning
anatomy is a suboptimal experience with equivocal outcomes.
Students on surgical rotations feel that their limited knowledge of
anatomy compromises their understanding of the symptoms and
signs of surgical conditions, and the knowledge of anatomy held
by qualifying doctors has been criticised for being below an
acceptable level.14-16 Some in the medical profession are concerned that patient safety in clinical practice might be compromised,17 but it is not immediately clear how to remedy this situation.
A way forward is to merge the traditional departments of anatomy
with those of relevant specialty services, agree on the core
knowledge to be assimilated, and deliver an anatomy course that is
functionally and clinically relevant as well as vertically integrated
into the curriculum. For this approach to be maximally effective,
assessment of knowledge of anatomy must be ongoing. More
detailed anatomy training would be required for graduates aiming
to enter areas of medicine where such knowledge is critical to
practice, and this would potentially enable postgraduates to assist
with undergraduate anatomy teaching. This approach addresses
the combined aims of clinically relevant curriculum design, vertical integration of medical knowledge and facilitation of the
continuum of training.17
Optimal methods of course delivery and teaching are debatable.
Recent trends away from dissection-based learning to solely
prosection-based learning may, without well structured demonstrations, result in a passive and incomplete learning experience.
Students have indicated that dissection deepens their understanding of anatomical structures, provides them with a three-dimensional perspective of structures, and helps them recall what they
learnt.18 Dissection is also, by its nature, self-directed and actionbased learning — a reason for its retention in the instruction of
anatomy. Prosections, plastinated specimens, radiographs, threedimensional computer-generated images19 and virtual training
tools can all be used to facilitate clinical context-based studentdirected learning.20,21 Electronic resources have the advantage of
accessibility, interactivity and low-maintenance costs.
Another concern regarding a predominantly PBL approach to
medical education is that students taught in this way do not seem
to have a grasp of basic physiology and medical biochemistry.
These areas are fundamental prerequisites for understanding the
functional consequences of disease, and therefore the origin of
symptoms and signs that are evident on clinical examination, as
well as the results of tests that are undertaken by clinical chemistry,
cardiac and respiratory laboratories. Although an active learning
approach produces the best outcomes, there is no evidence that
these are better achieved by PBL per se. The challenge is for
students to not just acquire knowledge, but to apply it to solve
clinical problems. This is best achieved when students are able to
transfer conceptual information learnt in one area to another. The
explicit development of models and themes that can be applied to
physiology learning in general promotes this kind of transfer. A
common set of principles, arguably as few as seven (control
systems, membrane transport, conservation of mass, mass and
heat flow, elastic properties of tissues, cell-to-cell communication,
and molecular interaction), can be applied to a variety of physiological systems.22 The more problems that students solve using
this approach, with appropriate feedback, the more readily they
will be able to apply learnt concepts to solve novel problems — a
36

defining characteristic of meaningful learning.2 For this approach
to be most effective, it must be reflected in the construction of the
resource materials, and be applied consistently (both horizontally
and vertically) by teachers.
Similarly, a core set of principles in pathology and pharmacology
can be applied to a broad range of problems. Expertise in these
disciplines exists in most clinical teams. Vertical integration of
pathology and pharmacology can be achieved if every clinical case
provides an opportunity to learn about the mechanisms and,
where relevant, pharmacotherapy of disease — an approach that is
facilitated by continuous assessment. New technologies such as
virtual microscopy,23 integrated with computer-assisted interactive
learning21,24 and human patient simulations,25 can be combined
with interactive lectures, PBL and CBL in the form of clinicopathophysiological case conferences.
The optimal approach to training health care professionals
remains to be determined. Contemporary medical education must
train skilled and compassionate health care professionals who are
rigorous in their approach to patient care and their pursuit of
knowledge and solutions. Being adaptable and flexible, cognisant
of costs, and driven by evidence are key features of the practice of
medicine and the delivery of medical education. Good educational
research ought to lead to continuous improvement. Innovation
without evaluation and attention to costs may create as many, if not
more, problems than are solved.
Competing interests
None identified.

Author details
Gary A Wittert, MD, FRACP, FRCP, Professor and Head
Adam J Nelson, BMedSc, Medical Student
School of Medicine, University of Adelaide, Adelaide, SA.
Correspondence: gary.wittert@adelaide.edu.au

References
1 Cohen-Schotanus J, Muijtjens AM, Schonrock-Adema J, et al. Effects of
conventional and problem-based learning on clinical and general competencies and career development. Med Educ 2008; 42: 256-265.
2 Michael J. Where’s the evidence that active learning works? Adv Physiol
Educ 2006; 30: 159-167.
3 Norman GR, Wenghofer E, Klass D. Predicting doctor performance
outcomes of curriculum interventions: problem-based learning and continuing competence. Med Educ 2008; 42: 794-799.
4 Walton H, Matthews M. Essentials of problem-based learning. Med Educ
1989; 23: 542-558.
5 Taylor D, Miflin B. Problem-based learning: where are we now? Med
Teach 2008; 30: 742-763.
6 Tarnvik A. Revival of the case method: a way to retain student-centred
learning in a post-PBL era. Med Teach 2007; 29: e32-e36.
7 Srinivasan M, Wilkes M, Stevenson F, et al. Comparing problem-based
learning with case-based learning: effects of a major curricular shift at
two institutions. Acad Med 2007; 82: 74-82.
8 Stjernquist M, Crang-Svalenius E. Problem based learning and the case
method — medical students change preferences during clerkship. Med
Teach 2007; 29: 814-820.
9 Devitt P, Smith JR, Palmer E. Improved student learning in ophthalmology with computer-aided instruction. Eye 2001; 15: 635-639.
10 Espey E, Ogburn T, Kalishman S, et al. Revitalizing problem based
learning: student and tutor attitudes towards a structured tutorial. Med
Teach 2007; 29: 143-149.
11 Haeri A, Hemmati P, Yaman H. What kind of curriculum can better
address community needs? Problems arisen by hypothetical-deductive
reasoning. J Med Syst 2007; 31: 173-177.

MJA • Volume 191 Number 1 • 6 July 2009

MEDICAL EDUCATION

12 Newman M. A pilot systematic review and meta-analysis on the effectiveness of problem-based learning. Newcastle upon Tyne: University of
Newcastle upon Tyne, 2003.
13 Neville AJ, Norman GR. PBL in the undergraduate MD program at
McMaster University: three iterations in three decades. Acad Med 2007;
82: 370-374.
14 Waterston SW, Stewart IJ. Survey of clinicians’ attitudes to the anatomical
teaching and knowledge of medical students. Clin Anat 2005; 18: 380384.
15 McKeown PP, Heylings DJ, Stevenson M, et al. The impact of curricular
change on medical students’ knowledge of anatomy. Med Educ 2003; 37:
954-961.
16 Prince KJ, Scherpbier AJ, van Mameren H, et al. Do students have
sufficient knowledge of clinical anatomy? Med Educ 2005; 39: 326-332.
17 Turney BW. Anatomy in a modern medical curriculum. Ann R Coll Surg
Engl 2007; 89: 104-110.
18 Azer SA, Eizenberg N. Do we need dissection in an integrated problembased learning medical course? Perceptions of first- and second-year
students. Surg Radiol Anat 2007; 29: 173-180.

19 Silen C, Wirell S, Kvist J, et al. Advanced 3D visualization in studentcentred medical education. Med Teach 2008; 30: e115-e124.
20 de Leng BA, Dolmans DH, Muijtjens AM, et al. Student perceptions of a
virtual learning environment for a problem-based learning undergraduate medical curriculum. Med Educ 2006; 40: 568-575.
21 Corrigan M, Reardon M, Shields C, et al. “SURGENT” — student
e-learning for reality: the application of interactive visual images to
problem-based learning in undergraduate surgery. J Surg Educ 2008; 65:
120-125.
22 Modell HI. Helping students make sense of physiological mechanisms:
the “view from the inside”. Adv Physiol Educ 2007; 31: 186-192.
23 Dee FR, Meyerholz DK. Teaching medical pathology in the twenty-first
century: virtual microscopy applications. J Vet Med Educ 2007; 34: 431436.
24 Conrad PA, Hird D, Arzt J, et al. Interactive computerized learning
program exposes veterinary students to challenging international animal-health problems. J Vet Med Educ 2007; 34: 497-501.
25 Seybert AL, Kobulinsky LR, McKaveney TP. Human patient simulation in a
pharmacotherapy course. Am J Pharm Educ 2008; 72: 37.
(Received 30 Oct 2008, accepted 31 Mar 2009)

MJA • Volume 191 Number 1 • 6 July 2009

❏

37

