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People often seek quantitative risk information, but, at the same time, many
have problems understanding risk messages that contain statistics and numbers.
Common hurdles with comprehending such messages can be related to the risk
message itself, the message sender, and the message receiver. In this chapter, we
review literature indicating that some representations and formats of quantita-
tive risk information are easier to understand than others. These representations
provide an important tool for risk communicators. Second, we detail the ways in
which the message sender, a risk communicator, may hinder effective communi-
cation. Third, we discuss receiver characteristics, including literacy and numeracy
skills, which can affect how the message is comprehended. For each of these three
classes, we give practical recommendations that may help risk communicators to
effectively communicate quantitative risk information. We conclude with a dis-
cussion of quantitative risk information in relation to risk perception and provide
future research directions.

s Benjamin Franklin eloquently stated, “In this world nothing is cer-
tain except death and taxes” (Smyth, 1907). Uncertainty is part of our
daily lives. Ironically, to the extent that we, as a society, have gained
control over more and more diseases and hazards, our awareness of risk has
increased. At the same time, our willingness to accept risk has declined (Wie-
demann, 1993). In other words, as our lives become safer (as affirmed by the
increase of life expectancy over time), we become more aware of the threats to
our lives. Technological developments drive and amplify such concerns, mak-
ing it possible to detect even the slightest abnormalities. As a result, people
want to be provided with information about risks and uncertainties (Frewer et
al., 2002), and risk communication plays an important role in modern life—up
to the point that relatively trivial news, such as weather reports, now include
probabilities (Gigerenzer, Swijtink, et al., 1989; Gigerenzer, Hertwig, van den
Broek, Fasolo, & Katsikopoulos, 2005).
In popular terms, risk often refers to an uncertain negative outcome or event,
but it may also indicate the probability that such an event happens, or this prob-
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ability multiplied by the perceived negative consequences of the event. Leiss
(1996) defined risk communication as “the flow of information and risk evalua-
tions back and forth between academic experts, regulatory practitioners, interest
groups, and the general public” (p. 86). Risk communication can serve several
functions. Most broadly, it can inform or persuade. A risk message can elicit
outrage and action, or it can provide reassurance and peace of mind. Some risk
communication focuses on the prevention of a risk, such as a medical screen-
ing, while other risk communication comprises a response, like after a natural
disaster. Risk messages can cover a variety of topics, including natural haz-
ards, accidents, risks associated with industrial technologies, insurance rates,
and political events. These messages are communicated by corporations, fed-
eral institutions, the military, health practitioners and other experts in various
domains, or journalists, to name only a few. Risk information can be exchanged
interpersonally, in a family conversation (see Galvin & Grill, this volume) or in
a doctor’s office, or it can be expressed to many, on television, through public
speeches, on the Internet, or in a mass mailing to the general public.
Traditionally, persuasion research has emphasized what type of evidence
should be presented to make a message more persuasive, memorable, or vivid.
The research has focused on the differences between narrative, qualitative evi-
dence and statistical, quantitative evidence (Allen & Preiss, 1997; Baesler &
Burgoon, 1994; Kazoleas, 1993; R. Kopfman, Smith, Ah Yun, & Hodges, 1998;
Reinard, 1988; A. Reynolds & J. L. Reynolds, 2002). Quantitative evidence has

nfrnrrmatiann ol
been broadly defined as empirically quantifiable information about objects,

persons, concepts, or phenomena (Church & Wilbanks, 1986; Kazoleas, 1993).
Research on receiver understanding of quantitative risk information holds
importance for communication scholars as well as anyone who communicates
risks professionally and who faces the challenging task of presenting compli-
cated risk information in a clear, understandable way.

Goals of risk communication include building trust, influencing policy, ful-
filling legal obligations, denying responsibility, justifying past actions, or sim-
ply helping people to understand risks that they face (Weinstein, 1999). In this
chapter, we concentrate on common obstacles to message comprehension when
communicating quantitative risk information. These obstacles can be related
to (1) the risk message, (2) the sender of the message, or (3) its receiver.

The Quantitative Risk Message

Quantitative risk messages, if used correctly, can provide precise and accurate
descriptions of risks, explaining why some message receivers prefer numeri-
cal risk information (e.g., Hallowell, Statham, Murton, Green, & Richards,
1997; Mazur, Hickam, & Mazur, 1999). Quantitative information can assist
message receivers to make informed decisions under uncertainty regarding
their financial investments, insurance policies, or health and medical treat-
ments, to name just a few domains in which people commonly form decisions
under uncertainty. However, even though people often seek quantitative risk
information, at the same time, many people have problems understanding risk
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messages that involve numbers (Gigerenzer, 2002; Gigerenzer, Gaissmaier,
Kurz-Milcke, Schwartz, & Woloshin, 2008; Hoffrage, Lindsey, Hertwig, &
Gigerenzer, 2000; Lloyd, Hayes, London, Bell, & Naylor, 1999). Thus, com-
municating risks to the public and the public’s understanding of these risk
messages are not necessarily the same thing. Simply providing accurate quan-
titative risk information does not necessarily ensure that receivers understand
the risk message. The following examples illustrate several hurdles that can
obstruct the goal of communicating risks effectively.

Consider a 25-year-old man who receives the results of an HIV test from his
doctor. The doctor tells him that the test is positive. He asks the doctor, “What
does a positive test result mean? Does it mean that I have HIV?” The doctor is
faced with the difficult task of explaining this test result to the patient so that
the patient can make an informed decision about how to proceed. What does
the doctor tell this patient? The doctor will likely say “yes;” this man has HIV
(Casscells, Schoenberger, & Grayboys, 1978; Eddy, 1982; Gigerenzer, 2002).
Yet, as we describe in detail later, the probability that this man has HIV could
actually be quite low (Gigerenzer, Hoffrage, & Ebert, 1998).

Communicators commonly use quantitative risk information to alter atti-
tudes and behavior concerning public hazards. For instance, quantitative risk
information can be provided as evidence that performing a particular behavior
is risky, which leads us to our second example. To deter people from talking
on their cell phones while driving, a message might state that “You are 400%
more likely to get into a car accident while talking on a cell phone.” People
are left with the question, “more likely than what?”” As we will explain further,
such statements are usually based on a comparison of events, or more precisely,
a comparison of two ratios of events. In this example, the statistic compares
the number of accidents caused by drivers who were using a cell phone while
driving with the number of accidents caused by drivers who were not using a
cell phone while driving. Of course, these numbers need to be controlled for
driving time—thus, we have to deal with ratios and not only with numbers of
accidents. These ratios pertain to a particular reference class, the who or the
what to which a risk applies. In fact, according to the frequentist school (e.g.,
von Mises, 1939), a probability, and let us add a risk, cannot be defined unless
a reference class is specified. In other words, the meaning of a probability or
a risk depends upon the definition of the reference class, and often, misunder-
standings about the meaning of a particular risk message can be attributed to
confusion about the identity of the reference class (Gigerenzer & Edwards,
2003; Hoffrage & Hertwig, 2006).

Basic Concepts

Risk communicators—government officials, politicians, managers, bankers,
brokers, doctors, epidemiologists, engineers, journalists, and many others—
face several choices to make when communicating quantitative risks. The
uncertainty of a patient’s HIV status, the risk of driving while talking on a
cell phone, and the uncertainty of a bio-terrorism threat can all be expressed



180  COMMUNICATION YEARBOOK 33

in terms of probabilities, percentages, or frequencies. When determining the
probability of a negative event or outcome, as a first step, a risk communicator
must begin by choosing a reference class. The reference class determines which
numbers will be presented. For example, will the frequencies of plane crashes
be computed per month, year, decade, air company, category of distance trav-

eled, or plane size? When it comes to comparing accidents in air transporta-

tion and rail transportation, what should the denominator be—accidents per a
certain number of passengers, total miles traveled, passenger-miles traveled,
or a certain number of trips? These decisions may lead to different conclusions
about which mode of transport seems more risky. Thus, by choosing what to
count and within which class to count, the communicator greatly influences
what numbers will result, how receivers will perceive the risk, and, ultimately,
even what decisions people will make.

In a second, equally important step, risk communicators specify how the
acquired numbers should be represented. Quantitative risks can be expressed in
terms of probabilities or frequencies. Probability values range from 0 (an event
will definitely not happen) to 1 (an event will definitely happen). In contrast,
frequencies result from counting specific cases (e.g., fatal accidents, bankrupt-
cies) within a specific reference class (e.g., a group of people, a sample of events,
often coupled with restrictions concerning the time interval during which the
counting has been done), leading to relative frequencies of observations in a

class of events. Percentages can be found either when messages include prob-
abilities (e.g., a firm’s probability of becoming bankrupt within the next 5 years
is 20%) or estlmated (relative) frequencies (e.g., experts expect 20% of firms in
this industry and country to become bankrupt within the next 5 years).

Moreover, these numbers can be communicated in words, orally or in writ-
ten form, or they can be represented graphically, in a chart or in a diagram.
Like the choice of a reference class, the choice of a representation format can
influence the understanding and choices of the receiver (Edwards, Elwyn,
& Gwyn, 1999; Gigerenzer & Edwards, 2003; Hoffrage et al., 2000; Paling,
2003; Sackett, 1996).

Types of Numerical Representations

In this section, we elaborate upon the basic notion of a probability and base
rate, and we demonstrate that it is much simpler to understand a risk message
when it presents numbers as frequencies rather than probabilities. Fortunately,
research indicates that common quantitative information is neither difficult nor
time consuming to master, if messages present it in the right way (Hoffrage et
al., 2000; Sedimeier & Gigerenzer, 2001).

Probabilities

A probability is a numerical expression of the likelihood that a particular event
will happen. Probability values can range from O (x will definitely not hap-
pen) to 1 (x will definitely happen) (Kolmogorov, 1956). Probabilities can be
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distinguished into prior probabilities and posterior probabilities. Prior prob-
ability (the base rate or prevalence) is the probability of an event before any
new evidence. For example, the probability that a man will have side effects
from a medication may be .03. HIV prevalence can also be expressed as prior
probability; for example, the probability that a heterosexual man has HIV is
.0001 (see Table 5.1). Posterior probability is the updated prior probability—a
conditional probability that includes additional information. In the HIV exam-
ple, the additional information involved a positive test result, and the prior
probability of .0001 has to be updated accordingly. The posterior probability
that a man who receives a positive result in a HIV test actually has HIV if he
tests positive is about 50% (Gigerenzer et al., 1998). The doctor in the ear-
lier example could have explained the patient’s HIV test result in terms of
this percentage. As illustrated in Figure 5.1, the prevalence of HIV infections
(p(HIV)) in heterosexual males in Germany in 1988, aged 20 to 30 who did
not belong to a high-risk group, was about 0.01% or 0.0001.' The HIV test has
a high sensitivity: Among those who are infected, the test detects the infec-
tion in 99.9% (p(POS | HIV) = .999). Likewise, an HIV test rarely produces
false alarms: If someone is not infected, the test yields a positive result in only
0.01% of such cases (p(POS | NO HIV) = .0001). The doctor could use these

Table 5.1 Representations of Quantitative Risk Information

Representation HIV Mammography
Base rate in terms of The probability that a man For a 40-year-old woman,
probabilities: is infected with HIV is the probability of having
p(DISEASE) 0.0001. breast cancer is 0.01.
Base rate in terms of 0.01% of men are infected 1% of 40-year-old women
percentages with HIV. have breast cancer.

Base rate in terms of
absolute frequencies

Sensitivity:
p(POS | DISEASE)

False positive rate:
p(POS | NO DISEASE)

Posterior probability or
Positive predictive value
PPV:

p(DISEASE | POS)

1 out of 10,000 men is
infected with HIV.

The probability that a HIV
test result is positive if a

man is infected with HIV
is 0.9980.

The probability that a HIV
test result is positive if a

man is not infected with
HIV is 0.0001.

The probability that a man
is infected with HIV if his
HIV test result is positive
is 0.5.

10 out of 1,000 40-year-
old women have breast
cancer.

The probability that a
40-year-old woman, who
has breast cancer, receives
a positive mammogram is
0.80.

The probability that a
40-year-old woman,
without breast cancer,
receives a positive
mammogram is 0.10.

The probability that a
40-year-old woman, who
has a positive
mammogram, has breast
cancer is 0.075.

Note: These values are taken from Gigerenzer et al. (1998) and Gigerenzer (2002).





























































































