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in Mmedical education

ormal scholarship in the biosciences first became

part of medical training in the second half of the

19th century, when medical apprenticeship and
learning at the bedside was replaced by the collegiate
system of undergraduate training in Germany and France.
Teaching and learning in the sciences — physics, chemistry
and biology — preceded and then was interspersed with
clinical training.! This structure is still visible in 21st
century medical education.

Here, we explore the arguments surrounding the need
for bioscience knowledge in medical education, and focus
on two critical questions: does bioscience learning assist in
educating medical students to become competent doctors,
and, if so, what are the most effective teaching and
learning methods to facilitate this outcome?

Traditionally, the biosciences included anatomy (and
embryology), physiology, biochemistry, microbiology and
pathology. With the expansion of medical knowledge in
the 20th century, other disciplines, such as pharmacology,
immunology, neuroscience and genetics, have gained
equal importance. Knowledge of medical ethics, commu-
nication, population health and the social sciences has also
been recognised as important for developing clinical
expertise,? but there is debate about whether these disci-
plines should be regarded as belonging to the core bio-
sciences. We will focus on the “traditional” bioscience
disciplines.

In 1910, the Carnegie Foundation commissioned a review
of medical education in the United States and Canada. The
resulting Flexner report was influenced by European ideas
about medical education and recommended that medical
school programs consist of 2 years of university-based
bioscience instruction, followed by 2 years of clinical expe-
rience in hospital settings.? The report fostered a model of
scientific study of the core bioscience disciplines as the
foundation of medical school education. The effect of these
reforms was to separate academic and clinical environ-
ments, so that students did not see patients until comple-
tion of the preclinical basic science years. This became the
model for medical schools in North America, the United
Kingdom and Australia, for a large part of the 20th century.

The next major shift in bioscience education in medical
school programs came in the late 1950s, with the move to
more integrated and self-directed approaches to learning.
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The recent 100-year anniversary of the Flexner review
and the release of the Australian Medical Education
Study have stimulated vigorous debate about the role of
bioscience knowledge in medical education.

Two critical guestions define debate in this area: does
bioscience learning assist in educating medical students
to become competent doctors, and, if so, what are the
most effective teaching and learning methods to
facilitate this outcome?

There is tacit acceptance that specific bioscience
knowledge is critical for the development of clinical
expertise; however, there are few empirical data to
support this notion.

Two differing theories have been proposed to describe
the role of bioscience learning in the development of
clinical reasoning skills — the “two-worlds” model and
the “encapsulation” model. A series of studies provides
support for the encapsulation model.

Some medical programs are now integrating bioscience
teachinginto the clinical years of the course. Evidence of
the effectiveness of this on outcomes, such as improved
clinical reasoning, is inconclusive.

An organ-based program at Case Western Reserve Univer-
sity (Cleveland, USA) merged the teaching of basic science
and clinical knowledge, and was closely followed by the
development of problem-based learning (PBL) at McMas-
ter University (Ontario, Canada).! As well as providing a
framework for applying bioscience and clinical knowledge
to actual patient problems, the PBL model promoted
critical analysis of information and encouraged students’
active participation in collaborative small groups. PBL
became the mainstay of medical education in the latter
part of the 20th century.

With the recent 100-year anniversary of the Flexner
report and numerous studies evaluating the effectiveness
of PBL, there has been vigorous debate about the role of
bioscience teaching and learning in medical school pro-
grams.? In Australia, this debate has been fuelled by the
2008 Australian Medical Education Study (AMES), which
evaluated critical educational factors contributing to the
outcomes of undergraduate medical education in Aus-
tralia.* The AMES specifically highlighted the variation
across Australia in the amount, type and method of bio-
science teaching and learning within medical school pro-
grams. There was concern that the depth of bioscience
knowledge needed for acquiring clinical expertise was not
clearly defined in most medical programs, and that out-
comes did not appear to align well with stakeholders’
expectations at the vocational level of training.



Several plausible mechanisms by which bioscience learn-
ing in medical programs might assist in developing clinical
expertise have been proposed (Box 1).

Building clinical competence

The proposition that instruction in the biosciences makes it
easier to acquire clinical knowledge and skills has a high
degree of face validity, but there are few empirical data to
support it. One study demonstrated the role of bioscience
knowledge in identifying oral and maxillofacial abnormali-
ties.® Dentistry students taught to identify pathophysiolog-
ical features using basic bioscience performed better on
immediate cued-recall tests than students taught using a
structured algorithm or a list of clinical features. Compared
with students who simply memorised the list of features,
those with basic science knowledge better understood why
certain pathophysiological features occurred, and the rela-
tionship of these features to facial abnormalities.

Despite the lack of published studies, the concept that
formal instruction in bioscience underpins the develop-
ment of specific clinical expertise is widely accepted by
academic and clinical educators. The critical issue is how
much bioscience knowledge is the minimum required for
all doctors (to be included in entry-to-practice medical
programs) and how much is required for developing spe-
cialised expertise (and can be deferred until postgraduate
vocational programs). Opinion is divided between, and
even within, disciplines over this issue, and is best illus-
trated by the vigorous debate in the surgical community
about the amount of anatomy teaching needed in contem-
porary medical programs.®

A recent report by the Association of American Colleges
and the Howard Hughes Medical Institute describes an
attempt to define the breadth and depth of bioscience
learning required in entry-to-practice medical programs
through a consensus of US experts.” The report outlines
the competencies and learning objectives necessary for
bioscience teaching and learning in premedical and medi-
cal programs. The recommendations emphasise the
importance of traditional bioscience disciplines but, con-
tentiously, do not mention a working knowledge of anat-
omy as being a core proficiency. As yet, there are no
publications describing benchmarking by medical schools
in the US, or indeed elsewhere, against the standards set
out in the report.

Enhancing diagnostic reasoning

The mechanism most widely discussed in the research
literature by which bioscience knowledge might develop
clinical expertise concerns diagnostic reasoning. This cog-
nitive process has been investigated over the past few
decades, and two differing theories have been proposed to
describe the role of bioscience learning in the development
of clinical reasoning skills — the “two-worlds” model® and
the “encapsulation” model’ (Box 2).

Proponents of the two-worlds model argue that experi-
enced doctors separate their bioscience knowledge from
their clinical knowledge to effectively create two worlds that
only minimally interact during the reasoning process.® The
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1 The importance of bioscience knowledge for developing clinical competence
Bioscience knowledge:

explains the biological basis of health and disease and provides a framework for
learning

assists in understanding medical research and advances in aetiology and treatment
allows concepts in health and disease to be explained to patients and other health
professionals

makes it easier to counter irrational thinking about health, disease and medical
treatment

confirms the biological plausibility of disease if specific clinical information is missing
or unclear, thus allowing clinicians to optimise diagnosis, investigation and illness
management

provides a scaffold for exploratory problem solving using a combination of formal
education, self-education and experience *

rationale is that expert clinicians show little tendency to use
basic science when describing patient presentations, instead
relying on clinical knowledge, associations and classifica-
tions to formulate solutions to diagnostic problems.&1011

In contrast, the encapsulation model is built on the
premise that bioscience knowledge is required to build the
foundations of clinical knowledge networks for diagnostic
reasoning.’ For novice medical students, patient presenta-
tions are characterised using detailed bioscience knowl-
edge that is causal in nature and describes disease
processes in terms of pathophysiological function. This
knowledge gradually becomes integrated with clinical
knowledge through repeated application during encoun-
ters with patients. With further clinical experience, this
organised clinical knowledge matures into prototypes of
previously encountered patients, known as illness scripts,
which contain little or no explicit bioscience.’ In other
words, as students become more experienced, their rea-
soning becomes more like that of an expert clinician.
Bioscience knowledge structures are subsumed into clini-
cal knowledge, allowing the use of pattern recognition to
make shortcuts in diagnostic reasoning by viewing symp-
toms and signs as integrated wholes rather than individual
features. This model also explains why there is very little
mention of basic science principles or mechanisms in
explicit recall of diagnostic reasoning by expert clinicians.?

2 Visual representation of the “two worlds” and
“encapsulation” models of bioscience knowledge and
diagnostic reasoning®®

Two worlds

Bioscience knowledge ..

: »  Diagnostic reasoning

5
Clinical knowledge /

Encapsulation

A. Novice medical student

Bioscience knowledge
—— > Diagnostic reasoning
Clinical knowledge
B. Experienced clinician

Bioscience knowledge

—— > Diagnostic reasoning
Clinical knowledge
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3 Comparison of two potential learning mechanisms to attain clinical competence

Integrated bioscience and clinical knowledge

Clinical features learnt in the context of an understanding of the

Clin

ical knowledge only

Learning mechanism

pathophysiology and causal mechanisms of the disease

Learn causes of osteoarthritis

Clinical features of disease learnt

Example: Osteoarthritis

Genetic, overweight, injury, inflammation, bone disease

Learn pathophysiology of osteoarthritis

A.Abnormal forces on normal cartilage
eg, cartilage surface irregularities; malalignment of the joint; loss of

ligamentous stability; loss of protective sensory feedback; other causes

(eg, obesity, occupation)
B. Normal forces on abnormal cartilage

eg, pre-existing arthritis; metabolic abnormalities; genetic
C. Normal forces on normal cartilage supported by stiffened subchondral bone

eg, Paget disease

Learn pattern of joint involvement in osteoarthritis

Axial: cervical and lumbar spine

Peripheral: distal interphalangeal joint, proximal interphalangeal
joint, first carpometacarpal joints, knees, hips and first
metatarsophalangeal joint

Learn symptoms

Joint pain

Morning stiffness lasting < 30 minutes
Joint instability or buckling

Loss of function

Learn signs

D. Normal forces on normal cartilage supported by weakened subchondral bone

eg, avascular necrosis

Learn clinical features of osteoarthritis

Joint pain in specific joints, stiffness and/or tenderness; limited range of
motion; crepitus; joint effusion; bony enlargements (osteophytes)

A series of studies provide support for the encapsula-
tion model."*!® Medical students were instructed about
patients with neurological and rheumatological condi-
tions, using basic science explanations, or symptom
probabilities or epidemiological information.’*!* The stu-
dents” diagnostic performance was tested immediately
after the intervention and again a week later. The stu-
dents taught using bioscience explanations performed
better in the test after 1 week than those taught using
symptom probabilities or epidemiological information
alone. Box 3 gives an example of two potential learning
mechanisms (with and without integrated bioscience)
applied to osteoarthritis.

In the third study, medical students were taught about
four fictitious diseases, using either causal explanations or
symptom lists, and were then tested on their knowledge.®
The students exposed to causal learning again outper-
formed those taught with symptom lists alone, offering
further support for the hypothesis that diagnostic compe-
tence may be facilitated by encapsulation of bioscience
knowledge into clinical material.

Evidence-based practice

Several authors have proposed that bioscience teaching
and learning develops skills for evidence-based prac-
tice. 11017 While there is currently no evidence to directly
support this, it makes intuitive sense that developing and
applying core evidence-based practice skills — formulating
a clinical question and integrating information into clinical
practice — needs a solid foundation of bioscience knowl-
edge. Knowledge of anatomy, pathology, pharmacology
and immunology allows clinicians to appraise the rele-
vance and applicability of research evidence to a particular
clinical scenario, and to develop an organisational frame-
work, so that appropriate comparisons and choices can
be made and justified. For example, understanding how
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Bony enlargement at affected joints
Limitation of range of motion
Crepitus on motion

Pain with motion

Malalignment and/or joint deformity

pharmacological agents compensate for pathophysiologi-
cal mechanisms of disease allows clinicians to develop a
systematic and rational approach to drug therapy.

The clinician—scientist

Another argument for providing medical students with the
opportunity to study biosciences is that the excitement of
discovery will increase their likelihood of becoming
involved in research in the future. This premise was
accepted by those who trained medical students in 19th
century Germany.'® Support for this argument comes from
those who see advances in medical care as being derived
from curiosity-driven science, rather than the pursuit of
science to achieve particular clinical outcomes.!’ The
reduced amount of bioscience teaching and learning in
medical programs has been blamed for the declining
numbers of clinician-scientists worldwide, although it is
acknowledged that multiple factors are contributing to this
situation.”

The Flexnerian model

Although the Flexner report improved scientific rigour in
medical school programs, it promoted a curriculum that
separated bioscience learning from clinical learning and
divided the biosciences into individual disciplines, the
epitome of the two-worlds model. Moreover, the conven-
tional Flexnerian instruction model was based on impart-
ing knowledge through lectures and other didactic
teaching. Given that emerging evidence supports the
encapsulation model, a Flexner curriculum may not be the
most effective way of developing clinical expertise from
bioscience knowledge.



Problem-based learning

The introduction of PBL has substantially changed how
medical programs deliver bioscience teaching and learn-
ing. In PBL, the integration of bioscience and clinical
learning is combined with a constructivist approach pro-
posing that students learn best by building their own
knowledge within clinical contexts. All Australian medical
schools apply PBL to the preclinical and, in some cases, the
clinical phases of their programs. Published research sug-
gests that PBL is preferred over conventional course learn-
ing by both students and teachers. This is because, unlike
purely didactic teaching, it provides a clinical context for
learning and more effectively develops students” diagnos-
tic reasoning skills.?12

However, several authors have suggested that the
amount of bioscience knowledge students gain from PBL
programs is less than that of their colleagues from conven-
tional courses.?*® The AMES survey of medical students,
recent graduates, employers and clinical trainers noted,
when highlighting concerns about the breadth and depth
of student bioscience knowledge, that use of PBL “...
encourages hypothesis generation which may not be based
on fact ...”?” Balanced against the substantial resources
required for its implementation, PBL may not have much
advantage over conventional courses for bioscience learn-
ing, particularly once students have entered the profes-
sional workforce. Variations, such as case-based,
community-based or computer-assisted learning, have
been applied at some medical schools, but there is little
evidence as yet to determine whether these methods are
superior to conventional PBL.

Bioscience in the clinical years

A more recent approach to using bioscience learning to
develop clinical expertise has been the delivery of bio-
science courses in the clinical years of medical programs.
Of 127 US and 17 Canadian medical schools surveyed,
19% of the US schools and 24% of the Canadian schools
offered bioscience courses in the clinical years.?® As an
example, at the University of Pittsburgh School of Medi-
cine (Pittsburgh, USA), the following integrated life-sci-
ence courses are offered in the clinical years: neoplastic
disease, clinical pharmacology, infectious disease, surgery
integrated life sciences, molecular medicine and the sci-
ence of resuscitation. Similar programs have been imple-
mented at medical schools elsewhere in the world, but
evidence of the effectiveness of promoting bioscience
integration on outcomes such as improved diagnostic
reasoning is inconclusive.?

The evidence we present, although not definitive, supports a
substantial role for bioscience learning in the development
of clinical competence, in particular for diagnostic reasoning
skills and specific clinical expertise. Published research also
supports the provision of bioscience learning in a clinical
context to enhance retention and assist with the transition
to professional practice. Thus, the divide between univer-
sity-based preclinical bioscience learmning and subsequent
clinical learning in hospital settings, as advocated by
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Flexner, and the traditional structure of medical schools
worldwide, would seem inappropriate. Instead, increased
interaction between the preclinical and clinical stages of
medical training, with the breadth and depth of bioscience
learning determined by current and future clinical require-
ments, would appear to be a better pedagogical model. This
approach supports case-based learning and PBL, but further
reinforcement of bioscience principles in the clinical years
would consolidate this knowledge and place it within a
diagnostic context. The current trend to integrate bioscience
and clinical education is, therefore, to be encouraged, but
evaluation of such programs will ensure greater certainty
about the role of bioscience and determine the success of
any educational intervention.
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