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Abstract

Clinical reasoning is a critical and complex skill that medical students have to develop in the course of their training. Although
research on medical expertise has successfully examined the different components of that skill, designing educational interventions
that support the development of clinical reasoning in students remains a challenge for medical educators. The theory of medical
expertise describes how students' medical knowledge develops and is progressively restructured during their training and in
particular through clinical exposure to patient problems. Instructional strategies to foster students’ learning from practice with
clinical cases are scarce. This article describes the use of self-explanation as such a strategy. Self-explanation is an active learning
technique of proven effectiveness in other domains which consists of having students explaining to themselves information on to-
be-learned materials. The mechanisms through which self-explanation fosters learning are described. Self-explanation promotes
knowledge development and revision of mental representations through elaboration on new information, organisation and
integration of new knowledge into existing cognitive structures and monitoring of the learning process. Subsequently, the article
shows how self-explanation has recently been investigated in medicine as an instructional strategy to support students' clinical
reasoning. Available studies have demonstrated that students' diagnostic performance improves when they use self-explanation
while solving clinical problems of a less familiar clinical topic. Unfamiliarity seems to trigger more self-explanations and to
stimulate students to reactivate relevant biomedical knowledge, which could lead to the development of more coherent
representations of diseases. The benefit of students' self-explanation is increased when it is combined with listening to residents'
self-explanation examples and with prompts. The positive effect of self-explanation gets stronger when students' diagnostic
performance is tested on far-transfer clinical cases, suggesting that deeper understanding and meaningful learning do occur. Self-
explanation is a practical and inexpensive technique which could be incorporated into learning activities using clinical problems to
promote diagnostic reasoning of medical students. Even though self-explanation is a promising learning technique, further studies
are needed to explore other conditions that could maximise its benefit on learning clinical reasoning.
& 2015 King Saud bin Abdulaziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The present article discusses the use of self-
explanation by medical students as a tool supporting
the development of clinical reasoning. Self-explanation
(SE) is a learning technique in which students explain
to themselves pieces of a learning material for the
purpose of improving their understanding. SE has been
successfully used in several domains but only recently
in medicine. Following a brief review of the theory of
medical expertise describing how students' medical
knowledge develops during their training, we will
summarise some of the relevant literature on self-
explanation outside the field of medical education to
better understand how it supports knowledge construc-
tion. Then, we will briefly describe recently published
studies on the use of self-explanation to foster clinical
reasoning in medical students. Finally, we will discuss
some implications for medical education and suggest
issues for further research.

2. Clinical reasoning and the centrality of
knowledge

Clinical reasoning can be broadly defined as the
“intellectual activity done by the physician which
synthesizes information obtained from the clinical
situation, integrates it with previous knowledge and
experience, and uses it for making diagnostic and
management decisions”.1 Clinical reasoning applies,
therefore, not only to diagnosis but also to decisions
about management, investigations and treatment. Sol-
ving clinical problems involves, for example, history
taking and physical examination, which are usually
driven by hypotheses generated through clinical rea-
soning but require a variety of skills. However, in the
present paper we will focus on the development of
students' medical knowledge for diagnostic reasoning.

Since more than three decades, research on clinical
reasoning has successfully explored and identified multi-
ple facets of this complex skill.2–7 While early research
on clinical reasoning attempted to determine which
reasoning process characterizes expert physicians, the
centrality of knowledge in clinical reasoning has become
clear, and it is presently acknowledged that expertise
depends on the amount and richness of mental repre-
sentations of diseases that doctors have in memory.2,4,5

Experts' knowledge base is extensive and multidimen-
sional; includes several types of knowledge, biomedical,
clinical and experiential; and has an organisational
structure that makes it usable in daily problem solving.5

It allows clinicians when facing patients presenting with

a specific clinical problem, to automatically and/or
deliberately, activate the relevant diseases representa-
tions, generate hypothetical solutions, evaluate them and
match the clinical data with expected findings.

The most prevalent theory of medical expertise
explains it as the result of the development and
restructuration of students' medical knowledge in the
course of their training.5,8,9 According to this theory,
medical students go through transitory stages, each
stage characterized by a different way in which knowl-
edge is structured, kept in memory and used to solve
clinical problems. The first stage is characterised by
elaborate causal networks that explain causes and
consequences of diseases in terms of underlying
pathophysiological processes. With repeated applica-
tion of this knowledge to patient problems, this format
of knowledge organisation shifts to the second stage
where these elaborate networks rich in biomedical
knowledge becomes compiled into a limited number
of summarizing concepts, clinical syndromes or diag-
nostic labels. This latter mechanism, called “knowledge
encapsulation”, is defined as the “subsuming or
“packaging” of lower-level, detailed concepts and their
inter-relations, under a smaller number of higher-level
concepts with the same explanatory power”.5 Repeated
exposure to clinical problems leads to the emergence of
illness scripts, which characterize the third stage of
development. Illness scripts are cognitive structures
containing limited knowledge about causal mechan-
isms, because of previous encapsulation, but a large
amount of clinically relevant information about a
particular disease.5,8,10 This clinical information com-
prises enabling conditions, i.e., conditions that predis-
pose or set boundaries to the disease, the faults (brief
description of the malfunction) and the consequences
of the disease, such as symptoms, signs, and abnormal
laboratory tests encountered in real patients with the
disease. In the context of solving a clinical problem,
relevant illness scripts are quickly activated in clin-
icians' mind, and search for the most appropriate one
takes place by matching the elements of the script and
the information of the particular patient. In this process
of the script selection and verification, the character-
istics of the patient are included and encoded as a
practical example of the disease, a process called ‘script
instantiation’. Repetition of these processes again
through clinical exposure leads to the fourth stage of
the development in which clinician's formal knowledge
is now enriched by experiential knowledge in the form
of numerous instantiated scripts, which provide con-
crete examples of particular patients available for future
problem solving.5,10
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In many situations and mostly for routine cases,
scripts activation occurs automatically, in a largely
unconscious process, through pattern-recognition.
Scripts verification to confirm or rule out diagnostic
hypotheses then proceeds in a more deliberate or
analytical way.10 Even though illness scripts are the
structures used mostly in daily problem solving, knowl-
edge structures of previous stages remain accessible to
clinicians and may be activated when they face
complex or unusual cases. Encapsulated biomedical
knowledge also provides coherence of the illness script
by allowing expectations on acceptable and physiolo-
gically plausible values of its attributes and by explain-
ing the relationships between them.5,10

So, in the course of their medical training, especially
through exposure to patient problems, students are
expected to construct, expand and reorganise their
knowledge and to build up a large set of illness scripts,
which gradually increases their ability to correctly
diagnose patients' conditions.

Despite these significant advances in our under-
standing of how medical experts solve problems, a
major challenge for current research is to determine
how medical students can effectively develop this
ability.11 Practical educational implications of research
on medical expertise were not explicitly considered
until the last decade. Since then, however, knowledge
derived from this research has led to many suggestions
on how to support the development of students' clinical
reasoning.2–4,12–17 For instance, teaching approaches
should emphasise acquiring domain-specific knowl-
edge over general problem-solving strategies and
should also support the integration of biomedical with
clinical knowledge.3–5,12 Exposure to patients' pro-
blems appears to be critical in the transformation of
the medical knowledge structures.13 Students should,
therefore, be exposed early to a variety of cases or
clinical examples that provide an accurate representa-
tion of the range of ways diseases occur.3 Students
should also be provided with many opportunities to
practice and to engage in problem solving, to reflect
and elaborate on patients' problems.4,5,17 Even though
these general recommendations provide guidance, spe-
cific instructional approaches or educational methods
of proven effectiveness to help students learn more
from practice with clinical problems remain scarce.17

Research in disciplines outside medical education
such as cognitive psychology and educational psychol-
ogy can provide theoretical frameworks and evidence-
based learning strategies that could be combined with
suggestions from research on medical expertise to
design practical instructional approaches.18,19 Self-

explanation is an instructional strategy of proven
effectiveness in other domains.20,21 that could be
transposed or applied to learning clinical reasoning.
Before discussing how this could be done, we need to
understand what is self-explanation and how it works.

3. The role of self-explanation in fostering learning

3.1. What is self-explanation?

Self-explanation is a learning technique first
described by Chi22 “that engages students in active
learning and insures that the learners attend to the
material in a meaningful way while monitoring their
evolving understanding”.23 It involves having students
generating for themselves explanations about pieces of
information in a to-be-learned text or a to-be-solved
problem.20,22 The focus for the student is on trying to
understand the material, to make sense of it personally.
Self-explanation differs from explaining to others. In
the latter case, the explanation tends to be more formal
and with an implicit demand for coherence. Explana-
tion directed to others may take into account the
listener's knowledge and requires some monitoring of
his/her comprehension. Moreover, most of the time, the
explainer will focus on knowledge he or she under-
stands most. In contrast, self-explanation, as the term
implies, is self-generated and self-directed. Self-
explanation statements are often fragmented and
incomplete and tend to focus on what the learner does
not understand. Self-explanation involves a special
effort to deepen the learner's personal comprehension
by trying to resolve misunderstandings.22–23

3.2. Is there evidence of self-explanation effectiveness
to foster learning?

Since the seminal study by Chi22 that showed self-
explanation to be effective in teaching problem solving
in physics for college students, the positive effect of the
technique has been replicated in studies in other
domains such as biology,24 electricity and magnetism20

and chess.25 Self-explanation has been used with a
variety of learning materials that include texts, pro-
blems and worked examples, which are examples
providing the solution steps of the problem.18,21 Self-
explanation has also been used for a variety of learners
ranging from elementary school learners to higher
education students.18 The self-explanation effect has
also been demonstrated by using a wide range of
assessment criterion from measures of memory, to
comprehension, and to problem solving and on near
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as well as on far transfer tasks.18 It has been observed
that the benefit obtained from self-explanation
increases when the problem at hand is complex.20,24,26

In an study by Chi et al.24 comparing 8th grade learners
studying a human circulatory problem with or without
SE, the learning improvement of the experimental
group compared to the control was more remarkable
(22.6% experimental group vs 12.5% control group)
for the most difficult questions requiring application of
knowledge to solve a new problem. Similarly, Wong et
al.26 compared 9th grade students trained to use self-
explanation strategies while studying geometry theo-
rem with a control group whose students used their
usual studying techniques. Although both groups
showed equal performance on domain-specific knowl-
edge test, the self-explanation group outperform the
control group on problem solving with in particular on
far-transfer items, that is, problems that were substan-
tially different from those used in the learning
session.26

Given its broad applicability across different
domains and the robustness of its effect, self-
explanation can be described as a domain independent
learning activity and be qualified as an evidence-based
learning technique at least in experimental con-
texts.18,20,27 However, despite the positive and promis-
ing results of this research, only a limited number of
studies on the efficacy of self-explanation in represen-
tative educational contexts has been reported.27,28,29

3.3. What are the mechanisms underlying the self-
explanation effect?

Self-explanation is based on an assumption of
learning which is that “the acquisition of new knowl-
edge requires the students to be actively involved in the
construction of their own knowledge”.20 According to
the information-processing model which describes the
architecture of human cognition,19 schemas (i.e., men-
tal representations of a task) construction takes place in
the working memory when a student engages in
making sense of the presented material. In doing so,
he or she activates generative processes, namely selec-
tion, organisation and integration of new information to
existing mental representations, which lead to knowl-
edge building.19,30 During learning, students can con-
struct schemas by chunking elements together while
solving problems, by integrating new information to
existing schemas retrieved from the long-term memory
but also by using available knowledge representations
from other people or resources.30 Learning medical
knowledge for clinical reasoning involves building

appropriate mental representations of diseases or illness
scripts, which could be seen as a special type of
schema, potentially developed by similar processes.

Self-explanation is a practical constructive activity
that is assumed to foster the aforementioned generative
processes and, consequently, knowledge restructur-
ing.20 What happens precisely during self-explanation?
When students are asked to self-explain out loud, for
example, while reading a text, they produce a variety of
types of statements or self-explanation utterances
which can be categorized as low or high quality
statements according to their impact on learning.20,23

Low quality statements comprise re-reading and para-
phrases whereas inferences and monitoring statements
represent high quality self-explanation utterances. Para-
phrases are statements in which students only reiterate
the text in their own words without adding new
information. In contrast, inferences entail that students
elaborate on, draw a conclusion or add information
beyond what is said explicitly in the text. These types
of statements may either fill information gaps, link
elements of the text or integrate new information with
prior knowledge. Inferences that referred to underlying
domain principles (i.e., principle-based SE) have been
particularly associated with successful learning.31,
Monitoring statements reflect otherwise comments
where participants state that they do or do not under-
stand, are confused, or raise questions about elements
of the learning materials. Monitoring statements pre-
sumably help students focus learning on their specific
needs. Inferences and monitoring statements are quali-
fied as high quality statements since they reflect deep
analyses of the material and support knowledge con-
struction.23 Finally, as self-explanation remarks reflect
the student's ongoing understanding of the learning
material, these comments are not necessarily complete,
but often partial or even erroneous. However, if the
learner, detecting these misunderstandings, then tries to
resolve them, even these incorrect or erroneous state-
ments may indeed promote learning.20

In sum, research on SE suggests that as a result of
knowledge elaboration, organisation, and integration
and monitoring, self-explanation supports knowledge
restructuring, allowing the learner to revise and build a
more coherent and integrated knowledge representation
that facilitates transfer of learning.

3.4. How self-explanation can be supported in
students?

Learning appears to correlate with the amount and
quality of SE.20,24,31 Chi et al.24 compared the learning
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improvement of high vs low explainers based on the
number of self-explanation inferences each student had
generated. High explainers improved significantly more
than low explainers in particular on the more difficult
questions.31 Investigating qualitatively self-explanation
individual differences in university students working
on probability calculation, Renkl showed that success-
ful learners used more principled-based SE and tend to
be more anticipative in reasoning.31 Also, even though
students may engage to some extent in ‘covert’ SE
when reading a text or studying a material in silence,
verbalisation of self-explanation out loud (‘overt SE’)
seems necessary to produce the full self-explanation
effect.25

Studies have shown that the degree to which learners
spontaneously self-explain while studying examples or
reading a text varies considerably among them.23

However, students' SE can be supported by training
prior to the learning task. For example, in the study by
Wong et al.26 the SE training procedure of the
experimental group consisted of instructions on think
aloud and self-explanation and listening to an audio-
tape of a model using three general questions that
support SE: these questions were as follows: What
parts of this page are new to me? What does the
statement mean? Is there anything I still don't under-
stand? In general, the benefits of self-explanation
observed in the reported studies occurred with minimal
instructions to students and most often little or no
practice with SE before going through the learning or
experimental task, suggesting that learners can be
easily trained to self-explain.23,18,32

The application of prompts during the learning task
is another intervention that fosters students' self-
explanation. Prompts are specific instructions or
requests that require learners to process the example
or the content in a specific way.33 Content-free
prompts, which do not include any mention of the
specific to-be-learned content, can be used with differ-
ent materials and do not require any direct interaction
with the teacher.18 Even though studies on prompts are
still limited, there is evidence that their use with SE
enhances the effect of self-explanation.24,26,33,34 Effec-
tive prompts presumably support the specific cognitive
processes of the activity. ‘Gap filling prompts’ and
‘mental-model revision prompts’ are two types of
effective prompts that have been studied with self-
explanation.29 For instance, a ‘gap filling prompt’ may
require students to generate the principal justification
and to focus on the underlying concepts (fostering
generation of principle-based SE). Examples of this
type of prompt would be: What principle is being

applied in this step? This choice is correct because…
On the other hand, ‘mental-model revision prompts’
help students identify discrepancies between their prior
knowledge representation and the one provided in the
learning material. Examples of this type of prompt
would be: How does it relate to what you already
know? Does it help you gain more insight on how to
solve the problem?

Summing up, self-explanation is a research-
supported strategy that has been shown to foster
knowledge construction in a variety of domains. It
may be a useful tool to put into practice educational
recommendations emerging from research on medical
expertise that advise students to get involved in
deliberate problem solving when facing patients pro-
blems. This has been considered crucial to help medical
students developing illness scripts and learning from
clinical problems. Since self-explanation is known to
support knowledge development and revision of mental
representations, it is reasonable to think that, when
transposed to clinical problem solving, this technique
could help students develop their clinical reasoning.

4. Self-explanation to foster clinical reasoning in
medical students

Recent studies have investigated the effect of medical
students' self-explanation on clinical reasoning in clerk-
ship and explored specific conditions that could optimise
its effect. In 2011, Chamberland et al.35 published what
was, to our knowledge, the first study on SE and clinical
reasoning, which investigated the benefit of using SE
while diagnosing clinical cases for subsequent diagnos-
tic performance of medical students. Since SE seems
more effective on complex learning materials, this study
also investigated if the effect of using SE would differ
according to students' level of familiarity with the
clinical topics. In the training phase, third-year medical
students diagnosed a set of clinical cases, including four
cases in a less familiar topic and four in a more familiar
topic, either generating SE or not. Generating SE
required explaining the reasons why the suggested
diagnosis for the patient's problem was made. SE was,
therefore, hypothesis-driven, as the process of history
taking and physical examination uses to be, but students
had to provide justifications for their hypotheses. The
self-explanations were generated after minimal instruc-
tions, under controlled time, and no feedback on the
quality or the content of SE was provided to students.
One week later, in the assessment phase, all students
diagnosed a set of new, more difficult cases, similarly
distributed among the same more and less familiar
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topics. They provided a final diagnosis, used as a
measurement of diagnostic accuracy, and a justified
differential diagnosis, assumed as a measurement of
diagnostic performance. Compared with students who
had not used self-explanation during the learning phase,
students who had diagnosed the cases with self-
explanation showed significant better diagnostic perfor-
mance scores (71% vs 55%). This positive effect of self-
explanation on students' diagnoses was only found in
cases of less familiar topics. In cases of conditions with
which students were more familiar, no difference
emerged.

The results of this study showed the benefit for
medical students of using SE with clinical cases of less
familiar topics but not for familiar ones, consistently
with research on SE in other domains.24,26 This benefit
was observable one week after the intervention and on
transfer tasks using different and more difficult cases,
which reflects meaningful learning. Since the effect of
SE presumably occurs through knowledge revision and
restructuration, the authors suggested that students' SE
may facilitate the construction of more coherent mental
representations of the diseases, and this positive effect
is likely to be more substantial when students are
dealing with clinical problems in a less familiar area,
for which their illness scripts may be less developed
and therefore more subject to major revision.

In a second study, Chamberland et al.36 investigated
the types of knowledge used by students when self-
explaining familiar and less familiar clinical cases and
in particular the role of biomedical knowledge. They
conducted a content analysis of SE verbal protocols
produced by 7 randomly selected medical students
during the previous study.35 In total 56 verbal protocols
(28 familiar and 28 less familiar) were segmented and
coded using the following categories: paraphrases,
biomedical inferences, clinical inferences, monitoring
statements, and errors.20,23 Biomedical inferences refer
mainly to underlying pathophysiological mechanisms
whereas clinical inferences point to attributes of people
and their diseases, to signs and symptoms, and to
relevant laboratory investigation.

The results showed that students provided overall
more self-explanation segments when dealing with less
familiar cases (Mean¼275.29) compared to familiar
ones (Mean¼248.71, p¼ .046). While there was no
significant difference in the total number of inferences,
a significant interaction was found between familiarity
and the type of inferences (biomedical vs. clinical).
When self-explaining less familiar cases, students
provided significantly more biomedical inferences than
familiar cases.

These findings suggest that unfamiliarity acts as a
trigger for students to engage in more active thinking;
the greater diagnostic challenge apparently encourages
them to generate more self-explanations, and even-
tually leads to better learning.20,26 Even more interest-
ing is the potential contribution of biomedical
knowledge to the benefit of SE. Studies looking at
the benefits of integrating relevant biomedical knowl-
edge in the process of learning clinical reasoning in
novice diagnosticians suggest that it may help students
construct more coherent mental representations of
diseases, increasing retention in the longer term and
helping them to diagnose difficult cases.12,37,38 Simi-
larly, self-explanation when used while solving less
familiar cases seems to activate students' biomedical
knowledge, which could in turn help them create new
links between biomedical and clinical knowledge and
eventually construct a more coherent illness scripts or
representation of a disease.

In two subsequent studies, Chamberland et al.39,40

examined the added value for medical students of being
exposed to self-explanation examples of clinical rea-
soning. Clinical reasoning is a complex and ill struc-
tured skill for which there are numerous possible paths
to the solution. One may assume that listening to a
colleague' self-explanation example dealing with the
same clinical problem could provide some additional
guidance for students. This assumption was first
explored in a study that investigated the impact on
students' clinical reasoning of combining students' SE
with listening to peer or expert' SE examples.39 In this
two-phase experimental study, 53 third-year medical
students were assigned to peer SE example, expert SE
example or control group (no example). In the learning
phase, all participants diagnosed a set of four clinical
cases using SE and then either listened to a peer SE
example or an expert SE example on the same case or
were assigned to a control task. One week later, all
students diagnosed the four same training cases and
four transfer cases. The results showed that on training
cases, students' diagnostic performance improved sig-
nificantly but the main effect of group was not
significant suggesting that students' SE mainly drives
the observed effect. On transfer cases, there was no
difference between the three groups. The absence of
effect of adding SE peer or expert examples suggests
that students did not engage in additional deep proces-
sing while listening to the examples. Discussing these
results, the authors hypothesised that the level of
expertise of the SE example vs the student might be
important to consider: a peer SE example might be too
similar and an expert SE example too different for
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students to learn from. Otherwise, without specific
instructions on how to use the examples, it is possible
that students did not actively process these examples.
These ideas led to the subsequent study that investi-
gated the use of SE examples of intermediate level of
expertise (junior resident in internal medicine) and the
addition of prompts while working with examples.40 In
this experimental study, 54 medical students were
randomly assigned to three groups: the residents' SE
group with prompts, the residents' SE without prompts
and the control group. In the learning phase, all
students diagnosed four clinical cases using SE. Then,
one group listened to audio-recorded residents' SE
examples with prompts, another group listened to
residents' SE examples without prompts, while the
control group did crosswords. One week later, in the
assessment phase, all students solved four similar cases
(near transfer cases) and four different cases (far
transfer cases). Two types of prompts were incorpo-
rated into the residents' SE examples: the ‘justification
prompts’ looking at the underlying pathophysiological
mechanisms and the ‘mental-model revision prompts’
inviting students to compare their knowledge represen-
tation to the one presented in the example.29

Although all groups had significant improvement in
diagnostic performance between the training phase and
the one week later assessment on near-transfer cases,
students who listened to the residents examples with
prompts showed significantly better scores compared to
the control group. On far transfer cases one week later,
the impact got even stronger. The diagnostic accuracy
and diagnostic performance scores of students who
listened to residents' SE examples with prompts were
respectively 20% and 17% higher than students in the
control group. Again in this study, students' SE alone
appears as an effective technique for learning clinical
reasoning. Moreover, the impact is significantly
increased when combined to residents' SE examples
and especially with prompts. This suggests that junior
residents' examples represent for clerks relevant models
of clinical reasoning to learn from when made explicit
by SE. It also suggests that the use of prompts helps
students being an “active processor” of these SE
examples.

In a recent study involving first-year medical stu-
dents learning four clinical neurology topics, Larsen et
al.41 compared the effect on long-term retention of test-
enhanced learning (TEL), self-explanation either alone
or in combination with TEL and studying a review
sheet. The main outcome measure was students' score
on a free-recall application test six months later. The
test was not measuring clinical reasoning or problem

solving. The combination of both learning strategies
produced the best performance, followed by TEL
alone, self-explanation, and study of the review sheet.
SE produced significant better performance than study-
ing a review sheet. Interestingly, an interaction effect
was observed between SE and topics suggesting that
the usefulness of this technique may be related to the
complexity or difficulty of the topic.41 This study was
the first one to assess the impact of SE in any domain
for longer than few weeks.

It is interesting to note that outside self-explanation,
recent studies have also reported positive results using
other learning techniques and strategies that engage
students in active learning for the purpose of support-
ing students' knowledge development and learning of
clinical diagnosis. For instance, Mamede et al.42,43

have shown that structured reflection on clinical cases
by fourth year medical students was more effective to
foster clinical diagnosis than generation of immediate
or differential diagnoses. In these studies, structured
reflection requested students to compare and contrast
different illness scripts that represented alternative
diagnoses for the clinical presentation displayed in
the case. Using this procedure during practicing with
cases was shown to improve students' diagnostic
performance while solving new cases in the future.
Indeed, comparing/contrasting scripts of diseases
appears to be a useful tool also to learn physical
examination integrated into a clinical reasoning
task.44,45 More recently, Baghdady et al.46 showed
that, in comparison with personal study, undergraduate
dental students using test-enhanced learning on related
basic science performed significantly better on a
diagnostic accuracy test one week later.

5. Implications for medical education

Self-explanation appears to be an effective and
practical way to engage students in active and “delib-
erate” problem solving, which supports the learning of
clinical reasoning from practice with diagnosing clin-
ical cases. SE can be used after minimal instructions, is
rather inexpensive, does not need sophisticated tech-
nology and could then be readily implemented. Stu-
dents' SE impacts positively on diagnostic performance
even without specific feedback and could even be used
by students without the need for direct clinical teachers'
supervision. However, SE is not a panacea and its
positive impact on learning seems to depend on the
level of student's familiarity with the clinical topic.
Hence, in designing activities using clinical cases with
SE, teachers should pay attention in selecting cases that
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challenge students in order to maximise illness scripts
enrichment and prior knowledge revision.

The results of these studies also add to the important
role of biomedical knowledge while learning clinical
reasoning with cases, at least for novice diagnosticians
such as medical students at clerkship level. When self-
explaining, it appears crucial to support students
activating relevant biomedical knowledge and linking
it with prior clinical knowledge or new information
provided by the cases. It would then seem appropriate
to include in students' SE training sessions or materials
for clinical reasoning, specific instructions that rein-
force activation of prior biomedical knowledge when
needed, that is, either to resolve unclear or difficult
issues in the case or to test the coherence of their
explanations.

The aforementioned study on the use of residents' SE
and prompts provides potentially interesting informa-
tion on conditions to optimise learning from “natural”
(or “non-didactically designed”) examples of clinical
reasoning available in the clinical settings. While recent
studies suggest an important role of observing others
for the development of clinical reasoning in work-
place,47,48 little is known on how to maximise learning
from these models. Self-explanation might be a prac-
tical alternative to make ongoing clinical reasoning
explicit and could have the potential to be also
beneficial for the self-explainers themselves. Residents'
examples of clinical reasoning made explicit by SE
appear to be useful examples for students. However, in
order to learn from SE examples, students have to get
engaged cognitively for instance by self-explaining the
case before, and actively process the examples with the
use of prompts. The types of prompts used in the
aforementioned study by Chamberland et al.40 were
general and content-free and could be applied to any
clinical problem.

Available literature in other domains and the evi-
dence now growing in medical education on the
usefulness of self-explanation as well as other active
learning techniques and strategies invite teachers to
consider adding these techniques in their tool box when
designing activities to foster clinical reasoning in
medical students.

6. Issues for further research

Research on the use of SE in clinical teaching is in
its first steps and much remains to be explored. Key
issues, both from a practical and a theoretical perspec-
tive, can be highlighted. Regarding the former, the
development and implementation of concrete learning

activities that incorporate SE and SE examples in
clinical training, in particular in the clerkship need
further research. The exploration of other conditions
that could maximise SE benefits on learning clinical
reasoning also deserves more research. For instance,
further studies could investigate the use of different
learning materials closer to real patients such as
students' reports of real clinical cases, standardized
patients, virtual cases, or real patients. The number and
variety of cases necessary to impact on learning with
SE also need to be further examined. Otherwise, the
addition of direct or delayed content-related and
corrective feedback after SE and its impact on learning
has not been specifically investigated. From a more
theoretical perspective, further studies are also needed
to better understand the impact of SE on specific
knowledge structures as well as to shed more light on
the mechanisms underlying the self-explanation effect
on clinical reasoning. Although the authors of the
reported studies hypothesised that students' improve-
ment in diagnostic performance reflected activation of
biomedical knowledge and linking with clinical knowl-
edge leading to enrichment and revision of relevant
knowledge, these changes were not directly examined.
Finally, the use of self-explanation examples for
learning clinical reasoning by students appears to be
an interesting issue to further explore, for instance by
looking at optimal conditions to learn from naturally
occurring examples in clinical settings. Despite the
high interest in medical education for the role of
residents as teacher and models,49 the contribution of
residents as cognitive models for students' clinical
reasoning development has not been specifically
explored so far.

References

1. Higgs J, Jones M. Clinical reasoning in the health professions.
In: Higgs J, Jones M, editors. Clinical reasoning in the health
professions, 2nd ed, Oxford: Butterworth-Heineman Ltd; 2000.
p. 3–14.

2. Gruppen LD, Frohna AZ. Clinical reasoning. In: Norman GR,
Van der Vleuten CPM, Newble DI, editors. International hand-
book of research in medical education. Dordrecht, Great Britain:
Kluwer Academic Publishers; 2002. p. 205–230.

3. Eva KW. What every teacher needs to know about clinical
reasoning. Med Educ 2005;39(1):98–106.

4. Norman G. Research in clinical reasoning: past history and
current trends. Med Educ 2005;39(4):418–427.

5. Schmidt HG, Rikers RMJP. How expertise develops in medicine:
knowledge encapsulation and illness script formation. Med Educ
2007;41(12):1133–1139.

6. Elstein AS. Thinking about diagnostic thinking: a 30-year
perspective. Adv Health Sci Educ 2009;14:7–18.

M. Chamberland, S. Mamede / Health Professions Education 1 (2015) 24–33 31



7. Mylopoulos M, Regehr G. Putting the expert together again. Med
Educ 2011;45(9):920–926.

8. Schmidt HG, Norman GR, Boshuizen HPA. A cognitive
perspective on medical expertise: theory and implications. Acad
Med 1990;65(10):611–621.

9. Schmidt HG, Boshuizen HPA. On acquiring expertise in
medicine. Educ Psychol Rev 1993;5(3):205–221.

10. Charlin B, Boshuizen HP, Custers EJ, Feltovich PJ. Scripts and
clinical reasoning. Med Educ 2007;41(12):1178–1184.

11. Rikers RMJP, Verkoeijen PPJI. Clinical expertise research: a
history lesson from those who wrote it. Med Educ 2007;41:
1115–1116.

12. Woods NN. Science is fundamental: the role of biomedical
knowledge in clinical reasoning. Med Educ 2007;41(12):
1173–1177.

13. Norman G. Building on experience—the development of clinical
reasoning. N Engl J Med 2006;355(21):2251–2252.

14. Bowen JL. Educational strategies to promote clinical diagnostic
reasoning. N Engl J Med 2006;355(21):2217–2225.

15. Ark TK, Brooks LR, Eva KW. The benefits of flexibility: the
pedagogigal value of instructions to adopt multifaceted diagnos-
tic reasoning strategies. Med Educ 2007;41(3):281–287.

16. Nendaz M, Charlin B, Leblanc V, Bordage G. Le raisonnement
clinique: données issues de la recherche et implications pour
l'enseignement. Pédagogie Médicale 2005;6(4):235–254.

17. Kassirer JP. Teaching clinical reasoning: case-based and coa-
ched. Acad Med 2010;85(7):1118–1124.

18. Dunlosky J, Rawson KA, Marsh EJ, Nathan MJ, Willingham
DT. Improving students' learning with effective learning
techniques: promising directions from cognitive and educa-
tional psychology. Psychol Sci Public Interest 2013;14(1):
4–58.

19. Mayer RE. Applying the science of learning to medical educa-
tion. Med Educ 2010;44(6):543–549.

20. Chi MTH. Self-explaining expository texts: the dual processes of
generating inferences and repairing mental models. In: Glaser R,
editor. Advances in instructional psychology. Mahwah NJ:
Lawrence Erlbaum Associates; 2000. p. 161–238.

21. Fonseca B, Chi MTH. Instruction based on self-explanation. In:
Mayer RE, Alexander PS, editors. The handbook of research on
learning and instruction. NY: Routledge Taylor and Francis;
2011. p. 296–321.

22. Chi MTH, Bassock M. Learning from examples via self-
explanations. In: Resnick LB, editor. Knowing, learning, and
instruction: essays in honor of Robert Glaser. Hillsdale NJ:
Lawrence ErlbarAssociates; 1989. p. 251–282.

23. Roy M, Chi MTH. The self-explanation principle in multimedia
learning. In: Mayer RE, editor. Cambridge handbook of multi-
media learning. New York, NY: Cambridge University Press;
2005. p. 271–286.

24. Chi MTH, de Leeuw N, Chiu M, Lavancher C. Eliciting self-
explanations improves understanding. Cogn Sci 1994;18(3):
439–477.

25. de Bruin ABH, Rikers RMJP, Schmidt HG. The effect of self-
explanation and prediction on the development of principled
understanding of chess in novices. Contemp Educ Psychol
2007;32(2):188–205.

26. Wong RMF, Lawson MJ, Keeves J. The effects of self-
explanation training on students' problem solving in high-
school mathematics. Learn Instr 2002;12:233–262.

27. Roediger III HL, Pyc MA. Inexpensive techniques to improve
education: applying cognitive psychology to enhance educational
practice. J Appl Res Mem Cogn 2012;1(4):242–248.

28. Schworm S, Renkl A. Computer-supported example-based learn-
ing: When instructional explanations reduce self-explanations.
Comput Educ 2006;46(4):426–445.

29. Nokes TJ, Hausmann RG, VanLehn K, Gershman S. Testing the
instructional fit hypothesis: the case of self-explanation prompts.
Instr Sci 2011;39(5):645–666.

30. Van Merriënboer JJ, Sweller J. Cognitive load theory in health
professional education: design principles and strategies. Med
Educ 2010;44(1):85–93.

31. Renkl A. Learning from worked‐out examples: a study on
individual differences. Cogn Sci 1997;21(1):1–29.

32. Nogry S, Didierjean A. Apprendre à partir d'exemples: interac-
tions entre présentation du matériel, activités des apprenants et
processus cognitifs. Ann Psychol 2006;106:105–128.

33. Schworm S, Renkl A. Learning argumentation skills through the
use of prompts for self-explaining examples. J Educ Psychol
2007;99(2):285–296.

34. Atkinson RK, Renkl A, Merrill MM. Transitioning from study-
ing examples to solving problems: effects of self-explanation
prompts and fading worked-out steps. J Educ Psychol 2003;95
(4):774–783.

35. Chamberland M, St-Onge C, Setrakian, J, et al. The influence of
medical students' self-explanations on diagnostic performance.
Med Educ 2011;45(7):688–695.

36. Chamberland M, Mamede S, St‐Onge, C, et al. Students' self‐
explanations while solving unfamiliar cases: the role of biome-
dical knowledge. Med Educ 2013;47(11):1109–1116.

37. Woods NN, Brooks LR, Norman GR. It all makes sense:
biomedical knowledge, causal connections and memory in the
novice diagnostician. Adv Health Sci Educ 2007;12(4):405–415.

38. Woods NN, Brooks LR, Norman GR. The role of biomedical
knowledge in diagnosis of difficult clinical cases. Adv Health Sci
Educ 2007;12(4):417–426.

39. Chamberland M, Mamede S, St-Onge C, Setrakian J, Schmidt
HG. Does medical students' diagnostic performance improve
by observing examples of self-explanation provided by peers
or experts?. Adv Health Sci Educ 2015;20:
981–993.http://dx.doi.org/
10.1007/s10459-014-9576-7.

40. Chamberland M, Mamede S, St-Onge C, Setrakian J, Bergeron
L, Schmidt HG. Self-explanation in learning clinical reasoning:
the added value of examples and prompts. Med Educ 2015;49:
193–202.

41. Larsen DP, Butler AC, Roediger HL. Comparative effects of test-
enhanced learning and self-explanation on long-term retention.
Med Educ 2013;47:674–682.

42. Mamede S, van Gog T, Moura, AS, et al. Reflection as a
strategy to foster medical students' acquisition of diagnostic
competence. Med Educ 2012;46(5):464–472.

43. Mamede S, van Gog T, Moura AS, de Faria RMD, Peixoto JM,
Schmidt HG. How can students' diagnostic competence benefit
most from practice with clinical cases? The effects of structured
reflection on future diagnosis of the same and novel diseases.
Acad Med 2014;89(1):121–127.

44. Yudkowsky R, Otaki J, Lowenstein T, Riddle J, Nishigori H,
Bordage G. A hypothesis-driven physical examination learning
and assessment procedure for medical students: initial validity

M. Chamberland, S. Mamede / Health Professions Education 1 (2015) 24–3332

http://dx.doi.org/10.1007/s10459-014-9576-7
http://dx.doi.org/10.1007/s10459-014-9576-7
http://dx.doi.org/10.1007/s10459-014-9576-7
http://dx.doi.org/10.1007/s10459-014-9576-7


evidence. Med Educ 2009;43:729–740.
45. Nishigori H, Masuda K, Kikukawa, M, et al. A model teaching

session for the hypothesis-driven physical examination. Med
Teach 2011;33:410–417.

46. Baghdady M, Carnahan H, Lam EWN, Woods NN. Test-
enhanced learning and its effect on comprehension and diag-
nostic accuracy. Med Educ 2014;48:181–187.

47. Ajjawi R, Higgs J. Learning to reason: a journey of professional
socialisation. Adv Health Sci Educ 2008;13(2):133–150.

48. van de Wiel MWJ, Van den Bossche P, Janssen S, Jossberger H.
Exploring deliberate practice in medicine: how do physicians
learn in the workplace? Adv Health Sci Educ 2011;16(1):81–95.

49. Sternszus R, Cruess S, Cruess R, Young M, Steinert Y. Residents
as role models: impact on undergraduate trainees. Acad Med
2012;87(9):1282–1287.

M. Chamberland, S. Mamede / Health Professions Education 1 (2015) 24–33 33


	Self-Explanation, An Instructional Strategy to Foster Clinical Reasoning in Medical Students
	Recommended Citation

	Self-Explanation, An Instructional Strategy to Foster Clinical Reasoning in Medical Students
	Introduction
	Clinical reasoning and the centrality of knowledge
	The role of self-explanation in fostering learning
	What is self-explanation?
	Is there evidence of self-explanation effectiveness to foster learning?
	What are the mechanisms underlying the self-explanation effect?
	How self-explanation can be supported in students?

	Self-explanation to foster clinical reasoning in medical students
	Implications for medical education
	Issues for further research
	References


