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Introduction

A common complaint in dental education is that many students struggle to apply
what they have learnt theoretically in the clinical context (Schmidt 1983; Masters
1989; Lowry, 1992; Graham 1996; DePaola & Slavkin 2004; Kalkwarf et al 2005).
There is a growing body of literature that argues for a relationship between
conceptual thinking and clinical reasoning in trying to understand this difficulty
(Rikers et al 2004; De Bruin et al 2005; Woods et al 2005; Novak et al 2006;
Woods et al 2006; Auclair 2007; Woods et al 2007). The literature signals as
significant for later application the way in which concepts are initially developed
(Woods et al 2007), the way in which concepts are linked (De Bruin et al 2005;
Novak et al 2006; Auclair 2007; Woods et al 2007), and the way in which
concepts are stored for retrieval (Novak et al 2006; Auclair 2007; Woods et al
2007). The argument presented in this article draws on the literature regarding
clinical reasoning and conceptual learning to highlight the kinds of learning that
dental students need to do in order more easily to transfer knowledge from the
theoretical to the clinical context.

The paper provides a theoretical framework for understanding how conceptual
learning is achieved, and the way in which conceptual understanding influences
clinical reasoning and the ability to transfer theoretical understandings to the
clinical contact. From this point of departure, the paper describes teaching
strategies that facilitate the kinds of learning that students need in order to
develop conceptual understanding and to be able to transfer knowledge from the
theoretical to the clinical context. The value of concept mapping as a strategy for
assisting the development of conceptual understanding, and for facilitating later
transfer, is highlighted. The paper makes a specific contribution to dental
education in that it extrapolates understandings about conceptual learning,
concept mapping and clinical reasoning from the medical and higher education
contexts and facilitates application of these concepts in dental education.
However, insights from the paper will have general applicability to other fields of
health sciences education since the paper highlights the role that conceptual
understanding plays in the transfer of preclinical knowledge to the clinical
application context.
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Understanding conceptual development

A concept is an encapsulation of ideas that are attributable to a single class or
grouping — what Simon et al (2004) describe as “a mental object” or “a cognitive
entity”. Conceptual understanding implies knowledge of an idea, and how it
relates to already acquired ideas (Suaalii & Bhattacharya 2007). It requires an
understanding of the contexts within which the idea is applicable, as well as its
limitations (Suaalii & Bhattacharya 2007). Conceptual development is
hierarchical, with new concepts or concept meanings subsumed under broader,
more inclusive concepts (Novak & Gowin 1984). Novak and Gowin (1984)
highlight the significance of “propositional relationship(s)” between concepts.
Propositional relationships are the explicit connections that are generated
between concepts (Novak & Gowin 1984). At the most simple, two concepts
might be connected with a linking word to form a proposition. Thus “sky is blue”
(Novak & Gowin 1984) indicates a valid proposition between the concepts “sky”
and “blue”.

Conceptual development and clinical reasoning

At a more complex level, propositions signal causal relationships between
concepts (Novak & Gowin 1984) — for example, the causal relationships between
biomedical concepts (ie, the basic mechanisms and functioning of the human
body) and clinical concepts (ie, the signs, symptoms and associated findings of
disease) (Woods et al 2007). Rehder and Hastie (2001) argue that the power of
causal theories lies in their ability to provide connections between features. In the
medical context, Woods et al (2007) suggest that causal connections between
basic science concepts and categories of disease contribute to the construction of
“illness scripts” (Schmidt et al 1990). Illness scripts are the individual theoretical
frameworks of disease that clinicians construct. They are the causal theories that
provide the relationships between biomedical concepts and clinical concepts.
Illness scripts contain “enabling conditions” (ie, features associated with
acquisition of the illness), a description of what is not functioning (ie, the “fault”),
the signs and symptoms that arise due to the fault (ie, the “consequences”), and
are built up through extensive contact with multiple patients with similar
symptoms (Schmidt et al 1990). Bransford et al (1999) argue that when students
are provided with the conceptual building blocks for such frameworks and when
they are encouraged to explicitly construct and articulate connections between
these concepts, knowledge transfer is enhanced.

Auclair (2007) provides an explanation of why this is so. Most problems,
including those of clinical diagnosis, are ill-structured (Auclair 2007).
Information required to solve a problem of clinical diagnosis needs to be
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organized into patterns so as to produce sense (Auclair 2007). Auclair (2007)
suggests that this ordering (in other words, the problem formulation) is simply
the structuring of concepts linked by understandings of their relationships. In
this way, a ‘model’ of a case is generated. Case generation involves the
establishment of causal propositions between incoming clinical information and
existing clinical and biomedical concepts. Using endocarditis as a case example,
Auclair (2007) explains how expert clinicians link conceptual knowledge about
bacteremia, valvular disease and embolic phenomena in causal relationships that
have diagnostic utility value. The way in which the clinical problem is formulated
— in other words, the way in which information regarding the patient problem is
organized and linked to both existing and incoming information — allows the
clinician to ‘recognise’ the case as belonging to a ‘theory’ of (in this case)
endocarditis. Auclair (2007) argues that it is the similarity between the concepts
and their relationships in both the case and the theory that allows clinicians to
recognise that they are indeed similar. Choosing which are the most pertinent
concepts to pay attention to may thus be the most important aspect in effective
diagnosis.

The development of appropriate (and correct) concepts and the establishment of
appropriate causal relationships between them are central to effective clinical
reasoning. It is these concepts, and their subsequent conceptual networking in
the context of extensive and repeated exposure to multiple patients with similar
symptoms, that results in competent diagnosis (Rikers et al 2004; Woods et al
2005; Novak et al 2006; Woods et al 2006; Auclair 2007; Woods et al 2007).
Teaching and curriculum planning in dental education can make a contribution
to all three of these aspects — the development of basic concepts, opportunities to
network concepts, and extensive and repeated exposure to multiple patients with
similar symptoms.

Implications for teaching and learning

Learning is the inborn mental ability and tendency in humans to create records of
experience, to sort and compare records, to identify patterns, and thus to
establish concepts (Von Glasersfeld 1995). In order to reason, plan and make
good decisions, an individual must be able to generalize what has been learnt in
the past to new learning, and be able to apply and extend this learning to a range
of situations (Haskell 2001).Transfer — the application of learning acquired
within a certain task, situation, or context to another, different task, situation, or
context (Murphy & Tyler 2005) — is at the heart of being able to generalize from
one situation to another. Transfer is achieved through the process of “mindful
abstraction” (Salomon & Perkins 1989) — extracting what is “central, essential or
generic” (MacLellan 2005) from a context and creating a mental representation
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of these attributes (MacLellan 2005). These “units of representation” (Carey
1992) encapsulate concepts. Conceptual thinking involves creating and using
these “units of representation” (Carey 1992). In the context of clinical reasoning,
these “units of representation” (Carey 1992), from the apparently unrelated
sources of basic sciences, laboratory contexts, and previous patient encounters,
are recalled when a new patient is encountered — for example, when a dentist
recognizes the potential relationship between a reported sore throat and HIV
infection (see Figure 2).

The process of “mindful abstraction” (Salomon & Perkins 1989) is active, rather
than automatic (Salomon & Perkins 1989). It is achieved through the conscious
decisions that people make to use particular strategies to solve new problems
(Salomon & Perkins 1989), either because the strategies appear to present
themselves on relevant occasions (MacLellan 2005) or because the individual
deliberately searches for and retrieves previously learned strategies for potential
application in new situations. It is only the learner who can achieve this
abstraction and application (MacLellan 2005).

However, generating, recalling and using “units of representation” (Carey 1992)
requires deliberate practice. While experts recognize the constellation of signs
and symptoms and almost automatically infer associated encapsulated concepts
and so form a diagnosis (Rikers et al 2004), students need opportunities first to
develop the concepts and conceptual frameworks (see for example, Figure 1) and
then opportunities to apply these conceptual frameworks in the clinical context
(see Figure 2). Opportunities need to be created for extensive and repeated
exposure to multiple patients with similar symptoms (Rikers et al 2004; Woods
et al 2005; Novak et al 2006; Woods et al 2006) — as for example, in Figure 2,
students need exposure to patients with sore throats with a variety of associated
causes (for example, HIV infection, malignancies, immune compromised elderly)
in order for them to understand the diagnostic contexts within which their
particular conceptual frameworks are applicable, and where these frameworks
have potential limitations (Suaalii & Bhattacharya 2007). Practice is understood
to be deliberate because it involves the deliberate, conscious effort of a learner in
concept development, in concept application (ie, in clinical diagnosis), and in
monitoring one’s own understanding of the actual process of applying prior
knowledge to the ‘new’ clinical context (Bereiter & Scardamalia 1989). In the
clinical context, the teacher facilitates this development by making overt the
clinical reasoning process and by helping novice clinicians to understand their
thinking processes in action (Mandin et al 1997; Eva 2004; Kuiper & Pesut,
2004; Bowen 2006; Novak et al 2006).



Because of the interplay between theoretical learning and clinical application in
the development and networking of concepts, the teacher’s role is fulfilled both in
the classroom and the clinical context (Ramani 2003). It is in the classroom
where basic concepts — whether bio-psycho-social or medical — are developed
and where initial connections between them are forged. Conceptual development
is facilitated when learners are actively involved in their own learning process —
through opportunities to generate hypotheses, interpret data, and challenge and
affirm constructs which are viewed, within particular disciplines, as appropriate
ways of interpreting the world (Perkins & Salomon 1994; MacLellan 2005; Billing
2007; Suaalii & Bhattacharya 2007). Even given an appropriate learning
environment, there are, however, students who still struggle to extract the
essence from the detail and tend to miss the core concepts and their essential
relationships in the welter of background information to which they are exposed
— whether this is through formal input from teachers or when engaged in
problem-based learning or evidenced-based medical literature searches (Reilly
2007).

Teachers can help these students learn by making “an explicit effort to help
students understand knowledge structure and production” (Novak & Gowin
1984). One way in which this can be achieved is through the strategy of “concept
mapping” (Novak & Gowin 1984). Concept maps are intended to represent
meaningful relationships between concepts in the form of propositions (Novak &
Gowin 1984; All & Havens 1997; Gaines 1999; All et al 2003; Clayton 2006). Both
the concepts and the “linking words” signifying the propositional relationships
between concepts are recorded on the concept map (Novak & Gowin 1984). This
strategy allows students to work out what is core and what is not, what is
centrally significant to new learning, and how new learning relates to existing
knowledge (All & Haven 1997; Gaines 1999; All et al 2003; Clayton 2006). Figure
1 illustrates a concept map of the relationship between leukoplakia and HIV
infection that might be generated by a student. In this example, the boxes
represent the concepts and the elipses the connections that the student perceives
between the concepts.

Figure 1
A student’s concept map of the relationship between leukoplakia and HIV
infection



Fiaure 1 A student’s concept map of the relationship between leukoplakia and HIV infection

mucosal white lesions

—( asocalled ) | leukoplakia

recognized by

white patches

potentially malignant benign

trauma

E——

age
I [
elderlv 20-30
ArhAanls fAr ArhAanls fAr
candidosis
wihirh maane

immune compromised

svstemic disease

\

immune compromised

HIV e O hairv leukoplakia

QPD traat randidncic

cause of disease anti-funaal

confirm with

biopsv

hyperkeratosis
koilocytes

HIV infection confirmed




As is evident from the example, concept maps differ from traditional mind-
mapping in the explicitness with which the connections between concepts are
recorded (Mahler et al 1991; Jonassen et al 1993; Plotnick 1997; Novak 1998;
Chularut & DeBacker 2004; Clayton 2006; Hay et al 2008; Novak & Canas
2008). Indeed, Novak and Gowin (1984) argue that the power of concept
mapping as a learning and teaching tool lies in this recording since it allows for
the development of an understanding of the relationships among different bits of
information (All & Haven 1997; Baugh & Mellott 1998; Mueller et al 2002; All et
al 2003), and provides opportunities to build on previous knowledge and skills
(Baugh & Mellott,1998; Dobbin,2001). A study of the example illustrated in
Figure 1 demonstrates this claim. This student was required not only to identify
core concepts related to both leukoplakia and HIV infection, but also to ‘explain’,
through the relationship elipses, their connections. It is in making these
connections that students actually come to understand the complex relationships
between the various things that they have already learnt, as well as the
relationship between this knowledge and new information. Without the
connections, it is easy for a student to make a list of terms without really
understanding their significance or their inter-relatedness. Only in making the
explicit linkages is the student forced to think about what information is needed,
how it needs to be organized and sequenced, and how it fits together.

Concept maps act, thus, as important diagnostic tools for teachers. Novak and
Gowin (1984) highlight that concept maps are powerful tools for observing the
nuances of meaning a student holds for the concept embedded in his or her map.
When concept maps are diligently constructed, they are powerful revealers of
students’ cognitive organization (Novak & Gowin 1984). Faulty conceptions and
linkages are easily identified and can then be addressed by the teacher. To
illustrate this point, imagine that a student submitted Figure 1 without any of the
connecting elipses. The experienced clinician-teacher would furnish those
connections unconsciously and assume that the student understood the relevant
concepts and their relationships. However, what if the concept map was
submitted and all the elipses had been replaced with “is”/”are” — a connecting
term that was deemed perfectly appropriate for the proposition “the sky is blue”
discussed earlier in this paper. While many of these propositions may read as
‘true’, their relevance to the larger clinical problem may be irrelevant, or even
incorrect. Clearly such a student does not understand the significance of the
concepts with specific regard to leukoplakia and HIV infection.

The strategy of concept mapping can valuably be applied at multiple points in the
student’s learning. The teacher might generate the concept map, illustrating the
nature of the relationships, when new concepts and embedded knowledge are
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being introduced. Concept mapping can be used for tutorial activities where
students are explicitly asked to track the connections between new concepts and
embedded knowledge, and for clinical ‘paper cases’ where students establish
causal propositions between incoming clinical information and existing clinical
and biomedical concepts. Students can use the strategy both during initial
learning and when revising. Given the diagnostic characteristic of concept maps,
they also make excellent assessment activities (Norman 2008). Students might
be asked to illustrate relationships between biomedical concepts and clinical
concepts.

Finally, concept maps have potential application in the clinical context. Figure 2
shows a concept map that might be generated by a clinical teacher to illustrate a
point of diagnosis to a student in the clinical context. The concept map deals with
a particular patient, and contextualizes diagnostic steps and strategies.

Figure 2
Concept map of specific diagnostic process
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Students seldom get a chance in the clinical context of seeing and hearing the
thinking steps that experienced clinicians go through when engaged in the
diagnostic process. Illustrating this process for students through the use of a
concept map makes overt the clinical reasoning process and helps novice
clinicians understand their thinking processes in action (Mandin et al 1997;
Parsell & Bligh 2001; Ramani 2003; Eva 2004; Irby & Bowen 2004; Kuiper &
Pesuit 2004; Novak et al 2006; Bowen 2006; Norman 2006; Reilly 2007). In this
way clinical teachers help students establish connections between previous
learning and a particular clinical presentation.

Three strategies for helping students establish such connections are suggested in
the literature. Firstly, clinical teachers can demonstrate the clinical reasoning
process, articulating their own problem representations to model the type of
abstract summary they expect from students (Irby & Bowen 2004; Bowen 2006;
Reilly 2007). This strategy provides an opportunity for the teacher to reason
aloud, linking the abstractions to existing illness scripts (Bowen 2006). Through
reasoning aloud activities, clinical teachers highlight the way in which clinicians
seek appropriate diagnostic possibilities in the patient history and physical
examination (Bowen 2006). By exposing the ambiguity and ambivalence inherent
in clinical reasoning (Reilly 2007) and admitting their own lack of knowledge
(Ramani 2003), clinical teachers set the tone for students to admit their
limitations and to ask questions.

Secondly, clinical teachers can elicit clinical reasoning from learners (Parsell &
Bligh 2001; Ramani 2003). The clinical teacher might help students to identify
what information is required for care of the patient (Irby & Bowen 2004).
Learners can be prompted to generate a single sentence summary of the case with
the use of appropriate medical terms (Bowen 2006; Norman 2006), and to
prioritise a diagnosis through comparing and contrasting potential diagnoses
with the actual clinical data (Bowen 2006). In providing opportunities for
learners to think about the relationship between clinical findings, biomedical
knowledge and relevant diagnoses (Bowen 2006), these activities promote the
development of illness scripts

Finally, clinical teachers can listen — without interrupting — while students
reason spontaneously (Ramani 2003; Irby & Bowen 2004). This activity allows
the teacher to understand how the student has organized the case in his or her
own mind, to identify the learner’s understanding of the case, and to distinguish
gaps in knowledge or errors in reasoning that can become the focus of teaching

10



(Irby & Bowen 2004; Reilly 2007). Any of these strategies might be facilitated
through the drawing of concept maps since the map provides a reference point
for discussion. The teacher, whether in the theoretical or clinical context, thus
has a significant role to play in providing an appropriate learning environment.

Conclusion

Drawing on the assumption that a relationship exists between conceptual
thinking and clinical reasoning, this paper has outlined a theoretical framework
for understanding how conceptual learning is achieved and the way in which
conceptual understanding influences clinical reasoning and the ability to transfer
theoretical understandings to the clinical context. This theoretical framework
signaled ways to assist students to develop the conceptual understanding pre-
requisite for application in the clinical context. Effective clinical reasoning
depends on the amount of knowledge and its coherence, the linkages networking
the knowledge, and frequent opportunities to use the knowledge so as to refine it
(Grant & Marsden 1987). The argument presented in the paper suggests that an
emphasis on conceptual learning has the potential to facilitate the development
of clinical reasoning. Helping students to map their understandings in the basic
sciences and pre-clinical context contributes to the development of conceptual
frameworks that can be transferred to the clinical context. Assisting students to
retrieve these conceptual frameworks and apply them appropriately is the
challenge of clinical teaching. The emphasis in the clinical context is on making
overt the clinical reasoning process and helping novice clinicians understand
their thinking processes in action. Concept mapping has the potential to assist
the development of clinical reasoning as the mapping of relationships between
concepts facilitates transfer of insights between basic science and clinical
contexts.
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