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a b s t r a c t

Doctors and patients have difficulty inferring the predictive value of a medical test from information
about the prevalence of a disease and the sensitivity and false-positive rate of the test. Previous research
has established that communicating such information in a format the human mind is adapted
todnamely natural frequenciesdas compared to probabilities, boosts accuracy of diagnostic inferences.
In a study, we investigated to what extent these inferences can be improveddbeyond the effect of
natural frequenciesdby providing visual aids. Participants were 81 doctors and 81 patients who made
diagnostic inferences about three medical tests on the basis of information about prevalence of a disease,
and the sensitivity and false-positive rate of the tests. Half of the participants received the information in
natural frequencies, while the other half received the information in probabilities. Half of the participants
only received numerical information, while the other half additionally received a visual aid representing
the numerical information. In addition, participants completed a numeracy scale. Our study showed
three important findings: (1) doctors and patients made more accurate inferences when information was
communicated in natural frequencies as compared to probabilities; (2) visual aids boosted accuracy even
when the information was provided in natural frequencies; and (3) doctors were more accurate in their
diagnostic inferences than patients, though differences in accuracy disappeared when differences in
numerical skills were controlled for. Our findings have important implications for medical practice as
they suggest suitable ways to communicate quantitative medical data.

� 2013 Elsevier Ltd. All rights reserved.

Introduction

Doctors and patients have difficulty inferring the positive pre-
dictive value of a medical test from information about the preva-
lence of a disease and the sensitivity and false-positive rate of the
test. To illustrate, in an influential study on how doctors process
information about the results of mammography, Eddy (1982) gave
100 doctors the following information: “The probability that
a woman has breast cancer is 1%. When awoman has breast cancer,
it is not sure that she will have a positive result on the mammog-
raphy: she has an 80% probability of having a positive result on the
mammography. When a woman does not have breast cancer, it is
still possible that she will have a positive result on the mammog-
raphy: she has a 10% probability of having a positive result on the

mammography.” After having seen this information, doctors were
required to estimate the probability that a woman with a positive
mammography actually has breast cancer. Eddy reported that 95 of
100 doctors estimated this probability to be about 80%. If one in-
serts the numbers presented above into Bayes’ theorem, however,
one gets a value of 8%, that is, an estimate one order of magnitude
smaller (Eddy, 1982).

Previous research has established that communicating risk in-
formation in a format the human mind is adapted todnamely
natural frequencies instead of probabilitiesdimproves inferences
considerably (Gigerenzer & Hoffrage, 1995). Natural frequencies are
final tallies in a set of objects or events randomly sampled from the
natural environment (Hoffrage, Gigerenzer, Krauss, & Martignon,
2000). For the mammography task and for a (fictitious) sample of
10,000 women, the statistical information provided in terms of
natural frequencies reads: “One hundred out of every 10,000
women have breast cancer. When a woman has breast cancer, it is
not sure that she will have a positive result on the mammography:
80 of every 100 such women will have a positive result on the
mammography. When a woman does not have breast cancer, it is
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still possible that she will have a positive result on the mammog-
raphy: 990 out of every 9900 such women will have a positive
result on the mammography.”

Gigerenzer and Hoffrage (1995) investigated whether informa-
tion presented in terms of natural frequencies helps students un-
familiar with Bayes’ theorem to find the Bayesian response. In 15
different inferential tasks, including the mammography problem,
the percentage of Bayesian responses increased from about 10e20%
to about 50%. Since then, this effect has been replicated many times
(see Hoffrage & Gigerenzer, 1998, for medical doctors, and Hoffrage,
Lindsey, Hertwig, & Gigerenzer, 2000, for medical students, law-
yers, and law students; see also Brase, 2008).

Even though the effect of numerical format (probabilities vs.
natural frequencies) is substantial, the performance in the natural
frequency condition still leaves room for improvement. Another
method that has been proposed as potentially promising for
improving the communication and understanding of risks is using
visual aids, such as icon arrays, grids, and bar graphs to display
information graphically (Ancker, Senathirajah, Kukafka, & Starren,
2006; Lipkus, 2007; Paling, 2003; see Garcia-Retamero & Galesic,
2013, for a review). Visual aids can improve comprehension of
risks associated with different medical treatments, screenings, and
lifestyles, promoting consideration of beneficial treatments despite
side-effects (Elting, Martin, Cantor, & Rubenstein, 1999; Waters,
Weinstein, Colditz, & Emmons, 2007; Zikmund-Fisher, Fagerlin, &
Ubel, 2008). Visual aids can also increase beneficial risk-
avoidance (Schirillo & Stone, 2005), promote healthy behaviors
(Cox, Cox, Sturm, & Zimet, 2010; Garcia-Retamero & Cokely, 2011),
aid comprehension of complex concepts such as incremental risk
(Zikmund-Fisher, Ubel, et al., 2008), and reduce errors induced by
anecdotal narratives (Fagerlin, Wang, & Ubel, 2005) and biases
(Garcia-Retamero & Dhami, 2011; in press; Garcia-Retamero &
Galesic, 2009; Garcia-Retamero, Galesic, & Gigerenzer, 2010).
Moreover, risk information presented via visual aids is perceived to
be easier to understand and recall, and requires less viewing time
than the same information presented numerically (Feldman-
Stewart, Brundage, & Zotov, 2007; Gaissmaier et al., 2012;
Goodyear-Smith et al., 2008). However, some caution is warranted
as visual aids can also be misused to represent risk information in
a misleading way (Ancker, Weber, & Kukafka, 2011; Kurz-Milcke,
Gigerenzer, & Martignon, 2008; Stone et al., 2003). The first aim
of the present paper was to investigate to what extent providing
visual aids boosts the accuracy of diagnostic inferences in experi-
enced medical doctors and their patients above and beyond the
effect of natural frequencies.

A second aim of this paper was to explore the impact of nu-
merical skills on the accuracy of diagnostic inferences, and whether
these skills interact with the effect of natural frequencies. Numer-
acy refers to people’s ability to understand and to deal with nu-
merical information (Lipkus & Peters, 2009; Peters, 2012; Peters,
Hibbard, Slovic, & Dieckmann, 2007; Reyna, Nelson, Han, &
Dieckmann, 2009), and it has been measured with various scales
(e.g., Cokely, Galesic, Schulz, Ghazal, & Garcia-Retamero, 2012;
Lipkus, Samsa, & Rimer, 2001; Schwartz, Woloshin, Black, & Welch,
1997; Zikmund-Fisher, Smith, Ubel, & Fagerlin, 2007). The evidence
regarding the question of how numeracy interacts with numerical
format (frequencies vs. probabilities) is inconclusive. Using
a vignette describing a psychiatric patient, Mr. Jones, and asking
participants to assess the risk of releasing this patient, Peters et al.
(2006) found that highly numerate participants were relatively
unaffected by how numerical information was displayed (fre-
quencies vs. probabilities), whereas less numerate participants
judged the risk to be greater when information was presented in
frequencies. Peters et al. (2006) interpreted these results by sug-
gesting that highly numerate participants can more easily translate

probability information into frequencies and vice versa, so that it
does not matter that much in which format the information has
initially been given to them. Schapira, Davids, McAuliffe, and
Nattinger (2004) obtained a similar finding: While less numerate
participants showed a relatively high degree of inconsistency be-
tween their breast cancer risk assessments based on probability vs.
frequency information, the assessments of the highly numerate
participants were relatively unaffected by the numerical format.
This can easily be explained by participants’ ability to convert
numbers from one format to another. In contrast to these findings
and to this interpretation, Chapman and Liu (2009) found that the
beneficial effect of displaying information in terms of frequencies
(instead of probabilities) was more pronounced for people with
high numeracy scores than for those with low numeracydan
observation that Hill and Brase (2012) explained by what they
called the threshold hypotheses: “Numeracy of the person must be
above threshold for frequencies to help” (see Hill & Brase, 2012,
Table 1).

The question of how numeracy relates to visual aids calls for
more research as well. Investigating this issue was the third aim of
this paper. Previous studies on the usefulness of visual aids have
often focused on people with low levels of numeracy, cognitive
capacity, or experience, that is, people who are more likely to be
susceptible to biases in judgment and decision making (Bickmore,
Pfeifer, & Paasche-Orlow, 2009; Reyna et al., 2009; Schwartz
et al., 1997). For instance, in a study with undergraduates with no
formal medical training, Brase (2009) showed that different types
of visual aids improve diagnostic reasoning in a fictitious task.
Similarly, in a survey of probabilistic, national samples in two dif-
ferent countries (United States and Germany), Garcia-Retamero and
Galesic (2010) compared the effectiveness of adding different types
of visual aids to numerical information about treatment risk
reduction. Results showed large improvements in accuracy of risk
understanding, regardless of which type of visual aids was used.
Numeracy, however, also played an important role: visual aids were
most useful for the participants with low levels of numeracy (see
also Garcia-Retamero & Galesic, 2013; Hawley et al., 2008; Peters
et al., 2009). It is unclear, however, whether visual aids would be
as effective with the type of educated and experienced professional
decision makers that we study here: medical doctors. It is also
unclear whether the beneficial effects of visual aids on diagnostic
inferences in doctors and their patients interacts with their nu-
merical skills, that is, whether participants with high and low levels
of numeracy profit to the same extent from visual aids.

Table 1
Structure of the sample of participants in the study in terms of gender, age, and
education.

Doctors Patients Populationa

Sample
size

Sample
%

Sample
size

Sample
%

Total 81 100% 81 100% 100%
Gender
Male 36 44.4% 31 38.3% 49.4%
Female 45 56.6% 50 61.7% 50.6%

Age
18e40 3 3.7% 22 27.2% 38.6%
41e60 77 95.1% 18 22.2% 34.5%
61e85 1 1.2% 41 50.6% 26.9%

Education
Less than high
school

0 0% 53 65.5% 31.9%

High school 0 0% 18 22.2% 59.2%
College or higher 81 100% 10 12.3% 8.9%

a Source: INE Instituto Nacional de Estadística, 2012. Available at http://www.ine.
es/inebmenu/mnu_cifraspob.htm.
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