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Letters

RESEARCH LETTER

Diagnostic Performance by Medical Students
Working Individually or in Teams

Diagnostic errors contribute substantially to preventable medi-
cal error." Cognitive error is among the leading causes and
mostly results from faulty data synthesis.* Furthermore, re-
flecting on their confidence does not prevent physicians from
committing diagnostic errors. Diagnostic decisions usually are
not made by individual physicians working alone. Our aim was
toinvestigate the effect of working in pairs as opposed toalone
on diagnostic performance.

Methods | Volunteer fourth-year medical students recruited via
mailing lists at Charité Medical School, Berlin, Germany, par-
ticipated in the study during June 2013 and gave written in-
formed consent. Their main task was to evaluate 6 simulated

cases of respiratory distress on a computer, which were pre-
viously validated with students and experts.? Participants were
randomized (stratified by sex) to work individually or in pairs.
Participants received a software demonstration prior to ran-
domization; postrandomization and prior to starting the case
assessments, they received a training case.

The 6 diagnostic performance cases were presented in ran-
dom order. Each case started with a video presentation of a pro-
totypical patient. Thereafter, participants could select, in any
order, from 30 diagnostic tests as many as desired, but were
instructed to be as fast and accurate as possible. Results were
presented as real-world clinical data (eg, auscultation sounds
or x-ray images). To complete a case, participants had to se-
lect 1 of 20 diagnoses and indicate their confidence.

Dependent variables were diagnostic accuracy (correct or
incorrect), number and relevance of diagnostic tests (ob-
tained from expert data®), time to diagnoses, time tests would

Table. Accuracy. Background Knowledge, Information Search Measures, and Confidence of Medical Students, Across Cases®

Maan (95% CI) Toest Statistics
Individuals Pairs t Score® d Value FScore® 2 P Value
Accuracy
Mo. of correct cases, 3.00(3)[2-9] 4.07 (4) [3-5]
mean (median) [IQR] tog = —2.98 0.78 004
Percentage 50.00 (40.53 to 59.47) 67.78 (59.95 to 75.60)
Background knowledge 75.15(70.19 to 80.12) 73.26 (69.98 to 76.55) tgs = 0.65 0.14 52
measured by No. of
correct items out of 25, %
Information Search Measures
Tests selected
No. 15.41 (14.57 to 16.24) 15.02 (14.21 to 15.82) Fy 5 =1.36° 0.21 30
Relevance® 59.83 (58.41 to 61.25) 62.26 (60.89 to 63.63) Fy 5 =16.74° 0.77 01
When correct 61.11 (57.93 to 64.29) 61.71 (58.53 to 64.89) Fy 50 = 0.86° 0.02 .36
When incorrect 59.54 (56.75 to 62.32) 64.95 (62.16 to 67.73) Fygo= 7.23f 0.13 .01
Time, min:sec
To diagnosis 2:25 (2:07 to 2:42) 4:27 (4:10 to 4:44) Fy 5 =44.07° 0.90 001
For tests in reality 37:26(33:14 t0 41:38) 31:11(27:08 to 35:14) Fy5=8.42° 0.63 .03
Confidence®
Overall 5.92 (5.59 to 6.26) 7.02 (6.70 to 7.35) Fy5=26.13° 0.84 004
When correct 6.24 (5.51 to 6.97) 7.53 (6.80 to B.25) Fy 50 =19.03% 0.28 <.001
When incorrect 5.28 (4.68 to 5.89) 6.14 (5.53 to 6.74) Freg= 0.66° 0.01 42
Absolute difference 1.24 (1.05 to 1.44)
When correct 1.16(0.88 to 1.44)
When incorrect 179 (133 t02.24) hac28] 052 i

Abbreviation: IQR, interquartile range.

#The topics of the 6 diagnostic performance cases were pneumonia, chronic
obstructive pulmonary disease, intoxication, pulmonary edema, pulmonary
artery embolism, and unstable ventricular tachycardia.

B Results of simple and paired t tests and mixed-effects analyses of variance
with (1) cases being entered as a random factor and group (individuals vs pairs)
as a fixed factor and (2) accuracy and condition as fixed factors.

< Group (individuals vs pairs) as a fixed factor.

9 Defined as case-specific proportion of 20 medical experts who selected each
test during test instrument validation® (thus ranging in an acquisition rate
of 0%-100% of the experts). The relevance indices of all tests selected per
case by the student participants was then individually averaged across tests
and cases.

= Accuracy as a fixed factor.

f Accuracy and group (individuals vs pairs) as fixed factors.

Blndicated on a Likert scale (1 = least to 10 = most confident).
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take in reality, and confidence (on a Likert scale from 1 = least
to 10 = most confident). Before the main task, participants took
a multiple-choice test about respiratory diseases to check
whether knowledge about the topic differed between groups
(individual vs pairs).

A required sample size of 117 was determined, assuming
the pairs would correctly diagnose 1 more case (a = 0.05,
B = 0.2,dropout = 5%). The study design was approved by the
Charité Medical School institutional review board. We con-
ducted t tests for confidence (within pairs), participant char-
acteristics, accuracy, and relevant knowledge (between con-
ditions), and analyses of variance for all other analyses in SPSS
version 21 (SPSS Inc) with a 2-sided significance level of P < .05.

Results | Of 88 students recruited, 28 worked individually and
60 in pairs. Participant characteristics did not differ between
groups. Pairs were more accurate than individuals (67.78% vs
50.00%; difference, 17.78% [95% CI, 5.83%-29.73%]; P = .004)
despite having comparable knowledge about the topic and se-
lecting an equal number of diagnostic tests (Table). Pairs se-
lected more relevant tests on average, but did so only when
incorrect.

Pairs needed 2:02 minutes (95% CI, 1:37 to 2:28 minutes)
longer than individuals to reach a diagnosis, but their se-
lected tests would have taken 6:15 minutes (95% CI, -12:08 to
—-0:21 minutes) less in reality. Pairs were more confident than
individuals, but their confidence was not better calibrated
(same difference between correct and incorrect cases). Within
pairs, confidence between participants differed more when in-
correct than when correct (1.79 vs 1.16; difference, 0.63 [95%
CL, 0.12to0 1.13]; P = .02).

In addition, to assess whether pairs might perform better
because they are statistically more likely to contain a knowl-
edgeable member,* we randomly paired all participants of the
individual group into 28 simulated pairs and used the perfor-
mance of the more confident member as this pair’s perfor-
mance. The procedure was repeated 1000 times and perfor-
mance averaged. The accuracy of simulated pairs was
comparable with individuals (mean, 56.73%; 95% CI, 49.72%-
63.74%) but below that of real pairs (F, g, = 6.75, n,* = 0.14,
P =.002).

Discussion | Working collaboratively reduced diagnostic errors
among medical students. As in previous research,? neither dif-
ferences in knowledge nor in amount and relevance of ac-
quired information explained the superior accuracy of the pairs;
neither did the statistically increased likelihood of contain-
ing a knowledgeable member. Similar to other studies,* col-
laboration may have helped correct errors, fill knowledge gaps,
and counteract reasoning flaws.

Pairs were more confident in diagnoses overall; future stud-
ies should examine whether a difference in confidence be-
tween members could indicate incorrect diagnoses and thus
further reduce diagnostic error, as results suggest.

Limitations are the sample of participants (senior stu-
dents, not physicians) and the test procedure (simulated, not
real patients). In addition, all information was shared, which
may be different in real clinical settings.”
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