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Do Icon Arrays Help Reduce
Denominator Neglect?
Rocio Garcia-Retamero, PhD, Mirta Galesic, PhD, Gerd Gigerenzer, PhD

Background and Objective. Denominator neglect is the
focus on the number of times a target event has happened
(e.g., the number of treated and nontreated patients who
die) without considering the overall number of opportunities for it to happen (e.g., the overall number of treated and
nontreated patients). In 2 studies, we addressed the effect
of denominator neglect in problems involving treatment
risk reduction where samples of treated and non-treated
patients and the relative risk reduction were of different
sizes. We also tested whether using icon arrays helps people take these different sample sizes into account. We especially focused on older adults, who are often more
disadvantaged when making decisions about their health.
Design. Study 1 was conducted on a laboratory sample
using a within-subjects design; study 2 was conducted on
a nonstudent sample interviewed through the Web using
a between-subjects design. Outcome Measures. Accuracy

of understanding risk reduction. Results. Participants often
paid too much attention to numerators and insufficient
attention to denominators when numerical information
about treatment risk reduction was provided. Adding icon
arrays to the numerical information, however, drew participants’ attention to the denominators and helped them
make more accurate assessments of treatment risk reduction. Icon arrays were equally helpful to younger and older
adults. Conclusions. Building on previous research showing that problems with understanding numerical information often do not reside in the mind but in the
representation of the problem, the results show that icon
arrays are an effective method of eliminating denominator
neglect. Key words: decision aids; risk communication or
risk perception; health literacy; numeracy; bounded
rationality; heuristics and biases. (Med Decis Making
2010;30:672–684)

I

be informed about risks and benefits and give their
consent before any treatment can be implemented.
This information is often provided in a numerical
format, and its interpretation can require rather
advanced knowledge of statistical concepts.2
Recent research in health decision making has
shown that many patients—and their physicians—
have difficulties grasping a host of numerical concepts that are prerequisites for understanding
health-relevant risk communications.3–8 These communications often take the form of baseline risk estimates, risk reduction with one or more treatments,
and increased risk of side effects of treatments.9
Cross-cultural comparisons suggest that these difficulties are widespread, extending even to highly
educated populations10–12 and possibly increasing
with age.13,14 Is it possible to help patients make
accurate and effective decisions by presenting risks
about health in appropriate formats? This is the central question of this article.
Ratio concepts—of which risks and probabilities
are examples—are particularly challenging and
prone to biases that undermine judgment and decision making.15–17 For instance, people often pay too

ncreased emphasis on patient-centered decision
making and disease prevention has shifted the
responsibility of decision making to patients,1 who
now more than ever need to understand healthrelated numerical information. For instance,
informed consent laws mandate that patients must
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much attention to numerators and insufficient attention to denominators.18–21 That is, they focus on the
number of times a target event has happened (e.g., 6
patients who died from the surgery) and pay less
attention to the overall number of opportunities for
it to happen (e.g., 10 or 1000 patients who underwent the surgery). In fact, 6 patients who died from
surgery may or may not be significant depending on
the overall number of patients who underwent the
procedure (10 or 1000). This denominator neglect
effect, described by Reyna22 and Reyna and Brainerd,23 has been studied extensively.
In a series of studies by Epstein and colleagues18,24–26 (see also Miller and others27 and Stanovich and West28), participants had to choose 1 of 2
samples from which to draw a winning (e.g., red)
jelly bean. A typical task involved choosing between
a sample containing 1 red out of 10 beans and a sample containing 7 red out of 100 beans. Participants
often chose the sample containing 7 red beans: they
favored the option with a greater absolute number
but smaller proportion of red jelly beans over the
option with fewer red beans but better odds. That is,
they preferred the option with the larger numerator
and did not pay much attention to the denominator,
even when the probabilities were smaller in their
chosen sample. Similar results were obtained by
Denes-Raj and others18 and Kirkpatrick and
Epstein29 when presenting pairwise choices of gambles, by Acredolo and others30 and Kokis and
others31 using the same procedure with children,
and by Yamagishi32 in a medical context.
In this article, we address denominator neglect
in problems involving treatment risk reduction. To
the best of our knowledge, all existing studies of
formats for presenting risk reduction assumed that
the samples of treated and nontreated patients were
of the same size,33–35 and even experts in the field
recommended this arrangement.36–38 For instance,
in a study by Galesic, Garcia-Retamero and Gigerenzer,35 participants were provided with information about the usefulness of screening in reducing
the risk of several cancers. The information
involved the number of patients who die within
groups who do or do not go to the screening. The
group who received the screening and the group
who did not receive the screening were set to be of
equal size (either 100 or 1000 patients).
In medical practice, however, the number of
patients who receive a certain treatment is often
smaller than those who do not.39–42 Similarly, in
daily life, patients—and their physicians—might be
able to think of more people who did not go to

a certain screening or take a novel drug than those
who did. Denominator neglect could then have
important consequences when estimating treatment
risk reduction in such conditions. Imagine, for
instance, a person who would like to estimate the
effect of a treatment, and the groups of treated and
nontreated patients that she can recall are unequally
sized (e.g., 100 and 500, respectively). If this person
disregards the overall number of treated and nontreated people, she might perceive the treatment to
be more effective than it actually is. Thus, she might
underestimate the proportion of patients who died
after receiving the treatment (e.g., 2 of 100) while
overestimating the proportion of people who died
and did not receive the treatment (e.g., 50 of 500).
Our first goal, then, is to test the hypothesis that people will show denominator neglect when judging
the effectiveness of a treatment using information
from unequally sized groups of treated and nontreated patients.
Second, we test the hypothesis that using visual
displays will help people attend to and take differential sample sizes into account when judging the effectiveness of a treatment. As Reyna22 and Reyna and
Brainerd23 suggested, visual displays can help people
represent superordinate classes such as the overall
number of patients who did and did not receive
a treatment. Reyna and others16,43–46 provided experimental support for this hypothesis by using line
drawings of familiar objects (i.e., pictograms), visual
grids with squares representing individuals, and icon
arrays. Experimental studies have confirmed as well
that icon arrays are a promising method for communicating medical risk reduction.35,47–50 Icon arrays
might then help draw people’s attention to the overall number of unaffected patients and thus reduce
denominator neglect in problems involving treatment
risk reduction. Whether this is, in fact, the case is still
an open question.
Finally, we test the hypothesis that icon arrays
are useful even for people who are otherwise disadvantaged when making decisions about health. As
we mentioned above, older people have problems
understanding complex medical information, not
only numerically presented data,13,51–53 and they
have severe difficulties when performing numerical
calculations—especially when task complexity
increases53—due to age-related cognitive decline.54,55
Older adults also show inconsistent preferences and
search for health-related information less often than
young adults.56,57 Finally, older adults focus more on
interpersonal and experiential components of a problem rather than the propositional content.58–60 At the

673

RISK COMMUNICATION
Downloaded from mdm.sagepub.com at Max Planck Institute on May 29, 2012

GARCIA-RETAMERO, GALESIC, GIGERENZER

same time, older adults face more medical decisions
than younger people and are disproportionately more
likely to encounter and be required to use quantitative information when making their health-related
choices.52 Older adults, therefore, require special
assistance. Our final hypothesis is then that icon
arrays will be useful for an older population.
To test these hypotheses, we conducted 2 studies.
The first was conducted in a laboratory setting using
a within-subject design. To test the generalizability
of the results, the second study was conducted via
a survey with a more diverse sample of the general
population and employing a between-subjects design. In both studies, we analyzed participants’
understanding of medical risk reduction after treatment. To test whether people pay more attention to
numerators than to denominators and whether icon
arrays increase accuracy of understanding of treatment risk reduction, participants in our studies were
presented with scenarios involving equally effective
treatments but differing in the overall number of
treated and nontreated patients. In some conditions,
the number of patients who did receive a treatment
was equal to those who did not; in other conditions,
it was smaller or larger. In both studies, some participants were provided with visual aids (i.e., icon
arrays) in addition to numerical information about
risk reduction, whereas others received numerical
information only.
STUDY 1
Method
Participants The participants were 117 individuals:
57 older adults (median age of 68 years, range 51–
75; 49% men and 51% women; 49% with high
school or lower education and 51% with college or
university education) and 60 university students
from the Free University of Berlin (Germany;
median age of 25 years, range 19–33; 45% men and
55% women). The questionnaire was administered
on computers in our lab at the Max Planck Institute
for Human Development in Berlin (Germany) and
took from 18 to 22 minutes to complete. Participants
were invited to our lab and received 10 euros. They
were randomly assigned to the experimental groups.
Stimuli and procedure Participants were presented
with 8 medical scenarios of the usefulness of hypothetical new drugs for reducing cholesterol that also
decrease the risk of dying from a heart attack. The
drugs were modeled after the drug simvastatin.61

The order of the 8 scenarios was randomized. In one
scenario, for instance, participants got the following
information:
A new drug for reducing cholesterol, Estatin, decreases
the risk of dying from a heart attack for patients with
high cholesterol. Here are the results of a study of 600
such patients: 50 out of 500 of those who did not take
the drug died of a heart attack, compared with 2 out of
100 of those who took the drug.

The rest of the drugs were named Astatin, Bestatin,
Cestatin, Destatin, Festatin, Gestatin, and Istatin,
respectively.
Three independent variables were manipulated
in the study. First, each drug’s relative risk reduction was manipulated within-subjects with 2 levels.
Relative risk reduction was set at either 40% (from
10% to 6%) or 80% (from 10% to 2%), with 4 scenarios at each level. Second, the overall numbers of
treated and nontreated patients (i.e., the sizes of the
denominators) were manipulated within-subjects to
be either 500–500, 100–500, 500–100, or 100–100,
where the first and second quantities reflect the
overall number of patients who did and did not take
the drug, respectively (see Table 1). The sizes of the
numerators (i.e., the number of treated and nontreated patients who died) varied within conditions
depending on the drug’s relative risk reduction and
the sizes of the denominators.
Independently of these manipulations, half of the
participants received, in addition to the numerical
information about risk reduction, 2 icon arrays presenting the risk of dying of a heart attack when the
drug was and was not taken, respectively. All icon
arrays contained either 500 or 100 circles depending
on the overall number of patients who did and did
not take the drug. Deceased patients were shown as
black circles at the end of the array. We used circles
because previous research62 did not find differences
in effects of arrays with faces compared to more
abstract symbols. An example of the condition
involving icon arrays is shown in Figure 1 (original
material was in German).
As a dependent variable, accuracy of risk understanding after reading the information about each
medical scenario was measured. First, following the
procedure used by Schwartz and others,8 participants were asked how many of 1000 patients with
high cholesterol might die of a heart attack if they do
not take the drug. Second, they were asked how
many of 1000 patients with high cholesterol might
die of a heart attack if they do take the drug. By
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Table 1 Stimuli Used in Studies 1 and 2 (in Bold)
Treated Patients
Denominator Sizes

Nontreated Patients

Treatment Risk Reduction, %

Dead Patients

Population Size

Dead Patients

Population Size

40
80
40
80
40
80
40
80

30
10
6
2
30
10
6
2

500
500
100
100
500
500
100
100

50
50
50
50
10
10
10
10

500
500
500
500
100
100
100
100

500-500
100-500
500-100
100-100

Number of treated and nontreated patients who died from a heart attack for all denominator size and risk reduction conditions in studies 1 and 2.

Lunney63 and Cleary and Angel64). Degrees of freedom for the analyses containing repeated-measures
factors were corrected by using the Greenhouse–
Geisser65 technique. We conducted Tukey’s HSD
(honest significant difference) test in post hoc analyses.
Results

Figure 1 Numerical information about risk reduction and icon
arrays that participants received in study 1. This example presents the information provided in the 100–500 condition with relative risk reduction of 80%.

deducting the second from the first answer and
dividing it by the first, we calculated the estimated
relative risk reduction. Participants were classified
depending on whether their estimates were accurate, lower, or higher than the exact value (i.e., .40
and .80 when risk reduction was set at 40% and
80%, respectively). Participants’ estimates were
treated as correct only when they were exactly right.
In sum, the experimental design had 4 factors:
participants’ age (older v. young adults; betweensubjects), the drugs’ relative risk reduction (40% v.
80%; within-subjects), the sizes of the denominators
(500–500, 100–500, 500–100, and 100–100; withinsubjects), and icon arrays (presence v. absence;
between-subjects). To assess the effect of these factors
on accuracy of risk understanding, we conducted
analysis of variance (ANOVA; for a justification, see

Do participants show denominator neglect in their
estimates of risk reduction? Figure 2 shows the percentage of participants whose estimates of risk
reduction were accurate, lower, or higher than the
exact value in each of the sizes of the denominator
conditions. Figure 3 shows average deviations of
inaccurate estimates from the exact value. When
information about treatment risk reduction was provided numerically and the sizes of the denominators
were equal (i.e., in the 500–500 and 100–100 conditions when no icons were provided), participants’
estimates were fairly accurate. In contrast, when the
denominators were different, the estimates were
rather inaccurate. These results held for both the
40% and the 80% relative risk reduction conditions.
Consistent with these findings, an ANOVA with
sizes of the denominators and relative risk reduction
as within-subjects factors on the percentage of participants whose estimates of risk reduction were accurate when information about the drug was provided
only numerically showed a main effect of sizes of
the denominators, F2, 126 = 24.67, P = 0.001.
As Figure 2 shows, when the number of treated
patients was lower than the number of those who
did not receive the treatment (i.e., in the 100–500
conditions), 53% of participants’ estimates of treatment risk reduction were higher than the exact value
compared to 47% that were accurate. Note that in
such cases, the number of patients who received the
treatment and died is much lower than the number
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100%

Percentage of participants

90%
80%
70%
Inaccurate
(Higher)
Inaccurate
(Lower)
Accurate

60%
50%
40%
30%
20%
10%
0%
500-500 100-500 500-100 100-100 500-500 100-500 500-100 100-100
No Icons

Icons

Figure 2 Percentage of participants whose estimates of risk reduction were accurate, lower, or higher than the exact value as a function
of the sizes of the denominators and the provision of icon arrays in study 1. Note: The first and second quantities in the notation of the
sizes of the denominators reflect the overall number of patients who did and did not take the drug, respectively. Results are collapsed
across the 2 levels of the treatment relative risk reduction.

of patients who did not receive the treatment and
died (e.g., 2 and 50, respectively, when risk reduction is 80%). It is possible that many participants in
these conditions paid more attention to absolute
numbers in the numerators than in the denominators. This might have led them to believe that the
treatment had a larger effect than it actually did.
In contrast, when the number of treated patients
was higher than the number of patients who did not
receive treatment (i.e., in the 500–100 conditions),
43% of participants’ estimates of treatment risk
reduction were lower than the exact value compared
to 1% and 56% that were higher and accurate,
respectively. In these conditions, the number of
patients who received the treatment and died is
equal to or even higher than the number of patients
who did not receive the treatment and died (e.g., 30
and 10, respectively, when risk reduction is 40%).
This might have led participants to believe that the
treatment had a smaller effect than it actually did.
Finally, when the overall number of treated and
nontreated patients was equal (in the 500–500 and
100–100 conditions), 87% of the participants’

estimates of treatment risk reduction were accurate
compared to 4% and 9% that were lower and higher
than the exact value, respectively. In these conditions, participants did not necessarily have to take
proportions into account to make accurate estimates
but could focus on the absolute numbers in the
numerators (e.g., 30 and 50, when risk reduction is
40% in the 500–500 condition).
Deviations of inaccurate estimates from the exact
value are in line with these findings (see Figure 3).
Participants whose estimates about treatment risk
reduction were inaccurate often believed that the
treatment had a greater effect than it actually did in
both the 500–500 and 100–500 conditions (i.e., in
the conditions with a larger number of nontreated
patients who died). In contrast, when the number of
nontreated patients who died was smaller (i.e., in
the 100–100 and 500–100 conditions), participants
whose estimates about treatment risk reduction were
inaccurate often believed that the treatment had
a smaller effect than it actually did. In sum, the
results support the hypothesis that many participants would pay more attention to the number of
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0.50
Deviation from the exact value

0.40
0.30
0.20
Inaccurate
(Higher)

0.10
0.00

Inaccurate
(Lower)

–0.10
–0.20
–0.30
–0.40
–0.50
–0.60
500-500 100-500 500-100 100-100 500-500 100-500 500-100 100-100
No Icons

Icons

Figure 3 Average deviation of inaccurate estimates from the exact value as a function of the sizes of denominators and the provision of
icon arrays in study 1. Note: The first and second quantities in the notation of the sizes of the denominators reflect the overall number of
patients who did and did not take the drug, respectively. Results are collapsed across the 2 levels of the treatment relative risk reduction.
Error bars indicate 1 standard error.

treated and nontreated patients who died (i.e.,
numerators) than to the overall number of treated
and nontreated patients (i.e., denominators).
Do icon arrays help reduce denominator neglect?
As Figures 2 and 3 show, when icon arrays were
added to the numerical information, participants
paid attention to both numerators and denominators. The ANOVA with relative risk reduction and
sizes of the denominators as within-subjects factors
and icon arrays as a between-subjects factor showed
an interaction between sizes of denominators and
icon arrays on percentages of participants whose
estimates of risk reduction were accurate, F2, 274 =
14.54, P = 0.001.
When the sizes of the denominators were different and icon arrays were added to the numerical
information, the percentage of participants who
estimated the treatment risk reduction correctly
increased from 52% to 86% (P = 0.0001). The latter
percentage is very similar to that when the sizes of
the denominators were equal (i.e., 90%). Moreover,
deviations of inaccurate estimates from the exact
value were rather small in all conditions. These
results held for both the 40% and the 80% relative
risk reduction conditions. Icon arrays, therefore,

helped the participants understand that it is important to take the overall number of treated and nontreated patients into account for an accurate
evaluation of effectiveness of the treatments.
Do icon arrays improve accuracy of risk understanding in both younger and older adults? Understanding medical information presented numerically was
more difficult for older than younger adults: the
percentage of older adults who estimated the risk
reduction accurately was lower (73%, sx = 2.1) than
that of younger adults (85%, sx = 1.6). This result is
consistent with the main effect of age in participants’ estimates of risk reduction in the ANOVA
with relative risk reduction and sizes of the denominators as within-subjects factors and age and icon
arrays as between-subjects factors, F1, 113 = 8.99, P =
0.003. The effect of icon arrays, however, was independent of age, as icon arrays had a positive effect
on accuracy and did not interact with age: the percentage of older adults who made accurate estimates
increased from 63% (sx = 3.3) to 83% (sx = 2.5) when
icon arrays were added to the numerical information. Similarly, this percentage increased from 76%
(sx = 2.8) to 94% (sx = 1.6) in younger adults.
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Discussion
When the information was presented numerically, participants paid too much attention to
numerators (i.e., the number of patients who died
with and without treatment) and insufficient attention to denominators (i.e., the overall number of
patients who did and did not receive the treatment).
Interestingly, icon arrays helped participants take
both numerators and denominators into account:
when icon arrays were added to the numerical information, the denominator neglect disappeared. Icon
arrays were helpful additions for both younger and
older adults. These results held even when level of
education was controlled in the analyses.
A critic, however, could call the generalizability
of our findings into question because study 1 was
conducted in a laboratory setting using a convenient
sample of participants. The critic could further
argue that our results may well have been inflated
because a within-subject design was used. The
within-subjects manipulation might make salient
the differences between numerators (e.g., 2 treated
patients died and 50 nontreated in the 100–500 condition, compared to 10 and 10 in the 500–100 condition, when risk reduction is 80%). As a consequence,
participants might have paid more attention to numerators than to denominators. A between-subjects
test of our results would represent a much stricter criterion and perhaps a more appropriate one because
‘‘much of life resembles a between-subjects experiment.’’66,67 In line with this hypothesis, Stanovich
and West28 (see also LeBoeuf and Shafir68) argued
that several biases and framing effects display different relationships with individual difference variables
in within-subjects compared to between-subjects
designs. Whether icon arrays help people take the
sizes of the denominators into account when a less
transparent design is used remains untested. In study
2, we test the generalizability of our findings by using
a more diverse sample of participants and a betweensubjects design.
STUDY 2
Method
Participants The participants were 354 individuals
selected from an online pool maintained by Survey
Sampling, Inc. The structure of the sample in terms
of gender and age was designed to reflect that of the
total population of Germany: thus, the sample consisted of 49.2% men and 50.8% women with

a median age of 44 years (range 20–99). We split the
participants into 3 age groups according to the overall group’s 33rd and 66th percentile, which are 37
and 50 years, respectively. The median age in the 3
groups was 30, 44, and 57 years, respectively. Male
and female participants were evenly distributed in
the 3 groups. Fifty-five percent of the participants
had a secondary level of schooling (high school or
lower), and 45% had at least some college or university education. All participants were Internet users.
The questionnaire was administered using the
online survey software Unipark and took from 7 to
15 minutes to complete. Participants in the study
had the opportunity to win a prize or donate a small
amount to charity. They were randomly assigned to
the groups.
Stimuli and procedure The instructions and procedure of study 2 were identical to those of study 1,
except that each participant was presented with
only one medical scenario describing Estatin,
a hypothetical new drug with a relative risk reduction of 80%. The overall number of treated and nontreated patients was manipulated between subjects
to be 500–500, 100–500, 500–100, or 100–100 (see
Table 1).
The design of the study had 3 factors: participants’ age (older v. middle-aged v. younger adults;
between-subjects), sizes of the denominators (500–
500, 100–500, 500–100, and 100–100; between-subjects), and icon arrays (presence v. absence;
between-subjects). As in study 1, we measured estimates of relative risk reduction.
Results
Do participants show denominator neglect in
a between-subjects design? Figures 4 and 5 mirror
Figures 2 and 3. As in study 1, participants’ average
estimates of relative risk reduction were fairly accurate when information about treatment risk reduction was provided only numerically and the
denominators were equal, whereas they were rather
inaccurate when the denominators were different.
The ANOVA with sizes of the denominators as
a between-subjects factor showed a main effect of
this variable on percentages of participants whose
estimates of risk reduction were accurate, F3, 177 =
4.64, P = 0.004, when information about the drug
was provided only numerically.
Similar to study 1, 42% of the participants overestimated risk reduction when the number of treated patients was lower than the number of those
who did not receive the treatment (i.e., in the 500–
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100%

Percentage of participants

90%
80%
70%
Inaccurate
(Higher)
Inaccurate
(Lower)
Accurate

60%
50%
40%
30%
20%
10%
0%
500-500 100-500 500-100 100-100 500-500 100-500 500-100 100-100
No Icons

Icons

Figure 4 Percentage of participants whose estimates of risk reduction are accurate, lower, or higher than the exact value as a function
of the sizes of the denominators and the provision of icon arrays in study 2. Note: The first and second quantities in the notation of the
sizes of the denominators reflect the overall number of patients who did and did not take the drug, respectively.

100 condition) compared to 2% and 56% of the participants who underestimated risk reduction and
provided an accurate estimate, respectively. In contrast, when the number of treated patients was
higher than the number of patients who did not
receive treatment (i.e., in the 500–100 conditions),
46% of the participants underestimated risk reduction compared to 54% of the participants who provided an accurate estimate. Similarly, participants
whose estimates of treatment risk reduction were
inaccurate often believed that the treatment had
a greater effect than it actually did in the 500–500
and 100–500 conditions (i.e., when the number of
nontreated patients who died was larger). In contrast, in the 100–100 and 500–100 conditions (i.e.,
when the number of nontreated patients who died
was smaller), participants whose estimates about
treatment risk reduction were inaccurate often
believed that the treatment had a smaller effect
than it actually did (see Figure 5). In sum, when the
sizes of the denominators were manipulated
between-subjects, participants also paid more
attention to the number of treated and nontreated
patients who died (i.e., numerators) than to the

overall number of treated and nontreated patients
(i.e., denominators).
Do icon arrays help reduce denominator neglect in
the between-subjects design? As in study 1, when
icon arrays were added to the numerical information, participants paid attention to both numerators
and denominators (see Figures 4 and 5). The
ANOVA with sizes of the denominators and icon
arrays as between-subjects factors showed an interaction between the 2 variables on percentages of participants whose estimates of risk reduction were
accurate, F3, 346 = 2.87, P = 0.036.
When the icon arrays were added to the numerical information, the percentage of participants who
estimated the treatment risk reduction correctly
was similar in all conditions (75% on average, compared to 11% and 12% of the participants who
overestimated and underestimated risk reduction,
respectively). Moreover, average deviations of inaccurate estimates from the exact value are rather
small in all conditions. In sum, when the sizes of
the denominators were manipulated between-subjects, icon arrays again helped the participants
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0.50
Deviation from the exact value

0.40
0.30
0.20
0.10

Inaccurate
(Higher)

0.00

Inaccurate
(Lower)

−0.10
−0.20
−0.30
−0.40
−0.50
−0.60
500-500

100-500

500-100

100-100

No Icons

500-500

100-500

500-100

100-100

Icons

Figure 5 Average deviation of inaccurate estimates from the exact value as a function of the sizes of denominators and the provision of
icon arrays in study 2. Note: The first and second quantities in the notation of the sizes of the denominators reflect the overall number of
patients who did and did not take the drug, respectively. Error bars indicate 1 standard error.

understand that it is important to take the overall
number of treated and nontreated patients into
account for an accurate evaluation of the effectiveness of the treatments.
Do icon arrays improve accuracy of risk understanding in both younger and older adults in a betweensubjects design? Understanding medical information presented numerically was more difficult for
older than middle-aged and younger adults. Consistent with this result, the ANOVA with sizes of
the denominators, icon arrays, and age as betweensubjects factors showed a main effect of age on percentages of participants whose estimates of risk
reduction were accurate, F2, 329 = 2.79, P = 0.041. In
fact, the percentage of older adults who estimated
the risk reduction accurately was lower (55%, sx =
4.7) than that of middle-aged and younger adults
(71%, sx = 4.1, and 83%, sx = 3.5, respectively).
As in study 1, the effect of icon arrays was positive and independent of age: the percentage of older
adults who made accurate estimates increased from
47% (sx = 7.0) to 63% (sx = 6.4) when icon arrays
were added to the numerical information. Similarly,
this percentage increased from 65% (sx = 5.3)
to 77% (sx = 6.5) and from 77% (sx = 4.9) to 88%

(sx = 4.9) in middle-aged and younger adults,
respectively.
GENERAL DISCUSSION
Patients need to understand numerical information such as ratio concepts to make effective decisions about their health. Understanding a treatment
risk reduction, for instance, implies taking into
account the number of treated and nontreated
patients who die out of the overall number of
patients who do and do not receive the treatment. In
this article, we addressed the problem of whether
people estimate risk reduction accurately when the
number of treated and nontreated patients differs
substantially.
Our results show that participants often pay too
much attention to numerators and insufficient attention to denominators. This denominator neglect19,23
is compatible with previous evidence found by
Epstein and colleagues in choices of pairs of samples from which to draw a winning bean or in gambles.18,24–26 Our results are also in line with the
research by Chapman69 (see also Hoemann and
Ross70 and Surber and Haines71), who showed that
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problems in which a denominator is shared (1-sample problems) or equal (2-sample equal sample size
problems) are easier to solve than problems in
which denominators differ across options. Finally,
Yamagishi32 has similarly shown that causes of
death with greater absolute numbers are perceived
as more risky even if they have smaller proportions
than others with smaller absolute numbers.
Our studies, however, are unique in their efforts
to address the effect of denominator neglect in problems involving assessments of risk reduction, not
only assessments of single probabilities.32 Furthermore, in contrast to previous research, which has
focused exclusively on people’s perceptions when
they are explicitly told that the probabilities
expressed with different denominators are the same,
our studies focus on estimates when the actual treatment risk reduction is not mentioned. Our task,
therefore, reproduces the situation we often encounter when making health-related choices. Furthermore, our results show denominator neglect both in
a relatively limited laboratory sample and in a more
diverse sample interviewed through the Web; the
results hold in both a within-subject and a betweensubjects design and in both younger and older
adults.
Moreover, older adults are particularly disadvantaged as they showed denominator neglect more
often than younger adults. These results are consistent with previous literature showing that older
adults have more difficulties understanding complex medical information.72 In fact, the result that
people—especially those who are older—could disregard crucial information when making important
decisions about their health is a troubling finding. In
recent years, people have been living longer but are
not always able to rely on younger family members
for support because of the increasing geographical
dispersion of families and the modern emphasis on
independence. Older adults, therefore, need to
maintain strong decision-making capabilities as they
age.52,53 In addition, patients today often receive
information not only from their physicians but also
from a number of other sources such as the media,
health insurance companies, government health
pamphlets, the Internet, and their friends and relatives.73 These alternative sources do not always follow the convention of presenting information about
risk reduction using ratios with the same sizes of
denominators.41
Interestingly, we show an effective method to
eliminate the denominator neglect: providing icon
arrays in addition to numerical information draws

participants’ attention to both the numerators and
the denominators and helps them make more accurate assessments of risk reduction. Icon arrays were
equally helpful to younger and older adults. These
results support and extend our own and others’ previous findings about the usefulness of icon arrays in
communicating medical risks.10,12,35,37,44,49,50 Specifically, they provide experimental support of
Ancker and others’36 hypothesis that graphs that
make part-to-whole relations visually available help
people attend to the relationship between the
numerator (i.e., the number of treated and nontreated patients who are affected) and the denominator (i.e., the entire population at risk; see also
Lipkus50). These findings also extend the literature
on denominator neglect in judgment and decision
making because they add to the existing experimental support of Reyna and Brainerd’s19,23,43 hypothesis that visual displays can help people represent
superordinate classes (e.g., the overall number of
patients who did and did not receive a treatment).
Finally, our results have implications for medical
practice as they suggest suitable ways to communicate quantitative medical data, especially to people
who are more disadvantaged when making decisions about health. In fact, our findings support the
medical convention of reporting risks using ratios
with the same denominator (e.g., when communicating drug benefits and harms with a drug facts
box74). When this common practice is not feasible,
using visual displays would be an effective method
of preventing difficulties in understanding healthrelevant risk communications.
In sum, our results support the notion that problems in communicating risks occur because inappropriate information formats are often used and not
because of biases in people’s minds. That is, problems with understanding numerical information
often do not reside in the mind but in the representation of the problem.5,75 Similar reductions in what
superficially looked like biased thinking were
observed in the case of conditional probabilities
(when expressed as natural frequencies),76 relative
risk reductions (when expressed as absolute risk
reductions),77 and single-event probabilities.78 In
the same vein, we show that denominator neglect
disappears when both the numerator and the
denominator are presented in a transparent way.
To the best of our knowledge, this article is the
first to illustrate that people show denominator
neglect when estimating treatment risk reduction
and that icon arrays are a helpful method to eliminate such bias. At the same time, it leaves several
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questions open for future research. For instance, in
this study, we have focused on icon arrays because
they seem to be particularly promising for communicating risk reductions as a result of medical screenings and treatments.35,37,48 In fact, it was Otto
Neurath (1882–1945), a philosopher, economist, and
prominent member of the Vienna Circle, who first
proposed the use of arrays of symbols to explain
complex statistics—social and economic facts—to
uneducated Viennese.79 Since then, arrays of icons
symbolizing different types of people and objects
have been widely used in many areas, including
medicine.36,37,47 Icon arrays, however, have the disadvantage of taking a lot physical space compared to
other visual formats (e.g., bars and pies).36,47,50 It
would then be interesting to explore the effectiveness of these alternative visual formats in reducing
denominator neglect. If they are useful, there might
be some conditions in which they are more convenient than icon arrays (e.g., when reporting complex
information under space constraints).
Another limitation of our studies is that they
involved information about the number of treated
and nontreated people who die out of the number of
those who do and do not receive the treatment. Previous research showed that denominator neglect
varies depending on whether the information is
framed in a positive or a negative way (e.g., choosing
a sample from which to draw a winning v. a losing
bean).24,26 The matching task in a medical context
would be estimating risk reduction when reporting
the number of people who survive or die after receiving a treatment. Whether icon arrays also help
reduce denominator neglect when the task is framed
in a positive way is an avenue for future research.
Another open question relates to the fact that our
studies did not involve real patient-doctor interactions.73 Although our studies enabled us to draw
clear conclusions and demonstrate the generalizability of our findings, it is possible that icon arrays
would show additional benefits in clinical settings.
Whether icon arrays eliminate denominator neglect
in real patient-doctor interactions still needs to be
studied.
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