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Introduction

Since the 1970s, research has explored how physicians

think when approaching clinical scenarios in an attempt to

enhance our understanding of clinical reasoning.1 Assess-

ment of trainees’ clinical reasoning has evolved, including

the use of testing modalities, such as patient management

problems, key features examinations, script-concordance

testing, and think-aloud protocols. The utility of these

methods is limited by their resource requirements and

consequent inefficiency in testing. Multiple-choice question

(MCQ) examinations are relatively efficient to administer

and have excellent psychometric performance.2 Over the

past 2 decades, clinical vignette MCQ examinations have

become the primary standardized method to evaluate

trainees’ clinical reasoning (CR) skills.3

Despite the widespread use of clinical vignette MCQs,

strategies used by trainees when approaching these

questions have not been well described. A 1994 study

qualitatively explored this topic.4 Employing ‘‘think-aloud’’

methodology, where participants verbalize thoughts while

answering questions, Skakun et al4 characterized medical

students’ item-related activities and application of success-

ful problem-solving activities on MCQs, and observed both

backward CR (starting with a hypothesis and working

backward) and forward CR (moving forward from

observations to generate hypotheses).4
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Abstract

Background Clinical vignette multiple-choice questions
(MCQs) are widely used in medical education, but clinical
reasoning (CR) strategies employed when approaching
these questions have not been well described.

Objectives The aims of the study were (1) to identify CR
strategies and test-taking (TT) behaviors of physician
trainees while solving clinical vignette MCQs; and (2) to
examine the relationships between CR strategies and
behaviors, and performance on a high-stakes clinical
vignette MCQ examination.

Methods Thirteen postgraduate year–1 level trainees
completed 6 clinical vignette MCQs using a think-aloud
protocol. Thematic analysis employing elements of
grounded theory was performed on data transcriptions
to identify CR strategies and TT behaviors. Participants’
CR strategies and TT behaviors were then compared

with their US Medical Licensing Examination Step 2
Clinical Knowledge scores.

Results Twelve CR strategies and TT behaviors were
identified. Individuals with low performance on Step 2
Clinical Knowledge demonstrated increased premature
closure and increased faulty knowledge, and showed
comparatively less ruling out of alternatives or
admission of knowledge deficits. High performers on
Step 2 Clinical Knowledge demonstrated increased ruling
out of alternatives and admission of knowledge deficits,
and less premature closure, faulty knowledge, or closure
prior to reading the alternatives.

Conclusions Different patterns of CR strategies and
TT behaviors may be used by high and low
performers during high-stakes clinical vignette MCQ
examinations.
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Subsequent research has compared self-chosen and

instructed diagnostic reasoning strategies on specific

clinical vignette MCQs to success on those same items,3,5–7

and evaluated the influence of test question format on

predominant reasoning strategy.8 However, although re-

cent years have seen extensive evaluation and modification

of clinical vignette MCQs,9 no current studies have

evaluated what trainees do when approaching such

questions; nor have they assessed test-taking (TT) behav-

iors, or ‘‘test-wiseness.’’ Commonly defined as ‘‘a subject’s

capacity to utilize the characteristics of the test and/or test-

taking situation to receive a high score,’’10 test-wiseness can

influence performance on standardized tests.11 Principles of

test-wiseness relevant to clinical vignette MCQs include

elimination of answers known to be incorrect and

interpretation of answers in view of the test purpose.

Exploring how trainees answer clinical vignette MCQs

may help improve our understanding of CR assessment.

More specifically, exploring the relationships between CR

strategies and TT behaviors may provide insight into why

some physician trainees perform better than others. For

example, might premature closure or overconfidence

contribute to examination performance? Recent research

has identified premature closure and overconfidence as

major contributors to diagnostic error in clinical prac-

tice,12,13 but their effect on clinical vignette MCQ perfor-

mance has not been assessed.

In this exploratory study we (1) describe the CR

strategies and TT behaviors of postgraduate year (PGY)–1

level trainees while solving clinical vignette MCQs; and (2)

examine relationships between the use of these strategies

and behaviors, and performance on high-stakes examina-

tions.

Methods

Study Approach

We performed a thematic analysis integrating principles of

grounded theory to develop a conceptual understanding of

CR strategies and TT behaviors used while solving clinical

vignette MCQs. Consistent with Glaser,14 to limit bias in

our data interpretation, a review of the literature on CR

during examinations and TT strategies was delayed until

after initial coding.

Selection of Participants

From March through July 2011, we invited all 28 PGY-1

level trainees rotating in internal medicine at the University

of Pittsburgh Medical Center Shadyside Hospital. A total of

11 trainees participated during that period (1 participant

was subsequently excluded, and data were analyzed for 10

participants). In September 2012, 2 PGY-2 categoric

residents were recruited. Both PGY-2 residents had taken

leave for 3 months during their PGY-1, and, therefore, were

at the same level of training as the other participants.

Participants received $20 gift cards for their time.

Selection of Test Items

Two investigators selected 6 clinical vignette format test

items, each representing a different subspecialty area, from

the American College of Physicians’ Medical Knowledge

Self-Assessment Program 15 digital question databank.15

Each item probed comprehension and/or application

according to Bloom’s taxonomy,16 eliciting CR suitable for

analysis. Two items asked for the most likely diagnosis, and

4 items asked for the most appropriate next step in

evaluation/management (T A B L E 1).

The Institutional Review Board at the University of

Pittsburgh approved the study.

Data Collection

All participants agreed to be individually recorded ‘‘think-

ing aloud’’ while completing the test items. Think-aloud

methodology is recognized as an optimal methodology to

capture thought processes,17 and recent evaluation em-

ploying functional neuroimaging supports its validity.18

The start of each session contained specific instruction to

‘‘Say everything that goes through your mind as you try to

solve each question.’’ Next, participants were given the

question packet and audio recording was initiated. All

participants completed the questions within 25 minutes.

A research assistant transcribed the deidentified audio

recordings.

Data Analysis

After the first 11 think-aloud sessions, transcripts were

analyzed independently by 2 investigators, with data

What was known

Clinical vignette multiple-choice questions (MCQs) are widely used, but
little is known about the clinical reasoning strategies trainees use when
taking these examinations.

What is new

Low-performing individuals demonstrated higher rates of premature
closure, higher rates of faulty knowledge, less ruling out of alternatives,
and less effective self-monitoring.

Limitations

Small sample of first-year residents limits generalizability; test-taking
performance may not be relevant to performance in a clinical context.

Bottom line

Different clinical reasoning strategies and test-taking behaviors appear
to be used by high and low performers taking clinical vignette MCQ
examinations.
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management support with Atlas.ti 6.0 (Scientific Software).

One participant was excluded because of a paucity of

verbalized thinking, resulting in 10 transcripts suitable for

analysis. We used process coding, memos, and the constant

comparison method to identify and reach consensus on

emerging themes. To evaluate thematic saturation, we

analyzed the data for 2 additional participants at the same

level of training (final N 5 12). Subsequently, we per-

formed a literature review and categorized themes into CR

strategies and/or TT behaviors. Transcripts were again

reviewed to confirm application/absence of the identified

CR strategies and TT behaviors. Disagreements were

resolved through discussion.

The US Medical Licensing Examination (USMLE) Step

2 Clinical Knowledge (CK) was identified as the high-

stakes examination similar in content and format to the

sample questions. A research assistant compiled partici-

pants’ examination scores from program application files

and matched them to deidentified participant transcripts.

Four participants had taken the Comprehensive Osteo-

pathic Medical Licensing Examination of the United States

(COMLEX-USA) Level 2. Using a published conversion

formula,19,20 the research assistant converted COMLEX

scores to the corresponding USMLE scores.

Results

Of the 12 participants in the study, 4 were men and 8 were

women. The average age was 29 years (range, 25–35 years).

The students graduated from 9 medical schools, including 2

osteopathic medical schools and 3 international medical

schools.

CR Strategies and TT Behaviors

Despite variation in test question type and content, CR

strategies were relatively consistent for each participant

rather than for a given question. Twelve themes emerged

from the coding of transcripts for the first 10 participants,

and no new themes emerged from the 2 added participants.

Based on our literature review, these themes were divided

into 3 categories: (1) clinical reasoning strategies (described

in literature on CR, but not TT behaviors); (2) test-taking

behaviors (described in literature on TT behaviors, but not

CR); and (3) clinical reasoning and test-taking behaviors

(described in literature on both TT behaviors and CR).

‘‘Strategies’’ denote themes in the CR literature consistently

using this term, and that have been shown to enhance

physicians’ diagnostic accuracy.3,21–23 ‘‘Behaviors’’ are themes

described in the educational literature that may not enhance

performance. Explanations and examples for the 3 categories

are available as online supplemental material.

We identified ‘‘nonanalytic reasoning’’ and ‘‘reaching

closure prematurely’’ among participants’ CR strategies

and TT behaviors. We defined nonanalytic as the genera-

tion of a hypothesis after verbalizing fragments of the

vignette, in accordance with Eva’s description24 of the

unconscious filtration of clinical features based on prior

experiences to generate a hypothesis. We defined reaching

closure prematurely as failure to consider the correct

alternative in answering the test item, consistent with

Berner and Graber’s definition.13 We recognize the lack of

uniformity in nomenclature within the CR literature,25 and

that other researchers may have interpreted or labeled the

identified themes differently.

USMLE Step 2 CK Examination Performance and

Relationships With CR Strategies and TT Behaviors

Participants’ Step 2 CK scores ranged from 189 to 260. In

consideration of the national Step 2 CK score mean and

SD,25 participants’ scores were clustered into 3 categories:

low (189, 191, 193, 200), middle (208, 211, 212, 213, 214,

228), and high (251, 260).

T A B L E 2 summarizes the frequency of CR strategies

and TT behaviors on the 6 test items by low, middle, and

high Step 2 CK performer categories. The 4 participants

with low Step 2 CK scores ruled out alternatives (17% of

questions), admitted knowledge deficits (13% of questions)

T A B L E 1 Topic and Question-Type of Clinical Vignette–Style Multiple-Choice Questions Used in Think-

Aloud Protocol

Topic Area Question Type

1. Infectious disease (HIV complication) Diagnosis

2. Pulmonary (asthma exacerbation) Management (What’s the next step?)

3. Hematology (deep vein thrombosis) Management (What’s the most appropriate management?)

4. Endocrine (thyroid nodule) Management (What’s the next step?)

5. Gastroenterology (intrahepatic cholestasis) Management (What’s the most appropriate management?)

6. Nephrology (renal tubular acidosis) Diagnosis
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least frequently, and demonstrated premature closure (25%

of questions) and faulty knowledge (46% of questions)

most frequently. The 2 participants with high Step 2 CK

scores ruled out alternatives (92% of questions) and

admitted knowledge deficits (58% of questions) most

frequently, did not reach closure before reviewing alterna-

tives (0% of questions), and demonstrated premature

closure (0% of questions) and faulty knowledge (8% of

questions) least frequently.

Discussion

We identified 12 CR strategies and TT behaviors demon-

strated by medical residents during clinical vignette MCQs

near the end of their first year of training. The findings are

illuminating for 2 reasons. First, 2 TT behaviors demon-

strated by trainees—reading question and alternatives

before vignette and querying test writer’s objective—are

clearly inauthentic to clinical practice. Second, unique

patterns of CR strategies and TT behaviors were identified

across our 3 Step 2 CK performance categories. Overall, the

likelihood of ruling out alternatives and admitting knowl-

edge deficits increased with Step 2 CK performance, while

the likelihood of reaching closure prematurely and applying

faulty knowledge decreased with Step 2 CK performance.

Additionally, reaching closure before reviewing alternatives

was infrequently demonstrated, particularly by high

examination performers.

To assess the implications of our findings for clinical

vignette MCQ examinations as a measure of CR, we first

considered participants’ knowledge, because knowledge is

required for high Step 2 CK performance.26 The most

intuitive marker of knowledge we identified, applying

faulty knowledge, decreased with higher Step 2 CK

performance. Two other behaviors, reaching closure

prematurely and admitting knowledge deficits, may appear

to reflect knowledge, but a direct linkage is unlikely.

T A B L E 2 Frequency of High, Moderate, and Low Step 2 Clinical Knowledge (CK) Examination Performers’

Demonstration of Each Clinical Reasoning (CR) Strategy and Test-Taking (TT) Behavior on Sample

Multiple-Choice Question Test Items

CR Strategy and TT Behavior

Percentage of Test Items Demonstrating CR Strategy and TT Behavior in
Each USMLE Step 2 CK Score Performance Categorya,b

High Performer Moderate Performer Low Performer

CR strategy

Reading vignette with restating and summarizing 17 72 88

Summarizing key features after reading alternatives 83 50 71

Using scheme-inductive reasoning 0 11 8

Using nonanalytic reasoning 67 69 67

TT behavior

Reading question and alternatives before vignette 0 17 0

Querying test writer’s objective 0 14 13

CR strategy and TT behavior

Reaching closure before reviewing alternatives 0 8 8

Ruling out alternatives 92 69 17

Reaching closure prematurely 0 6 25

Reaching closure with difficulty or delay 8 22 4

Admitting knowledge deficits 58 22 13

Applying faulty knowledge 8 28 46

Abbreviation: USMLE, US Medical Licensing Examination.
a USMLE Step 2 CK scores of the 12 study participants organized by performance based on national Step 2 CK score mean and SD: high performer 5 260, 251;

moderate performer 5 228, 214, 213, 212, 211, 208; low performer 5 200, 193, 191, 189. Comprehensive Osteopathic Medical Licensing Examination of the United
States (COMLEX-USA) Level 2 score converted to USMLE Step 2 CK equivalent for 2 moderate and 2 low examination performers.

b The number of test items completed by performer category varied because of differing numbers of participants in respective categories. The 2 high
performers completed a total of 12 test items (ie, 2 participants 3 6 sample test items). Similarly, the 6 moderate and 4 low performers completed a total of
36 and 24 questions, respectively.
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Reaching closure prematurely has been demonstrated

previously as the most common form of faulty synthesis,

distinct from faulty knowledge, and a far more common

source of cognitive-based errors in clinical practice.12 For

admitting knowledge deficits, the increased likelihood of

this behavior among high Step 2 CK performers is

consistent with research demonstrating superior self-mon-

itoring by high-performing medical student test-takers.27

During analysis of the think-aloud transcripts, we found

admitting knowledge deficits as an attitudinal difference

among participants. Although not definitive from the

results, it is plausible that premature closure and failure to

admit knowledge deficits, and their increased likelihood

with low Step 2 CK performance, may relate to overcon-

fidence. Overconfidence has been proposed as a contribu-

tor to error in diagnosis, more specifically discerned as an

underlying attitudinal influence for negative cognitive

behaviors, including premature closure.13 Numerous stud-

ies have documented overconfidence in clinical decision-

making,13 and studies comparing diagnostic accuracy and

confidence in diagnosis observed no correlation and

negative correlation, respectively.28,29

The theme demonstrating the strongest positive rela-

tionship with Step 2 CK performance was ruling out

alternatives, categorized under ‘‘clinical reasoning and test-

taking behaviors.’’ Studies addressing CR during clinical

vignette MCQs have described ruling out alternatives as an

analytic CR method.4,5,8 However, because test-takers

answering MCQs are not required to generate hypotheses,

this behavior may be more reflective of TT than CR. For

example, ‘‘thoughtful consideration of various answer

choices’’ is demonstrated by college students on reading

comprehension tests.30 While we cannot exclude the contri-

bution of analytic CR strategies to ruling out alternatives, we

consider this behavior more as a TT strategy.

Collectively, our participants reached closure before

reviewing alternatives on less than 10% of items, with no

high examination performers demonstrating this behavior.

Rather than self-generating answers, participants focused

on selecting an answer from the provided alternatives. This

behavior is consistent with Heemskerk’s hypothesis8 that

‘‘presenting a list of diagnostic options, of which one is

definitely the correct answer, might facilitate a process of

excluding all diagnoses except one.’’ The association

between more alternatives on Step 2 CK examination items

and increased difficulty and longer time required for

completion suggests this practice is widespread31 and

supports the impression that the number of alternatives on

a test item affects CR strategies and TT behaviors.

Our results suggest clinical vignette MCQs elicit a

mixture of CR strategies and TT behaviors, categorized as

authentic or inauthentic to behaviors observed in clinical

practice. We observed 2 inauthentic behaviors: (1) reading

questions and alternatives before vignette, and (2) querying

the test writer’s objective, and have explained that a third

behavior, ruling out alternatives, has concerning differences

from clinical practice. Importantly, lack of authenticity

does not connote lack of validity. Absence of benefit to

querying the test writer’s objective or reading the question

and alternatives before the vignette are clearly desired

results. The benefit of ruling out alternatives also supports

examination validity, albeit perhaps less obviously. While

we described the negative influence of a list of alternatives

on the authenticity of the test-taker’s CR process, we

recognize that systematically considering self-generated

differential diagnoses contributes to diagnostic accuracy in

complex simulated cases,6 and also those likely in clinical

practice. With regard to patterns of authentic CR strategies

and behaviors, likelihood of faulty knowledge and the

proposed markers of overconfidence decreased with higher

Step 2 CK performance, supporting the examination’s

validity.

This study has several limitations. It used a small

number of study participants and examination items, which

may be insufficient to achieving thematic saturation or

elucidating relationships completely. We converted

COMLEX-USA scores for 4 participants. Multiple

formulas exist, opening the possibility for misclassification

of USMLE performance.20,32 Although think-aloud

methodology is recognized as a means to capture thought

processes,17 it does not capture all thinking, particularly

nonanalytic reasoning.21 Additionally, USMLE scores may

disproportionately reflect quick nonanalytic reasoning,7

which was not encouraged by this study protocol.

Participants’ behavior may also have been influenced by the

Hawthorne effect (ie, impact of being studied on partici-

pant behavior). Lastly, our participants were in their first

postgraduate year. CR strategies change with increasing

training,5 suggesting our results cannot be extrapolated to

more senior trainees.

Further research should include confirmation and elici-

tation of CR strategies and TT behaviors, include participants

at different levels of training, and examine the relationship

between high-stakes clinical vignette MCQ examination

scores and performance on other measures of CR.

Conclusion

We qualitatively probed reasoning strategies and TT

behaviors of physician trainees during MCQs and found

different patterns of CR strategies and TT behaviors were

used by high and low performers. Patterns found also may

be more reflective of MCQ TT behaviors than skills

activated by real life clinical scenarios.
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