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Background. Previous research demonstrated that provid-
ing (v. not providing) numeric information about the
adverse effects (AEs) of medications increased compre-
hension and willingness to use medication but left open
the question about which numeric format is best. The
objective was to determine which of 4 tested formats (per-
centage, frequency, percentage + risk label, frequency +
risk label) maximizes comprehension and willingness to
use medication across age and numeracy levels. Methods.
In a cross-sectional internet survey (N = 368; American
Life Panel, 15 May 2008 to 18 June 2008), respondents
were presented with a hypothetical prescription medica-
tion for high cholesterol. AE likelihoods were described
using 1 of 4 tested formats. Main outcome measures
were risk comprehension (ability to identify AE likelihood
from a table) and willingness to use the medication (7-
point scale; not likely = 0, very likely = 6). Results. The
percentage + risk label format resulted in the highest

comprehension and willingness to use the medication
compared with the other 3 formats (mean comprehension
in percentage + risk label format = 95% v. mean across the
other 3 formats = 81%; mean willingness = 3.3 v. 2.95,
respectively). Comprehension differences between per-
centage and frequency formats were smaller among the
less numerate. Willingness to use medication depended
less on age and numeracy when labels were used. Gener-
alizability is limited by the use of a sample that was older,
more educated, and better off financially than national
averages. Conclusions. Providing numeric AE-likelihood
information in a percentage format with risk labels is
likely to increase risk comprehension and willingness to
use a medication compared with other numeric formats.
Key words: risk comprehension; risk communication;
pharmaceutical decision making; adherence; numeracy;
aging; informed decision making; statins. (Med Decis
Making XXXX;XX: XXX–XXX)

Patients often do not understand and are fearful of
adverse events (AEs) from prescription drugs.1

Quantitative information about the likelihoods of
AEs is rarely provided in the United States,2

although prescription drugs are probabilistic in
terms of their AEs and benefits. One reason used
to justify not providing numbers is low numeracy
(the ability to understand and use mathematical
and probabilistic concepts) in the general popula-
tion.3 In a recent study, however, we demonstrated
that providing numeric information (compared with
verbal descriptions) decreased overestimation of AE
likelihoods and increased reported willingness to
use a hypothetical drug across numeracy levels.4

More and less numerate individuals overestimated
risks substantially less and reported being more
willing to use the medication when provided
numeric information compared with when they
were not provided numbers (although the effects
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were smaller among the less numerate). Similar re-
sults have been demonstrated in nonmedical do-
mains.5,6 A further concern about providing numbers
is the lack of certainty about the AE likelihood esti-
mates. A possible solution is to provide information
about the uncertainty (e.g., provide a range estimate
instead of or in addition to a point estimate). However,
people appear to discount such range estimates as
inexact and take little away from them.7

Given our prior results, we recommended provid-
ing numeric risk information, when it is available,
to decrease overestimations of risk and increase will-
ingness to use prescribed drugs for most patients. We
did not, however, provide recommendations of
which numeric format(s), if any, might be best.
Numeric information about AE likelihood can be pre-
sented in a number of different numeric formats,
including frequencies (e.g., out of 100 people, 14
will get dry mouth) and percentages (e.g., 14% of peo-
ple will get dry mouth). It can also be presented with
versus without verbal risk labels (called ‘‘risk labels’’
from here on). For example, the European Commis-
sion Guidelines recommended prescription-drug
risk labels ranging from ‘‘very common’’ (for AE like-
lihoods .10%) to ‘‘very rare’’ (\0.001%). In the pres-
ent paper, we aim to extend previous results by
testing the effects of different numeric formats and
the presence versus absence of risk labels on compre-
hension of AE likelihood and reported willingness to
use a prescribed medication.

Recent reviews have summarized evidence on the
effects of numeric formats and risk labels on compre-
hension and behavioral intentions.8,9 The reviews con-
cluded that while no ideal numeric format exists,
some are better than others. In particular, in most
studies, the use of percentage formats increased com-
prehension10–14 and decreased perceived risk15–17 com-
pared with frequency formats (but see Cuite and others11

and Knapp and others18 for different results).
Risk labels may be beneficial because they

enhance the evaluative context (i.e., they make infor-
mation easier to evaluate as good or bad19) and facil-
itate comparisons.20 Both reviews recommended the
use of risk labels because they enhanced comprehen-
sion19,20; however, this recommendation may be mis-
guided in some cases.20,21 Knapp and others,22 for
example, found that adding risk labels to frequency
information about medication AEs significantly
reduced risk perceptions and increased comprehen-
sion for 1 AE but had no significant effects for the
others. Their study included only 72 participants
who saw exact numeric information, however, so
the nonsignificant findings may be due to the small

sample size. Motivated by the findings of Knapp
and others,22 as well as by other findings19,20 and
the general idea that labels may enhance the evalua-
tive context,19 we expected labels to result in higher
comprehension. Overall, we expected percentage for-
mats augmented with risk labels to facilitate compre-
hension and willingness to take medications
compared with other formats, although previous evi-
dence is somewhat mixed.

Visschers and colleagues8 proposed a dual-process
explanation of format effects. In this framework,
either information is processed heuristically, relying
on incidental information such as mood, numeric for-
mat, or label, or it is processed analytically, ignoring
such incidental information and concentrating on the
numeric estimates of the risk. Which process is used,
according to this review, depends on relevant situa-
tional variables including cognitive capacities, moti-
vation, and available time. As evidence for this
approach, the investigators noted that several of the
format effects reviewed bear some resemblance to
known heuristics such as anchoring and availability.
They did not, however, provide any evidence that for-
mat effects are moderated by their key situational
variables.

In the present paper, we consider numeracy as one
possible individual difference that increases deliber-
ation with numbers and, thus, may decrease the
influence of format effects. Consistent with this pos-
sibility, studies outside the scope of the review by
Visschers and others8 have found that numeric for-
mats and risk labels influence risk perceptions less
for the more numerate than they do for the less
numerate.16,23 Thus, we further test Visschers and
others’ dual-process conceptualization of format
effects and extend previous results to the clinically
relevant dependent variable of willingness to take
a medication. Since older adults experience declines
in deliberative efficiency,24 they, like the less numer-
ate, also should experience larger effects of numeric
format and risk label.

Hypothesis 1: The use of percentage formats instead of
frequency formats will increase comprehension of
AEs and willingness to take a prescribed medication.
Numeric format effects will be strongest among older
and less numerate individuals.

Hypothesis 2: The use of risk labels will increase com-
prehension of drug side effects. The effects of labels
will be strongest among older and less numerate
individuals.

In addition to testing Visschers and others’ theory
of format effects, we attempted to create a fuller
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picture of numeric format and label effects by follow-
ing methodological suggestions. Visschers and others
recommended that more studies be done on nonstu-
dent samples. West and others9 suggested that future
studies should avoid problematic order effects and
explore behavioral intentions rather than relying
only on comprehension and risk perception. First,
we examined a diverse sample, including older
adults. Because prescription drug use increases
with age,25 studying this population is important.
Second, we asked for behavioral intentions in the
form of willingness to use a medication. Third, we
used a between-subject design to avoid order effects.
Fourth, although this was not explicitly recommen-
ded, we assessed the effects of numeric format in
the presence of multiple pieces of numeric informa-
tion rather than a single AE or benefit; this has rarely
been done in previous studies on format effects.10–12

This is important because if numeric information is to
be presented to patients, it will likely include a list of
multiple AEs. Previous research shows that present-
ing risks simultaneously may reduce comprehension,
compared with presenting them one at a time.26

Hence, results obtained in experiments in which 1
AE is presented at a time may not be as relevant to
practicing physicians.

METHODS

From 15 May 2008 to 18 June 2008, we conducted
a randomized experiment over the Internet in the
American Life Panel (ALP; https://alpdata.rand.org/).
ALP respondents are paid $20 for each half-hour
interview.

Respondents reported whether they regularly took
a prescription medication to lower cholesterol.
Because individuals making a new prescription-
drug decision were more clinically relevant to our
scenario, our analyses concentrated on the 61% of
respondents who reported not regularly taking pre-
scription medication to lower cholesterol (N =
370).* Respondents were told, ‘‘Imagine you have
been diagnosed with high cholesterol, a major cause
of heart disease and stroke. Your doctor has pre-
scribed you a new medication to lower your

cholesterol, but it has possible adverse effects. Below
is a list of possible adverse effects that may occur
while taking this medicine.’’ Respondents then
were given risk information about medication AEs
in 1 of 6 formats, randomly assigned. Information
about AEs was hypothetical but was modified from
statin information available from a pharmacy and
the Physicians’ Desk Reference. The scenario was
designed to include 1 serious rare AE and other less
serious common AEs to provide respondents with
a relatively realistic scenario. Four formats included
numeric information and were retained for analysis
in the present paper. The other 2 formats were nonnu-
meric. Results comparing numeric and nonnumeric
conditions are available in our previous paper.4

Descriptions of AEs were placed in a table in
descending order of frequency with accompanying
information about AE likelihood.

Respondents were randomly assigned to condition
in a 2 (numeric format: frequencies v. percentages) 3

2 (risk labels: present v. absent) between-subjects
design. Thus, there were 4 formats: percentage +
risk label consistent with the European Commission
guidelines (e.g., 14% of people = very common),27

percentage without risk label, frequency + risk label
(e.g., 14,000 out of 100,000 people = very common),
and frequency without risk label. Consistent with
the guidelines, frequency bands (e.g., 1%–10% of
patients) are often used with these labels instead of
precise numbers, although we did not test these in
the present experiment. The percentage + risk label
condition is shown in Figure 1, and the other formats
are described in Table 1.

To assess willingness to use the drug, respondents
answered the question ‘‘How likely is it that you will
take this drug?’’ on a 7-point scale (0 = not likely; 6 =
very likely). To assess risk comprehension, respond-
ents were asked, ‘‘About how many people do you
think will get an upset stomach out of 100,000 people
who take this medication?’’ in the frequency con-
dition and ‘‘What percentage (%) of people who
take this medication will get an upset stomach?’’ in
the percentage condition (correct response = 400
or 0.4%, depending on condition). Percentage
responses were transformed into frequencies out of
100,000 for analysis purposes. Finally, numeracy
was measured using a new 8-item scale reduced
from 18 items obtained from existing numeracy
scales. The new scale was developed across 2 large,
independent samples that varied widely in age and
educational level. It had excellent psychometric
properties based on a Rasch analysis and good predic-
tive abilities relative to existing scales, supporting its

*Results among respondents who already use a similar medication
are available from the first author. Given the wording of the scenario,
it is not entirely clear how these respondents read the scenario. For
example, they may have understood the scenario to mean that they
would be taking an additional drug for their high cholesterol or that
they would be taking a replacement drug for their current medication.
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predictive validity.28 The primary usefulness of the
new scale is that it can be used in a wide range of pop-
ulations, allowing for a clearer understanding of how
numeracy influences the decision process across the
lifespan.

Analyses

We used R v3.0.229 software for statistical comput-
ing to conduct the analysis. Numeracy was mean-
centered; we used a mean split to illustrate interac-
tions, but the continuous measure was used in analy-
ses. Age was treated as semicontinuous, with the

young adults (age 18–39) coded as 21, middle-aged
adults (age 40–59) coded as 0, and older adults (age
60–89) coded as +1 to match the results of our previ-
ous manuscript.4 The risk label variable was coded as
21/2 when absent and +1/2 when present. Numeric
format was coded as 21/2 for percentage and +1/2
for frequency. The coding of variables affects the
size and significance of coefficients for main effects
and lower order interactions when a higher order
interaction is present.30 This coding was chosen so
that our coefficients reflect effects on average across
the experimental conditions for a middle-aged per-
son of mean numeracy.

Table 1 Description of 4 Numeric Likelihood Formats

Numeric Format Format Description

Percentage only The table included percentages in place of frequencies (e.g., 14%, 0.05%).
No risk labels were provided.

Frequency only The table included frequencies (e.g., 14,000 or 50 out of 100,000 people).
No risk labels were provided.

Percentage + risk label This is Figure 1. Percentages and risk labels were provided.
Frequency + risk label The table included risk labels and frequencies instead of percentages.

Note. In each case, a table similar to that in Figure 1 was provided. Differences from Figure 1 are noted under the format description.

You have been diagnosed with high cholesterol, a major cause of heart disease and 
stroke. Your doctor has prescribed you a new medication to lower your cholesterol, but 
it has possible side effects. Below is a list of possible side effects that may occur while 
taking this medicine, grouped by how common or rare each one is. The percent of 
people who take this medication and have a given side effect are listed in the first 
column of the table below. The second column is a verbal indication of how common 
or rare the side effect is.

Possible Side Effects:  
% of people 

14% Very 
common dry mouth  

7% Common constipation, headache  

0.40% Uncommon stomach upset 

0.05% Rare dizziness 

0.00% Very rare muscle damage leading to a very serious condition called  
    rhabdomyolysis  

Figure 1 Example of percentage + risk label format.
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All analyses began with a logistic model (for com-
prehension) or a linear model (for willingness to use
the drug) with the 4-way interaction between numer-
acy, age, numeric format, risk-label presence, all lower
order interactions with these terms, and all main
effects as predictors. We examined the highest order
nonsignificant interaction(s) currently in the model
and removed the one that provided the least indepen-
dent explanatory power (the term with the highest P
value), and we reestimated the model without that
term. The goal was to progressively reduce the com-
plexity of the model until only statistically significant
terms remained. If all interactions of the highest order
were significant (P\0.05, 2-tailed), this was the final
model. We did not keep nonsignificant interactions,
except for those that were of a lower order than a signif-
icant interaction. Hence, the absence of an interaction
between variables in the final model implies that it
was nonsignificant and was removed from the model.

The study was well powered with a 97% probabil-
ity of detecting a small effect size of d = 0.2 given the
sample size.

The funding agreements ensured the authors’
independence in designing the study, interpreting
the data, and writing and publishing the report.
Data collection was conducted and approved by
Rand Corporation.

RESULTS

The overall response rate for the survey was
78.9%. Nonrespondents did not differ from respond-
ents in education or gender but were slightly younger
(49.6 years v. 51.3 years, P = 0.04). The final sample
used in the present paper comprised 370 respondents
who answered all questions (n = 98, 99, 81, and 92,
respectively, in percentage, frequency, percentage +
risk label, and frequency + risk label conditions)
and who reported not currently using a statin medica-
tion. Two respondents gave birth dates outside of the
feasible range so their data were not used in the anal-
yses (as many of our analyses concerned age), leaving
368 respondents for analysis. Of the respondents in
the conditions analyzed in the present paper, 69%
were female (mean/median age = 51/52 years; median
income = $60,000–$74,999; median education =
bachelor’s degree; 88.9% Caucasian, 7.3% Black,
2.4% Asian, 0.5% Native American, and 0.8%
reported Other). Compared with the 2010 U.S. Cen-
sus, the sample is older, better educated, and higher
in income (see Table 2). Age was not correlated
with numeracy (r = 0.04, P . 0.05).28

To begin, we conducted regressions predicting
each of the demographic variables with condition.
Numeracy and education differed by condition (see
Table 3). Specifically, respondents who were
assigned to either of the risk-label conditions were
better educated and more numerate than the respond-
ents assigned to a no-label condition. Numeracy was
already included in all of our models, so any con-
founding effects were accounted for. Participants in
either percentage condition were more likely to be
white. We reran all reported regression models con-
trolling for education and ethnicity. These models
are not reported for simplicity, but they returned sub-
stantially similar results, which are available from
the first author. Cronbach’s alpha for the numeracy
scale was 0.71.

Risk Comprehension

Among our respondents, 83.7% answered cor-
rectly, 6.8% underestimated the risk, and 9.5%
overestimated it, indicating that the question was
quite easy. The more numerate respondents compre-
hended more than the less numerate (92% and 78%,
respectively, answered correctly, b = 0.39, P\0.001;
see Table 4 for final model). This result was consis-
tent with previous research.31–33 As expected, per-
centages resulted in higher comprehension than
frequencies (b = 21.18, P = 0.003). Numeric format
interacted with numeracy (b = 20.55, P = 0.005),
but not in the direction predicted in Hypothesis 1.
Specifically, the more numerate answered correctly

Table 2 Demographics of Our Sample Compared
with the 2010 Census

Characteristic Sample 2010 Census

Age
18–34 years 20.1 30.7
35–64 years 51.6 52.7
65–89 years 28.2 16.6

Education
Less than high school 1.9 14.6
High school diploma 12.5 28.5
Some college/vocational school 35.6 31.1
College graduate or more 50.1 25.8

Household income
Less than $20,000 8.8 18.9
$20,000-$39,999 19.2 21.5
$40,000-$59,999 20.5 17.4
$60,000 or more 51.5 42.1

Note: All values are percentages.
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more often with percentages (99%) than with fre-
quencies (85%), whereas the difference was smaller
among the less numerate (81% and 76% answered
correctly with percentages and frequencies, respec-
tively; see Figure 2). Consistent with previous
research, the presence of risk labels (compared with
their absence) increased comprehension as a main
effect, with 78% of respondents answering correctly
without risk labels and 90% answering correctly
with risk labels (b = 1.00, P = 0.002). No other interac-
tions, including the hypothesized interactions with
age, were significant.

Because percentages (compared with frequencies)
and risk-label presence (compared with absence)
improved comprehension, the percentage + risk label
format maximized comprehension (95% answered
correctly when shown percentages + labels, com-
pared with 86% for frequencies + labels, 82% for per-
centages only, and 73% for frequencies only).

Willingness to Use the Drug

Multiple regression analyses of willingness to
use the drug were conducted following the same

statistical approach described above (see Table 5 for
the final model). More numerate respondents
reported being more willing to use the drug than the
less numerate (mean = 3.64 and 2.79 for the more
and less numerate, respectively; b = 0.15, P =
0.007). This result was consistent with previous
research indicating that the more numerate perceive
less risk in a variety of domains34,35 and are more
likely to adhere to medication plans.36 This main
effect was qualified by an interaction with risk labels.
Although adding risk labels had no main effect (b =
0.20; P = 0.32), their presence did increase willing-
ness among the less numerate somewhat, but at
(what might be considered) the cost of decreasing
willingness among the more numerate (willingness
means for the highly numerate were 3.64 and 2.96
without and with the risk labels, respectively; the
same means for the less numerate were 2.79 and
2.93; interaction b = 20.22; P = 0.045).

Effects of age also emerged. Older respondents
reported being less likely to use the medication
than middle-aged or young respondents (mean =
2.51, 3.00, and 3.81, respectively; b = 20.62, P \
0.001). Age also interacted with risk label (b = 0.58,

Table 3 Demographics by Condition

Percentage Only Frequency Only Percentage + Risk Label Frequency + Risk Label

N 97 98 81 92
Mean age in years (s) 50 (14) 50 (16) 51 (13) 54 (13)
Education, % associate degree or lessa,b 48 60 54 37
Mean household income (s)c 11.5 (2.8) 11.3 (3.2) 11.3 (3.3) 11.8 (3.0)
Ethnicity, % whitea 94 89 93 80
Mean numeracy (s)a 4.1 (1.9) 3.7 (1.8) 4.2 (1.9) 4.5 (1.7)

a. The variable differed significantly between label and no-label conditions.
b. Similar results are obtained with a more detailed education scale that approximately mirrors years of education (from 1 = less than first grade to 16 =
doctorate degree).
c. Income categories range from 1 (less than $5,000) to 14 (more than $75,000).

Table 4 Logistic Regression Results for Final Comprehension Model

Variable Unstandardized b (sb)

Intercept 2.10 (0.21)
Numeracy (score) 0.39 (0.10)
Age (–1 for 18–39 years, 0 for 40–59 years, 1 for 59–89 years) –0.26 (0.22)
Numeric format (0 for percentage, 1 for frequency) –1.18 (0.39)
Risk label (0 when absent, 1 when present) 1.00 (0.32)
Numeracy 3 numeric format –0.55 (0.20)

Nagelkerke R2 0.17
x2 (df = 8) 39.4 (P \ 0.001)

Note: Significant predictors are in bold for emphasis. As is standard in logistic regression, the b values indicated the change in log odds of getting the com-
prehension item correct for each 1-unit increase in the predictor. sb is the standard error of the b value.
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P = 0.047). With labels, differences between older,
middle-aged, and younger respondents were smaller
(mean = 2.73, 2.89, and 3.52, respectively) than with-
out labels (2.29, 3.10, and 4.00, respectively). The
presence of labels increased willingness to use the
drug among older respondents but reduced it among
younger respondents.

Numeric format had no main effect (mean = 3.19
and 2.89 for percentages and frequencies; b = 20.27,
P = 0.18). However, an interaction with risk labels
emerged (b = 0.83, P = 0.04). When labels were absent,
there was indeed no effect of numeric format (mean =
3.09 and 3.12, respectively, for percentages and frequen-
cies). When labels were present, however, respondents
provided with percentages were more willing to use

the medication than those provided with frequencies
(mean = 3.32 and 2.62, respectively; interaction t =
2.07, P = 0.04; see Figure 3). Numeric format did not
interact with age or numeracy as hypothesized.

As a result, the percentages + risk labels format
(mean = 3.32) maximized willingness to use the med-
ication compared with frequencies + labels, percen-
tages, and frequencies (mean = 2.62, 3.09, and 3.12,
respectively).

DISCUSSION

The aim of the present study was to extend previ-
ous results on numeric format and risk label effects
and, if possible, identify the best format for present-
ing numeric likelihood information about AEs. We
tested the effects of numeric formats (percentage v.
frequency), risk labels (presence v. absence), and
individual differences in numeracy and age on com-
prehension and willingness to use medication.
Although the use of a medical treatment is ultimately
a choice that each respondent should make based on
his or her preferences, participants were told that
their physician prescribed the medication for them;
hence, increasing willingness to use such a drug in
similar cases may be advantageous at the population
level. We recommend presenting a medication’s AE
likelihoods using percentages with risk labels over
the other 3 formats due to increased comprehension
and willingness to use the medication.

Percentages increased comprehension over fre-
quencies, supporting Hypothesis 1 in part. This
main effect of numeric format is consistent with peo-
ple having more experience with percentages.13 Per-
centages also may be easier to process, since they
have an implicit and constant denominator (of 100).

81
76

99

85

0

30

60

90

Less Numerate More Numerate

P
er

ce
nt

 A
ns

w
er

ed
 C

or
re

ct
ly

Numeric Format

Frequency

Percent

Figure 2 Comprehension by numeric format and a mean split of
numeracy. Error bars represent 61 standard error.

Table 5 Multiple Regression Results for Final Willingness to Use Medication Model

Variable b (sb)

Intercept 3.11 (0.10)
Age (–1 for 18–39 years, 0 for 40–59 years, 1 for 59–89 years) –0.62 (0.15)
Numeric format (–0.5 for percentage, 0.5 for frequency) –0.27 (0.20)
Risk label (–0.5 when absent, 0.5 when present) –0.20 (0.20)
Numeracy (mean centered score) 0.15 (0.05)
Age 3 risk label 0.58 (0.29)
Numeric format 3 risk label –0.83 (0.40)
Risk label 3 numeracy –0.22 (0.11)

Adjusted R2 0.083
F(7, 360) 5.8 (P \ 0.001)

Note: Significant predictors are in bold for emphasis.
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Processing frequencies requires understanding the
denominator, which varies across settings and is
sometimes ignored.37

Consistent with the main effect proposed in
Hypothesis 2, the presence of risk labels also
increased comprehension of numeric information.
In the present study, what the labels described was
consistent with the comprehension question asked;
our results would not necessarily extend to other
types of comprehension questions. When risk labels
describe a facet of the quantitative information incon-
sistent with the comprehension question, they can
actually decrease comprehension.20

We found little evidence, however, for Visschers
and others’8 dual-process proposal of format effects.
Hypothesis 1’s interaction was not supported, since
neither younger nor more numerate participants
demonstrated smaller numeric format effects for com-
prehension or willingness to use the medication.
Instead, percentages, compared with frequencies,
improved comprehension regardless of age, and the
effect was larger among the more numerate. Percen-
tages increased willingness to use the medication
regardless of age or numeracy (although only when
labels were present). The interaction in Hypothesis
2 also was not supported; labels improved compre-
hension regardless of age or numeracy.

The lack of numeric format differences in the less
numerate may have been due to the very small risk

that required us to represent it as a decimal percent-
age (0.4%) rather than the integer percentages that
have been tested in prior research (e.g., 7%). Because
integer percentages are easier to recall and approxi-
mate than decimal percentages38 and the less numer-
ate are more susceptible to a variety of format
effects,16 our use of a decimal percentage could
explain the lack of a percentage versus frequency
numeric format difference in the less numerate. In
particular, any advantages of seeing the information
as percentages may have been equal to the disadvan-
tages of seeing it as a decimal percentage for these
respondents. If this is the case, the less numerate
may still benefit from percentages when AE likeli-
hoods are larger and can be expressed in integer form.

Percentages also did not, in general, increase will-
ingness to take the medication, inconsistent with part
of Hypothesis 1. The lack of numeric format effects on
willingness to use the medication could be explained
by previous research on evaluability. A single num-
ber is more difficult to evaluate by itself than in the
context of other numbers.39 Thus, in previous stud-
ies, participants may have found it difficult to
appraise the riskiness of a single AE and may have
simplified information processing by using the
easier-to-evaluate numeric format and its ensuing
effect as a substitute to judge risk instead of using
the magnitude of the AE likelihood itself. When sev-
eral AEs are presented together, however, the AE like-
lihood may become easier to evaluate in the
comparative context.39–41 Thus, presenting multiple
AEs (along with their likelihoods) may have eased
the evaluation of the magnitudes of AE likelihoods,
and this evaluability effect may have mitigated most
numeric differences when risk labels were absent.
But with risk labels, respondents given the percent-
age format were more willing to use the medication
than those given the frequency format. Perhaps the
addition of different labels to different numeric val-
ues made the numeric values difficult to compare
and therefore reduced evaluability, causing respond-
ents to rely on the peripheral cue of numeric format. If
this is the case, recommendations to use a specific
numeric format may be overly simplistic and should
only be made in the context of the presence or
absence of a risk label. Future research should exam-
ine these questions.

Although not hypothesized, the presence of risk
labels (compared with their absence) increased will-
ingness to use the medication in older and less
numerate respondents (although at the cost of
decreasing willingness somewhat among the younger
and more numerate respondents). As a result,
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differences in willingness to use the medication
between numeracy and age levels were effectively
erased. Similarly, in our previous study, verbal
descriptions of risk elicited similar willingness
among respondents of different ages and numeracy
levels, whereas numeric descriptions of risk resulted
in higher willingness among younger and more
numerate respondents.4 In a recent study, however,
when risk labels were added to frequency bands,
greater risk was perceived from the medication’s
side effects, compared with when labels were
absent42 (they did not test comprehension). This pos-
sible difference in results between our study and
theirs may have been due to their study participants
being younger and more educated on average (in
which case, our results are similar), or it could have
been due to the more frequent and caustic side effects
of the medication in their study. It may be that risk
labels increased comprehension of these dire side
effects and led to greater perceived risk in their study.
In our study, in contrast, increased comprehension of
the less likely and less serious side effects may have
led to no change in perceived risk on average. In other
words, the addition of risk labels may have caused
appropriate reactions in both studies. Alternatively,
it may be that when risk labels were present, partici-
pants ignored the more difficult-to-evaluate fre-
quency ranges7 in place of the easier-to-evaluate
labels. If this alternative possibility is true, then par-
ticipants would have effectively been comparing
numbers (in the frequency band condition) to verbal
labels only, and we would expect lower risk percep-
tions in the numeric condition.4

One limitation of our study is that it was con-
ducted using an online panel; our sample was more
educated, and likely more numerate, than the general
population. Any numeracy effects may have suffered
from restriction of range as a result. The clinical rel-
evance of the results is also unclear given the present
design. In addition, we chose to study only those
respondents not currently taking a similar medica-
tion, thus limiting the scope of our study. These
people may differ from those taking a similar medi-
cation, for example, in their beliefs about the effec-
tiveness of medication in general, feelings about
medications, desires to avoid identifying them-
selves as a ‘‘sick person,’’43 or willingness to protect
themselves against future ill health. The latter may
be an important concern in willingness to treat
high cholesterol, because it is initially asymptom-
atic. The applicability of the present scenario was
unclear, however, for those already taking a similar
medication.

We examined willingness to use a medication and
comprehension at levels of probability that were real-
istic for the medication studied, but format effects at
other levels of probability also need to be tested.
Finally, the risk labels used were consistent with
those recommended by the European Commission
guidelines. The numbers these verbal labels repre-
sent, however, do not reflect how people interpret
them.44 For example, people interpret ‘‘almost
impossible’’ to mean a probability as high as 8%,
whereas the verbal descriptor that the European Com-
mission uses for a probability between 1% and 10% is
‘‘common.’’ Guidelines should be set to use more
psychologically feasible labels. Perfect labels are
impossible, however, given that individuals vary
considerably both in how they interpret verbal labels
numerically and what verbal labels they would use
for various numeric values.45,46 More important
would be to choose a fixed set of verbal descriptors
and numeric values to be used consistently so that
they can become familiar to patients and providers.

This study adds to the growing literature on the
effects of numeric formats and labels. Hypotheses
based on a dual-process approach were not supported
(e.g., percentages were understood better than fre-
quencies, but mostly among the more numerate),
and some new results emerged (e.g., the effect of
numeric format on behavioral intentions depended
on the presence versus absence of risk labels). Over-
all, we recommend percentages with risk labels for
presenting likelihood information about medication
AEs to patients who do not already use a similar
medication.
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