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Abstract

Objectives—Research in cognition has yielded considerable understanding of the diagnostic
reasoning process and its evolution during clinical training. This study sought to determine
whether or not this literature could be used to improve the assessment of trainees’ diagnostic skill
by manipulating testing conditions that encourage different modes of reasoning.

Methods—The authors developed an online, vignette-based instrument with two sets of testing
instructions. The “first impression” condition encouraged non-analytic responses while the
“directed search” condition prompted structured analytic responses. Subjects encountered six
cases under the first impression condition, then six cases under the directed search condition. Each
condition had three straightforward (simple), and three ambiguous (complex) cases. Subjects were
stratified by clinical experience: novice (third and fourth year medical students), intermediate
(post graduate year [PGY] 1 and 2 residents), and experienced (PGY 3 residents and faculty). Two
investigators scored the exams independently. Mean diagnostic accuracies were calculated for
each group. Differences in diagnostic accuracy and reliability of the examination as a function of
the predictor variables were assessed.

Results—The exam was completed by 115 subjects. Diagnostic accuracy was significantly
associated with the independent variables of case complexity, clinical experience, and testing
condition. Overall, mean diagnostic accuracy and the extent to which the test consistently
discriminated between subjects (i.e., yielded reliable scores) was higher when participants were
given directed search instructions than when they were given first impression instructions. In
addition, the pattern of reliability was found to depend on experience: simple cases offered the
best reliability for discriminating between novices, complex cases offered the best reliability for
discriminating between intermediate residents, and neither type of case discriminated well
between experienced practitioners.

Conclusions—These results yield concrete guidance regarding test construction for the purpose
of diagnostic skill assessment. The instruction strategy and complexity of cases selected should
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depend on the experience level and breadth of experience of the subjects one is attempting to

assess.

INTRODUCTION

METHODS

The Institute of Medicine (IOM) report, To Err Is Human: Building a Safer Health System,
revealed a staggering burden of medical errors in American health care.l Hospital-wide
studies of these adverse events demonstrated a particularly high proportion of diagnostic
errors in the emergency department (ED).23 While these events often stem from multiple
factors, 96% of missed diagnoses in the ED have been linked to cognitive errors.* Past work
suggests that these types of errors arise from faulty interpretation, synthesis, and judgment,
rather than insufficient data gathering or fund of knowledge,*~’ and experts from a diversity
of fields have offered insights for how to more effectively teach these cognitive skills.8-16
Untested to this point is whether or not the lessons learned from this literature can be
harnessed to improve health professional and trainee assessment.

The research reported here addresses this measurement gap. Current theories of cognition
suggest that clinicians use different problem-solving strategies depending on their clinical
experience, familiarity with the problem at hand, and case ambiguity.1’-20 Diagnosticians at
all levels employ non-analytic reasoning when they encounter familiar problems,10:13.21.22
These subconscious processes, such as pattern recognition or heuristics, allow clinicians to
recognize clinical presentations and quickly link them to past experiences.23 Alternatively,
cases that are novel or ambiguous tend to trigger analytic reasoning, a slower, more effortful
process where clinicians consciously sort through information to prioritize hypotheses.
Research has shown that accuracy improves when novices are prompted to reason through
clinical problems using a combined (analytic and non-analytic) approach.4
Developmentally, we expect novice clinicians to rely more on analytic reasoning
approaches, while more experienced clinicians have a larger mental database of cases from
which to match clinical patterns via non-analytic reasoning.?: 25-29

We have developed an online instrument to assess clinicians’ diagnostic accuracy in the
context of two unique sets of testing instructions, each designed to bias subjects toward
either analytic or non-analytic reasoning. We hypothesized that these testing conditions
could provide stratification of individuals at different developmental stages of diagnostic
reasoning and, in addition, would provide different degrees of reliability across experience
level. Here we report on these findings.

Study Design

This was a cross-sectional study. The institutional review board at Oregon Health & Science
University approved this project. Written informed consent was obtained from all
participants.

Study Setting and Population

We recruited third- and fourth-year medical students, and residents and faculty from the
departments of emergency medicine (EM) and internal medicine (IM), from an urban
academic medical center. Participants were divided into three cohorts based on their clinical
experience: “novice” (medical students), “intermediate” (first- and second-year residents),
and “experienced” (third-year residents and faculty). All eligible students, residents, and
faculty were invited to participate via e-mail during a two-week period of enroliment.
Participants received $5 coffee shop gift cards as compensation for their time, and were
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entered into a raffle to win an Apple iPad. Consent and demographic information were
obtained during the online test. We were unable to capture data regarding non-respondents
through our initial e-mail inquiry.

Study Protocol

The online examination consisted of 12 vignettes, divided evenly between two conditions
with unique sets of testing instructions. These instructions were designed to bias subjects
toward one of two modes of reasoning (analytic versus non-analytic). Subjects entered
responses using free-text boxes. Examinations were scored with a rubric, and we calculated
subjects’ diagnostic accuracy.

Testing authorities in medical education currently advocate for the use of authentic vignette-
based clinically oriented questions.30-31 We initially selected 20 clinical vignettes from a
collection of cases previously developed and tested by Mamede et al.1”-18 These cases
reported patients” demographic and historical information, physical examination findings,
and test results. We selected cases with a spectrum of ambiguity: “simple” vignettes
described features of a typical presentation of a single diagnosis, while “complex” vignettes
intentionally introduced features that suggested more than one diagnosis.® Performance
comparisons across these conditions and across different levels of experience serve as a test
of validity of the test scores generated by the testing protocol. Because these vignettes were
initially written in Portuguese and tested in Brazil, we made slight adjustments to the
English language translation and incorporated normal lab value ranges for reference. These
cases were built into an online instrument using Sakai (Sakai Foundation, Ann Arbor, MI),
an open-source software package that allows for asynchronous testing. The exam was then
pilot-tested by 14 faculty members, seven from each discipline. These subjects’ scores and
responses were not included in the study dataset. Based on feedback, the instrument was
shortened to 12 vignettes, with six simple and six complex cases. A think-aloud protocol
with six additional faculty was then conducted to ensure agreement of acceptable free-text
answers for each case, and a scoring rubric was created.

Using the pseudo-random number generator function of SAS (SAS Institute, Cary, NC), we
distributed the 12 cases into unique locations in four exams. Placement of these cases was
stratified such that subjects encountered an equal number of simple and complex cases
during the first half and second half of the examination, respectively. The four exams were
counterbalanced such that the same cases were presented in both testing instructions at equal
rates.

Instructions for the first half of the exam were aimed at encouraging a non-analytic approach
to diagnosing the clinical problem by instructing participants to diagnose each case by
offering their “first impression.” Instructions for the second half of the exam were aimed at
encouraging an analytic approach to diagnosing the clinical problem by explicitly directing
participants to reason through the case in a particular way (“directed search”; see Figure 1).
To familiarize the subjects with the testing instructions and answer format, a training
vignette preceded each condition. Following the final vignette, we collected demographic
information including sex, age, discipline, and year in training. We then asked for feedback
from the participants, specifically whether they were able to locate a suitable testing station
at the time they took the test, whether they found the testing website easy to navigate,
whether the instructions and questions were written clearly, and whether the length of the
test seemed reasonable and appropriate. The Sakai software automatically measured testing
times as the difference between when subjects began the first vignette and completed the
twelfth vignette.
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We tested subjects during a 10-day period in May, 2010. At the time of testing, third-year
medical students had gained exposure to all of their core rotations. In an effort to obtain
spontaneous, unbiased responses to the cases, participants were instructed to not use any
supplemental material and to not discuss the cases with others. Two investigators scored the
examinations using the predefined rubric. Under the first impression condition, only a single
response was generated, and was scored as correct or incorrect. If a subject listed more than
one diagnosis in the free-text box under the first impression condition, it was scored as
incorrect. Responses under the directed search condition were scored as correct only if the
correct diagnosis was ranked first among the possible diagnoses named. When there was
disagreement between the two investigators’ scoring, consensus was obtained through
discussion before assigning a score for final analysis.

The primary predictor variable was the type of instruction received, first impression or
directed search. Secondary independent variables included the complexity of the clinical
vignettes, level of clinical experience, and medical specialty. The outcome of interest was
diagnostic accuracy.

Given that the standard deviation (SD) for similar instructional conditions was previously
demonstrated to be +0.25,17 and a moderate to large effect size of 0.5 has been shown to
reflect judgments of clinical importance,32 sample size calculations indicated a requirement
of 64 participants per condition.

Data Analysis

Analyses were conducted using SAS version 9.2, PASW Statistics version 18.0 (SPSS Inc.,
IBM, Armonk, NY), and Microsoft Excel (Microsoft Corp., Redmond, WA). Demographics
were summarized using descriptive statistics. Kappa statistics were calculated to evaluate
inter-rater agreement for free-text responses. To assess whether subjects’ diagnostic
accuracy improved as a function of growing accustomed to the structured answer format (i.e.
a “learning effect” or “test order” effect), we examined the diagnostic accuracy of simple
and complex vignettes versus their ordinal position in the sequence of vignettes and tested
the time trend using a linear regression model after adjusting for instruction type. To assess
the effect of each independent variable on diagnostic accuracy, accuracy was submitted as a
dependent variable to a 2 (type of instruction: first impression or directed search) x 2
(vignette difficulty: simple or complex), x 3 (training level: novice, intermediate, or
experienced) analysis of variance (ANOVA). These independent variables entered the model
as fixed effects. All participants’ mean scores were confirmed to lie within three standard
deviations from the mean, and Geisser-Greenhouse and Huynh-Feldt corrections were
performed to ensure that any heterogeneity of variance did not affect the conclusions. To
assess the effect of the test instructions and vignette difficulty on the psychometric
properties of the test, a one-way ANOVA using subject as the grouping factor and vignette
as a nested variable (given that the condition to which each vignette was assigned varied by
subject) was conducted to enable variance components to be extracted and intraclass
correlation coefficients (ICCs) to be calculated. The ICCs reflect the extent to which the
assessment offered reliable data (i.e., consistently discriminated between the subjects).
These coefficients were calculated for the dataset as a whole, as well as separately for each
condition within and across training levels. Given that reliability is affected by the number
of vignettes scored, decision study analyses were conducted to equate the reliability
observed within each experimental condition with the reliability that would be anticipated
were a 12-vignette exam presented using that testing format alone. Ninety-five percent
confidence intervals (CI) were calculated for each ICC to enable comparisons.
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Of 444 eligible subjects, 158 (35.5%) agreed by e-mail to participate, and 115 of those
(72.3%) completed the test, for a total response rate of 26%. Participant characteristics are
shown in Table 1. Of these respondents, 98.2% reported being able to find a suitable testing
station, 95.4% claimed they could navigate the site easily, 88.1% indicated the questions
were clearly written, and 65.1% thought the test was a reasonable length. On average, the
test required 1.17 hours to complete. When scores from two investigators were compared,
there was disagreement for only 7 of the 1,470 answers (Cohen’s kappa 0.99; 95% CI =
0.985 to 0.998).

Mean diagnostic accuracy as a function of instruction type, degree of difficulty, and training
level is reported in Table 2. No significant differences in diagnostic accuracy were detected
for specialty, age, or sex. These were not shown to be important confounding variables, so
these results are not illustrated. The linear trend after adjusting for type of instruction was
not significant (p = 0.96 for simple cases, and p = 0.94 for complex cases). ANOVA
revealed the anticipated main effects of experience level (greater experience being
associated with higher performance; F(2,112) = 22.4, mean squared error [MSE] = 0.08, p <
0.001) and vignette complexity (complex cases being associated with poorer accuracy;
F(1,112) = 368.3, MSE = 19.1, p < 0.001). Overall, accuracy was higher in the directed
search condition compared to the first impression condition (F(1,112) = 9.1, MSE = 0.6, p <
0.01). None of the two-way or three-way interactions were statistically significant. Post-hoc
analyses revealed that the mean scores of novice subjects were significantly lower than those
of both intermediate and experienced subjects (p < 0.001). There was no significant
difference between the mean scores of experienced and those of intermediate subjects (p =
0.18).

Reliability analyses performed on the entire set of 12 vignettes revealed an 1CC(1,12) of
0.35 (95% CI = 0.32 to 0.39). Thus, 35% of the variance in scores was attributable to the test
takers themselves, with the remainder being better attributed to case differences, a case-by-
test taker interaction, and unaccounted-for sources of error. Decision studies revealed that a
52-item test of this type would be required to achieve an ICC of 0.70 for a similarly
heterogeneous sample.

Intriguing differences emerged when the vignettes were analyzed separately to assess the
effect of test instruction and case complexity on the reliability. Table 3 illustrates the
reliabilities observed as a function of both item complexity and test instruction. More
straightforward (i.e., simple) cases generally yielded greater reliability than did complex
cases. Similarly, the directed search instructions generally led to a test with greater
reliability than did the first impression instructions, despite the vignettes being the same in
both experimental conditions.

As reliability indicates the extent to which one can consistently discriminate between
subjects, we expected that the heterogeneity of our subjects’ clinical experience would affect
these measurements. We thus performed similar analyses using subjects from each level of
experience independently. Interesting variations from the above patterns of reliability were
observed. Regardless of test instructions, the scores received by novice participants were
greater for simple cases (ICC(1,12) = 0.59 and 0.61 for first impression and directed search
cases, respectively) than for complex cases (ICC(1,12) = 0.00). In contrast, the scores
received by intermediate participants were greater for complex cases (ICC(1,12) = 0.59 and
0.33 for first impression and directed search cases, respectively) than for simple cases
(ICC(1,12) = 0.00). Finally, neither simple nor complex cases provided reliable
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discrimination of experienced candidates (ICC(1,12) = 0.00 in all assessments except for
simple cases presented in the context of first impression instructions, ICC(1,12) = 0.23).
DISCUSSION

Considerable research has sought to define and understand clinical reasoning, demonstrating
that both analytic and non-analytic processes exist and can facilitate diagnostic
accuracy.’21.24.29.33-38 The instrument and pilot results reported in this study provide
innovative progress in this domain by measuring accuracy and reliability in the context of
instructions that influence how subjects solve clinical problems. Because we expect certain
reasoning strategies to be dominant at different stages of experience, we anticipated that this
approach would highlight valuable cognitive differences among trainees.

Our data suggest that this online instrument is feasible for asynchronous assessment of a
spectrum of learners and can be reliably scored. Prior studies of diagnostic reasoning that
used vignettes and methods similar to ours required proctored exams and paper-based data
collection.17-19 Although easily navigated and amenable to remote administration, testing
times and subjective feedback from participants suggest completion rates could improve if
the test took less time to complete. Future studies will gauge whether reliability can be
maintained or improved within an acceptable amount of testing time by simply employing
one of the two instructional conditions rather than both in combination.

We observed that instructions given to participants influenced the psychometric properties
of test scores from our vignette-based instrument. When the entire continuum of experience,
from novices to experienced practitioners, was considered in a single analysis, greater
reliability was observed in the directed search instructional condition than in the first
impression condition. This suggests that more experienced practitioners are better
differentiated from their novice counterparts through their ability to deliberately work
through a case, whereas first impressions differentiate novices from experts less well. That
the instrument was not able to discriminate between experienced subjects suggests that once
a certain diagnostic reasoning skill level has been reached, practicing physicians are largely
indistinguishable from one another when presented with clinical vignettes of the type
presented in this study. Conversely, replicable differences did exist in intermediates,
although only when complex cases were presented, and in novices only when simple cases
were presented. The lack of difference in reliability across test instructions for novice
diagnosticians suggests that replicable performance differences between individuals at this
level of training exist both in the capacity to quickly recognize the correct diagnosis, and the
capacity to deliberately reason through a case presentation. When complex cases were
presented to the intermediate experience group, replicable differences existed only when
participants were instructed to adopt a more non-analytic (i.e., first impression) mode of
reasoning. This is consistent with the notion that performance in medicine is less related to
overall knowledge and more related to an ability to apply that knowledge in a judicious and
accurate way,22:24,29,39.40

It is important to recognize that no instructional intervention can create a pure comparison
between different reasoning processes. It is equally conceivable that subjects instructed to
rely on their first impression also deliberately considered features, and that subjects given
deliberate search instructions were influenced by their first impressions. With our
instructional manipulation we only hope to have prompted differential weighting of the two
reasoning approaches. In particular, because the deliberate search instructions followed the
first impression instructions, the directed search instructional condition may have performed
as a “combined” reasoning approach. Previous work has demonstrated equivalent
performance between subjects who received simultaneous or sequential instructions to use
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combined reasoning, and the diagnostic performance of these subjects exceeded that for
subjects who received only one set of instructions (either first impression or directed
search).24

Past work by Mamede and colleagues has investigated the reasoning processes of second-
year Brazilian IM residents.17-19 Using similar testing instructions and vignettes, but
employing a repeated measures design that alternated instructional condition from one case
to the next, these researchers failed to demonstrated differences in accuracy between the two
instructional conditions.” The significantly higher diagnostic accuracy under the directed
search condition that we demonstrated in this study could be due to the experiential
heterogeneity of our subject population, or subjects’ use of a sequential combined reasoning
approach for the second block of six questions, for which they received deliberate search
instructions.

This is the first study to apply these clinical vignettes to a population with heterogeneous
clinical experience. The significant associations between mean scores of diagnostic accuracy
and both clinical experience and vignette complexity suggest that the scores provide a valid
reflection of clinical skill. Further study is planned to assess how individuals’ scores change
longitudinally with training, and the degree to which scores from this instrument correlate
with external markers of clinical performance. If our instrument is used to follow a cohort of
learners over time, results may provide useful information about the development of clinical
reasoning skills. If applied to distinguish between cohorts, it would appear that this
instrument is most useful to distinguish between “novice” students and more experienced
residents and faculty. Within-group comparisons are likely to provide more meaningful and
useful information about performance differences between experiential peers. Further testing
with a larger multicenter population will determine whether meaningful differences in
performance persist between subjects within each respective cohort.

LIMITATIONS

The sequential nature with which the instructions were presented is the main limitation of
this study. It is possible that the reliability of the directed search condition was better than
that of the first impression condition simply because those instructions were presented last,
thereby introducing a greater amount of error into the measurement in the first half of the
test. However, our results align with the existing clinical reasoning literature. Further, the
consistent differences in reliability seen as functions of vignette complexity and experience
level were not afflicted by a similar confound. Nonetheless, this issue remains to be tested in
future research.

Second, we used volunteer subjects, which may have resulted in a sample that was more
confident, able, or motivated than a typical population of medical students, residents, and
faculty. However, this should narrow the range of scores, thus yielding conservative
reliability estimates. Furthermore, it is unlikely that such a bias in the sample would create a
systematic differential in the reliability observed across experimental conditions.

Third, our subjects were drawn from a single institution. Since medical schools and
academic health centers have variable prevalence of disease pathologies, the experiences of
these subjects with the clinical material used in the vignettes could differ from those of
individuals at another institution. It is also possible that some training institutions have
specific training in diagnostic reasoning itself. These concerns may limit our ability
generalize these findings to other sites.

Fourth, the cases employed in this testing instrument were drawn from a collection that was
originally developed for an audience of Brazilian IM residents.1”-19 While this may raise
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concerns regarding the validity of this content to the subjects tested in this study, we were
careful to choose cases with pathologies that our subjects would routinely encounter.

Finally, though mean scores under each testing condition were higher among subjects with
more clinical experience, this study did not compare these scores to clinical evaluations
provided by supervisors, scores on other instruments designed to evaluate reasoning,*1-44 or
reasoning documented in targeted case reviews.*>4° This limits interpretation of whether
these scores are a valid reflection of reasoning in a true clinical environment, as well as
whether this instrument adds value to other available tools.

CONCLUSIONS

Our online vignette-based testing instrument was feasible for administration to an
experientially diverse subject group, and could be scored reliably. Differences in diagnostic
accuracy followed expected patterns by experience levels and vignette complexity,
supporting the argument that these scores are a valid reflection of reasoning performance.
Reliability studies yielded intriguing results, suggesting instructional conditions influence
the psychometric properties of the instrument. Decisions regarding whether to use simple or
complex vignettes and which test instructions to use should be driven by the level and
breadth of the experience within which test administrators hope to differentiate.
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| Study Description, Electronic Consent |

“First Impression” Condition
*Instructions: “Read the case below, and as soon as you know the diagnosis, enter it in the box

below. You do not need to finish reading the case if you know the answer. Then move on to the next
case.”

*1 Practice vignette
+6 Clinical Vignettes (3 Simple, 3 Complex)
*Single free text box for responses

Y

“Directed Search” Condition
*Instructions: “1. Give a one sentence summary of the problem you are trying to solve. 2. List
diagnoses you are considering, with supporting/refuting data. 3. Rank the diagnoses you are
considering in order of likelihood. 4. List the “must not miss” diagnosis.”

*1 Practice vignette
+6 Clinical Vignettes (3 Simple, 3 Complex)
*Four free text boxes for responses

| Demographics, Feedback

Figure 1.
Test administration flow diagram
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Table 3

Reliability” (and 95% confidence intervals) observed as a function of case complexity and test instructions.

Case complexity
Test instruction ~ Simple vignettes  Complex vignettes Row total

Firstimpression 057 (0.54-0.60)  0.00 (0.00-0.00)  0.08 (0.06-0.10)
Directed search ~ 0.78(0.76-0.80)  0.18 (0.15-0.21) 0.4 (0.40-0.48)

Column total 052 (0.48-056)  0.37 (0.34-0.41)  0.35 (0.32-0.39)

*

The marginal values are not simple averages of the reliabilities in the cells. Rather, each cell corresponds to the reliability observed for the three
cases that fit within that complexity/test instruction combination and the marginal corresponds to the reliability observed for the six cases that fit
within the relevant row/column. In each instance a decision study was used to equate the reliability to what could be expected had all 12 vignettes
used in the study been of the type described. Each, then, corresponds with a Case 1 ICC averaged across 12 vignettes (ICC(1,12)) according to
Cohen and Fleiss’ nomenclature.
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