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A Randomized Trial of Ways To Describe Test Accuracy: The Effect on
Physicians’ Post-Test Probability Estimates
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Background: Some people believe that likelihood ratios provide
diagnostic information that is more useful than sensitivity and
specificity estimates.

Objective: To assess how physicians’ estimates about probabil-
ity of illness are affected by the presentation of a diagnostic test's
value as an estimate of sensitivity and specificity versus a likeli-
hood ratio or an inexact numerical graphic.

Design: Random assignment of vignettes with different presen-
tation formats of diagnostic test accuracy.

Setting: Auditorium at a continuing medical education confer-
ence.

Participants: 183 physicians.

Intervention: After estimating probabilities of 6 common ill-
nesses described in patient vignettes, physicians reviewed perti-
nent test results presented in 1 of 3 formats.

Measurements: Physicians’ probability estimates of illness be-
fore and after receiving test information, and post-test probability
estimates based on the Bayes theorem.

Results: Absolute percentage point differences between the phy-
sicians’ estimated and the Bayes-based post-test probabilities var-
ied from —7 to 31, from —7 to 28, and from 1 to 29 for the
sensitivity and specificity, likelihood ratio, and graphical groups,
respectively. Mean differences of probability estimates between
the sensitivity and specificity and the likelihood ratio groups were
small for all vignettes (—2 to 3 percentage points; summary mean
z value across the 6 vignettes, 0.04 [95% Cl, —0.14 to 0.21]).

Limitations: The small pool of participants (who were poten-
tially selected) and the limited number of vignettes prevented a
more detailed analysis of relationships between the interpreted
strength of diagnostic evidence and estimations of illness proba-
bility.

Conclusions: These findings suggest that presenting diagnostic
test accuracy with likelihood ratios does not affect some physi-
cians' estimates of illness probability compared with presenting
diagnostic test results as sensitivity and specificity.
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Diagnostic tests are used to reduce uncertainty about
the presence or absence of an illness. The informative-
ness of a diagnostic test, usually expressed as its sensitivity
and specificity or as a likelihood ratio, determines how
much the illness probability changes from the pretest to the
post-test situation. The change in illness probability can be
calculated using the Bayes theorem, which combines the
illness probability before testing with the information de-
rived from the test (1).

Few physicians use this formal approach to weigh the
informativeness of diagnostic test results (2) and, perhaps
as a result, make mistakes when asked to use it (3, 4).
Many investigators advocate the use of likelihood ratios
(5-8). However, the effect of different presentation for-
mats for diagnostic accuracy on post-test probability esti-
mates has not been rigorously tested. We conducted a ran-
domized study to see if physicians’ estimates about illness
probability more closely reflect estimates determined by
the Bayes theorem when diagnostic information is pre-
sented as sensitivity and specificity estimates, a likelihood
ratio, or an inexact numerical graphic.

METHODS

We randomly assigned experienced specialists in fam-
ily and internal medicine attending a continuing medical
education conference to complete 1 of 3 self-administered
questionnaires that presented vignettes representative of
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scenarios commonly encountered early in the diagnostic
work-up. The vignettes differed only in how diagnostic test
accuracy was presented. The questionnaires were sealed
within 576 envelopes that had been randomized in 32
blocks of 18 to avoid order effects (6 different vignette
orders for each of the 3 test accuracy presentation formats).
We distributed the envelopes before participants entered
the lecture hall so that we could not predict which partic-
ipant received which envelope, thus concealing the ran-
domization. The moderator of the lecture (which was un-
related to material presented in the vignettes) advised those
present to complete the questionnaire during small breaks
or at the end of the lecture. We collected 183 question-
naires 15 minutes after the lecture and excluded 5 ques-
tionnaires that were sent to us later.

The questionnaires asked participants to assess 6 clin-
ical patient profiles and to estimate the probability of ill-
ness, specifying a percentage between 0% and 100%, for

See also:

Print
Editors’ Notes. . . .......... ... ... ... ....... 185

Web-Only
Appendix Table
Conversion of tables into slides



each scenario. With the exception of the chronic obstruc-
tive pulmonary disease vignette, all patient vignettes con-
sisted of a description of presenting symptoms, additional
clinical facts, and a risk profile (Appendix Table, available
at www.annals.org). In the chronic obstructive pulmonary
disease vignette, no presenting symptom but only the risk
profile was given. For each vignette, we then gave the result
of a diagnostic test commonly used in clinical practice and
the test’s accuracy derived from the literature, presented as
sensitivities and specificities (group 1), as a positive or neg-
ative likelihood ratio (group 2), or as an inexact numerical
graphical format (group 3). Using the test result and its
diagnostic accuracy, participants were then invited to esti-
mate the post-test probability. As shown in the Appendix
Table (available at www.annals.org), we varied the infor-
mativeness of the diagnostic tests for both negative and
positive results by presenting examples of weak (vignettes 1
and 4), intermediate (vignettes 2 and 5), and strong (vi-
gnettes 3 and 6) test accuracies. Sensitivities and specifici-
ties were given as percentages to group 1.

In group 2, the positive or negative likelihood ratios
were presented as a numerical value and described in non-
technical language. For example, the description of the D-
dimer test’s positive likelihood ratio of 1.7 in patients with
high probability of pulmonary embolism (9) was addition-
ally described as “in patients with pulmonary embolism, a
positive test result is found almost twice as often as in
patients without pulmonary embolism.” For group 3, we
depicted an inexact numerical presentation with a simple
graphic of 5 circles (00000). We darkened an increasing
number of circles to correspond with increasing positive
likelihood ratios or decreasing negative likelihood ratios
(10). For example, positive likelihood ratios for 1 to 2.4
and for greater than 10 were presented as ®0000 and
00000, cspectively, while negative likelihood ratios for 1
to 0.41 and for less than 0.1 were presented as 9000 and
00000, icspectively. Experienced clinicians designed and
reviewed the vignettes.

Statistical Analysis

We calculated medians and interquartile ranges (25th
to 75th percentile) for pretest and post-test probabilities.
On the basis of each individual pretest probability esti-
mate, we calculated a corresponding Bayes-based post-test
probability by plugging the likelihood ratios corresponding
to each clinical vignette into the Bayes theorem. We calcu-
lated the differences between Bayes-based post-test proba-
bilities and the estimated post-test probabilities. Because
these differences were distributed normally, we used
2-sample r-tests to compare the differences between groups
1 (sensitivity and specificity) and 2 (likelihood ratio), as
well as between the groups with exact numerical informa-
tion (combined groups 1 and 2) and the group with the
inexact numerical graphical presentation. In addition, we
used the summary measure procedure described by
Schouten (11) to provide an overall estimate (across all 6
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Context

There are several ways to present information about the
accuracy of diagnostic tests.

Contribution

In this vignette-based study, 183 physicians read 6 scenar-
ios that included patients’ presenting symptoms, risk pro-
files, and test results. Physicians were randomly assigned
to view information about test accuracy as sensitivity and
specificity, a likelihood ratio, or an inexact graphic of the
likelihood ratio. In general, the groups estimated similar
post-test probabilities of disease regardless of how diag-
nostic accuracy was presented.

Implications

This preliminary work suggests some physicians may inter-
pret sensitivity and specificity and likelihood ratio informa-
tion in a similar manner.

—The Editors

vignettes) of the effect of the presentation format on dif-
ferences between Bayes-based post-test probabilities and es-
timated post-test probabilities. These summary scores were
compared between groups by using a 2-sample #-test.

To assess whether a presentation format was associated
with illogical ways to derive post-test probability estimates,
we performed 2 additional analyses. Physicians often mul-
tiply pretest probabilities by the likelihood ratios instead of
using the correct method that requires the use of pretest
odds (12). Therefore, we determined the proportion of
physicians in each group who multiplied the pretest prob-
abilities to derive post-test probabilities. Using the Fisher
exact test, we tested the hypothesis that the proportion of
physicians who made this mistake would be greatest in
group 2 (likelihood ratios). Finally, we set out to learn
whether the physicians in group 1 (sensitivity and specific-
ity) were more likely to estimate post-test probabilities in
the wrong direction. For example, a post-test probability
estimate that is lower than the pretest probability despite a
positive test result has the wrong direction. This type of
error may occur if physicians were to associate low values
of sensitivity and specificity with negative test results,
thereby inadvertently lowering their illness probability es-
timates despite a positive test result. The reverse may occur
with a negative test result and very high values for sensitiv-
ity and specificity.

All statistical analyses were performed with SPSS for
Windows, version 12.0.1 (SPSS Inc., Chicago, Illinois).

Role of the Funding Sources

The funding sources had no role in the design, con-
duct, or analysis of the study and no influence on the
decision to publish the results.
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Table 1. Characteristics of Participants

Physician Characteristics Group 1: Group 2: Group 3: Inexact
Sensitivity/Specificity Likelihood Ratio Numerical Graphic
(n = 65) (n = 60) (n = 58)
Median age (25th, 75th percentile), y 50 (42, 55) 45 (39, 52) 48 (40, 54)
Women, n (%) 11(17) 19 (32) 7 (12)
Specialization, n (%)
Family medicine 52 (79) 39 (66) 46 (79)
Internal medicine 10 (15) 14 (24) 10 (17)
Not specified 4 (6) 6 (10) 203)
Median time since graduation (25th, 75th percentile), y 24 (17, 29) 18 (11, 24) 21 (13, 26)
Setting, n (%)
Private practice 57 (86) 43 (73) 46 (79)
Hospital 9 (14) 14 (23) 11(19)
Not specified 0 2(4) 12
Attended continuing medical education in 28 (42) 27 (46) 27 (47)
evidence-based medicine, n (%)

REsuLTS

Of approximately 500 conference attendees, 183
(37%) participated in our study. Group 2 contained more
women and hospital-based internists, whereas training in
evidence-based medicine appeared balanced among the 3
groups (Table 1). Table 2 shows that physicians’ pretest
estimates varied widely for all vignettes, but the medians
and interquartile ranges were similar across groups. Medi-
ans varied for the patient suspected of having a myocardial
infarction, but interquartile ranges were similar across
groups.

Table 2 also shows the differences between Bayes-
based (that is, calculated) and estimated post-test probabil-
ities. Absolute percentage point differences varied from —7
to 31, from —7 to 28, and from 1 to 29 for the sensitivity
and specificity, likelihood ratio, and graphical groups, re-
spectively. For the myocardial infarction, chronic obstruc-
tive pulmonary disease, temporal arteritis, and heart failure
vignettes, physicians changed their illness probabilities to a
lesser extent than was allowable under the Bayes theorem
(positive values for differences). In groups 1 and 2, the
diagnostic accuracy of the D-dimer test was overestimated;
in the influenza vignette, however, estimated post-test
probabilities were, on average, almost identical to Bayes-
based post-test probabilities for all groups.

The 2 exact numerical presentation formats (groups 1
and 2) had similar effects. We found differences of —2 to
3 percentage points across the 6 vignettes and a difference
of 0.04 (95% CI, —0.14 to 0.21) for the summary z score.
Differences between the inexact numerical graphic group
and the combined groups 1 and 2 were between —10 and
5 percentage points (summary z score difference, —0.21
[CI, —0.37 to —0.06]). Physicians’ post-test probability
estimates were closer to Bayes-based estimates when in-
formed by the inexact numerical graphic for the pulmo-
nary embolism (mean difference, 4 percentage points) and
chronic obstructive pulmonary disease vignettes (mean dif-
ference, 10 percentage points) than when informed by
other measures.
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For 5 vignettes, we found 5 or fewer physicians per
group who had post-test probabilities suggesting exact
multiplication of the pretest probabilities by likelihood ra-
tios instead of using pretest odds. For the myocardial in-
farction vignette, however, 20% of physicians in group 2
(likelihood ratios) exactly multiplied their pretest probabil-
ity estimate by 0.15, compared with 14% of physicians in
group 1 and 7% in group 3 (P = 0.12).

Overall, 6% (CI, 3.4% to 10.4%) of all post-test prob-
ability estimates were in the wrong direction. Nine percent
(ranging from 3% to 19% across 6 vignettes) of all post-
test probability estimates in group 1 (sensitivity and spec-
ificity) were in the wrong direction compared with 4%
(range, 0% to 7%) in group 2 and 4% (range, 0% to 9%)
in group 3 (2 = 0.005). Of all post-test estimates that were
in the wrong direction, 49% occurred in the vignettes with
tests of low accuracy (pulmonary embolism and temporal
arteritis).

DiscussioN

This study showed that post-test probability estimates
deviated to a small and similar extent from Bayes-based
estimates in the groups informed by sensitivity and speci-
ficity or likelihood ratios. An inexact numerical graphic led
physicians to come closer to Bayes-based estimates in the
pulmonary embolism and chronic obstructive pulmonary
disease vignettes. In addition, we found that some physi-
cians estimated lower illness probabilities after a positive
test result if it was accompanied by a low test accuracy
value.

This study has several limitations. First, the small
number of vignettes precluded a more detailed analysis of
relationships between strength of the diagnostic evidence
and the degree to which the inexact numerical method may
lead to conservatism. Second, the analysis presented in Ta-
ble 2 assumes constancy of likelihood ratios (or sensitivity—
specificity combinations) across the range of pretest prob-
abilities, although, in reality, they vary (13). Third, we
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used published literature to estimate test accuracy charac-
teristics, but we could not compare the physicians’ post-
test estimates with “correct” post-test probabilities, because
“true” summary measures of test accuracy often were not
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readily available (14). Fourth, the inexact numerical
graphic may have oversimplified the test accuracy given in
the chronic obstructive pulmonary disease vignette because
it only informed physicians of a likelihood ratio of 10 or

Table 2. Probability Estimates and Deviation of Estimated from Bayes-Based Calculated Post-Test Probabilities

Target lliness Group 1: Group 2: Group 1 vs. Group 2 Group 3: Inexact Groups 1 and 2 vs. Group 3t
Sensitivity and Likelihood Ratio Numerical Graphic
Specificity (25th, (25th, 75th 2-Sample t-test P (25th, 75th 2-Sample t-test P Value
75th Percentile)* Percentile)* (95% Cl) Value Percentile)* (95% ClI)
Pulmonary embolism
Pretest probability 70 (50, 80) 70 (50, 80) 80 (55, 80)
estimate, %
Post-test probability 90 (75, 95) 88 (67, 95) 80 (60, 90)
estimate, %
Mean Bayes-based minus —7, SD 14 —7,SD 14 0(—5to5) 0.95 4,SD 19 —10 (=15 to —5) <0.001
estimated post-test
probability, %
Myocardial infarction
Pretest probability 40 (20, 60) 30 (20, 48) 50 (20, 60)
estimate, %
Post-test probability 10 (3, 21) 10 (3, 20) 20 (5, 40)
estimate, %
Mean Bayes-based minus 7,SD 18 4,SD 13 3(—3to8) 0.36 12,SD 16 —6(—11to —1) 0.02
estimated post-test
probability, %
Chronic obstructive
pulmonary disease
Pretest probability 50 (30, 70) 50 (30, 70) 60 (40, 80)
estimate, %
Post-test probability 90 (70, 95) 90 (80, 95) 90 (80, 99)
estimate, %
Mean Bayes-based minus 14, SD 18 16, SD 20 —2(—9to4) 0.50 10, SD 14 5(—1to 10) 0.10
estimated post-test
probability, %
Temporal arteritis
Pretest probability 20 (10, 50) 20 (10, 50) 30 (10, 50)
estimate, %
Post-test probability 19 (10, 46) 20 (5, 50) 30 (10, 60)
estimate, %
Mean Bayes-based minus 2,SD 22 0, SD 11 2 (—4to08) 0.52 6,SD 18 —5(—=10to 1) 0.10
estimated post-test
probability, %
Influenza
Pretest probability 70 (50, 80) 65 (30, 80) 70 (33, 80)
estimate, %
Post-test probability 93 (88, 96) 90 (80, 95) 90 (80, 95)
estimate, %
Mean Bayes-based minus 1, SD 20 —1,SD 16 2(—5to 8) 0.56 1,SD 20 —2 (—8to4) 0.57
estimated post-test
probability, %
Heart failure
Pretest probability 70 (50, 88) 80 (60, 90) 80 (70, 88)
estimate, %
Post-test probability 55 (38, 80) 55 (40, 90) 65 (30, 80)
estimate, %
Mean Bayes-based minus 31, SD 21 28,SD 19 2 (—5to 10) 0.51 29, SD 24 1(—61to8) 0.79
estimated post-test
probability, %
Mean summary z score for 0.64, SD 0.51 0.60, SD 0.39 0.04 (-0.14 0.68 0.84, SD 0.50 -0.21 (-0.37 0.007
all vignettes to0 0.21) to—0.06)

* To facilitate interpretation, values for the 3 groups were calculated by using (post[Bayes-based]) minus (post[physician-based]) for vignettes with positive test results
(pulmonary embolism, chronic obstructive pulmonary disease, and influenza) and (post[physician-based]) minus (post[Bayes-based]) for vignettes with negative test results
(myocardial infarction, temporal arteritis, and heart failure). For all vignettes, positive values mean that physicians did not estimate post-test probabilities as high (or as low)

as allowable under Bayes theorem (i.e., conservative estimates).

T Values in the last column were calculated by combining groups 1 and 2, then subtracting group 3 values from the combined groups. Thus, negative values mean that the
presentation using inexact numerical graphics led to more conservative estimates than the exact numerical methods.
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greater, whereas the positive likelihood ratio given to the
numerical groups was 33.5. Fifth, the participation rate of
approximately 37% led to a moderately sized and a poten-
tially selected study sample. Some baseline imbalances ex-
isted with respect to sex and specialty, but we are not aware
of any evidence that these characteristics are associated
with skill in the application of the concepts of diagnostic
test accuracy. Finally, the use of vignettes instead of real
patients may have yielded greater variability in the pretest
probability estimates, although we do not believe that this
approach affected the application of the Bayes theorem.

There is the widespread assumption that likelihood
ratios are more useful than sensitivity and specificity esti-
mates because they are simpler to interpret (5) and can be
applied easily by using the Fagan nomogram. Likelihood
ratios also require the application of only 1 measure for test
accuracy, compared with the 2 for sensitivity and specificity
(5-8). However, our study challenges this belief and confirms
earlier research that indicated that physicians arrive at similar
post-test probabilities when informed by sensitivity and spec-
ificity estimates or by likelihood ratios (12).

For 5 vignettes featuring pictorial presentation, physi-
cians changed their illness probability estimates to a lesser
extent than was allowable under the Bayes theorem. This
conservatism was more pronounced for vignettes with tests
of higher diagnostic value. This observation may indicate
that physicians intuitively adjust for the over-optimism in-
herent in results from single-test evaluation studies (15), on
which the accuracy measures in our vignettes were based.

Our study explored different ways of communicating
diagnostic evidence within the paradigm of the Bayes the-
orem. However, this concept ignores the context in which
a test is performed (16, 17). In most reports about diag-
nostic studies, variability of test accuracy across different
patient profiles is not taken into consideration despite re-
peated recommendations (18, 19). The meaning of evi-
dence from single-test studies often remains unclear for
patients with specific profiles like those in our vignettes. In
the heart failure vignette, for example, physicians almost
disregarded the high diagnostic value associated with the
test result (20) and lowered their pretest probability esti-
mates from 80% to around 60%. This finding is important
because it shows that, in certain situations, physicians may
not accept evidence that is not compatible with informa-
tion available before testing.

Diagnostic studies with multivariable analyses that
provide data on illness probabilities based on the patients’
manifestational and risk profile are likely to provide a bet-
ter knowledge base for clinicians (16). Results from multi-
variable analyses could inform physicians on illness proba-
bilities given a certain patient profile and additional test
results without the need for any calculations. Such data
would also help physicians to choose a rational diagnostic
work-up and to base decisions on further testing or treat-
ments on valid illness probabilities.

In conclusion, we found that post-test probability es-
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timates deviated to a similar extent from Bayes-based esti-
mates, whether informed by sensitivity and specificity or by
a likelihood ratio. This finding suggests that the likelihood
ratio may not be more useful than sensitivity and specific-
ity data to present test accuracy information.
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Appendix Table. Clinical Patient Vignettes and Test Results

Target lliness Manifestational Profile Risk Profile Test Result Test Accuracy Presentation (Reference)
Vignette 1: pulmonary embolism Pleuritic chest pain for 3 40-year-old woman, smokes p-Dimer test Group 1: sensitivity, 93 %,; specificity, 45%
hours; heart rate, 96 1 pack of cigarettes per positive
beats/min; respiratory day; uses oral
rate, 20 breaths/min contraceptives

Group 2: positive likelihood ratio, 1.7
Group 3: @00C0 (9)

Vignette 2: myocardial infarction Emergency consultation for 42-year-old man, obese Creatine Group 1: sensitivity, 87 %,; specificity, 88%
constant chest pain for 9 kinase-MB and
hours myoglobin both
normal

Group 2: negative likelihood ratio, 0.15
Group 3: @@@CO (21)

Vignette 3: chronic obstructive No presenting symptoms 63-year-old man coming for 90 pack-years and  Group 1: sensitivity, 67 %; specificity, 98%
pulmonary disease a routine checkup, has decreased
smoked cigarettes for breath sounds
many years

Group 2: positive likelihood ratio, 33.5
Group 3: 00000 (22)

Vignette 4: temporal arteritis Bilateral temporal 67-year-old woman Duplex Group 1: sensitivity, 40%,; specificity, 79%
headache for several ultrasonography
weeks, no fever of temporal

arteries without
any abnormal

findings
Group 2: negative likelihood ratio, 0.8
Group 3: ®00C0 (23)
Vignette 5: influenza Cough and muscle pain for 34-year-old man Influenza quick Group 1: sensitivity, 51%,; specificity, 93%
2 days, fever tests for
(temperature, 38.2 °C) influenza A and
and chills for a few B viruses
hours positive
Group 2: positive likelihood ratio, 7.0
Group 3: @@@CO (24)
Vignette 6: congestive heart failure Dyspnea on exertion for 72-year-old man Electrocardiogram  Group 1: sensitivity, 94%; specificity, 61%
several weeks, slightly without any
bilaterally swollen ankles abnormal
findings

Group 2: negative likelihood ratio, 0.1
Group 3: 0000® (20)
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