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Doctors and Numbers: An Assessment of the
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Background. Risk interpretation affects decision making.
Yet, there is no valid assessment of how clinicians inter-
pret the risk data that they commonly encounter. Objec-
tive. To establish the reliability and validity of a 20-item
test of clinicians’ risk interpretation. Methods. The Criti-
cal Risk Interpretation Test (CRIT) measures clinicians’
abilities to 1) modify the interpretation based on meaning-
ful differences in the outcome (e.g., disease specific v. all-
cause mortality) and time period (e.g., lifetime v. 10-year
mortality), 2) maintain a stable interpretation for different
risk framings (e.g., relative v. absolute risk), and 3) correctly
interpret how diagnostic testing modifies risk. There were
658 clinicians and medical trainees who participated: 116
nurse practitioners (NPs) at a national conference, 273
medical students at 1 institution, 148 residents in internal
medicine at 2 institutions, and 121 internists at 1 institu-
tion. Participants completed a self-administered paper
test during educational conferences. Seventeen evidence-
based medicine experts took the test online and formally

assessed content validity. Eighteen second-year medical
students were recruited to take the test and a retest 3 weeks
later to explore test-retest correlation. Results. Expert
review supported test clarity and content validity. Factor
analysis supported that the CRIT identifies at least 3 sepa-
rable areas of clinician knowledge. Test-retest correlation
was fair (intraclass correlation coefficient = 0.65; standard
error = 0.15). Scores on our test correlated with other tests
of related abilities. Mean test scores varied among groups,
with differences in prior evidence-based medicine training
and experience (93 for NPs, 101 for medical students, 101
for residents, 103 for academic internists, and 110 for phy-
sician experts; P < 0.001). Conclusions. Our results provide
supporting evidence for the reliability and validity of the
CRIT as an index of critical risk interpretation abilities,
which is acceptable and feasible to administer in an educa-
tional setting. Key words: medical decision making; risk
perception; risk communication; numeracy. (Med Decis
Making XXXX; XX:xx-xx)

hen recommending a test or treatment, clini-
cians should prioritize 2 items: determination
of the net benefit and informed patient preference."?
A clinician’s ability to appropriately interpret data
about harms and benefits (risk data) is essential to
achieve both of these goals. Despite the importance
of correctly interpreting risk data, both patients
and physicians misinterpret this information.**
Patient interpretation of numbers is increasingly rec-
ognized as a critical factor in health-related deci-
sions.” However, quantitative abilities among
clinicians have not been evaluated extensively.
Previous randomized studies have identified that
risk presentation influences clinician perceptions of
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treatment benefit and self-reported decision making,*
influences that can be broadly termed ‘‘framing
effects.”® Studies examining framing effects have
randomized different physicians to varying presenta-
tion formats (assessing between-subject framing
effects). For instance, one group of physicians is ran-
domized to view the benefit of a new drug in terms of
a relative risk reduction (typically a larger number),
while a second group is randomized to view a numer-
ically equivalent benefit in terms of an absolute risk
reduction (typically a smaller number). Such studies
have demonstrated that relative risk reduction is per-
ceived to be a larger and more persuasive benefit
among both patients and physicians.*

Although these studies have provided evidence
about how presentation affects risk perception on
average, they ignore how changes in presentation
affect an individual clinician’s risk perception.
Such within-clinician effects are important because

Downloaded from mdm.sagepub.com at PENNSYLVANIA STATE UNIV on September 16, 2016


http://mdm.sagepub.com/
http://mdm.sagepub.com/
http://mdm.sagepub.com/

CAVERLY AND OTHERS

Table 1 Definition of Terms

Risk

The probability of an event occurring over a certain time period.*® This definition highlights the 3

components of any risk: the probability, the event, and the time period.

Probability

The relative frequency of an event (e.g., ““the chance of a heart attack is x% in patients who are

diabetic v. y% in those who are not”).%®

Risk interpretation

The bottom line meaning or gist that a person gives to a baseline risk or to the benefit/harm of an

intervention.'? For example, if a patient’s precise baseline risk is a 3% lifetime chance of dying
from prostate cancer, a clinician’s gist might be ““really high”!

some clinicians may be highly influenced by the pre-
sentation format while others may be only minimally
influenced. Additionally, it is not known whether
clinicians can be taught to avoid the influence of
the presentation format, an influence that is irrele-
vant in assessing the extent to which an intervention
is net beneficial or net harmful.

We sought therefore to develop a test that has the
ability to assess within-subject interpretive abilities
that go beyond those assessed by current tests of basic
numeracy, which focus on statistical and probabilis-
tic operations and computation.”'® We sought, on
the other hand, to evaluate the effects of framing on
a clinician’s highest level risk interpretation (i.e.,
the meaning or gist that a clinician draws from the
risk data). Table 1 presents our definition of risk inter-
pretation and other important terms. We also sought
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to evaluate the effect that changes to the type of out-
come and the time period have on risk interpretation.

The primary focus on gist-level interpretation of
risk data also distinguishes our test from the Medical
Data Interpretation Test, which assesses specific
knowledge and the ability to perform tasks and calcu-
lations necessary to make comparisons.'' Basic
numeracy and the specific knowledge and skills
assessed with previous tests can be thought of as
essential precursors to form an accurate risk interpre-
tation. However, because the gist-level interpretation
is thought to be most closely linked with medical
decision making,'” we sought to develop a test that
directly assesses this gist-level interpretation.

As evidence accumulates about the important
effect of numeracy and data presentation on medical
decision making (for both patients and clini-
cians),**'® understanding the interpretive abilities
of clinicians, and whether these abilities can be
improved, is crucial. A valid measure of clinician
risk interpretation would allow researchers to
explore 2 areas: 1) the effect that risk interpretation
has on real-world testing and treatment decisions,
and 2) the effect that risk interpretation has on the
way that benefits and harms are communicated to
patients in actual practice. A valid measure of clini-
cian interpretive abilities would also allow medical
educators to assess the impact of educational inter-
ventions on these abilities. This paper describes the
development of a test of critical risk interpretation
and the assessment of its reliability and validity
among different groups of clinicians.

METHODS

We used a previously published approach to eval-
uating tests of quantitative skills to assess the reliabil-
ity and validity of the Critical Risk Interpretation Test
(CRIT)."* First, the tool was developed and modified
based on a literature review, a comparison with exist-
ing tools, feedback from relevant experts, and focus
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groups. Next, we formally tested the final tool for con-
tent validity, usability, reliability, and construct val-
idity. This project was approved by the institutional
review boards at the University of Colorado and the
John H. Stroger Jr. Hospital of Cook County.

Test Development

The literature review identified a number of stud-
ies illustrating that many clinicians struggle with
appropriately interpreting health statistics.'®™® In
addition, we reviewed items from tests aimed at mea-
suring patient numeracy and data interpretation as
well as numerical concepts thought to be influential
in patient medical decision making.>”%!" 1329732
Existing questions and concepts from this prior
work were considered as candidate items in the ini-
tial tool development. The final CRIT contains scenarios
taken or modified from several resources identified in
this literature review.'''72%2733 Qur initial work,**
a focus group of 8 clinician-researchers with survey
and evidence-based medicine expertise, and early
pilot testing with residents in internal medicine
identified relatively little difficulty with simple cal-
culations such as converting between a decimal and
a percentage or converting a relative risk reduction
into an absolute risk reduction when directed to do
so. On the other hand, we found significant sensitiv-
ity to framing effects (e.g., differing interpretations
based on presenting an absolute risk v. a relative
risk) among clinicians, in agreement with prior
research.*?® Thus, we narrowed the focus of our
test to assess the effects of framing on a clinician’s
gist interpretation of a risk. The domains of our test
of critical risk interpretation were derived from pre-
vious work by Gigerenzer and others*® and
Woloshin and others,*? identified in the literature
review, which synthesized important concepts for
appropriately interpreting health statistics. We
also conducted interviews with experts in the fields
of statistics, education, psychology, epidemiology,
and evidence-based medicine. The final domains
included the following: 1) modify the interpretation
based on differences in the type of outcome and the
time period of a risk, 2) consistently interpret the
same risk when it is formatted in different ways
(e.g., absolute risk v. relative risk), and 3) critically
interpret how diagnostic testing modifies the risk.

Clinical Scenarios

The CRIT consists of 21 scenarios and takes less
than 15 minutes to administer (see the Appendix to

view the full test). Scenarios were designed to reflect
the type of risk data that clinicians encounter fre-
quently in the medical literature and in clinical prac-
tice guidelines. They were revised based on feedback
from a focus group of clinician-researchers with sur-
vey expertise and pilot testing with medical trainees.

Scored Test Skills

Eighteen of the scored test skills were inferred
from pairs of scenarios that were identical except
for a single modification to the type of outcome, the
time period of the risk, or the risk format (Figure 1).
Each scenario in a pair making up a skill was sepa-
rated by unrelated scenarios to decrease the likeli-
hood of direct comparisons. Although participants
were not aware that scenarios would be paired for
scoring, they could change responses to earlier sce-
narios if they noticed a connection. Figure 1 presents
2 different pairs of scenarios and examples of how
skills were inferred from responses to each scenario
in a pair. Two multiple choice questions on the test
were scored directly as individual skills (skills 14
and 20 in Table 3). Responses to all scenarios were
closed-ended using either multiple choice options
or a 1-to-10 risk perception scale.

Test Evaluation

Initial versions of the test were modified using
a focus group of 8 physician-researchers as well as
3 rounds of pilot testing with residents in internal
medicine during an outpatient educational con-
ference. Next, 17 experts from www.HealthNews
Review.org—a website on which physician-research-
ers, health journalists, epidemiologists, and other
researchers critically evaluate health news based on
specified criteria—were asked to take an online ver-
sion of the final test to formally evaluate the test’s
clarity and content validity (7 physicians and 10 non-
physicians). Test scores from the 7 physician experts
were also used to assess discriminant validity. Next,
658 clinicians and trainees were recruited to take
a paper survey at educational conferences: 116 nurse
practitioners (NPs) at a national conference, 273 med-
ical students from a single academic institution, 148
residents in internal medicine at 2 academic institu-
tions, and 121 internists from a single institution.
Finally, a small sample of 18 second-year medical
students were asked to take the test and repeat the
test 3 weeks later to gain preliminary insight into
the CRIT’s potential test-retest reliability. A larger
sample would be necessary to draw more firm
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Relative risk

Pairing Separated Scenarios for
Scoring*

Absolute risk

(Page 3, Scenario 6):

“proportion of patients
who had died at the end
of the study was
decreased by 33%
compared with the
patients who received the
old drug (6% died in the

(Page 5, Scenario 13):

“Among patients who
received a new drug...4%
had died at the end of the

study. Among patients
who received the old
drug, 6% had died at the
end of the study.”

Test skill:

Rate relative risk
reduction and
absolute risk
reduction the

same when
equivalent.

old drug group)

Importance
of Outcome

Surrogate outcome

(Page 5, Scenario 10):

“lowers serum levels of a
risk factor [for stroke]

Clinically important

(Page 6, Scenario 16):

s “fewer people died from outcome

outcome Test skill:

Rate clinically
important
outcome higher
than surrogate

stroke”

Figure 1 Two examples of how test skills are inferred from paired scenarios. The first example tests susceptibility to framing effects, and
the second example tests sensitivity to the clinical importance of the outcome. On a 1-to-10 scale, respondents were asked to ‘rate the
extent to which the [benefit] provides proof that the new drug might help people.” From 1 = no proof to 10 = good proof.

conclusions about test-retest reliability. However,
a larger sample was not possible during the current
study. Tests were administered by research staff dur-
ing educational conferences. All participants were
told that their participation was voluntary, that they
could stop the test at any time, and that responses
would be kept anonymous. The students taking the
retest survey and all of the academic internists
received gift-card incentives.

All test takers received the exact same order of
questions; the question order and the distance
between paired scenarios were not varied. It is possi-
ble that, given our method of analyzing answers to
paired scenarios, order and distance effects could
be influential. However, we had several reasons for
not testing order effects in this study. Our focus was

4 e MEDICAL DECISION MAKING/MON-MON XXXX

instead on ensuring that each scenario in a pair was
separated as much as possible on the test. Randomiz-
ing the order has the downside of potentially bringing
scenario pairs closer together. Moreover, the primary
aim of this study was to develop a valid and reliable
test of critical risk interpretation that could differen-
tiate between individual clinicians based on the over-
all aggregate score. While we were interested in
identifying a set of test skills with a range of difficulty
levels, we were less interested in characterizing the
difficulty of individual scored skills relative to other
scored skills. Thus, randomizing the order was less
important for the purposes of this initial work.
Finally, we hoped to reduce the number of scenarios
in the future to aid additional research using this test
in more time-sensitive settings. We felt that testing
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ordering effects would be more appropriate for future
studies because a shorter test could also affect the
recall of prior responses apart from any order effects.

Basic Attributes

Scoring. Each of the 20 test skills was assigned
a score between 0 (missing or maximally incorrect)
and 1 point (ideal response). Direct scoring of the
multiple choice scenarios was straightforward (1 if
correct and 0 if incorrect). Scoring of skills inferred
from responses to paired scenarios was based on
simple algorithms, allowing for partial credit (i.e.,
decimal scores between 0 and 1). Thus, scores for
the inferred test skills were kept on a continuous
scale, so that we could identify “more ideal” and
“less ideal” responses, allowing us to avoid arbitrary
judgments between ‘“‘correct” and ‘‘incorrect”
responses. The Appendix details how all 20 test
skills were scored. In addition, to evaluate the
robustness of our results to different scoring meth-
ods, we also repeated all analyses using a “dichoto-
mous” scoring method that graded inferred skills as
either correct or incorrect rather than on a continu-
ous scale.

Scenario acceptability and skill difficulty. To
measure acceptability, we calculated the propor-
tion of respondents who did not answer one or
both of the scenarios making up a skill. Skill diffi-
culty was assessed by calculating the proportion
of respondents who gave ideal responses for that
skill.

Reliability

Test-retest repeatability. To assess the extent to
which an individual’s test score remains stable
over time, we calculated an intraclass correlation
coefficient (ICC) of the 2 continuous CRIT scores
for each second-year medical student (n = 18) who
completed the test and retest 3 weeks later.

Internal structure. Factor analysis was under-
taken to determine the dimensionality of the set of
scored skills and the need for scaling correlated
skills. Principal factor analysis was used to identify
the number of factors with eigenvalues greater than
1. Oblique promax rotation was then used to identify
the set of skills that loaded onto each factor with
a value greater than 0.3. Nonorthogonal rotation
was selected because we hypothesized that even if
domains of clinician knowledge/skill are separable,

they are still likely to be correlated. Standardized
factor scores were created for each participant, and
a Cronbach « value was calculated for the set of
skills making up each factor. Skills that did not sub-
stantively contribute to any of the factors (ie,
“unique” skills) were also standardized. Because
we intended to test a diverse set of skills, we
expected that a number of skills were testing unique
aspects of clinician ability. Thus, factor scores and
unique skill scores were combined to create an over-
all critical risk interpretation index, with a mean of
100 and a standard deviation of 10.

Validity

Content evidence. In addition to adopting a rigorous
development process to support content validity, we
also formally evaluated the content validity of the
CRIT. The same 17 experts mentioned previously
completed the CRIT and then assessed its content
validity by rating the following: 1) the clarity of
the questions, 2) whether the test covered important
domains of risk interpretation, 3) the extent to which
it was a valid assessment of the effect of framing on
a clinician’s interpretation of risk, and 4) the extent
to which a poor test score would reflect the inability
to interpret basic risk information (similar to other
assessments™?).

Relationship across groups. We assessed the val-
idity of our test in 3 additional ways. First, conver-
gent validity was explored by assessing the extent
to which the CRIT correlates with validated tests
measuring related abilities. Two tests were used to
assess convergent validity: 1) the 4-item Berlin
Numeracy Test,® which assesses statistical numer-
acy; and 2) the 3-item Cognitive Reflection Test,>®
which tests the ability to suppress an intuitively
attractive but incorrect response in favor of a correct
response arrived at through deliberation. Second,
discriminant validity was explored by evaluating
the extent to which subgroups of clinicians with dif-
ferent levels of experience and training in evidence-
based medicine scored differently. We used the type
of provider and stage of training as a rough identifier
of prior evidence-based medicine training and expe-
rience. We predicted that scores on the CRIT would
be highest among the group of 7 physician-
researcher experts, followed by practicing academic
internists, residents in internal medicine, medical
students, and NPs (who have typically had less
robust training on critically appraising evidence for
making patient care decisions). Third, we assessed
the extent to which answers to individual scenarios
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Table 2 Characteristics of the Study Sample

Characteristic N = 658
Women, n (%) 362 (55)
Nurse practitioners, n (%) 116 (18)
Years since completed training, median (range) 14 (<1-43)
Academic setting, n (%) 24 (21)
Caring for adults, n (%) 104 (90)
Outpatient setting, n (%) 101 (87)
Medical students, n (%) 273 (41)
Third-year students, n (%) 131 (48)
Fourth-year students, n (%) 142 (52)
Internal medicine residents, n (%) 148 (22)
First-year residents, n (%) 72 (49)
Second-year residents, n (%) 38 (26)
Third-year residents, n (%) 38 (26)
Academic faculty in general internal medicine, n (%) 121 (18)
Years since graduated from medical school, median (range) 14 (3—46)
Mostly outpatient, n (%) 73 (60)
Mostly inpatient, n (%) 47 (39)
With degrees in addition to clinical degree (e.g., MPH), n (%) 16 (13)
Physician-researcher, n (%) 19 (16)
With degrees in addition to clinical degree, n (%) 165 (25)
Cognitive Reflection Test score®® (n = 539; does not include nurse practitioners)
With 0 correct, n (%) 54 (10)
With 1 correct, n (%) 113 (21)
With 2 correct, n (%) 178 (33)
With 3 correct, n (%) 194 (36)
Berlin Numeracy Test score? (n = 655)
With 0 correct, n (%) 59 (9)
With 1 correct, n (%) 138 (21)
With 2 correct, n (%) 183 (28)
With 3 correct, n (%) 157 (24)
With 4 correct, n (%) 118 (18)

were concordant with previous research regarding
the influence of framing effects on risk perception.

Analysis

Linear regression was used to assess the trends of
test scores across groups. Paired t tests were used to
compare the mean difference between responses
on scenarios making up a specific test skill. The
mean difference between responses on paired scenar-
ios was divided by their pooled standard deviation to
calculate the standardized mean difference (SMD).3®
An ICC was calculated to assess test-retest correlation,
and we used Pearson correlation to test for correlations
among any factors identified on factor analysis. A
2-tailed P value of <0.05 was considered statistically
significant. All analyses were performed using Stata
version 13.1 (StataCorp, College Station, TX).

6 e MEDICAL DECISION MAKING/MON-MON XXXX

RESULTS

The characteristics of the study sample are
described in Table 2. Fifty-five percent of the partici-
pants were female, and 25% had additional degrees
such as an MPH or a PhD. Scores on 2 previously val-
idated tests assessing statistical numeracy (Berlin
Numeracy Test?) and the ability to suppress an intu-
itively appealing but incorrect answer (Cognitive
Reflection Test®*) varied substantially, indicating
arange of abilities among the participating clinicians.

Scored Test Skills

The proportion of test skills with missing
responses was low (<2%), indicating good accept-
ability (Tables 3 and 4). Test skills were difficult over-
all, with fewer than 60% of clinicians scoring
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optimally on most skills (Table 3). The easiest skill
assessed whether clinicians interpreted a reduction
in mortality as better proof that a screening test was
beneficial over increased disease detection rates
alone (78% scored optimally). The most difficult skill
assessed understanding that a very low pretest prob-
ability limits the predictive value of even a highly
sensitive and specific test (10% scored correctly).

Test-Retest Repeatability

The CRIT had fair test-retest reliability (ICC = 0.65;
standard error = 0.15). Scores on repeat testing were
slightly lower than on initial testing, suggesting min-
imal or no learning effects between tests.

Internal Structure

Three factors were identified on factor analysis.
The 3 factors were made up of 11 scored test skills,
while 9 other skills were unique and did not load
onto additional factors. The first factor was named
the ““Susceptibility to Framing Scale” because it com-
prised the 6 skills that tested how interpretation
changed when numerically equivalent drug benefits
were presented as a relative risk reduction (with base-
line risk given), an absolute mortality benefit, an
absolute survival increase, or a number needed to
treat (skills 3—8 in Table 3; Cronbach o = 0.76). The
second factor was named the “Valuing All-cause
Mortality Scale” because it comprised the 3 skills
that tested how a participant rated an improvement
in all-cause mortality compared with improvements
in a surrogate outcome, a surrogate-enriched compos-
ite outcome, and an improvement in stroke-specific
mortality (skills 16, 18, and 19; Cronbach « = 0.82).
The third factor was named the “Valuing Stroke-
specific Mortality Scale,” which contained 1 skill in
common with the “Valuing All-cause Mortality
Scale” (skill 19) as well as 2 additional skills that
tested how a participant rated an improvement in
stroke-specific mortality compared with a surrogate
and a surrogate-enriched composite outcome (skills
15 and 17; Cronbach o = 0.48).

The 3 factor scores were all positively correlated
with each other: the “Susceptibility to Framing
Scale” score was significantly correlated with both
“Valuing All-cause Mortality Scale” and ‘“Valuing
Stroke-specific Mortality Scale” scores (Pearson r =
0.46 and 0.24, respectively; P < 0.001 after the Sidak
adjustment to significance levels); ‘“Valuing All-
cause Mortality Scale” scores were also positively

correlated with “Valuing Stroke-specific Mortality
Scale” scores (r=0.32; P < 0.001).

Index Scores

The mean index score among all participants was
set at 100 with a standard deviation of 10. Index
scores ranged from a low of 44 to a high of 123 and
were normally distributed (Table 4). The bottom
25% of participants scored below 95, while the top
25% of participants scored above 106.

Validity

The expert health news reviewers rated the clarity
and content validity of the CRIT favorably (Table 4).
Seventy-five percent of the 17 experts thought that
the CRIT did an excellent or good job at covering
the important concepts inherent in the phrase “‘basic
risk interpretation,” and 69% rated the clarity of the
test as excellent or good. However, there was dis-
agreement about the extent to which scoring poorly
on the test indicated an inability to interpret basic
risk information. The distribution of CRIT scores
among subgroups supported the convergent and dis-
criminant validity of the test (Figure 2). Clinicians
with better statistical numeracy, better cognitive
reflection scores, and more training and experience
with evidence-based medicine concepts scored sig-
nificantly better on the test (r = 0.36, 0.26, and 0.35,
respectively; P < 0.001 for all trends on bivariable lin-
ear regression).

Examination of the response distribution for indi-
vidual scenarios identified patterns consistent with
previous research findings* (distributions displayed
in the Appendix). For instance, the mean response
when a drug benefit was presented as a relative risk
reduction was 7.0 on a scale from 1 (no proof of ben-
efit) to 10 (good proof of benefit). The mean response
was 5.1 when the same information was presented as
an absolute risk reduction (mean difference=1.9; P <
0.001). The SMD was 0.8, indicating a “large” differ-
ence.’® This finding is consistent with multiple pre-
vious studies that have demonstrated framing
effects on patient and clinician perceptions.* Simi-
larly, when the same risk was presented as an abso-
lute number (1 million) as opposed to a proportion
(0.3%; i.e., 1 million out of 300 million), responses
also varied significantly in the expected direction,
that is, with the absolute number appearing more
impressive than the equivalent proportion®” (SMD =
0.5; P < 0.001). The extent that responses on our
test align with previous research findings further
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a: Mean CRIT Score by Level of Statistical Numeracy (with 95% CIs)
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Figure 2 Mean Critical Risk Interpretation Test (CRIT) scores for different subgroups with 95% confidence intervals. Differences in scores
across all subgroups were statistically significant at P < 0.001 on linear regression.

supports the content and construct validity of the
CRIT. For comparison, changes in the type of out-
come (getting cancer v. dying from cancer) and
changes in the time period (10-year risk v. lifetime
risk) were both associated with medium effect sizes
(SMD = 0.6).

Finally, secondary analysis demonstrated similar
psychometric properties for the CRIT when changing
the scoring methodology to a dichotomous correct/
incorrect answer rather than keeping inferred skills
on a continuous scale. In addition, we conducted
post hoc bivariate linear regression to assess for the
presence of any significant distance effects (i.e.,
effects due to the number of intervening scenarios
between pairs making up a test skill). With the
mean score on each test skill as the dependent vari-
able and the distance between scenarios as the

10 o
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independent variable, there was no statistically sig-
nificant relationship (P =0.08). Given the small sam-
ple of only 18 observations (i.e., the 18 test skills),
we also looked at the 95% confidence interval (CI)
for the regression coefficient to evaluate whether
large distance effects could be excluded (B coeffi-
cient = —0.01; 95% CI = —0.03 to 0.002). The lower
limit of the 95% CI for the coefficient of —0.03 indi-
cates the potential for only small distance effects
and excludes large or even moderate effects. We
repeated these post hoc analyses using the propor-
tion with an ““ideal response” as the dependent vari-
able (rather than mean scores). Again, we found no
significant relationship between distance and the
proportion with an “ideal response,” and moderate
to large effects due to distance between scenarios
could be excluded.
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DISCUSSION

The CRIT was developed to assess a set of critical
thinking skills that we believe are essential for high-
value medical decision making and optimal risk com-
munication with patients. The domains of the CRIT
were structured around the fact that there are 3 com-
ponents to any risk: the probability (e.g., 3%), the
type of outcome (e.g., 3% chance of dying from can-
cer), and the time period (e.g., 3% chance of dying
from cancer over the next 10 years). Specifically,
the CRIT was designed to evaluate a clinician’s ability
to 1) modify the risk interpretation based on meaning-
ful differences in the type of outcome and the time
period of a risk, 2) consistently interpret the same
risk when it is framed in different ways (e.g., absolute
risk framing v. relative risk framing), and 3) critically
interpret how testing modifies risk. Experts in evi-
dence-based medicine rated the content validity of
the CRIT favorably. While our literature review indi-
cated that we were testing core concepts regarding the
interpretation of risk information, there was disagree-
ment among the experts regarding the extent to which
scoring poorly on the test indicated an inability to
interpret basic risk information. Given this disagree-
ment and the high difficulty level of the test, it may
be that these skills are both essential and difficult to
attain in practice. Convergent validity was supported
by the fact that performance on the CRIT was corre-
lated with performance on 2 previously validated
measures assessing related constructs. Discriminant
validity was supported by the fact that the CRIT
was able to discriminate among groups of clinicians
with different backgrounds in evidence-based medi-
cine training and experience. Finally, the results of
this study also support the acceptability and feasibil-
ity of administering the CRIT in an educational
setting.

Factor analysis indicated that the CRIT is multidi-
mensional and best viewed as an index containing 3
scales and a number of unique skills. This is an
unsurprising finding as we intended to assess
a diverse set of skills and these skills were measured
in different ways (i.e., scales with different anchors,
several multiple choice questions, some skills
inferred from 2 separated scenarios while 2 skills
assessed using a single multiple choice question).
When multiple skills measured the same concept in
the same way, we did find several scales within the
overall index. Two scales demonstrated good reliabil-
ity: the “Susceptibility to Framing Scale” and the
“Valuing All-cause Mortality Scale,” (o = 0.76 and
0.82, respectively). A third scale, the ‘““Valuing

Stroke-specific Mortality Scale,”
reliability (« = 0.48).

Response distributions for individual scenarios
were consistent with findings from previous
research,® further contributing to the CRIT’s con-
struct validity. Importantly, by separating scenarios
and inferring interpretation skills, we were able to
demonstrate these framing effects within the same
individual (within-subject effects) as opposed to the
between-subject effects identified in previous stud-
ies. This distinction is critically important and repre-
sents a major objective of developing and validating
the CRIT. A valid tool that assesses within-subject
effects is necessary to explore variation in interpre-
tive abilities, the extent to which these abilities are
modifiable, the role that framing effects have on test
and treatment practices, and the role that framing
effects have on how clinicians communicate the ben-
efits and harms of medical interventions. Clinicians
would likely have scored better if the same interpre-
tive abilities were directly assessed rather than
inferred. However, risk data are often encountered
without comparison to other presentations in day-
to-day practice. Given this fact, our inferred assess-
ment approach may be representative of how clini-
cians often view and interpret risk data. In addition,
the subjective response scales are a particular
strength of our measure, given that a person’s gist of
risk data is likely to have the most impact on medical
decision making."?

To our knowledge, some skills on the CRIT have
not been previously assessed. For example, we found
that irrelevant changes to the presentation format had
at least as big an effect on clinician risk perception as
significant changes to the type of outcome or the time
period of a risk. This suggests that clinicians may be
overly sensitive to irrelevant framing effects and not
sensitive enough to components of a risk that are cru-
cial to accurate risk interpretation (i.e., the type of
outcome or time period of a risk).

This study has several limitations. We used a con-
venience sample of clinicians who were predomi-
nantly from a single academic institution. This
limits the generalizability of our findings. However,
our goal was not to generalize the results to a large
population but to assess the validity of the CRIT in
typical users. We aimed to develop a coherent set of
skills to assess the construct of “critical risk interpre-
tation.” However, some may disagree with the con-
tent of our test or feel that we left important skills
out. Nonetheless, our development process utilized
an extensive literature review and interviews of
experts in different disciplines; the validity of the

had suboptimal
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final content was supported by the formal assessment
of a group with content expertise. Training level and
professional degree were used as rough proxies for
prior training in and experience with evidence-based
medicine principles. A more accurate assessment of
prior evidence-based medicine experiences would
have been helpful but was not possible in this study.
Use of the CRIT in research studies beyond the educa-
tional setting may require a shortened test. Finally,
the CRIT should not be used for high-stake evalua-
tions of individual clinicians, which would require
a higher level of reliability. The CRIT can be used,
however, to assess correlations between CRIT scores
and clinical performance among groups of clinicians
or to evaluate the efficacy of educational interven-
tions aimed at improving interpretive abilities.

Further assessment of the predictive validity of the
CRIT or its subscales, that is, how individual clini-
cians’ CRIT scores correlate with the quality of risk
communication practices and the quality of testing
and treatment decisions, would usefully extend pre-
vious findings about the effects of risk presentation
on interpretation and theoretical decision making in
vignette-based studies. Such assessments would
allow insight into the role that risk interpretation
might play in real-world clinical performance. For
instance, with this new and useful measure, future
research could investigate whether more skillful
risk interpretation is associated with higher patient
ratings of shared decision making or a higher quality
of shared decision making in observations of routine
clinical encounters. Moreover, simply administering
the CRIT and providing feedback on performance
may be a useful educational tool. Test takers at all lev-
els of medical training may be surprised by how their
interpretation varies based on the way that a risk is
presented and thus motivated to interpret risk infor-
mation with a more critical eye in the future.

CONCLUSIONS

The results of this single-site measurement devel-
opment study provide support for the reliability
and validity of using the CRIT as an index of critical
risk interpretation. We found that clinicians have sig-
nificant room for improvement when it comes to crit-
ically interpreting the risk data found in health news,
medical literature, and clinical practice guidelines.
As has been done with patient tests of numeracy®"’
and data interpretation skills,"" we hope that the
CRIT can be used to inform educational, risk commu-
nication, and policy interventions to ensure that

12 e
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clinicians are optimally contributing to the shared
decision-making process, thereby promoting high-
value care.
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