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Abstract

Objectives: Diagnostic error is a growing concern in U.S.
healthcare. There is mounting evidence that errors may not
always be due to knowledge gaps, but also to context spec-
ificity: a physician seeing two identical patient presentations
from a content perspective (e.g., history, labs) yet arriving at
two distinct diagnoses. This study used the lens of situated
cognition theory – which views clinical reasoning as inter-
connected with surrounding contextual factors – to design
and test an instructional module to mitigate the negative
effects of context specificity. We hypothesized that experi-
mental participants would perform better on the outcome
measure than those in the control group.
Methods: This study divided 39 resident and attending
physicians into an experimental group receiving an
interactive computer training and “think-aloud” exercise
and a control group, comparing their clinical reasoning.
Clinical reasoning performance in a simulated unstable
angina case with contextual factors (i.e., diagnostic
suggestion) was determined using performance on a post-
encounter form (PEF) as the outcome measure. The par-
ticipants who received the training and did the reflection
were compared to those who did not using descriptive
statistics and a multivariate analysis of covariance
(MANCOVA).

Results: Descriptive statistics suggested slightly better
performance for the experimental group, but MANCOVA
results revealed no statistically significant differences
(Pillai’s Trace=0.20, F=1.9, df=[4, 29], p=0.15).
Conclusions: While differences were not statistically sig-
nificant, this study suggests the potential utility of strate-
gies that provide education and awareness of contextual
factors and space for reflective practice.

Keywords: clinical reasoning; context specificity; meta-
cognition; reflection; situated cognition.

Introduction

Clinical reasoning is fundamental to every physician in
practice [1]. Clinical reasoning involves a number of ac-
tivities such as information gathering, formulating a dif-
ferential diagnosis, providing diagnostic justification and
making diagnostic and therapeutic plans [2–4]. Mistakes in
clinical reasoning undoubtedly contribute significantly to
diagnostic errors, which are hypothesized to account for
approximately 15%of the errors in primary care [5]. There is
mounting evidence that these errors cannot solely be
attributed to gaps in physician knowledge or training [6, 7].
Indeed, recent research has identified the phenomenon
of context specificity, defined as a physician seeing two
identical patient presentations from a content perspective
(e.g., identical histories, physical exams, labs and the
same diagnosis) yet arriving at two different diagnostic
decisions [6, 8]. In other words, in these situations, some-
thing other than case content is driving the physician’s
decisions leading to unwanted variation in physician
performance.

The primary theoretical framework for this article is
situated cognition. From this theoretical perspective clin-
ical reasoning is situated (or located) within the specifics of
the encounter (e.g., the patient, the physician and the
environment) and clinical reasoning processes and out-
comes dynamically emerge from and are shaped by these
specifics of the situation [9]. In situated cognition there are
a host of interactions between individuals and their phys-
ical, social, and cultural systems. From this perspective,
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context specificity is associated with contextual factors,
elements arising from patients, physicians, clinical envi-
ronment and the interactions among all three [6]. When
these contextual factors are distracting (e.g., a patient
suggesting an incorrect diagnosis, an electronic health
record not functioning optimally, compressed time for
completing an encounter), this can negatively affect clin-
ical reasoning performance and ultimately lead to diag-
nostic error [6, 8].

Our recent work investigating context specificity
within a situated cognition framework has shown that
contextual factors, particularly diagnostic suggestion,
can have a negative effect on clinical reasoning perfor-
mance and can significantly shift the process of clinical
reasoning [10, 11], changing, for instance, what partici-
pants focus on in think-aloud reflections. That work,
however, did not explore, within a situated cognition
theoretical framework, strategies that could potentially
mitigate the negative impacts of contextual factors on the
clinical reasoning process [6, 8]. In this study, we draw
from this work to test the mitigating effects of several
strategies.

One proposed strategy for reducing diagnostic error is
the use of reflective practice [12–14]. In reflective practice,
there are a number of behaviors and reasoning processes
that occur in response to complex clinical problems. These
include (1) a search for alternative explanations of the
problem, (2) exploration of the consequences of such
alternative explanations that leads to predictions to be
tested by the acquisition of new data, (3) a testing of these
predictions against data and a reframing of the problem,
and (4) a critical review of one’s own assumptions and
conclusions about the problem (meta-reasoning) [12]. Part
of reflective practice for the reduction of error can also be
related to metacognition, stepping back from the immedi-
ate situation to reflect on the thinking process [15]. How-
ever, these educational strategies have not yet been
employed in medical education settings to determine if
they can mitigate the negative effects of context specificity
in an authentic (e.g., simulated) environment. Such stra-
tegies may enhance physicians’ ability to recognize and
possibly reduce the adverse effects of distracting contex-
tual factors on clinical reasoning performance and reduce
diagnostic errors. The development and exploration of
effective educational strategies that address specific as-
pects of the clinical context are important for a future
implementation of new instructional tools in the training of
medical students, residents and physicians.

An optimal way to test out these strategies is through a
simulated scenario, which creates a complex, highly
interactive context. Simulated environments can help us

disentangle the potential effects of distracting contextual
factors on clinical reasoning and error and assess the
outcome of potential strategies designed to ameliorate
context specificity [16, 17]. Scenario-based simulations
provide an environment that is similar to an authentic
clinical setting, allowing for different degrees of contextual
and cognitive complexity in the clinical encounter while
controlling for specific leading and differential diagnoses
[17–19]. Further, there is evidence that scenario-based
simulations provide effective environments for assessing
clinicians’ performance in activities associated with clin-
ical reasoning [18, 20].

According to situated cognition, thinkingand reasoning
are conceived as occurring within the specifics of the situ-
ation. Through this lens, the development of an environ-
ment of increasing complexity, where the various
interactions between patient, physician and context can be
captured, is essential to better understand the intricacies of
context specificity in clinical reasoning and the potential
effect of mitigating strategies. The purpose of this studywas
to assess clinical reasoning performance during a simulated
encounter, comparing physicians who participated in a
computer-based tutorial on contextual factors and their
potential link to diagnostic errors and a think-aloud exer-
cise,with thosewhodidnot. Ourhypothesiswas that theuse
of these dual strategies – tutorial and think-aloud – would
enhance clinical reasoning performance measured by a
post-encounter form (PEF), leading to better performanceby
those participants when compared to the control group.

Materials and methods

This comparative experimental study examined whether strategies
(consisting of an interactive computer training and a think-aloud
reflection) designed to support physicians’ clinical reasoning in the
presence of distracting contextual factors improved clinical reasoning
performance, as measured by a PEF, an open-ended series of diag-
nostic and management questions for which we have previously
gathered validity evidence [6, 21, 22].

Population

This convenience sample was comprised of practicing military phy-
sicians in internal medicine, family medicine, and surgery from the
Uniformed Services University for the Health Sciences, Walter Reed
National Military Medical Center, and the University of Texas Health
Science Center at San Antonio, who were assigned to either the
experimental (n=20) or control (n=19) condition, based on scheduling
availability. Institutional Review Boards at all three sites approved
this research (complying with World Medical Association Declaration
of Helsinki).
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Study design

The study included two groups of participants. The control group
began with the simulated encounter, followed by the PEF (the
outcomemeasure for this study) which closelymirrors typical practice
[21]. The experimental group participated in an interactive computer-
based training module, completed a simulated encounter, did the
think-aloud reflection, and then completed the PEF (Control partici-
pants also completed the think-aloud exercise, but only after
completion of the outcome measure; see Figure 1).

Data collection

Training module: Participants in the experimental condition
completed a computer-based clinical reasoning and diagnostic error
training module covering: the nature of clinical reasoning and diag-
nostic error, the role of context specificity and contextual factors in
diagnostic error, and the presentation of a reflection strategy (thinking
aloud) for countering the potentially harmful effects of distracting
contextual factors. Each of the three sections was accompanied by
open-ended written reflection questions connecting the topics to
participants’ own practice and experience. This module took
approximately 20 min. See Table 1 for training module details.

Simulated encounter: Participants in both groups engaged in the
identical standardized patient encounter. This encounter was designed
in three phases, using a participatory design procedure involving clin-
ical and simulation stakeholders (see Battista et al. for a description of
the design process and all supporting materials [23]). A male stan-
dardized patient (SP) was trained to portray someone with unstable
angina and a distracting contextual factor (patient conveys diagnostic
suggestion of GERD). Participantswere given details about the patient’s
initial complaint (chest pain) and then entered a room designed much
like the outpatient clinic rooms where they practice, where they intro-
duced themselves to the SP and conducted a history and physical. En-
counters were stopped if they reached 18 min, but no time penalties
were given. Encounters ranged in total time from 11 to 18 min.

Think aloud: Immediately after the encounter, experimental partici-
pants were reminded of the think-aloud practice they had done at the
end of the computer-based training andwere given additional practice
opportunity if needed. When ready, they were asked to watch the

video tape of their encounter while thinking aloud, without judgment
or analysis, about what they were considering as they came to the
diagnosis and treatment. Previous research has argued that think
aloud exercises provide a useful window into cognition and experi-
ence [24–26]. Additionally, recent work on how participants recon-
sider their thought processes during think-aloud exercises suggests
that they may also be a valuable tool for reflection in the presence of
contextual factors [10].

Outcome instrument (PEF): Clinical reasoning performance was
captured through the PEF, a measure developed and used in prior
work forwhichwe have gathered considerable validity evidence [6, 21,
22]. The form asks participants for: (1) additional information they
would like to obtain by history, (2) additional physical exam actions
they would take, (3) a problem list, (4) a differential diagnosis, (5) a
leading diagnosis, (6) supporting evidence for the diagnosis and (7)
management plans. For this analysis we focused on steps (4–7)
because we were interested in exploring the cognitive processes of
specific elements of clinical reasoning such as differential diagnosis,
supportive evidence, and diagnostic and therapeutic plans. Partici-
pants were given up to 30 min (determined to be ample time in prior
studies [6, 23]) to complete the PEF. We used a scoring key developed
by a panel of board-certified internists in prior research [6] (with
kappas between 0.82 and 0.93 in measure development) that assigns
each free-text response a point value (participants gave multiple re-
sponses for most items) for correct (2 points), partially correct (1 point)
or incorrect (0 points). All responseswere scored by at least two raters,
coming to complete consensus on disagreements and updating the
scoring sheet with the decision. In order to compare across partici-
pants, who gave varying numbers of responses for each item, we
created percentage scores for each item, dividing the total number of
points by the total number of possible points (e.g., someone who
offered five pieces of evidence for the leading diagnosis had a total
possible score of 10 for that item).

Analysis

First, descriptive statistics were calculated separately for each group
(experimental and control). Then, to determine if there were differences
between groups in clinical reasoning performance across the four var-
iables,while also controlling for increased risk ofType I error thatoccurs
with multiple univariate tests, we conducted a multivariate analysis of
covariance (MANCOVA),withpercentagescoreson the fourPEF itemsas

Figure 1: Study design.
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dependent variables and group (experimental versus control) as the
independent variable. Age and number of years since graduation from
medical school were used as covariates to control for years of experi-
ence. A power analysis indicated that a total sample size of 51 was
needed to detect amedium-sized effect at a significance level of 0.05, so
the study was underpowered with n=39. To mitigate the potential effect
of specialty (due toour convenience sample, the experimental condition
contained no family medicine or surgery physicians), we also ran an
analysis of only the internal medicine physicians.

Results

Participants in the control and experimental groups were
equally distributed in terms of gender (10 females out of 19

for control; 10 out of 20 for experimental), but in the control
group the range of ages was wider and they hadmore years
of experience (i.e., control participants were older and had
been practicing longer; see Table 2 for demographic de-
tails).

Means for the four outcome variables ranged from65 to
80% for control group participants and 70 to 87% for
experimental group participants, with higher mean scores
on all four variables for the experimental group. See Table 3
for means and ranges of outcome variables by group.

MANCOVA results revealed no significant differences
between experimental and control groups (Pillai’s
Trace=0.20, F=1.9, df=[4, 29], p=0.15, ƞp2=0.2; see Table 4
for details). Box’s M test did not indicate a significant

Table : Computer-based training sequence.

Order Lengtha Content Reflection task(s)

  s Overview of training and interactive expectations How do you define clinical reasoning? How do you
define diagnostic error?

  m,  s Discussion of complex tasks involved in clinical
reasoning (e.g., assessment and planning, patient
communication). Definition of diagnostic error
(from  National Academies of Science report).

Describe an instance when you or a peer made a
diagnostic error. Did any of the components of
clinical reasoning play a part? If so, how?

  m,  s Overview of factors that can impair clinical reasoning
(e.g., premature closure) with examples. Intro-
duction of context specificity and contextual fac-
tors and how they may increase cognitive load,
leading to error. Overview of situated approach to
context specificity, associating factors with the
patient, physician, and/or environment.

See # and # below

  m,  s Segment of videotaped patient encounter with
contextual factors (non-native speaking patient,
questioning physician credentials)

What contextual factors did you notice in this
video? How do you think they could lead to
error?

  m,  s Segment of videotaped patient encounter with
contextual factor (non-linear presentation of
symptoms)

What contextual factors did you notice in this
video? How do you think they could lead to
error?

Reflecting on your own practice, describe an
instance in which you encountered one or more
of these contextual factors.

  s Introduction to strategy of thinking aloud as non-
judgmental, non-analytical reflection on what one
is/was thinking

Think-aloud practice: Name five animals that live
in the zoo. What is the sixth letter after B? What
is the fifth letter before M?

aThis is the length of the video-recorded segment only — reflection questions took an additional several minutes for each section. Given in
minutes (m) and seconds (s)

Table : Demographic variables arranged by study condition.

Control ( internal medicine,
 family medicine,  surgery)

Experimental ( internal medicine,
 family medicine or surgery)

Mean (SD) Range Mean (SD) Range

Age in years  () –  () –
Years of experience  () –  () –
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violation of the assumption of homogeneity of variances
(F=1.8, p=0.06). Levene’s test, however, only indicated
equal variances for supporting evidence; the other three
variables violated the assumption.

When the analysis was run without the family medi-
cine and surgery physicians, means remained higher for
the experimental group and MANCOVA results again
revealed no statistically significant differences (Pillai’s
Trace=0.31, F=2.5, df=[4, 22], p=0.07, ƞp2=0.17).

Discussion

Wedeveloped strategies to attempt tomitigate the negative
effects of context specificity on clinical reasoning perfor-
mance that included a computer-based training module to
raise awareness of these effects and a think-aloud exercise
on participation in a simulated clinical encounter. We hy-
pothesized that this computer-based training and think-
aloud exercise would lessen the negative impact of dis-
tracting contextual factors on diagnostic and therapeutic
accuracy of participants in the experimental group
compared to the control group. However, we found no
statistically significant difference between the two groups.
Nonetheless, we believe this work is an important first step
exploring how we might mitigate the effects of context
specificity on clinical reasoning performance and patient
care and should represent the first in a series of studies.
[27, 28] We discuss below the importance of – and chal-
lenges with – continuing research on context specificity
using a situated cognition framework.

Situated cognition anticipates the potentially negative
effects of distracting contextual factors, since an in-
dividual’s clinical reasoning is interconnected with the
social and environmental elements of a patient encounter
[9, 29]. Yet the environment created by distracting
contextual factors also creates opportunities; Ng and col-
leagues refer to “indeterminate zones of practice – uncer-
tain, unstable, unique or value-conflicted practice
situations” that provide opportunities for the development
of clinical practice (p. 463) [30]. Contextual factors may
move clinicians into these zones. Explicit education
around and reflective practice upon distracting contextual
factors in these zones may help clinicians develop better
situation awareness to trigger reflection in future encoun-
ters with contextual factors [31]. Explicit discussion of
biases and “diagnostic timeouts” to reflect on these biases
have been suggested more broadly as error reducing
techniques [32] and reflection strategies (e.g., using a think
aloud) could help build on those insights.

Additionally, strategies like the one employed in this
study could offer a somewhat different approach to
reflective practice from other scholars [12–14, 28], asking
participants to “think aloud” without explanation, judg-
ment, or structure [24, 26]. While this approach may sac-
rifice some of the benefits of specific reasoning instructions
[28], it may offer a more comfortable space for reflective
practice than other, more directed approaches. Boud and
Walker point to the importance of the “micro-contexts”
instructors create for reflection (defined slightly differently
by these authors, but still relevant to our context), partic-
ularly in terms of instructors’ potential power over the
learner [33]. By removing the instructor from the room
altogether and with minimal interruption (beyond cuing
learners to continue when they fall silent), think-aloud
exercises offer an opportunity to reflect across a full
encounter that (in concert with other reflective practices)
“permit[s] the making of meaning” (p. 10) [33]. Even if this
act of meaning-making does not change the decision made
in a particular case, it may serve to “promote adaptive

Table : Descriptive statistics for dependent variables by condition.

Control (n=) Intervention (n=)

Mean (SD) Percentage range Raw score range Mean (SD) Percentage range Raw score range

Differential diagnosis .% (.) –% – .% (.) –% –
Leading diagnosis .% (.) –% –a % () –% –a

Supporting evidence .% (.) –% – .% (.) –% –
Management plans .% (.) –% – .% (.) –% –

aLeading diagnosis had a maximum of two points.

Table : MANCOVA results.

Df Pillai F-Value p-Value

Condition ,  . . .
Age ,  . . .
Years of experience ,  . . .
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expertise and practical wisdom” (p. 1,048) as physicians
develop over the course of a career [34].

There were several limitations to this study. First the
sample size did not give us enough power to adequately
determine group differences. The experimental group was
younger (in fact, the age difference between groups was
statistically significant) and less experienced than the
control group, which may have dampened the impact of
the strategies as experience would be expected to improve
performance [35]. Future studies should include a greater
number of participants with similar or at least equivalent
baseline characteristics. Second our approach was
comprised of two parts, the computer-based training and
the think-aloud exercise, separated by the encounter; the
sequence of these two sets of strategies may have affected
the overall effects while hampering our ability to disen-
tangle individual effects. Moreover, the experimental
group had additional time to review the case (i.e., the think
aloud), which could also explain some of the trends. Future
studies with access to more participants might explore
these additional conditions. Finally, while our PEF mea-
sure has a considerable amount of validity evidence [6, 21–
23], it is one tool and as such provides a limited view on
clinical reasoning performance.

In conclusion, this study highlights the difficulty in
mitigating and measuring context specificity. Yet, guided
by situated cognition, the strategies we employ should be
explored in future research, as they required that physi-
cians develop increased situation awareness that moves
beyond the self’s actions to the broader range of in-
teractions and systemic influences that comprise a clinical
encounter. Future work could explore what cues trigger
this kind of awareness in physicians and how sensitivity to
those cues shifts over time, helping us to more fully un-
derstand not only context specificity, but also the adaptive
expertise that characterizes truly excellent physicians.
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