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Abstract
The Cultivation of Medical Expertise in Small Group Process
by
James Kimo Takayesu
Master of Science in Health and Medical Sciences
University of California, Berkeley

Professor Henrik L. Blum, Chair

Introduction: Small Group Process (SGP) is a form of problem-based learning that
stimulates students to explore basic science domains through the use of clinical cases.
Emphasis in SGP is on the explanation of the relationships between basic science and
clinical medicine in a cooperative setting. While theories exist expounding the benefits of
problem-based learning, there is a paucity of research documenting what exactly underlies
the transformation of the medical student into an expert clinician. Thus, the pathway to
expertise -- the goal of medical education -- remains undefined. The purposes of this study
are: (1) to characterize the cognitive activities that students practice in SGP; and (2) to

relate these activities to theories of medical learning and models medical expertise.

Methods: Quantitative and qualitative data were collected from students and instructors
during a semester-long Neurobiology course in the form of cognitively-based evaluations
and learning style questionnaires. Several class sessions were transcribed and coded for

interaction, subject content, and cognitive activities.

Results: Students spend one-third to one-half of SGP sessions actively discussing basic

science concepts both in and out of the context of clinical problems. Approximately one-



seventh of the time is spent organizing learning goals, group directions, and out-of-class

study.

Conclusions: SGP encourages an explanation-based learning of the basic sciences. In
working together, students practice many cognitive skills that have been identified as
essential characteristics of expert clinical care. However, the actual cognitive processes of
the expert differ significantly from those of the novice. Thus, the author argues that SGP,
like any other teaching method, does not and cannot explicitly teach the reasoning

processes of expert medical cognition.
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Chapter One; Literature Review

I, Introduction

The medical course cannot produce a physician. It can only

provide the opportunities for a student to secure an

elementary knowledge of the medical sciences and their

application to health problems, a training in the methods and

spirit of scientific inquiry, and the inspiration and point of

view which come from association with those who are

devoting themselves to education, research, and practice.

Medicine must be learned by the student, for only a fraction

of it can be taught by faculty. The latter makes the essential

contributions of guidance, inspiration, and leadership in

learning. (p. xiv)

-- W.C. Rappleye, AAMC Commission on Medical

Education, 1932

Medical schools have a daunting task: to provide a person with the biological,

psychological, and sociological knowledge to care for someone else's life and well-being.
This foundation of clinical knowledge must be formed in only four years. Medical schools
carry the responsibility for guiding students toward the knowledge, skills, and attitudes that
will make them effective health care providers. In turn, students must continue to educate
themselves throughout their medical careers to sustain a certain level of competency. Since
the call for standardization of medical education by the Flexner Report at the turn of the
century (Flexner, 1910), US medical schools have been grappling with ever-growing lists
of requirements for their students. Over the last twenty years, Problem-Based Learning

(PBL) methods! have replaced lectures in some medical classrooms with the hope of

encouraging student-driven inquiry and self-directed learning. The expectation of such

!'1 am including various cooperative teaching methods (i.e. those requiring students to work together to
learn) under PBL. Discussion in cooperative teaching methods in medicine will often be driven by a
problem, even if the discussion is focused on understanding the information of a domain (i.e. a discipline's
body of knowledge) and not wholly the problem itself.



inquiry is that students will acquire the cognitive skills that enable a life of continuous

learning in medicine (Norman & Schmidt, 1992).

Many curricula use variations of PBL in the medical and health-related fields. One
can find examples in nursing (Hiebert, 1996; Goodfellow, 1995; Beck, 1995;
Stockhausen, 1994; Moses, 1992; Glendon & Ulrich, 1992), physical therapy (DeClute &
Ladyshewsky, 1993), osteopathic medicine (Johnson et al., 1992), clinical (Chapman et
al., 1996; Timpka & Marmolin, 1995; Mold et al., 1995; Levitt et al, 1994; Marvel et al.,
1993), and undergraduate medical education. Within undergraduate medical education,
PBL has been used to teach entire curricula (see Albanese & Mitchell, 1993 for a meta-
analysis) as well as subsets of other curricula such as communication skills (McManus et
al., 1993; Lynch et al., 1992) and introductory clinical reasoning (Slavin, et al., 1995;
Rogers et al., 1995; Lewkonia et al. 1993; Thomas, 1992).

Because PBL environments are more complex than traditional lecture-based
classrooms, their success is extremely variable. Unlike lectures, successful PBL
classrooms depend on more than just the instructor's ability to communicate knowledge
clearly. Their success also depends on student interactions and the tutor's subject matter
knowledge, facilitation skills, and communication skills (Schmidt & Moust, 1995;
Schmidt, 1994, Schmidt et al., 1993). The classroom interaction brings numerous skills
and attitudes into the learning process. The quality of the PBL learning process depends on
both the instructor and the participating students working together in a succession of
somewhat unpredictable interactions. In recent years there has been a growing body of
research focusing on differences between PBL and conventional medical curricula
(Albanese and Mitchell, 1993). However, there remains little known about the learning

processes encouraged by PBL classrooms.

The purpose of this paper is to characterize a particular type of PBL called Small

Group Process (SGP) and understand its cognitive value in undergraduate medical

2



divided into two categories: inert and active (Brien & Eastmond, 1994). Inert knowledge,
a phrase coined by Alfred North Whitehead in the early 1900s, refers to knowledge that is
committed to memory but not applied to a task or a situation. For example, a student may
learn the cardiac cycle from a textbook. This knowledge is untested and as such is
information that the learner does not know how to apply correctly in the real world. Active
knowledge, on the other hand, is knowledge that the learner has applied. If our student
were to use her knowledge of the cardiac cycle to care for a patient in congestive heart
failure, she would not only know what the cardiac cycle is, but also how to apply it to a
situation. She thus transforms the cardiac cycle concept from a simple set of facts (inert
knowledge) into a functional concept (active knowledge). Alfred North Whitehead (1929)
states, "utilizing an idea... [relates] it to that stream, compounded of sense perceptions,
feelings, hopes, desires, and of mental activities adjusting thought to thought, which forms
our life.... Education is the acquisition of the art of the utilization of knowledge."
Applying knowledge makes one consider the value, the universality, and the relation of a
piece of information in the context of the other pieces of information that real world tasks

require.

An attitude is defined as "a feeling or emotion toward a fact or state". Attitude
comprises a broad range of psychosocial issues. One focus of this paper is how a
student's attitude about their learning style impacts upon the perceived effectiveness of a
teaching method. Kolb’s experiential learning theory (Kolb, 1981) divided learning into
four major activities: (1) concrete experience; (2) reflective observation; (3) abstract
conceptualization; and (4) active experimentation. As an individual matures, s/he tends to
move towards one pole of two axes, gaining a self-concept of how s/he learns the best.
One axis aligns the concrete-abstract poles, the other axis aligns the reflective-active poles.
In theorizing about disciplinary differences in learning styles, Kolb (1984) hypothesized
that the majority of learners in medicine would be amalgams of all four types of learning

poles, thereby possessing a broad palette of styles that would permit adaptability to multiple

8



tasks. Drawing from this model one would expect medical students to succeed relatively
equally across different classrooms because of their ability to adapt to a variety of

educational requirements.

A skill is a broad term that may be divided into two major groups of skills:
procedural skills and cognitive skills. Procedural skills are physical. Handling an
otoscope, performing a biopsy, and writing while rushing down a hospital corridor are all
procedural skills. They require a physical ability to carry out a task. Cognitive skills are
mental. In defining cognitive skill acquisition, VanLehn (1996) defines a cognitive skill as
"the ability to solve problems in intellectual tasks, where success is determined more by
subjects’ knowledge than by their physical prowess." This broad definition clearly
separates cognitive skills from procedural skills. However, it does not give much insight
into what specific cognitive skills comprise expert thinking. Indeed, there is a paucity of
research on cognitive skill acquisition in the transition from novice to expert in any domain

(VanLehn, 1996).

The overall goal of medical education is to set the novice on a pathway that leads
towards expertise. Together, knowledge, skills and attitudes define that pathway. Having
defined these terms, the discussion will now explore how cognitive skills may be

incorporated into medical education.

1L Learning objecti

If we indoctrinate the young person in an elaborate set of
fixed beliefs, we are ensuring his early obsolescence. The
alternative is to develop skills, attitudes, habits of mind, and
the kinds of knowledge and understanding that will be the
instruments of continuous change and growth on the part of
the young person. Then we will have fashioned a system
that provides for its own continuous renewal.

-- John Gardner, Self-Renewal: The Individual and the
Innovative Society, 1964.
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Following the thoughts of Dewey, Gardner envisions education as providing the individual
with a set of skills that permit life-long change and self-renewal. The objectives of
undergraduate medical education are primarily set in the context of basic science
knowledge. Learning tends to proceed along such objectives, thereby permitting students
to neglect pursuing the skills required to interpret and update that fund of knowledge. After
a brief discussion of informational objectives, the paper will focus on characterizing the
cognitive skills that might allow for the "continuous renewal" of one's understanding and

medical expertise itself.

A. Informational learning objectives

As stated above, much of medical teaching and learning is based on the
informational criteria set and tested by the Federation of State Medical Board Examiners
(FSMBE) and the National Board of Medical Examiners (NBME) (Swanson et al., 1992;
AAMC, 1984). A topic list is published yearly to inform students and faculty of the
testable subject areas that may be considered by the NBME on the United States Medical
Licensing Exam step I (USMLE I). The purpose of this exam is to assess whether an
"examinee understands and can apply key concepts of basic biomedical science with an
emphasis on the principles and mechanisms of health, disease, and modes of therapy."

(FSMBE, NBME, 1996)

The traditional, lecture-based medical curriculum assumes that in committing
biomedical science concepts to memory, one will create an integrated knowledge base
sufficient to support clinical thinking. How does the medical student progress from
memorized fact to clinical thinking? As noted previously, knowledge committed to
memory is inert until employed in a context. Thus, setting learning objectives that are

purely informational in scope falls short of the NBME's intention. While a student might
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understand a concept, this does not mean that s/he can apply it correctly. Thus, it seems
the goal of UME should comprise more than understanding. It should stimulate and assess
the practice of applying knowledge as well. Furthermore, the practice of medicine also
requires an ability to communicate one's understanding to others in clinical problem-
solving with patients and fellow health-care workers. Two question arise: what skills are
required to apply knowledge to problems? What other skills are required of a medical
expert in order to practice skilled and compassionate medicine? The next section explores

the skills that are set nationally as objectives for graduating physicians.

B. SKkill learning objectives

While there is a plethora of information-oriented learning objectives for pre-clinical
training (NBME, 1997), there is no corresponding set of skill-oriented objectives. This is
in contrast to clinical medicine in which specialty and subspecialty boards determine and
publish sets of skills relevant to clinical practice. The search for skills essential to the
practice of medicine has yielded multiple lists. The AAMC (1984) identifies several

"qualities” that should characterize all physicians:

* to be caring, compassionate, and dedicated to patients

* to be committed to work, to learning, to rationality, to science, and to serving the

greater society

* to be able to weigh the possibilities and to devise a plan of action responsive to the

personal needs of each patient

e to strive to attain and maintain the above attributes



All of these represent skills. One might argue that compassion is not a mutable skill as is,
for instance, devising a plan of action to solve a clinical problem. However while one's
personality may be relatively fixed by the time one reaches professional school, one's
procedural ability to express concern, to listen, and to accommodate others most likely is
not. While it seems ridiculous to change a student's sociopolitical attitudes, improving the
student's ability to show restraint, compassion, or interest to patients does not. The
following quote identifies multiple skills essential to the clinician, linking the ability to
establish rapport with patients to the actual diagnosis and treatment of their disease:

.. skills in the collection of information from and about

patients, in the establishment of rapport with a patient to

facilitate both diagnosis and therapy, in the application of the

scientific method to the analysis, synthesis, and management

of problems, in the identification and critical appraisal of

relevant literature and clinical evidence, and in the

continuation of effective learning. (p.1)
These skills were echoed in 1991 when the Pew Health Professions Commission surveyed
medical doctors, asking them to rate the importance of acquiring various skills during their
medical school training. Among the statements rated most important were: diagnosing and
treating disease (97%), communicating effectively with patients and families (92%),
problem-solving and independent thinking (88%), and pursuing a lifetime of continuous
learning (83%) (Finnochio et al., 1995). This albeit short list of cognitive skills begins to
form a picture of the perceived skills that contribute to the target of medical education --
medical expertise. However, defining objectives does not necessarily guarantee their

reflection in teaching or learning. Certainly, lecture-based curricula would be limited in

their ability to cultivate these skills.

While these skills are recognized as important for one’s medical education, they are
rarely referred to explicitly in the pre-clinical courses of UME. Instead, they are left
unstated or largely undefined. Bloom (1989) states:

Medical education, much like medicine itself, tends to be
perceived primarily as an intellectual  activity.

12



Notwithstanding the ever-present reminders that medicine is

a consulting profession and not a unified scholarly

discipline, the emphasis in training for the profession is on

medical knowledge and its development. Accordingly, the

focus of inquiry about medical schools has been on ...how

teachers transmit ideas and how students acquire them.

Thus, goals of performance, of professional behavior, are

subordinated to goals of ideation. The assumption is that

behavior follows from knowledge. (p. 232)
If the goals of communicating effectively and pursuing self-directed study are not explicitly
stated, as are the basic science objectives in UME, then how is the medical student or
faculty to know that these are valuable and intended educational objectives? Unstated
learning objectives are rarely learned (Resnick & Resnick, 1992). It seems unlikely that
learners faced with volumes of medical information to “master” would also voluntarily
undertake defining and acquiring the specific cognitive skills that characterize the expert
clinician. While informational objectives abound, the difficulty in lecture-based learning is

the dearth of identified skills and attitudes with which to contextualize learning. How can

such objectives be incorporated into the medical curriculum?

Problem-Based Learning (PBL) attempts to incorporate the goals of performance
that Bloom refers to above by requiring learners to actively pursue knowledge rather than
be passive recipients of it (Norman & Schmidt, 1992). The key assumption is that this
pursuit of knowledge stimulates the acquisition of skills that experts use in their own
problem-solving process. The student acquires the knowledge and the skills relevant to
thinking in that domain in parallel (Barrows, 1988). Whether or not the knowledge gained
through problem-solving is qualitatively different from that gained passively is
controversial (Norman & Schmidt, 1992). PBL is only an approximation of the actual
practice of medicine and medical thinking. While the cognitive skills that it stimulates the
student to practice may overlap with the skills of an expert clinician, they might not be
entirely identical. Indeed, the objectives of these two activities differ. While clinical

thinking is directed at solving a clinical problem, PBL is directed at using a clinical
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problem to stimulate the learning of related basic science concepts. This difference in

intention may give rise to differences in cognitive practice.

C. How might a teaching method implicitly address skill acquisition in a

learner?

The AAMC's goal of stimulating "active learning" in medical education requires
additional structuring of the educational environment. While passive learning is guided by
the expert in his or her lectures, active learning can be thought of as goal-driven learning
that requires the identification and pursuit of specific knowledge goals by the learner (Ram
et al., 1995). Goal-driven learning requires multiple skills. Ram et al. (1995) describe
characteristics of their model of goal-driven learning as being: (1) active ; (2)experiential,
occurring through performance of a reasoning task; (3) opportunistic in that goals not
immediately satisfiable are postponed to times when opportunities arise to meet them; (4)
diverse, requiring multiple strategies to acquire, construct, and re-organize knowledge; and
(S)introspective, requiring reflection on one's performance (e.g. learning from one's
mistakes) as well as monitoring one's progress towards established learning goals (Ram et
al., 1995). Each of these characteristics connotes a different set of cognitive skills that a

learner must exercise in pursuing active, goal-driven inquiry.

Expecting a learner to cover the same breadth of knowledge in a domain through
active inquiry to the same extent that s/he might cover it in a passive learning environment
is unreasonable. In addition to the informational goals of the inquiry process, the learner
must also identify and practice the cognitive skills that support active exploration of the
domain. One may think of a course's educational objectives as being the product of the

number of skills the student is to acquire and the quantity of factual knowledge the student

14



is expected to achieve. This product is a constant reflecting the limited time and cognitive

resources of the learner:
(Skills student practices)(Factual knowledge) = K (cognitive performance)

A learning environment that stimulates active pursuit of knowledge thus limits the breadth
of content coverage in a domain. As more skills are added to the learner's list of objectives
for the classroom (i.e. what s/he is supposed to practice and learn via the teaching method),
content coverage must decrease. This is not to say that learning is compromised. Rather,
the student's cognitive engagement is distributed amongst cognitive skill acquisition and

knowledge acquisition.

1. Objectives of the teacher (intentions of teaching method)

Cooperative learning is a teaching method that is associated with the development of
higher order thinking skills and prosocial behavior (Cohen, 1994). The educational
outcomes of such a classroom are unique to the structure of the learning environment.
Noddings (1989) refers to such outcomes broadly as the "productivity" of the classroom.
Interactions that occur in cooperative learning stimulate the development of cognitive skills
and conceptual learning. In this sense, the intended objectives of the classroom's structure
are not derived simply from the content of the domain, but rather include certain specific

cognitive skills that are implicit in the structure of the teaching method.

Barrows (1988) describes many cognitive skills that are required of the learner by
cooperative PBL classrooms. In addition to the information that students in the traditional
lecture-based track must learn, students in the PBL track must also acquire and exercise
skills such as deciding the quality and relevance of multiple information resources, making

decisions about a problem based on intuition or probability, critiquing the adequacy of
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one's knowledge, and using such knowledge to direct one's further learning. Indeed, it
appears that PBL's intentions overlap significantly with Ram et al.'s (1995) concept of

goal-driven inquiry.

2. Objectives of the learner (expectations of and reactions to method)

In a given teaching method, not all learners may achieve skills and knowledge to the
same extent.  Learners may have different learning goals for themselves. Research
suggests that students learn at different rates, possibly because they use different studying
strategies and different kinds of reasoning during learning (VanLehn, 1996). Bruner
(1985) theorizes that people adapt their approaches to learning based on the domain in
which they find themselves. In this sense, learning strategy is context-sensitive and, if one
is to learn in a domain, one must adopt learning strategies that best suit the task at hand.
Bruner goes on to advise instructors to embrace the diversity of learning strategies in
instruction:

... the best approach to models of the learner is a reflective

one that permits you to “go meta” [use metacognitive skills2

to adjust learning], to inquire whether the script [teaching

method or feature thereof] being imposed on the learner is

there for the reason that was intended or for some other

reason. ... We would do well to equip learners with a menu

of possibilities and, in the course of their education, to arm

them with procedures and sensibilities, that would make it

possible for them to use the menu wisely. (p. 8)
Bruner's emphasis on reflectivity parallels the introspectiveness of Ram's model of goal-
driven inquiry. In actively pursuing knowledge, the student must also pursue self-
awareness of his or her learning process in an effort to fit the learning strategy to the task.

This leaves open the possibility for the student to exercise skills or strategies of learning

that may not be the expected strategies of the instructor. Indeed, the intended goals of the

2 metacognitive skills are skills that allow one to reflect, understand and analyze how one learns.
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instructor and the learning intentions of the student are often not the same (Ng & Bereiter,
1995; Dolmans et al., 1993; Resnick & Resnick, 1992; Swanson et al., 1992). In three
separate studies of medical courses, the average percentage of faculty learning objectives
that medical students considered relevant to their learning ranged from 42% to 68%
(Dolmans et al., 1993; Tans et al., 1986; Coulson and Osborne, 1984). Perhaps making
the instructor's intended learning strategies and the strategies employed by the learner
explicit would bridge the gap between these learning objectives. One should not assume
that a learner will employ a particular learning strategy in a given situation. If the structure
of a course is meant to elicit certain behaviors or practices, these outcomes should be

present from the beginning rather than discovered at the end of the course.

The theory of cognitive styles contrasts Bruner's idea of cognitive strategies. While
the learner can employ or alter cognitive strategies, his or her cognitive style is not so
mutable (Kolb, 1981). Cognitive style refers to a learner's tendency to learn in a specific
way. For example, one may learn best by talking through problems with others rather than
sitting alone and contemplating theories. Multiple cognitive strategies adapt one's cognitive
style to the learning task. Congruence between a teacher’s and a learner’s cognitive styles
may lead to greater mutual acceptance in learning and, therefore, greater congruity between
student and instructor goals for learning (Bertini, 1986). Students who possess learning
characteristics  “congruent” with those of the instructor may perceive greater skill
acquisition because of their overlapping sets of cognitive expectations from the classroom
process. Students with non-congruent characteristics potentially have two strikes against
them: (1) s’he comes to the classroom with a self-concept of learning that is contrary to
some of the expectations of the instructor; and (2) s’he employs learning strategies that are

not cognitively congruent with the intentions of instruction.

Of importance, however, is the qualification that congruence between s