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Abstract

Background: Formulating a thoughtful problem representation (PR) is fundamental
to sound clinical reasoning and an essential component of medical education. Aside
from basic structural recommendations, little consensus exists on what characterizes
high-quality PRs.

Obijectives: To elucidate characteristics that distinguish PRs created by experts and
novices.

Methods: Early internal medicine residents (novices) and inpatient teaching faculty
(experts) from two academic medical centers were given two written clinical
vignettes and were instructed to write a PR and three-item differential diagnosis for
each. Deductive content analysis described the characteristics comprising PRs. An
initial codebook of characteristics was refined iteratively. The primary outcome was
differences in characteristic frequencies between groups. The secondary outcome
was characteristics correlating with diagnostic accuracy. Mixed-effects regression
with random effects modeling compared case-level outcomes by group.

Results: Overall, 167 PRs were analyzed from 30 novices and 54 experts. Experts
included 0.8 fewer comorbidities (p <.01) and 0.6 more examination findings (p =.01)
than novices on average. Experts were less likely to include irrelevant comorbidities
(odds ratio [OR] = 0.4, 95% confidence interval [CI] = 0.2-0.8) or a diagnosis (OR = 0.3,
95% Cl=0.1-0.8) compared with novices. Experts encapsulated clinical data into
higher-order terms (e.g., sepsis) than novices (p < .01) while including similar numbers
of semantic qualifiers (SQs). Regardless of expertise level, PRs following a three-part
structure (e.g., demographics, temporal course, and clinical syndrome) and including
temporal SQs were associated with diagnostic accuracy (p <.01).

Conclusions: Compared with novices, expert PRs include less irrelevant data and
synthesize information into higher-order concepts. Future studies should determine

whether targeted educational interventions for PRs improve diagnostic accuracy.
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INTRODUCTION

Formulating a problem representation (PR) is regarded as a fundamen-
tal step in solving clinical problems and is a cornerstone of clinical
reasoning education.2™* A PR transforms clinical findings into abstract
concepts to guide hypothesis generation and the search for a candidate
diagnosis.}>® While PRs are conceptualized as forming unspoken in an
experienced clinician's mind, trainees practice how to represent clinical
problems by writing their thoughts down or presenting them aloud
on rounds.**”~? A prototypical PR, sometimes called a summary
statement or “one-liner,” is an expression of the patient's demographics
and pertinent comorbidities, the temporal pattern of illness, and a
description of the observed clinical syndrome.?>* This three-part
structure, based on extrapolations from earlier studies and expert
consensus of what elements are needed to solve a case, provides a
starting point from which trainees are taught to craft a differential
diagnosis (Ddx) to guide the patient's diagnostic evaluation.2™>

Apart from these general structural recommendations, medical
educators share little consensus on what details characterize “gold
standard” PR2"° Early studies suggested that the number of semantic

» o«

qualifiers (SQs)—terms like “acute,” “generalized,” or “severe,” which
transform data into meaningful abstractions—used in a summary
statement correlates with participants' level of expertise and with
diagnostic accuracy.>® However, an intervention training novices SQ
use did not improve accuracy, suggesting that SQ use alone does not
capture PR quality.!? Smith et al. developed a rubric judging students’
summary statements on five characteristics: SQ use, factual accuracy,
transformation of information into abstract concepts, narrowing of the
Ddx, and subjective global quality.® While inter-rater reliability for the
entire rubric was acceptable, individual experts using the rubric diverged
in how they judged global quality.2® These findings suggest that even
experts have different notions of what composes high-quality PR.

While a gold standard for PR could be established by experts via
Delphi procedures or interviews, such results would be opinion-
based and may not correlate with diagnostic performance.*?'® An
approach based on observing expert behavior in real-life or simulated
situations may more likely ascertain what factors constitute expert-
level PR.¥?213 Because the goal of understanding high-quality PR is
supporting instruction for trainees, the natural comparison for expert
PR creation is novice PR creation.

We sought to elucidate the characteristics that distinguish PRs
created by attending physicians (termed “experts”) from those created
by physicians early in their training (termed “novices”). We also

explored which characteristics correlated with diagnostic accuracy.

METHODS
Subjects and recruitment
We recruited internal medicine residents and inpatient teaching faculty

from two academic institutions in different locations in the United States
(site directors C.N.M. and J.L.). Residents met inclusion criteria if they
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had completed 10-15 months of post-graduate training. We included
trainees at this level to lessen the impact of limited clinical experience on
participants' abilities to diagnose the vignettes in the study. We
operationalized expertise by experience level assuming that, on average,
even less experienced attending physicians represent relative expertise
in clinical medicine and PR compared with early residents.

At the University of Pittsburgh (UoP), resident clinical reasoning
education includes required online modules covering basic concepts
plus formal instruction on topics like PR during case conferences. At
the University of Minnesota (UoM), resident clinical reasoning
education includes a didactic on key concepts during their academic
half-day schedule and practical instruction on PR during case
conferences and morbidity and mortality conferences.

Recruitment occurred via email. Participants were given time to
complete the study during regularly scheduled educational sessions.
Participation was voluntary and incentivized by the chance to win a
gift card.

This study was deemed exempt after IRB review at both institutions.

Study design

We presented study participants with two vignettes with an
undisclosed diagnosis and asked them to write a “summary
statement, also called a PR or a one liner” and provide an unranked
three-item Ddx for each. No further instructions were given for what
details to include or how to structure PRs. Participants could view the
cases while completing these tasks.

Participants then rated their agreement with three statements on
a 5-point Likert scale. These statements explored participants'
diagnostic confidence and how writing a PR affected their differen-
tial. Finally, we collected demographic data for participants.

The vignettes contained ambiguity while also providing enough
information to achieve a single diagnosis (Supporting Information: Digital
Appendix 1). To standardize case difficulty and support statistical
analysis, we constructed the vignettes with identical numbers of total
historical elements (e.g., past medical history and surgical history) and
pertinent positive and negative findings. The list of comorbidities for
each case was crafted to contain two items relevant to the diagnosis
and five irrelevant items. Vignettes were developed by two internal
medicine faculty with clinical reasoning expertise (C.N.M. and E.B.) and
were piloted by four chief medical residents. Vignettes took approxi-
mately 5-8 min each to complete. Case A described a patient presenting
with right-sided heart failure from pulmonary hypertension and Case B
a patient with sepsis from acalculous cholecystitis. We used two cases
to decrease the likelihood of content-specific findings while balancing

subjects' total participation time.

Qualitative data analysis

We qualitatively analyzed PRs using deductive content analysis to
enable statistical analysis comparing the frequencies of characteristics

3SUB0 17 SUOWILIOD dAIIES1D 3|qedi|dde sy Aq peuLeoh ale sajoie YO ‘SN Jo SanJ 10} AriqiTauluQ A3 UO (SUOIIPUOD-PUR-SWIBIIOD" 3| 1M ARe.q 1 BU1|U0//Sd1y) SUORIPUOD pUe WS | U1 89S *[7202/90/7T] U0 ARigiautiuQ AS|1AA Eaylol|qIgsIBISRAIUN Wepenoy AIsBAIUN snwsel3 A SEEET WY (/200T OT/10p/wWo0 A8 |1m ARiq 1 pu|Uo'suO 1ea1 |gndwiys//:sdny WwoJy papeo|umod ‘9 ‘1202 ‘9095ESST



470 Journal of

WHAT MAKES A GOOD PROBLEM REPRESENTATION

Hospital Medicine

by expertise level and by diagnostic accuracy. We developed an initial
codebook based on characteristics of PRs studied in previous

Work5176,14718

and iteratively refined it throughout the coding process
(Supporting Information: Digital Appendix 2).

We coded a variety of PR characteristics, including structure
(e.g., word count and sentence number), patient demographics (e.g.,
number and relevance of comorbidities)) SQ use, degree of
encapsulation, inclusion of components of a history and physical,
and whether a diagnosis was included.

We identified SQs using the strategies outlined by Connell
et al., which count only mutually exclusive semantic categories and
avoid repetition.?®> For example, a summary including both “acute”
pain and “subacute” dyspnea counted once toward the acute/
subacute/chronic semantic axis. The degree of encapsulation®”
was divided into three categories based on the highest level of data
transformation: O represented repetition of information (e.g., “white
blood cells 14"), 1 represented renaming (e.g., “leukocytosis”), and 2
represented synthesizing features into larger concepts (e.g.,
combining fever, tachycardia, and infection into “sepsis”). PR word
count was obtained in Microsoft Excel (Microsoft Corporation) after
removing articles, conjunctions, prepositions, and hyphenation and
spelling out abbreviations. We quantified diagnostic accuracy based
on including the correct diagnosis in the differential. Answers could
be incorrect, partially correct, or completely correct. For example,
for Case A, “heart failure” would be partially correct, while “right-

n o«

sided heart failure,” “pulmonary hypertension” or an equivalent
term would be completely correct.

Two authors (C.N.M. and M.G.S.) blinded to participant expertise
coded 25% of the data (n=21 participants, 42 PRs). Inter-rater
reliability was acceptable, with 90% total percent agreement for
binary and ordinal variables and 91% interclass correlation for
continuous variables. Disagreements were resolved by consensus.

One author (C.N.M.) coded the remaining PRs.

Quantitative data analysis

Participant and PR characteristics were summarized descriptively
and stratified by expertise level and diagnostic accuracy. Means
and standard deviations (SDs) were computed for continuous
variables. Frequencies and percentages were computed for
categorical variables. We compared case-invariant participant
characteristics by expertise level using chi-square tests or Fisher's
exact tests, for low expected cell counts. To compare case-level
outcomes by group, we employed mixed-effects models to
account for clustering of cases within participants. For continuous
outcomes, linear mixed-effects regression models were fitted.
Mixed-effects logistic regression models were used for binary
outcomes, and mixed-effects proportional odds models were
employed for ordinal outcomes. All models included a dichoto-
mous fixed effect for group (e.g., expert vs. novice) and a random
intercept for participants to account for repeated measures. A

type 1 error rate of 0.05 was assumed. No adjustments were

made for multiplicity, given the study's exploratory nature. All
statistical analyses were completed in SAS version 9.4 (SAS
Institute).

For the secondary outcome, diagnostic accuracy, we calculated
a target sample size to detect a medium-sized difference with 80%
power at 5% significance. Over a range of potential expert-to-
novice participant ratios, we determined that we needed n=76
experts and n = 59 novices to declare significance with an odds ratio
(OR) as small as 2.48. All power calculations were performed using
PASS version 14.

RESULTS
Participants and cases

A total of 167 PRs from 84 participants, including 54 experts and
30 novices, were analyzed (Table 1). Each included participant
completed both cases except for 1 expert who completed only Case
A. One expert was excluded due to incomplete data. Sixty-two
participants (38 experts and 24 novices) were from UoP and 22 (16
experts and 6 novices) were from UoM.

Participants were 52% women (n = 43), 46% men (n = 40), and 2%
preferring not to say (n = 1), without significant differences between
experts and novices (p =.052).

There was no difference in diagnostic accuracy between groups
(p =.48) or between institutions (p =.259). Diagnostic accuracy was
statistically different between cases (p =.02). For Case A, 44% (37/84)
submitted a Ddx with a completely correct answer and 46% (39/84)
included a partially correct answer. For Case B, 27% (22/83) submitted
a Ddx with a completely correct answer and 52% (43/83) included a

partially correct answer.

TABLE 1 Characteristics of participants.

Prefer not
Female Male to say

University of Pittsburgh

24 Novices 11 (46%) 13 (54%)

38 Experts 22 (58%) 15 (39%) 1 (3%)
University of Minnesota

6 Novices 3 (50%) 3 (50%)

16 Experts 7 (44%) 9 (56%)
Expert years in practice

2 or fewer years 16 30%

3-5 years 14 26%

6-10 years 11 20%

11-20 years 7 13%

More than 20 years 6 11%
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Differences in PR characteristics by expertise level

Data were analyzed for categorical characteristics (Table 2) and

continuous characteristics (Table 3) by expertise level.

Structure, demographics, and clinical background

Most participants (104/167 PRs, 62%) followed the three-part PR
structure with no differences between groups (p =.31). Every PR
included the patient's age, and most (154/167, 92%) included
gender with no difference between groups. Experts included on
average 0.8 fewer comorbidities/PR (1.8 vs. 2.6, p <.01) and were
less likely to include irrelevant comorbidities (OR 0.40, p < .01). For
example, in Case A, an expert likely noted the patient's history of
hypertension only, while a novice likely included anxiety and
polycystic ovarian syndrome.

Time course and SQs

There was no difference between groups in the frequency of including
a temporal description of the patient's presentation (p =.49), with it
appearing in 112/167 (67%) PRs. The total number of SQs was similar
between groups, with 5.8 SQs/PR (SD = 2.3, p =.51).

Experts demonstrated a higher degree of encapsulation than
novices. On the three-part encapsulation scale, experts scored 0.4
points higher on average than novices (1.3 vs. 0.9, p <.01). Experts
synthesized findings in 51/107 (48%) PRs and renamed findings in

TABLE 2 Differences in problem representation (PR) between
experts and novices, categorical characteristics.

Odds ratio (95%

PR characteristic confidence interval) p Value
Follows the 3-Part PR format 0.81 (0.28-2.32) .69
Relevant comorbidities 0.17 (0.02-1.43) .10
Irrelevant comorbidities 0.40 (0.21-0.78) .008
Temporal semantic qualifiers 0.75 (0.37-1.50) 49
Pertinent negatives 1.60 (0.55-4.72) .39
Proposing a diagnosis 0.32 (0.12-0.82) .02
Inaccurate information 0.54 (0.24-1.22) 13
Overall diagnostic accuracy 0.79 (0.42-1.51) 48

Note: Statistical significance indicated by p <.05. All of the PR
characteristics in this table were categorical variables, present or not
present. Odds ratios compare experts to novices. An odds ratio of 1.0
means experts were just as likely to include a characteristic as novices.
Diagnostic accuracy was scored into three discrete categories: completely
incorrect, partially correct, and incorrect. An odds ratio <1 corresponds to
lower expert accuracy, while an odds ratio >1 corresponds to a higher
expert accuracy.

Hospital Medicine

33/107 (33%) PRs. Novices synthesized findings in 17/60 (28%) PRs
and renamed findings in 20/60 (33%) PRs.

Description of the clinical syndrome

All PRs included pertinent positives, while 41/167 (25%) included
pertinent negative findings, with no differences by group. Experts
and novices included similar numbers of findings from the history of
present illness (p=.16) and labs/other studies (p=.60) vignette
sections. Experts included 0.70 fewer past historical items (p <.01)
and 0.6 more physical examination findings (p =.01). The average
total number of findings included was similar between groups, with
7.2 findings/PR (SD 3.0, p =.74). For example, in Case B, an expert
likely noted the benign abdominal examination while the novice
mentioned no examination findings and instead referenced the
patient's nursing facility stay (a non-comorbidity, past historical
finding). Finally, experts were less likely to propose a diagnosis in
their PR (10% vs. 27%, OR =0.37, p =.02).

Inaccuracies

The rate of including inaccuracies was similar between experts and
novices (14% vs. 25%, p = .13) (Table 4). Inaccuracies were congruent
with a participant's Ddx in 23/27 (85%) instances. For example, when
changes in taste/smell were incorrectly reported, COVID-19 was on

the Ddx even though the patient tested negative.

Post-vignette questions

There were no differences between experts' and novices' responses
to the post-vignette questions (Supporting Information: Digital
Appendix 3). Results were similar between cases. Across both cases,
150/167 (89%) participants agreed/strongly agreed that they had a
diagnosis in mind before writing their PR, 130/167 (78%) agreed/
strongly agreed that writing a PR clarified their Ddx, and 121/167
(72%) agreed/strongly agreed that they were confident in their Ddx.

Differences in PR characteristics by diagnostic
accuracy

Writing a PR following the three-part structure was associated with
diagnostic accuracy: OR=3.3 (p=.02) for partially correct answers,
OR=5.0 (p<.01) for fully correct answers. Including temporal SQs was
independently associated with accuracy, regardless of whether the three-
part PR structure was followed: OR = 2.5 (p =.049) for partially correct
answers, OR=4.9 (p <.01) for fully correct answers. Diagnostic confi-
dence correlated with diagnostic accuracy. Average Likert scores were
3.5 (SD=0.9) for incorrect answers, 3.9 (SD=0.9, p=.01) for partially
correct answers, and 4.0 (SD = 0.8, p < .01) for fully correct answers.
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TABLE 3 Differences in problem representation (PR) between experts and novices, continuous characteristics.
Average number per PR Mean difference (95%

PR characteristic Experts Novices confidence interval) p Value
Number of comorbidities 1.8 2.6 -0.8 (-1.3 to -0.3) .001
Total semantic qualifiers 57 6.0 -0.3 (-1.3 to 0.6) 51
Number of included items per case section

History of present illness 2.2 2.5 -0.3 (0.6 to 0.1) .16

Past histories 1.9 2.6 -0.7 (-1.2 to -0.2) .003

Examination 1.4 0.9 0.6 (0.1-1.0) .01

Labs/other studies 1.6 1.5 0.1 (-0.5 to 0.8) .60

Total number of included items 7.2 7.4 -0.2 (-1.5 to 1.0) 74
Degree of encapsulation® 1.3 0.9 0.4 (0.1-0.6) .009
Number of sentences 1.3 1.0 0.3 (0.04-0.5) .02
Word count 33 36 -3 (-8 to 2) .23
Post-vignette questions® Average Likert score

| had a diagnosis in mind before writing my differential 4.2 4.4 -0.2 (-0.6 to 0.1) 22

diagnosis.
Writing a PR clarified my differential diagnosis. 4.0 4.0 0 (-0.4 to 0.4) .88
| am confident the correct diagnosis appears in my 3.8 3.9 -0.1 (0.5 to 0.2) 45

differential diagnosis.

Note: Statistical significance indicated by p <.05. All of the PR characteristics in this table were continuous variables. Negative mean differences indicate
experts including fewer instances of an item compared with novices, while positive mean differences indicate experts including more instances of an item.

®The degree of encapsulation was scored on a three-part scale: O for repetition of data, 1 for renaming of data, and 2 for synthesis of data into larger

concepts.

bFor the post-vignette questions, mean differences represent higher scores (positive values) or lower scores (negative values) on a 5-point Likert scale

ranging from strongly disagree (1) to strongly agree (5).

TABLE 4 Type and number of included inaccuracies by case.

Case A—Pulmonary hypertension (n)

Including a history of weight gain (7)

Wrong character of chest pain (7)

Wrong time course of symptoms (4)

Including a history of paroxysmal nocturnal
dyspnea (1)

Case B—Sepsis from acalculous cholecystitis (n)

Mischaracterizing the patient as a nursing home resident (5)
Including a history of dyspnea (4)

Including a history of rigors (1)

Including a history of smell/taste loss (1)

Mischaracterizing surgical history (1)

Note: A total of 27 problem representations included inaccuracies. Because some problem representations included multiple inaccuracies, the numbers in

this table sum to greater than 27.

DISCUSSION

In this mixed-methods clinical vignette study, we demonstrate that
expert and novice physicians write PRs with consistent, substantive
differences. Experts include less irrelevant data, focus more on
physical examination, synthesize data into higher-order concepts like
sepsis or respiratory failure, and propose a diagnosis less frequently
than novices. Regardless of expertise, writing a PR following a three-
part structure comprised of demographics, temporal course, and
clinical syndrome was associated with diagnostic accuracy.

The association of diagnostic performance with PR organization

underscores the importance of teaching the theory-derived three-part

structure for PRs.2* This result follows prior work emphasizing that
knowledge organization, not just raw accumulated knowledge, enables
sound decision-making.}*® Additionally, specifically including a temporal
description of the illness correlated strongly with accuracy. Using
temporal descriptions—whether acute/chronic, intermittent/constant,
and so on—allows clinicians to efficiently hone their Ddx.>*> Because
clinical reasoning education ultimately should strive to improve diagnos-
tic accuracy, we suggest that future PR training efforts should emphasize
using structured PR to organize and narrow a differential rather than just
collecting important facts about a case.

Compared with past works, SQ use was common regardless of
expertise level. This difference is likely due to the level of learner
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studied: the original SQ studies>®! evaluated differences between
attendings and medical students, who are less experienced than the

19.20 analyzing diagnostic

residents in our study. Subsequent studies
discourses suggest that using SQs to contrast candidate diagnoses
correlates better with accuracy than total SQ numbers. Surprisingly,
including pertinent negative findings was uncommon among experts
and novices. We suspect this is an artifact of the PR-writing process
(e.g., striving for word efficiency or assuming unmentioned findings
are normal) rather than judgment on the importance of negative
findings to diagnosis.®

Experts included more physical exam findings and synthesized
multiple data points into higher-order terms. The difference in
reporting exam findings is reminiscent of concerns that novices rely
less on physical examination than on laboratory/imaging studies.?*?2
The differences in data synthesis reflect prior work on knowledge
encapsulation, where experts more frequently synthesize individual
biomedical data like leukocytosis, fever, and suspected infection into
a larger idea like sepsis.2”'*® The average total number of findings
included in each PR was consistent with working memory theory,
which states that working memory can hold six to eight total items.?®

We also note how few experts proposed a diagnosis at the end
of their PR, especially compared with novices. Finishing PRs with a
favored solution may prematurely close intellectual exploration,
negating the educational purpose of PR and potentially injecting bias
into the search for a diagnosis.2* We hope this finding emboldens
educators to continue discouraging this practice while promoting
robust differential diagnosis as a distinct step in solving clinical
problems.!

The prevalence of inaccuracies in PRs was surprising: participants
were able to review the cases to verify data while writing their PRs.
We speculate that, even though our study had no time limit,
subjective time pressure may have caused inaccuracies.?*?°> Alter-
nately, because of how often inaccuracies were congruent with the
Ddx and how frequently participants reported having a diagnosis in
mind before writing their PRs, we propose these errors could
represent confirmation bias, where memory gaps are filled with ideas
confirming a hypothesis.?® Educators must emphasize that PR is an
opportunity to refine hypotheses by synthesizing supporting and
conflicting data—similar to deliberate reflection?’—rather than
choosing data supporting a prevailing theory. Future investigations
should examine how errors summarizing cases occur and why they
cluster around particular details.

Knowing these results, educators could create curricula teaching
expert-like PR to novices. We advise caution. Such curricula may
cause novices to skip important developmental steps related to
clinical problem-solving.***® Novices may need to write longer, more
diffuse summaries while they are refining their illness scripts and
have high diagnostic uncertainty.®22 Additionally, we note that most
of our attending participants had 5 years of experience or less. While
the literature would suggest that PR skills continue to develop as
experience accrues, all prior studies have examined trainees versus
attendings, not attendings of different experience levels.3>117 Truly
expert-level PR may be both content- and context-dependent,
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regardless of total years of experience. For example, a resident
freshly off an immersive ambulatory month may provide a better PR
for subacute foot pain than an intensivist with 20 years of focusing
only on critical care. Future studies should explore how attending PR
improves with continued experience and what developmental steps
characterize how trainees refine PR skills. In the meantime, we
suggest that our findings could motivate conversations with trainees
about encapsulating data points into larger ideas, discerning relevant
risk factors from irrelevant comorbidities, and emphasizing the

importance of exam findings to diagnosis.

LIMITATIONS

Although we analyzed many PRs from two geographically distinct
academic centers, our participants may not reflect novices or
experts in community settings with various levels of prior clinical
reasoning instruction.?? Additionally, the nomenclature of PR versus
summary statement versus one-liners is heterogeneous, which
could lead to differences in PR creation. Importantly, there was no
difference in diagnostic accuracy between experts and novices.
This may have been due to the cases' difficulty or selection bias
related to our study being underpowered for diagnostic accuracy.
Nonetheless, we elucidated important differences in how novices
and experts create PRs and describe which facets of PRs correlate
with accuracy. Larger studies with vignettes covering additional
clinical areas should investigate if other aspects of PR contribute to

diagnostic accuracy.

CONCLUSIONS

This study establishes concrete differences in how experts and novices
construct PRs and emphasizes aspects of PR that aided clinicians in
solving clinical vignettes. These findings can inform future research on
using PR as a teaching tool to improve diagnosis. Future studies should

determine the causes of novice-expert differences.
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