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Designing Visual Aids That Promote Risk Literacy:
A Systematic Review of Health Research and
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Background: Effective risk communication is essen-
tial for informed decision making. Unfortunately, many
people struggle to understand typical risk communications
because they lack essential decision-making skills.

Obijective: The aim of this study was to review the lit-
erature on the effect of numeracy on risk literacy, decision
making, and health outcomes, and to evaluate the benefits
of visual aids in risk communication.

Method: We present a conceptual framework
describing the influence of numeracy on risk literacy, deci-
sion making, and health outcomes, followed by a systematic
review of the benefits of visual aids in risk communication
for people with different levels of numeracy and graph
literacy. The systematic review covers scientific research
published between January 1995 and April 2016, drawn
from the following databases: Web of Science, PubMed,
PsycINFO, ERIC, Medline, and Google Scholar. Inclusion
criteria were investigation of the effect of numeracy and/or
graph literacy, and investigation of the effect of visual aids
or comparison of their effect with that of numerical infor-
mation. Thirty-six publications met the criteria, providing
data on 27,885 diverse participants from 60 countries.

Results: Transparent visual aids robustly improved risk
understanding in diverse individuals by encouraging thorough
deliberation, enhancing cognitive self-assessment, and reduc-
ing conceptual biases in memory. Improvements in risk
understanding consistently produced beneficial changes in
attitudes, behavioral intentions, trust, and healthy behav-
iors. Visual aids were found to be particularly beneficial
for vulnerable and less skilled individuals.

Conclusion: Well-designed visual aids tend to be highly
effective tools for improving informed decision making
among diverse decision makers. We identify five categories
of practical, evidence-based guidelines for heuristic evaluation
and design of effective visual aids.
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INTRODUCTION

Informed decision making depends on
one’s ability to accurately evaluate and under-
stand information about risk—that is, risk
literacy (Ancker & Kaufman, 2007; Cokely,
Galesic, Schulz, Ghazal, & Garcia-Retamero,
2012; Peters, 2012; Reyna, Nelson, Han, &
Dieckmann, 2009). For instance, physicians
need to interpret and communicate informa-
tion about the benefits and risks of different
medical treatments, screenings, and lifestyle
choices (Anderson & Schulkin, 2014b), and
patients need to understand and use this infor-
mation to consent on their own behalf to
medical treatment and to adhere to medical
advice (Zikmund-Fisher, Mayman, & Fager-
lin, 2014). Unfortunately many people, includ-
ing highly trained health care professionals
and motivated patients, do not have the skills
necessary for accurate, unaided evaluation of
risks (Cokely et al., 2012; Garcia-Retamero &
Galesic, 2013).

To illustrate, consider a recent systematic
review by Anderson and Schulkin (2014b), who
investigated physicians’ understanding and use
of health-relevant numerical information. In the
studies reviewed, numeracy—that is, practical
probabilistic reasoning skill—was assessed
using an 11-question test developed by Schwartz,
Woloshin, Black, and Welch (1997) and Lipkus,
Samsa, and Rimer (2001). This efficient test has
been used in over 100 studies on various topics.
The test specifically assesses practical knowl-
edge of basic probabilistic concepts and mathe-
matical operations, including comparing risk
magnitudes, converting percentages to propor-
tions, converting proportions to percentages,
converting probabilities to proportions, and com-
puting probabilities.

Examples of items from the test are “If Person
A’s risk of getting a disease is 1% in ten years,
and Person B’s risk is double that of A’s, what is
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B’s risk?”” “Which of the following numbers rep-
resents the biggest risk of getting a disease? 1 in
10, 11in 100, or 1 in 1,000?” and “If the chance of
getting a disease is 20 out of 100, this would be
the same as having a % chance of getting the
disease.” Surprisingly, Anderson and Schulkin
(2014b) found that 25% to 47% of the sampled
physicians could not correctly answer all of these
basic numeracy questions. Other researchers
have since documented similar findings in physi-
cians (Anderson, Obrecht, Chapman, Driscoll, &
Schulkin, 2011; Estrada, Barnes, Collins, &
Byrd, 1999; Garcia-Retamero, Wicki, Cokely, &
Hanson, 2014), medical students (Hanoch,
Miron-Shatz, Cole, Himmelstein, & Federman,
2010), and nurses (Lopez et al., 2016).

Research drawing on general community
samples further documents the common strug-
gles people have with basic numerical concepts
(Ancker & Kaufman, 2007; Cokely, Ghazal, &
Garcia-Retamero, 2014; Fagerlin, Ubel, Smith,
& Zikmund-Fisher, 2007; Peters, 2012; Reyna
et al., 2009). For instance, Lipkus et al. (2001)
conducted a series of studies on community sam-
ples of U.S. veterans, who answered the 11
numeracy questions described earlier. Results
showed that even among this relatively edu-
cated sample, many individuals were statisti-
cally innumerate: 20% of the participants incor-
rectly answered questions dealing with risk
magnitude, and 30% were unable to correctly
infer that if 20 in 100 people get a disease, the
chance of suffering the disease would be 20%.
A more recent study conducted by Galesic and
Garcia-Retamero (2010) documented similar
findings using large probabilistic (i.e., represen-
tative) national samples of the populations of
the United States and Germany. These results
suggest that more than 25% of all adults living
in these countries are likely to have profound
numeracy processing deficits. For instance,
28% and 25% of the residents in Germany and
the United States, respectively, were unable to
accurately infer that a risk that affects 1 in 10
people is larger than one that affects 1 in 100 or
1 in 1,000 people. Roughly 17% of residents
also incorrectly answered the easiest question
(i.e., “If the chance of getting a disease is 10%,
how many people would be expected to get the
disease out of 1,000?”).

In addition, Cokely, Garcia-Retamero, and
colleagues have investigated numeracy and risk
literacy in more than 10,000 people from 60
countries (e.g., China, Japan, India, Pakistan,
Sweden, Spain, England, and the United States),
including broad samples of professionals, prob-
abilistic national samples, young adults, patients,
doctors, police officers, managers, college stu-
dents, and Web panels (Cokely et al., 2012;
Garcia-Retamero, Cokely, & Ghazal, 2016;
Garcia-Retamero et al., 2014; Ghazal, Cokely,
& Garcia-Retamero, 2014). Across all studies,
results converge, indicating that many people do
not possess basic, practical mathematical skills
that are often essential for independent risk eval-
uation and general skilled decision making (for a
review, see Cokely et al., in press).

Evidence documenting considerable rates
of innumeracy in industrialized countries also
comes from several extensive longitudinal
studies, such as the Programme for Interna-
tional Student Assessment (PISA) and the
National Assessment of Adult Literacy
(NAAL) (Kutner, Greenburg, Jin, & Paulsen,
2006; Organisation for Economic Co-opera-
tion and Development, 2012). For instance,
results from the NAAL indicated that 22% of
American adults fall within the lowest level of
quantitative literacy (i.e., below basic level).
This percentage is even larger (29%) among
the group of uninsured adults (Peters, Meil-
leur, & Tompkins, 2014). This suggests that
about 1 in 3 newly insured individuals are
unlikely to correctly interpret familiar numeri-
cal expressions of probability or perform sim-
ple quantitative operations (e.g., addition;
Peters et al., 2014).

Perhaps even more problematically, Rodri-
guez et al. (2013) conducted a study on U.S.
patients’ understanding of numerical informa-
tion, finding that on average, patients were
older, less educated, and less numerate than the
general population: More than 40% of the
patients in this study incorrectly answered most
of the items developed by Schwartz et al.
(1997) and Lipkus et al. (2001) (for similar
results, see Abdel-Kader et al., 2010; Osborn,
Cavanaugh, Wallston, & Rothman, 2010; Sharit
et al., 2014; Zikmund-Fisher, Mayman, et al.,
2014).
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Although many people may be at a disadvan-
tage when it comes to some risk communication
practices, a growing body of research suggests
that simple visualization technologies—that is,
well-designed visual aids—can often dramati-
cally improve risk communication, comprehen-
sion, and skilled decision making among diverse
users (Garcia-Retamero & Cokely, 2013,
2014b). To thoroughly examine this issue and
extract essential lessons, we conducted a sys-
tematic review and an analysis of the available
literature concentrated in health and medical
decision making. Our review begins with a
basic introduction to findings on the robust link
between skills and quality outcomes. We next
present an evidence-based conceptual frame-
work describing psychological, social, and
technological factors that shape the influence of
numeracy on risk literacy, decision making, and
health outcomes. Following the recommenda-
tions of the Cochrane handbook for systematic
reviews (Higgins & Green, 2008), we then pres-
ent a systematic review of research investigat-
ing the influence of skills on the benefits of
visual aids.

In the systematic review we consider (a) the
consistency of evidence on the benefits of
visual aids with emphasis on risk understand-
ing, decision making, and healthy behavior;
(b) an evaluation of the benefits of visual aids
across types of visual aids, types of risks, and
levels of interactivity; (c) a framework explain-
ing the cognitive and behavioral mechanisms
that give rise to superior decision making; (d)
a review of subjective perceptions and opin-
ions about the value and utility of various
types of visual aids; and (e) a discussion of
effective visual aid design, including a five-
category group of evidence-based design heu-
ristics. We close with a discussion of open
questions, emerging opportunities, and policy
implications.

NUMERACY, DECISION MAKING, AND
HEALTH: A CONCEPTUAL FRAMEWORK

A robust link between numeracy and health
outcomes has been established in many health-
related studies on topics such as disease man-
agement, quality of life, risk of hospitalization,

and prevalence of comorbidity. Low levels of
numeracy predict patients’ difficulty following
a complex dosing regimen (Estrada, Martin-
Hryniewicz, Peek, Collins, & Byrd, 2004;
Waldrop-Valverde, Jones, Gould, Kumar, &
Ownby, 2010), their total body mass index
(Huizinga, Beech, Cavanaugh, Elasy, & Roth-
man, 2008), and their activity limitations as
well as struggles with emotional functioning
(Apter et al., 2009). Low levels of numeracy
also predict patients’ utilization of emergency
department services (Apter et al., 2006; Ginde,
Clark, Goldstein, & Camargo, 2008) and lon-
ger delays when seeking medical attention,
which can dramatically increase patients’ risk
for death and major disability (Petrova et al.,
in press).

Compared with patients with more developed
numerical skills, less numerate patients are also
at greater risk for comorbid conditions, including
myocardial infarction, chronic obstructive pul-
monary disease, peptic ulcer disease, liver dis-
ease, diabetes, and HIV/AIDS (Garcia-Retamero,
Andrade, Sharit, & Ruiz, 2015; Petrova et al., in
press). On average, the relative risk that patients
with low numeracy suffer one of these diseases
is roughly 40% greater than that of patients with
high numeracy. Moreover, patients with low
numeracy take 20% more prescribed medica-
tion than those with higher numerical skills
(Garcia-Retamero, Andrade, et al., 2015). These
findings hold statistically after controlling for
the effect of key demographics (e.g., age, educa-
tion, ethnicity, and household income) and body
mass index, suggesting that numeracy has a
unique effect on health outcomes. Theoretically,
numeracy may affect the prevalence of comor-
bidity and medication intake via several mediat-
ing pathways (see the conceptual framework in
Figure 1).

Generally, the single most influential factor
that mediates the relations between numeracy
and prevalence of comorbidity is the accuracy
and adequacy of patients’ risk understanding.
Patients with low numeracy often have less
accurate perceptions of the benefits and risks of
medical treatments and interventions. Compared
with patients with high numeracy, less numerate
patients overestimate their personal risk of suf-
fering several diseases (Davids, Schapira,



DesiGNING VisuaL AiDs

585

Health Promotion and lliness

N

Prevention (e.g., Healthy
Behaviors and Lifestyles)

Vs

Accuracy of
Risk Understanding

~
Managementof lliness
(e.g., Adherence to
Treatment)

Use of Emergency
Department Services and
Risk of Hospitalization

Numeracy

Ve

~

Information Search during
Medical Sessions

Quality of Shared
Decision Making

Patient-Centered and
Informed Decision Making
J

%

Access to Good Medical
Treatments and Other

Prevalence of

Comorbidity

Resources

J

Figure 1. Conceptual framework of the effect of numeracy on prevalence of comorbidity and the mediating
effect of accuracy of risk understanding and quality of shared decision making.

McAuliffe, & Nattinger, 2004; Gurmankin,
Baron, & Armstrong, 2004), and they overesti-
mate the efficacy of uncertain treatments (Wein-
furt et al., 2003). Patients with low numeracy
also have more difficulty interpreting the risks
of side effects (Gardner, McMillan, Raynor,
Woolf, & Knapp, 2011), they make less accurate
diagnostic inferences based on numerical infor-
mation about screening (Garcia-Retamero &
Hoffrage, 2013; Gigerenzer, Gaissmaier, Kurz-
Milcke, Schwartz, & Woloshin, 2007; Petrova,
Garcia-Retamero, Catena, & van der Pligt,
2016), and they are less able to use this informa-
tion to adjust their risk estimates (Schwartz
et al.,, 1997). Less numerate patients are also
more easily biased by the way numerical infor-
mation is framed (Garcia-Retamero & Galesic,
2010a, 2011; Peters & Levin, 2008; Peters et al.,
2006). In part, these effects may emerge because
less numerate patients are more influenced by
non-numerical information, like affective mood
states (Peters, Dieckmann, Dixon, Hibbard, &

Mertz, 2007; Petrova, van der Pligt, & Garcia-
Retamero, 2014).

The accuracy of perceptions of health-related
benefits and risks may cascade, thereby affecting
the prevalence of comorbidities by influencing
patients’ efforts to promote health and prevent
disease, and efforts to comply with diagnosis and
treatment directives (e.g., management of illness
and hospitalization; see Figure 1; see also
Paasche-Orlow & Wolf, 2007; von Wagner,
Steptoe, Wolf, & Wardle, 2009). Disease pre-
vention often depends on taking actions now to
reduce risks and prevent uncertain consequences
later. Still, patients with low numeracy act as if
they value immediate rewards much more than
temporally distant rewards (Nelson, Reyna,
Fagerlin, Lipkus, & Peters, 2008)—presumably
because they do not carefully evaluate or accu-
rately interpret long-term probabilistic informa-
tion and implications (Reyna et al., 2009). Patients
with low numeracy also have difficulty weighing
the risks and benefits of medical treatments and
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healthy behaviors (Fagerlin, Ubel, et al., 2007),
and so they may be more resistant to generally
effective interventions (e.g., education; Cavana-
ugh et al., 2008; Garcia-Retamero & Cokely,
2014a; Martin et al., 2012; Nelson et al., 2008).

Patients’ ability to effectively manage their
illness and mitigate health risks also often
depends on the accuracy of risk understanding
(Brewer et al., 2007). Patients with low numer-
acy can have difficulties understanding the
probabilistic link between adherence and treat-
ment effectiveness, which is consistent with
evidence indicating that less numerate patients
show lower medication compliance as com-
pared with patients with more adequate numeri-
cal skills (Lindau, Basu, & Leitsch, 2006; Wal-
drop-Valverde et al., 2009, 2010). Inaccuracy of
risk perceptions (e.g., about the likelihood of
suffering a disease or the benefits of uncertain
treatments) may also partially explain why
patients with low numeracy use emergency
department services more often and are at
higher risk for hospitalization (Ginde et al.,
2008). In short, these results suggest that
numeracy may have indirect effects on preva-
lence of comorbidity through its effect on accu-
racy of risk understanding, which affects health
promotion, health risk mitigation, and health-
relevant planning.

Obstacles to shared decision making may
also shape the effect of numeracy on prevalence
of comorbidity (see Figure 1). Compared with
patients with adequate levels of numeracy, less
numerate patients often avoid asking doctors
questions about their symptoms and medical
treatments (Paasche-Orlow & Wolf, 2007), they
spend less time gathering information about
their disease during medical sessions (Portnoy,
Roter, & Erby, 2010), and they use personal
health records on the Internet less often (Sharit
etal., 2014).

Less numerate patients also tend to favor a
paternalistic model of medical decision making, in
which doctors are dominant and autonomous and
make decisions on their patients’ behalf (Garcia-
Retamero et al., 2014), whereas patients prefer not
to participate and instead delegate decision
making (Galesic & Garcia-Retamero, 2011b).
This finding is troubling given that the paternalis-
tic model of medical decision making has

well-documented ethical and practical limitations
(Kaplan & Frosch, 2005). Accordingly, patients
with low numeracy are more likely to report nega-
tive interactions with their doctors (Manganello
& Clayman, 2011; Roter, 2005), potentially
influencing their subsequent information search
and their ability to engage in decision making
(McCaffery, Smith, & Wolf, 2010). These nega-
tive interactions also limit patients’ access to good
medical treatments and other health resources
(e.g., regular medical check-ups, screenings, and
immunization; Abdel-Kader et al., 2010; Hibbard,
Peters, Dixon, & Tusler, 2007). Such obstacles to
access of high-quality health care can ultimately
translate into increased comorbidity risk.

In summary, there is a large and consistent
body of research showing that many people
have problems understanding simple, health-
relevant numerical expressions of probability
about health. This research indicates that many
people are functionally innumerate, making
them vulnerable regardless of other protective
factors. In contrast, people who have well-
developed numerical skills tend to have more
accurate perceptions of health-related benefits
and risks, and often make better decisions and
plans that translate into important health bene-
fits (e.g., lower prevalence of comorbidity).
Educational efforts designed to improve risk
understanding and decision-making skills are
crucial elements of potential long-term solu-
tions (Bruine de Bruin, Parker, & Fischhoff,
2007; Peters et al., 2014). Another essential
element is the use of powerful, simple interven-
tions that can have substantial benefits at mini-
mal costs, particularly when designed to serve
vulnerable populations with limited numeracy.

IMPROVING RISK UNDERSTANDING
AND DECISION MAKING WITH
VISUAL AIDS

Visual aids are simple graphical representa-
tions of numerical expressions of probability
and include icon arrays, bar and line charts,
and others (Ancker, Senathirajah, Kukafka,
& Starren, 2006; Hildon, Allwood, & Black,
2012; Spiegelhalter, Pearson, & Short, 2011).
Visual aids have long been known to confer
benefits when communicating risk information
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Figure 2. Examples of transparent visual aids. (a) A pie chart reporting the proportion of
deaths by cause of death. (b) Icon arrays representing benefits and side effects of a medical
treatment and a placebo. (c) A bar chart comparing the efficacy of two medical treatments
(DBP = diastolic blood pressure; SBP = systolic blood pressure). (d) A visual grid to help
infer the predictive value of mammography screening. (e) A line plot comparing the efficacy
of several therapies. (f) Icon arrays to communicate treatment-risk reduction. (g) Pictograms
reporting dosage, timing, and action information about prescribed medications. Adapted from
“Communicating Health Risks With Visual Aids,” by R. Garcia-Retamero and E. T. Cokely,
2013, Current Directions in Psychological Science, 22, pp. 392-399. Copyright 2013 by The

Authors. Adapted with permission.

about health (Edwards, Elwyn, & Mulley, 2002;
Lipkus, 2007; Paling, 2003). However, not all
visual aids are equally effective. Visual aids
tend to provide an efficient means of risk com-
munication when they are transparent (Gar-
cia-Retamero & Cokely, 2013)—that is, when
they promote representative (or unbiased) risk
understanding and evaluation. Generally, this
transparency means that the elements of the
visual aid are well defined and they accurately
and clearly represent the essential risk infor-
mation by making part-to-whole relationships

in the data visually available and comparable
(see Figure 2 for some examples of transparent
visual aids).

Previous research indicates that transparent
visual aids can confer major decision-making
benefits for various screenings, medical treat-
ments, and lifestyle choices. Transparent visual
aids typically improve the acquisition of both
gist (general impression) and verbatim (precise)
risk understanding (Feldman-Stewart, Brund-
age, & Zotov, 2007; Hawley et al., 2008; Tait,
Voepel-Lewis, Zikmund-Fisher, & Fagerlin,
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2010a) by supporting evaluation of complex
concepts, like incremental risks (Zikmund-
Fisher et al., 2008); promoting consideration of
beneficial treatments despite side effects (Feld-
man-Stewart, Kocovski, McConnell, Brundage,
& Mackillop, 2000; Waters, Weinstein, Colditz,
& Emmons, 2007); and informing patients’ deci-
sions about effective medical interventions and
their influence on quality of life (Brundage
et al., 2005).

Transparent visual aids also reduce errors
caused by anecdotal narratives (e.g., treatment
outcomes in unrepresentative patients; Fagerlin,
Wang, & Ubel, 2005), they increase probability
of health-promoting behaviors (e.g., vaccina-
tion, stopping smoking; Cox, Cox, Sturm, &
Zimet, 2010; Garcia-Retamero & Cokely, 2011;
Vogt & Marteau, 2012), they increase adherence
to medical treatments in patients at risk (Dowse
& Ehlers, 2005; Machtinger et al., 2007), and
they improve recall of health-relevant informa-
tion (Gaissmaier et al., 2012; Kakkilaya et al.,
2011). Finally, transparent visual aids can
increase risk avoidance (Schirillo & Stone,
2005; Stone, Gabard, Groves, & Lipkus, 2015;
Stone, Yates, & Parker, 1997), they can be more
beneficial than other transparent information
formats (e.g., fact boxes or tables; Hawley et al.,
2008; Petrova, Garcia-Retamero, & Cokely,
2015), and they are often perceived as easier to
understand than numbers (Goodyear-Smith
et al., 2008). Unfortunately, the benefits of trans-
parent visual aids can be different for different
people; one size does not necessarily fit all.

THE INFLUENCE OF INDIVIDUAL
DIFFERENCES ON THE EFFICACY OF
VISUAL AIDS: A SYSTEMATIC REVIEW

Following the recommendations of the
Cochrane handbook for systematic reviews (Hig-
gins & Green, 2008), we conducted a systematic
review of research investigating the influence of
skills on the efficacy of visual aids. We focused
on individual differences in two relevant skills
that influence the efficacy of visual aids (Gar-
cia-Retamero & Cokely, 2013, 2014b)—that is,
numeracy and graph literacy. As noted earlier,
numeracy is broadly defined as one’s practical
ability to use mathematical skills to solve every-
day problems, and statistical numeracy in par-
ticular has been found to be one of the strongest

single predictors of general decision-making skill
and risk literacy (Cokely et al., 2012; see also
Ancker & Kaufman, 2007; Anderson & Schulkin,
2014a; Peters, 2012; Peters & Bjalkebring, 2015;
Reyna et al., 2009). Broadly, graph literacy is the
ability to evaluate and extract data and meaning
from graphical representations of numerical infor-
mation, which is another essential component of
risk literacy (Garcia-Retamero, Petrova, Feltz, &
Cokely, in press).

Our search first targeted articles written in Eng-
lish and published in scientific journals between
January 1995 and April 2016. We searched the
databases Web of Science, PubMed, PsycINFO,
ERIC, Medline, and Google Scholar, using com-
binations of the following keywords: numeracy,
risk literacy, or health literacy and visual aid or
graph. We identified additional studies from the
reference list of the articles selected and via con-
tacts with allied professionals and experts. We also
searched the gray literature (e.g., unpublished
studies and congress abstracts). The initial search
returned 440 publications.

We then selected articles based on the follow-
ing criteria: (a) They included empirical studies
(i.e., we excluded review papers), (b) they sys-
tematically investigated the effect of skills (i.e.,
we excluded articles that only controlled for
their effect or do not report results about the
effect of skills), and (c) they investigated the
effect of visual aids on objective measures (e.g.,
risk understanding, decision making, and healthy
behavior) or subjective measures (e.g., prefer-
ences and opinions), or they compared their
effect on these measures with that of numerical
information reported in text (i.e., we did not
review research comparing the efficacy of visual
aids with that of other formats, such as fact
boxes or tables). A total of 36 publications were
identified for inclusion.

For each paper, we recorded the following
information: (a) demographics (i.e., sample size,
type of participants, gender, average age, educa-
tion achievement, and nationality), (b) measure
of skills (i.e., whether the authors investigated
the effect of numeracy and the instrument[s] that
they used to measure this skill, whether the
authors investigated the effect of graph literacy
and the instrument[s] that they used to measure
this skill, and whether the authors investigated
the interaction between numeracy and graph
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literacy), (c) manipulation of information format
(i.e., type of visual aids used and whether the
authors included a control condition reporting
risks as numbers in written text), (d) dependent
variable(s) (i.e., type of measures included in the
study), (e) whether the authors investigated psy-
chological mechanism(s) explaining the effect
of visual aids and type of mechanism(s) investi-
gated, (f) results in objective measures, (g)
results in subjective measures, and (h) whether
there is a match between results in objective and
subjective measures. Tables Al to A3 in the
appendix report a summary of the basic charac-
teristics of the studies and the main results.

Description of the Studies

The reviewed studies sampled a total of
27,885 participants. The average sample size

across studies is 775 (range = 47-4,685), and
the distribution of the number of participants in
the studies is positively skewed (see Figure 3).
Gender (55.8% male) and age (average = 45.02,
range = 17-94) were roughly balanced. We
observed a wide range of educational achieve-
ment, with 37% of participants having a bach-
elor’s or higher college degree, 34% of partici-
pants having some college education, and 29%
having completed high school or less education.

The studies involved demographically diverse
samples of participants, including probabilistic
national (i.e., representative) samples (8%), gen-
eral community samples (11%), online panels
(31%), patients and high-risk individuals (22%),
practicing physicians (6%), highly educated
young adults (25%), and older adults with limited
skills (3%). Overall, the studies involved partici-
pants from 60 different countries from all over the
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world; 14% of the studies were cross-cultural (i.¢.,
they were conducted in more than one country),
and the rest were conducted in only one country,
including the United States (50%), Spain (11%),
Germany (8%), and Switzerland (8%), among
others.

Ninety-seven percent of the reviewed studies
measured numeracy, 33% measured graph
literacy, and 31% measured both. Sixty-one per-
cent of the studies that measured numeracy used
objective tests: 86% of these studies used the test
developed by Lipkus et al. (2001) and/or Schwartz
et al. (1997) described earlier, and 23% used the
Berlin Numeracy Test (Cokely et al., 2012)}—an
efficient test designed to measure numeracy and
predict risk literacy in broad and highly educated
samples. The instrument is internally consistent,
predicting answers to ecologically valid probabi-
listic medical decisions better than a wide range of
other ability and numeracy tests (Cokely et al., in
press; Cokely, Ghazal, & Garcia-Retamero, 2014).
In addition, 39% of the studies that measured
numeracy used the subjective numeracy scale
developed by Fagerlin, Zikmund-Fisher, et al.
(2007). This scale measures perceptions of numer-
ical ability and preferences for numeric informa-
tion presentation. This scale is significantly corre-
lated with scales measuring objective numeracy
(Galesic & Garcia-Retamero, 2010), and it pre-
dicts objective performance in problems involving
numerical risks (Zikmund-Fisher, Smith, Ubel, &
Fagerlin, 2007).

All (100%) of the studies that measured graph
literacy used the objective graph literacy scale
developed by Galesic and Garcia-Retamero
(2011c). The scale measures three abilities of
graph comprehension: (a) the ability to read the
data, that is, to find specific information in the
graph (e.g., the ability to read off the height of a
particular bar within a bar chart); (b) the ability
to read between the data, that is, to find relation-
ships in the data as shown on the graph (e.g., the
ability to read off the difference between two
bars); and (c) the ability to read beyond the data,
or make inferences and predictions from the data
(e.g., the ability to project a future trend from a
line chart). The scale is generally a robust pre-
dictor with good psychometric properties, and it
was validated in several samples from different
cultures (Garcia-Retamero & Mufioz, 2013;

Sharit et al., 2014; Woller-Carter, Okan, Cokely,
& Garcia-Retamero, 2012; Zikmund-Fisher,
Witteman, et al., 2014; see Garcia-Retamero
et al., in press, for a review). In addition, one
study also used the subjective graph literacy
scale developed by Garcia-Retamero, Cokely,
Ghazal, and Joeris (2016)—a brief and reliable
instrument that predicts graph comprehension
by measuring people’s judgment about their
own ability to interpret graphs. The subjective
graph literacy scale achieves a high level of psy-
chometric performance largely comparable to
that of the objective graph literacy scale while
limiting test anxiety. The subjective graph liter-
acy scale also takes less than 10% of the time of
the objective test (i.e., less than 1 min on aver-
age), which makes it ideal for clinical research
and practice.

Finally, 97% of the studies used objective
measures of performance as dependent vari-
ables, 61% used subjective measures, and 58%
used both. The studies on objective performance
measured accuracy of risk understanding and/or
knowledge about risk (e.g., verbatim or gist;
72%), accuracy of decision making (19%),
accuracy of recall (14%), judgment calibration
(i.e., accuracy of self-assessments of accuracy of
risk understanding; 6%), reading and estimate
latency (8%), and eye movements when viewing
graphs (e.g., amount of time spent when watch-
ing areas of interest in graphs; 8%). In the stud-
ies that used subjective measures, authors exam-
ined opinions about accessibility of the informa-
tion (e.g., comprehensibility, usefulness, and
difficulty of related questions; 31%), opinions
about attractiveness of the information (e.g.,
overall impression, attractiveness of colors,
imagery, technical implementation; 8%), prefer-
ences of information format (e.g., graph prefer-
ences; 22%), familiarity with information for-
mat (3%), ease of imagining risk (3%), confi-
dence (11%,), self-assessments of accuracy of
risk understanding (3%), information trust
(11%), attitudes and affective reactions toward
the information provided (11%), and behavioral
intentions toward a behavior (14%). Perceptions
of risks were measured in 25% of the studies.
These perceptions were considered as objective
measures when authors (a) computed correla-
tions with correct values and/or (b) investigated
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whether participants differentiate between dif-
ferent probability levels (22% of the studies).

IMPROVING RISK LITERACY WITH
VISUAL AIDS

In most (83%) of the reviewed studies,
the authors investigated whether static (i.e.,
nonanimated) visual aids improve risk literacy
and/or promote healthy behavior; 87% of these
studies involved the effect of static visual aids
in people with different levels of numeracy;
65% of these studies included a control con-
dition (i.e., they investigated the efficacy of
static visual aids as compared with presenting
numerical information in written text), and the
rest of the studies did not include a control
condition.

Eighty-eight percent of the studies showed
that static visual aids tend to be beneficial, and
only 12% failed to detect notable benefits of
visual aids in the evaluated tasks. These percent-
ages excluded (a) studies including distorted
graphs or graphs depicting only number of peo-
ple at risk as they were not designed to improve
risk understanding, and (b) studies that did not
report results in objective measures (e.g., they
reported only preferences and/or opinions).
Most (80%) of the studies showed that static
visual aids tend to have some beneficial effect
for people with low numeracy (vs. 73% for those
with high numeracy) when comparing the effect
of visual aids with that of numbers in text, and
two thirds (67%) of the studies showed larger
improvements in risk literacy among people
with low numeracy (vs. 33% showing smaller or
no improvement). To the extent that these stud-
ies are ecologically valid and representative, the
current results indicate that static visual aids
tend to cause larger improvements in risk liter-
acy and decision making among less numerate
individuals than among more numerate partici-
pants. Nevertheless, 83% of the reviewed stud-
ies indicated that less numerate individuals do
not generally achieve as high a level of perfor-
mance as those with higher numeracy. People
with high numeracy tend to be more accurate
overall. All in all, static visual aids are helpful,
but many people with low numeracy might still
have some difficulties interpreting and using

numerical concepts when they are visually rep-
resented.

Regardless of their numerical skills, people
also differ in their ability to understand graph-
ically presented quantitative information (i.e.,
graph literacy). In 37% of the reviewed stud-
ies, the authors investigated the benefits of
static visual aids in people with different lev-
els of graph literacy, 45% of which also
included a control condition. All (i.e., 100%)
of these studies showed that static visual aids
were especially helpful for people with at
least a minimum level of graph literacy. In
addition, authors of three studies (10%) inves-
tigated whether people with different levels of
numeracy and graph literacy differed in the
extent to which they profited from static visual
aids. These authors investigated the interac-
tive effect of the two factors, revealing the
essential role of graph literacy in visual aid
comprehension: Static visual aids were par-
ticularly helpful for people with low numer-
acy so long as they also had moderate-to-high
graph literacy. Not surprisingly, however,
people who could not accurately interpret or
evaluate graphs typically did not benefit from
visual aids regardless of their overall level of
numeracy.

To further illustrate the essential perfor-
mance cut-off that results when people fall
below a minimum level of graph literacy, con-
sider a study conducted by Garcia-Retamero
and Galesic (2010b). The authors examined the
accuracy of perceptions of the effectiveness of
a medical treatment in probabilistic national
samples in the United States and Germany.
They compared the efficacy of different types
of static visual aids (i.e., icon arrays and bar
graphs), representing either the entire popula-
tion at risk or affected individuals only. In addi-
tion, the authors tested the efficacy of these
visual aids when the numerical information
added to the visual aids was presented as either
absolute or relative risk reduction.

Garcia-Retamero and Galesic (2010b) observed
similar increases in judgment and decision accu-
racy when using icon arrays and bar graphs.
Static visual aids were found to be useful addi-
tions when the numerical information was pre-
sented either in terms of relative or absolute risk
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Figure 4. Percentage of participants with low and high numeracy and low and high
graph literacy who correctly inferred treatment risk reduction, as a function of condition
(numbers vs. visual aids). In the visual-aids condition, icon arrays and bars reported the
entire population at risk. Error bars represent one standard error. Adapted from “Who
Profits From Visual Aids: Overcoming Challenges in People’s Understanding of Risks,”
by R. Garcia-Retamero and M. Galesic, 2010, Social Science & Medicine, 70, 1019—
1025. Copyright 2010 by Elsevier Ltd. Adapted with permission.

reductions. Importantly, these visual aids were
most beneficial for individuals who had low
numeracy but at least a modest level of graph
literacy—especially when the visual aids
depicted the entire population at risk (see Figure
4). Among this group of innumerate yet moder-
ately graph-literate people, accuracy increased
from less than 20% to nearly 80% when visual
aids were used. The benefits of transparency
were so large and robust that providing visual
aids fully eliminated differences in accuracy
between highly numerate and functionally innu-
merate people, so long as the less numerate indi-
viduals were also graph literate.

As expected, Garcia-Retamero and Galesic
(2010b) showed that static visual aids were not
beneficial for people who had both low numer-
acy and low graph literacy. These results are
consistent with those in a study conducted by
Ruiz et al. (2013) in patients with low numeracy
and graph literacy in the United States, showing
that visual aids tend to confuse rather than help
these patients (see also Garcia-Retamero &

Mufioz, 2013, and Nayak et al., 2016). Authors
of other studies investigated whether the bene-
fits of visual aids extend beyond risk under-
standing and risk estimate accuracy.

Does Accuracy of Risk Understanding
Translate Into Better Decision Making?

Visual aids that promote risk understanding
also tend to improve decision making, promoting
healthy behavior, especially in people with low
numeracy and moderate-to-high graph literacy. In
a series of longitudinal studies, Garcia-Retamero
and Cokely (2011, 2014a, 2015b) examined the
effects of a risk awareness intervention in a large
sample of high-risk individuals in Spain (i.e.,
sexually active young adults with limited numeri-
cal skills). The authors manipulated the formats
used to design health messages. In particular, half
the participants received a message focused on
the benefits afforded by adopting a behavior (a
gain-framed appeal); the rest of the participants
received a message focused on the costs associated



DesiGNING VisuaL AiDs

593

with failing to adopt the behavior (a loss-framed
appeal). In accord with the leading theory (Roth-
man, Martino, Bedell, Detweiler, & Salovey,
1999), the authors showed that gain-framed mes-
sages induced greater adherence for a prevention
behavior (condom use). In contrast, loss-framed
messages were more effective for promoting an
illness-detecting behavior (screening for sexually
transmitted diseases). Importantly, these results
held controlling for message length and general
content. Results also held when accurate numeri-
cal information about sexually transmitted dis-
eases was included in the messages.

Nevertheless, when static icon arrays were
added to the health information, the framing bias
was eliminated. Both the gain- and loss-framed
messages became equally and highly effective
for promoting condom use and screening,
increasing healthy behavior. In addition, young
adults with low numeracy benefited more from
the use of static icon arrays than those with
higher numeracy as long as they were moder-
ately-to-highly graph literate—a result that is
consistent with those in the studies reported ear-
lier (Garcia-Retamero & Galesic, 2010; Garcia-
Retamero & Mufoz, 2013; Nayak et al., 2016).
Finally, the authors showed that static icon
arrays were as effective for promoting preven-
tion of sexually transmitted diseases (i.e., con-
dom use) as an extensive 8- to 10-hr evidence-
based educational risk awareness program
(see Garcia-Retamero & Cokely, 2015a, for a
review).

These results accord with others showing that
static icon arrays and bar graphs can improve the
accuracy of decisions about medical treatments
and risky prospect evaluations in people with
low and high numeracy by directly improving
risk understanding (Hawley et al., 2008; Oud-
hoff & Timmermans, 2015; see also Garcia-
Retamero & Dhami, 2013). Unfortunately, Ruiz
et al. (2013) again showed that static icon arrays
fail to provide benefits when people do not have
at least a minimum level of graph literacy.

Does the Format Matter? On the Effect
of the Type of Visual Aids

In almost half (i.e., 46%) of the studies
included in our systematic review, authors
investigated the benefits of only one type of

visual aids; 75% of these studies focused on
static icon arrays, and the rest involved other
types of visual aids (e.g., static bar charts and
grids). In contrast, authors of 37% of the stud-
ies compared the efficacy of different types of
static visual aids (e.g., icon arrays, bar and line
charts, grids, and pies), or they compared differ-
ent types of static icon arrays. Finally, in 17% of
the studies, the authors investigated the effect of
dynamic visual aids (i.e., animated graphs with
dynamic design features that unfold over time)
or interactive visual aids (e.g., grids of squares
that reveal stick figures when clicked). These
authors examined whether the optimal type of
visual aids depends on the level of numeracy
and/or graph literacy, revealing mixed results.

In 92% of the studies on the effect of static
icon arrays that did not compare the effect of
these visual aids with that of others, researchers
concluded that static icon arrays could improve
accuracy of risk understanding and recall. In
addition, 75% of the studies comparing the effect
of this type of visual aids with that of numbers
reported in text showed that static icon arrays
tended to be particularly helpful for people with
low numeracy (i.e., these people show larger
improvements in accuracy than those with high
numeracy). The benefits of icon arrays partially
stemmed from the ability to leverage basic
perceptual features of these displays, which are
among the easiest features to process (see also
Price, Cameron, & Butow, 2007).

In contrast, only 14% of the studies that com-
pared different types of static visual aids sug-
gested that static icon arrays were more effective
than other types of visual aids; 29% of these
studies suggested that static icon arrays tend to
be less helpful, yet 57% suggested that these
icon arrays are as effective as other types of
visual aids (e.g., bar charts). For instance, Ham-
stra et al. (2015) examined accuracy of under-
standing of longitudinal risks (i.e., at multiple
time points) in patients in the United States. The
authors depicted risks using static icon arrays,
pies, and line and bar graphs. Results showed
that static icon arrays and bar graphs were the
most effective means for improving understand-
ing of longitudinal risks in patients with either
low or high numeracy, eliminating differences in
accuracy between the two groups—a result in
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Figure 5. Icon arrays representing a treatment risk reduction of 50% with (a) equal and (b) different
samples of treated and nontreated individuals. Affected individuals are represented in dark gray. Healthy

individuals are represented in light gray.

line with those in the study by Garcia-Retamero
and Galesic (2010b) described earlier.

Based on these and other results, our analysis
of the available studies suggests that not all
types of static icon arrays are equally helpful for
people with different levels of numeracy and
graph literacy. We speculate that these differ-
ences reflect structural differences in the tasks
and the quality of the design of the visual aid.
For example, icons can be randomly scattered
throughout the icon array or can be arranged
systematically in a block. Research shows that
static icon arrays with scattered icons perform
poorly compared with static icon arrays in
which icons are systematically arranged (Feld-
man-Stewart et al., 2007). Scattered icon arrays
are also particularly difficult for people with
low numeracy, who rated them as the least pre-
ferred information format (Ancker, Weber, &
Kukafka, 2011a; Zikmund-Fisher et al., 2012).
Accordingly, scattered icon arrays are generally
not recommended to convey quantitative infor-
mation. However, the unique potential benefit
of these arrays is that they can convey the sense
of randomness at the same time as conveying
the quantity, suggesting they may be useful for
some very specialized types of risk communica-
tions (Feldman-Stewart et al., 2007).

In addition, research shows that visually
depicting both the number of individuals
affected by a risk (i.e., the number of times a
target event happens, or the numerator) and the

overall number of individuals at risk (i.e., the
overall number of opportunities for the event to
happen, or the denominator) improves accuracy
of risk understanding (Bruine de Bruin, Stone,
Gibson, Fischbeck, & Shoraka, 2013). This is
usually the case for people with low numeracy
and/or high graph literacy (Garcia-Retamero &
Galesic, 2010b). In contrast, depicting only the
numerator increases perceptions of risk and risk
aversion, and decreases risk understanding in
people with low and high numeracy alike (Stone
et al., 2015). The benefits of representing both
numerators and denominators in icon arrays
stem from visually depicting the part-to-whole
ratio of the risk magnitude (Ancker et al., 2006),
thereby making the part-to-whole relationship
“pop out” (Reyna, 2008; Reyna & Brainerd,
2008). Adding numerical and textual informa-
tion describing the information depicted in the
static icon arrays (i.e., numerators and denomi-
nators) also improves performance and reduces
differences in accuracy between people with
low and high numeracy (Hamstra et al., 2015;
see also Feldman-Stewart et al., 2007).

Even if depicting both numerators and denomi-
nators is broadly effective, recent research sug-
gests that many people show denominator neglect.
That is, they tend to focus more on numerators and
pay less attention to denominators (Denes-Raj,
Epstein, & Cole, 1995; Reyna, 2004; Stone et al.,
2003). This bias is particularly problematic for
people with low numeracy when comparing
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risks with different sample sizes. To illustrate,
when estimating the effectiveness of medical
treatments, people often receive information
about the number of affected individuals in the
treated and nontreated groups. This information
can be reported using samples of treated and
nontreated individuals of the same size (same
denominators; e.g., a group of 100 individuals
who receive a treatment and a group of 100 indi-
viduals who do not receive the treatment
or receive a placebo; see Figure 5). In such a
case, people can infer treatment risk reduction
by focusing on absolute numbers of affected
individuals (numerators; e.g., number of sick
individuals in each group, or 5 vs. 10 in Figure
5). In contrast, the information can also be
reported using samples of treated and nontreated
individuals of different size (different denomi-
nators; e.g., a group of 100 individuals who
receive a treatment and a group of 800 individu-
als who do not receive the treatment or receive a
placebo). In such a case, people would need to
compute or otherwise represent proportions of
individuals in the groups to accurately infer
treatment risk reduction (5 in 100 vs. 80 in 800
in Figure 5)—which is something less numerate
people generally fail to do (Garcia-Retamero &
Galesic, 2009; Garcia-Retamero, Galesic, &
Gigerenzer, 2010).

Depicting the risks using icon arrays can
effectively reduce or eliminate denominator
neglect, especially in people with low numeracy
and/or high graph literacy (Garcia-Retamero &
Galesic, 2009; Garcia-Retamero et al., 2010).
Nevertheless when comparing different risks, it
is recommended that risks be depicted using
icon arrays with equal denominators, as icon
arrays with different denominators reduce but do
not completely eliminate the bias in people with
low graph literacy (Garcia-Retamero, Cokely,
Ghazal, et al., 2016; Okan, Garcia-Retamero,
Cokely, & Maldonado, 2012, 2015).

Icon arrays also differ in iconicity, or the
extent to which a representation resembles what
it is supposed to represent (Moles, 1966). Icon
arrays can include concrete, anthropomorphic
icons (e.g., gender-matched restroom person
icons, actual head-and-shoulder photographs of
people of varied races, smile/frown faces), or
they can be more abstract (e.g., they can include

filled circles). In two studies, authors investi-
gated whether the level of iconicity of static icon
arrays affects comprehension and recall in peo-
ple with different levels of numeracy and/or
graph literacy. In one of the studies, Gaissmaier
et al. (2012) investigated accuracy of under-
standing of benefits and side effects of medical
interventions in young adults in Germany. The
authors designed different representations of
health-related statistical information ranging
from very low iconicity (black-and-white icon
arrays including rectangular blocks) to very high
iconicity (icon arrays including color photo-
graphs). The authors compared the efficacy of
these visual aids with that of numbers in text.
The authors concluded that the actual level of
iconicity of the static icon arrays did not matter.
Instead, the only difference between representa-
tions that affected comprehension and recall was
the difference between numbers and icon arrays.
Individuals with high graph literacy had better
comprehension and recall when presented with
icon arrays instead of numbers, whereas the
reverse was true for individuals with low graph
literacy.

These findings contrast with those in a study
conducted by Zikmund-Fisher, Witteman, et al.
(2014) in a diverse sample of people from the
general population in the United States. The
authors investigated perceptions of risk, recall,
and opinions about static icon arrays that also
differed in iconicity. The authors showed that
the type of icon array influenced risk percep-
tions and recall, and the optimal type of icon
array depended on people’s level of numeracy
and graph literacy. In particular, risk perceptions
were more accurate (i.e., they showed larger cor-
relations with actual values) among people with
high numeracy or high graph literacy when the
risks were depicted using anthropomorphic
icons (e.g., static gender-tailored restroom
icons), resulting in better outcomes. In contrast,
these icon arrays did not perform better than
other types of icon arrays among people with
low numeracy or low graph literacy. Risks
depicted using restroom icons were also easier
to recall, especially for people with high numer-
acy or high graph literacy, although they also
tended to improve recall in people with low
numeracy or low graph literacy. In addition,
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participants with low and high numeracy and/or
graph literacy rated the personlike icon arrays as
their most preferred information format.

There are several plausible hypotheses for dif-
ferences between the two studies on the influence
of iconicity of icon arrays. First, only the study
by Gaissmaier et al. (2012) investigated the effi-
cacy of icon arrays as compared with presenting
numerical information in written text (i.e., they
included a control condition), which may have
attenuated differences in performance between
the conditions including visual aids (vs. control).
Second, in the study by Zikmund-Fisher, Witte-
man, et al. (2014) but not in the Gaissmaier et al.
study, the anthropomorphic icon arrays were gen-
der tailored to the participant and reported actual
personal risk, which may have increased atten-
tion or perception of the information as person-
ally relevant. Finally, and perhaps most impor-
tant, Gaissmaier et al. assessed accuracy of risk
understanding (i.e., knowledge) as a primary out-
come, whereas the primary outcome in the study
by Zikmund-Fisher, Witteman, et al. was percep-
tions of risk. Although these authors reported cor-
relations between these perceptions and actual
values, it may be that the type of icon array makes
less of a difference in comprehension than in
more subjective responses to the risk. Taken
together, it seems that iconicity might not influ-
ence objective risk understanding (Gaissmaier et
al., 2012), although it may affect more subjective
experiences and responses to risk (Zikmund-
Fisher, Witteman, et al., 2014). Authors of future
research should investigate this hypothesis in
greater detail.

Finally, several studies compared the efficacy
of interactive and dynamic icon arrays with that
of static icon arrays in people with different lev-
els of numeracy and/or graph literacy. Most
(83%) of these studies converge to show that
interactive and dynamic design features do not
necessarily contribute to improve risk compre-
hension and decision making in these people.
For instance, Zikmund-Fisher, Dickson, and
Witteman (2011) showed that providing people
with numerical information and requiring them
to depict this information interactively in an icon
array did not have a beneficial effect. In their
study, icon arrays were initially blank, and par-
ticipants had to use their mouse to click and drag

in the icon arrays to set them to the appropriate
risk level. The icon arrays continually adjusted
to provide feedback. Participants using interac-
tive icon arrays made less accurate inferences
and poorer decisions than those who viewed the
information displayed in equivalent static icon
arrays. Other authors showed that even if inter-
active icon arrays do not improve risk percep-
tions or recall, they can reduce disparities in
emotional reactions toward risk between people
with low and high numeracy (Ancker, Weber, &
Kukafka, 2011b; Mason et al., 2014). Interactive
icon arrays are also perceived as visually appeal-
ing (Ancker et al., 2011a).

Studies on the effect of dynamic icon arrays
showed both a decline in performance and poorer
evaluations with the addition of the animation to
static icon arrays. To illustrate, Zikmund-Fisher
et al. (2012) presented participants flash-based
animated icon arrays that (a) represented risk
events one at a time, (b) had scattered icons set-
tled into a group, or (c¢) had scattered icons shuf-
fled themselves (either automatically or by par-
ticipants’ control). The authors concluded that
dynamic icon arrays including these features did
not improve risk understanding or recall, and
some (e.g., dynamic displays with scattered
icons) performed particularly poorly in people
with high numeracy. Static arrays that grouped
icons, however, performed well on measures of
knowledge and decision accuracy (see Tait, Voe-
pel-Lewis, Brennan-Martinez, McGonegal, &
Levine, 2012, for similar results). In addition,
people with low and high numeracy both reported
the highest evaluation ratings when they received
the static icon arrays. The novelty of some inter-
active and dynamic displays or the potential of
some of their features to capture attention might
have distracted participants, preventing encoding
and processing of more essential information in
the icon arrays (e.g., to represent part-to-whole
relations in the data). In these ways, interactive
and dynamic icon arrays can both add to people’s
burden and distract them from understanding rel-
evant statistical information.

Results in the studies conducted by Zikmund-
Fisher et al. (2011, 2012) conflict with those in a
recent study conducted by Okan et al. (2015).
The newer study found that simple dynamic
design features can and do often enhance the
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efficacy and reach of static visual aids as long as
they are designed to enhance (a) specific cogni-
tive processes involved in graph comprehension
(i.e., encoding and integration of information;
Carpenter & Shah, 1998; Huestegge & Philipp,
2011) and (b) active elaborative processing and
deliberation (Cokely, Kelley, & Gilchrist, 2006).
Interestingly, dynamic icon arrays with these fea-
tures do appear to improve performance in peo-
ple with low graph literacy, even though these
individuals typically experience only limited
benefits from the use of static visual aids. Spe-
cifically, Okan et al. developed and tested three
types of dynamic features: (a) the sequential
presentation of the different elements of icon
arrays, (b) the use of explanatory labels indicat-
ing what was depicted in the different regions of
the arrays, and (c) the use of a reflective question
followed by accuracy feedback. The first type of
icon arrays (sequential icon arrays) was devel-
oped to encourage the allocation of attention and
encoding of all regions of the displays. The sec-
ond type of icon arrays (labeling icon arrays) was
developed to encourage the allocation of atten-
tion to the elements that enable people to identify
referents in the displays as well as to promote the
integration of such information with that depicted
in the displays. The third type of icon arrays (the
transfer estimate icon arrays) was constructed to
promote active, elaborative processing of the
depicted information.

Okan et al. (2015) showed that explanatory
labels improved risk understanding among less-
graph-literate participants, whereas reflective
questions resulted in large and robust perfor-
mance benefits among participants with either
low or high graph literacy. Participants who
received the dynamic icon arrays with explana-
tory label or reflective questions made more
accurate inferences than those who viewed the
information displayed in equivalent static icon
arrays or dynamic icon arrays that represent the
information sequentially. Broadly, these results
suggest that dynamic icon arrays designed to
combine facilitation of the identification of ref-
erents (e.g., through the use of explanatory
labels) with the promotion of active, elaborative
processing (e.g., through the use of reflective
questions) can enhance risk understanding and
support informed decision making even among

less-graph-literate individuals. In theory, this
follows because these dynamic visual aids were
also designed with a transparency standard in
mind—that is, the design goal was to support the
development of a more elaborate yet unbiased
mental model of associated risks and trade-offs.

In summary, our systematic review of the
research indicates that the type of visual aid used
can affect accuracy of risk understanding in peo-
ple with different levels of numeracy and graph
literacy. Some of the studies that we reviewed in
this section suggested that tailoring the type of
visual aid to people’s skills and the type of infor-
mation needed generally increases accuracy of
risk understanding and decision making (Hams-
tra et al., 2015; Hawley et al., 2008; Okan et al.,
2015; Zikmund-Fisher, Witteman, et al., 2014).
However, other studies showed that identifying
the goal of the communication helps inform the
selection of the best type of visual aid. For
instance, consistent with long-standing human
factors guidelines, several authors recommended
using bar graphs to compare different data
points, using line graphs to depict trends over
time (Fischhoff, Brewer, & Downs, 2012; Lip-
kus, 2007; Lipkus & Hollands, 1999), using pie
graphs to communicate information about pro-
portions (Fischhoff et al., 2012), using grids to
depict very large numbers (Garcia-Retamero,
Cokely, & Hoffrage, 2015; Garcia-Retamero &
Hoffrage, 2013), and using magnifier risk scales
(including magnifying lenses) to depict very
small numbers (Ancker et al., 2006). Unfortu-
nately, tailoring the type of visual aid to people’s
skills and the type of task is not feasible in some
contexts, particularly given that the incremental
benefits in accuracy and decision making can
sometimes be modest (Gaissmaier et al., 2012;
Garcia-Retamero & Galesic, 2010b; Hamstra
etal., 2015).

One general heuristic that appears broadly
robust and has emerged across studies on fea-
tures of effective visual aids is that, on average,
“less is more” (Hess, Visschers, & Siegrist,
2011a; Hess, Visschers, Siegrist, & Keller, 2011;
Zikmund-Fisher, Fagerlin, & Ubel, 2010; see
also Peters et al., 2007; Shah & Hoeftner, 2002).
For example, very simple icon arrays including
clear explanations to convey the meaning
of important information can improve risk
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Figure 6. Conceptual framework of the psychological mechanisms explaining the effect of visual

aids. The framework assumes that visual aids act as moderators of the effect of individual differences

in numeracy and graph literacy on healthy behavior. This effect is mediated by (a) cognitive and

metacognitive processes, (b) accuracy of risk understanding, and (c) behavioral processes and

information trust.

understanding (Garcia-Retamero & Cokely,
2014b; Garcia-Retamero & Galesic, 2010b;
Okan et al., 2015; Zikmund-Fisher, Witteman, et
al., 2014). These icon arrays offer a relatively
efficient means of reaching individuals with dif-
ferent levels of numeracy and graph literacy. In
addition, a simple training in the use of icon
arrays (e.g., including reflective questions fol-
lowed by accuracy feedback to encourage active,
elaborative information processing) maximizes
potential benefits and reaches vulnerable groups
of people with limited graph literacy (Okan et
al., 2015). Finally, our analysis also revealed
that people with different levels of numeracy
and graph literacy like, trust, and prefer simple
icon arrays (see also Hawley et al., 2008; Zik-
mund-Fisher et al., 2010, 2012; Zikmund-Fisher,
Witteman, et al. 2014). These icon arrays might
then be the recommended information format if
tailoring the type of visual aid to people’s skills
and the goal of the task is not feasible.

COGNITIVE AND BEHAVIORAL
MECHANISMS EXPLAINING THE
EFFICACY OF VISUAL AIDS

In 25% of the reviewed studies, authors inves-
tigated underlying mechanisms explaining the
beneficial effects of visual aids on risk under-
standing and decision making for people with

different levels of numeracy and/or graph literacy.
Figure 6 depicts a conceptual framework based
on our analysis, which can be broadly character-
ized by an indirect effect of numeracy and graph
literacy on behavior through (a) cognitive and
metacognitive processes (e.g., deliberation, judg-
ment calibration, and strategy use), (b) risk under-
standing (e.g., an integrated situation model in
long-term memory), and (c) behavioral processes
(e.g., attitudes toward risk, behavioral intentions)
and information trust. The framework assumes
that visual aids act as moderators of the effect
of individual differences in numeracy and graph
literacy on accuracy of risk understanding and
healthy behavior.

According to skilled decision theory (Cokely
et al., in press), superior decision making under
risk generally follows from heuristic delibera-
tion (e.g., cognitive monitoring and control pro-
cesses) deployed in the service of knowledge
acquisition and evaluation (e.g., representative
risk understanding). Consistent with this theory,
research shows that visual aids improve accu-
racy of risk understanding in part because they
increase the likelihood that people deliberate
more elaboratively about the relevant risks and
trade-offs. This idea was illustrated in a study
conducted by Garcia-Retamero, Cokely, Wicki,
and Joeris (2016) in a large sample of surgeons
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from 60 countries. Surgeons read a scenario
describing the results of a randomized controlled
trial examining the risk of postsurgical side
effects in patients, and they provided an estimate
of the risk. Half of the surgeons received the
information in numbers; the other half received
the information represented visually via a static
icon array. Results showed that many surgeons
were not numerate enough to correctly interpret
the surgical risk without additional support.
However, the intervention using visual aids
enhanced risk comprehension, eliminating dif-
ferences between surgeons with low and high
numeracy.

Notably, the analyses conducted by Garcia-
Retamero, Cokely, Wicki, et al. (2016) showed
that visual aids improved risk comprehension
among less numerate surgeons because visual aids
increased the time that these surgeons spent delib-
erating about the risk-relevant information. That
is, when the visual aids were used, more and less
numerate surgeons tended to take about the same
amount of time to make their risk estimates,
reflecting more effective exploration, identifica-
tion, and evaluation of essential aspects of the
information about the risk. In contrast, when
visual aids were not present, less numerate sur-
geons tended to ignore details of the information,
perhaps because they could not interpret the infor-
mation or because they erroneously assumed they
understood the relevant details. Thus deliberation
tends to be important for risk comprehension
because it promotes more thorough, complex, and
durable information representations, improving
accuracy. Oudhoff and Timmermans (2015) found
similar results in medical students with low and
high numeracy. In particular, the authors showed
that static icon arrays increased the amount of time
that these participants invested when answering
questions about perceived likelihoods of risk. The
authors, however, did not investigate whether
response times influence accuracy of risk under-
standing (see also Okan, Galesic, & Garcia-
Retamero, 2016, for similar results in people with
low and high graph literacy).

By influencing deliberation and elaborative
encoding, visual aids can also support skilled
judgment self-assessment and calibration. That is,
visual aids can support and improve precise cogni-
tive self-evaluation, thereby reducing overconfi-
dence and improving various aspects of cognitive

monitoring. A study conducted by Garcia-Retam-
ero, Cokely, and Hoffrage (2015) showed that this
improvement, in turn, increases accuracy of risk
understanding. Participants in the study were a
large sample of patients in Spain who made diag-
nostic inferences about medical tests on the basis
of information about prevalence of a disease and
the sensitivity and false-positive rate of the tests.
For instance, patients had to infer the probability
that a woman had breast cancer given that she had
a positive mammography. Patients received infor-
mation about the prevalence of breast cancer in
women in the population and the sensitivity and
false-positive rate of the mammography. As in the
studies described earlier, half of the patients in this
study received the information in numbers with-
out a visual aid, whereas the other half received
visual aids representing the numerical informa-
tion. These patients received a grid like the one
depicted in Figure 2.

When information about the prevalence of
the disease and the medical tests was presented
numerically, patients with high numeracy more
appropriately assessed the accuracy of their diag-
nostic inferences (i.e., they had a better sense of
how well they understood the information—they
were less biased). That is, patients with high
numeracy showed less extreme confidence in
their comprehension and did not stop deliberat-
ing until they actually understood the diagnostic
information, which in part explained why they
made more accurate inferences than patients
with low numeracy. However, when all patients
received the visual aid representing the numeri-
cal information, most patients avoided overcon-
fidence and made better inferences, including
those with low numeracy. These results indicate
that visual aids helped patients evaluate diag-
nostic information by helping them evaluate
their own understanding of the relevant risks.
Garcia-Retamero, Cokely, Ghazal, et al. (2016)
showed similar results in people with low and
high graph literacy.

Beyond general deliberation and accurate self-
assessment, individual differences in numeracy
and graph literacy also predict more skilled use of
adaptive strategies for exploration and evalua-
tion of graphical information. For instance,
compared with people with low graph literacy,
people with high graph literacy are more strate-
gic when allocating attention to regions of the
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visual aids containing essential information for
accurate interpretation (e.g., they attend more to
titles, labels, and scales; Okan et al., 2016). As a
result, it is more likely that people with high
graph literacy evaluate essential information and
extract more complex or precise knowledge
from visual aids (e.g., it is more likely that they
identify the referents of the concepts depicted;
Okan et al., 2015; Woller-Carter et al., 2012; see
also Carpenter & Shah, 1998; Shah & Freed-
man, 2011). This partially explains why people
with at least a minimum level of graph literacy
tend to profit more from the use of visual aids.
People with high graph literacy also show lower
reliance on irrelevant spatial features when
interpreting visual aids, which also explains dif-
ferences in accuracy of graph understanding
between these people and those with low graph
literacy (Okan, Garcia-Retamero, Galesic, &
Cokely, 2012). Hess, Visschers, Siegrist, et al.
(2011) showed similar results in people with low
and high numeracy.

Greater deliberation, monitoring, and strate-
gic exploration tend to work in concert to foster
more integrated and representative risk under-
standing. Broadly, it may be useful to generally
assume that more numerate people tend to pro-
cess graphical (and risk-relevant) information
more precisely and thoroughly. With evidence
supporting this hypothesis, Hess, Visschers, and
Siegrist (2011) showed that people with high
numeracy even tend to count icons in icon arrays
and can draw relevant meaning from this pro-
cess (i.e., more precise comparison based on
exact numbers). In contrast, people with low
numeracy process visual aids holistically and
tend to get confused when they are guided
toward counting icons. To the extent that risk
understanding is essential to decision making or
health outcomes, these findings indicate that
presenting visual aids to less numerate people
should tend to be most beneficial when gross
elements of the information need to be com-
pared and considered (Feldman-Stewart et al.,
2000; Zikmund-Fisher et al., 2010) or when rec-
ognition of superordinate classes and evaluation
of part-to-whole relations in the data are infor-
mative (Reyna & Brainerd, 2008). In these ways
and others, by providing visual explanatory cues
and contextual information, visual aids should

tend to enhance the impact of the numerical
information while preserving simplicity (Hildon
et al., 2012; Okan et al., 2015; Zikmund-Fisher
etal., 2010).

Because visual aids cause relatively robust
changes in risk understanding by shaping and
fine-tuning knowledge representation in long-
term memory, visual aids also tend to give rise to
more enduring changes in attitudes and behav-
ioral intentions, which can directly affect deci-
sion making and healthy behavior (see Figure 6;
see also Garcia-Retamero & Dhami, 2013). The
studies conducted by Garcia-Retamero and
Cokely (2011, 2014a, 2015b) described earlier
showed that visual aids can promote healthy
behavior (prevention and illness-detecting
behavior related to sexually transmitted dis-
cases). This research also revealed that the
increased condom use and adherence to screen-
ing was a result of changes in attitudes toward
the behaviors and intentions to perform these
behaviors. Ultimately, attitudes and behavioral
intentions affected the likelihood of performing
the healthy behaviors (see Garcia-Retamero &
Cokely, 2015a, for a review).

Ongoing research conducted in large samples
of patients with low numeracy further indicates
that visual aids that improve risk understanding
may also increase information trust and, as a
result, can increase patients’ willingness to par-
ticipate in shared decision making (Garcia-
Retamero & Cokely, 2016; Petrova et al., 2015).
This benefit of visual aids appears to be particu-
larly influential for vulnerable people with low
numeracy, who generally tend to be passive in
health decision making (Galesic & Garcia-
Retamero, 2011b). Taken together, the concep-
tual framework depicted in Figure 6 shows how
skills and visual aids work together to promote a
more precise and accurate understanding of rel-
evant risks, thereby influencing attitudes, behav-
ioral intentions, and trust, which lead to healthier
decisions and more positive health outcomes.

GRAPH PREFERENCES, OPINIONS
ABOUT VISUAL AIDS, AND INDIVIDUAL
DIFFERENCES IN SKILLS

Authors of several studies have investigated
whether people with different levels of numer-
acy and/or graph literacy differ in their subjective
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perceptions about visual aids. In this section, we
summarize this work and investigate whether
results match those in objective performance.
Studies including subjective measures have typi-
cally framed research questions very differently.
Therefore, for the sake of consistency, in this
section we limit our focus to studies involving
graph preferences and/or opinions about acces-
sibility of information, attractiveness of infor-
mation, and information trust (i.e., 73% of the
studies including subjective measures). In 81%
and 38% of these studies, respectively, authors
investigated and reported preferences/opinions
in people with different levels of numeracy and
graph literacy. The rest of the studies did not
investigate whether levels of numeracy and/or
graph literacy affected people’s preferences or
opinions, or authors did not report results. In
69% of these studies, authors investigated both
preferences/opinions and objective performance
(i.e., accuracy of risk understanding or accuracy
of risk perceptions).

Results across these studies tend to be contra-
dictory. Some studies (e.g., Gaissmaier et al.,
2012; Oudhoff & Timmermans, 2015; Tait et al.,
2010a) showed that visual aids are perceived as
more attractive, helpful, effective, and trustwor-
thy than numerical information. Yet other stud-
ies (e.g., Ruiz et al., 2013; Tait et al., 2012; Tait,
Voepel-Lewis, Zikmund-Fisher, & Fagerlin,
2010b) showed few or no discrepancies in peo-
ple’s opinions when they received visual aids as
compared with numerical information reported
in text. Broadly, people tend to prefer simple,
static visual aids that do not depict unnecessary
information (Zikmund-Fisher et al., 2010, 2012;
Zikmund-Fisher, Witteman, et al., 2014; but see
Okan et al., 2015; Tait et al., 2012). Compared
with other visual aids, people had the least expe-
rience with icon arrays and felt that they pre-
ferred them the least (Hamstra et al., 2015)—a
result that seems to be inconsistent with results
for the objective measures summarized earlier.
In addition, although individuals who had low
numeracy and/or high graph literacy generally
benefit from the use of visual aids, authors of
only 23% (17%) of the studies concluded that
these individuals evaluated visual aids more
positively than numbers. In contrast, 54% (67%)
of the studies showed few or no discrepancies

between participants with low and high numer-
acy (or graph literacy) in preferences and/or
opinions about visual aids.

Finally, results in 87% of the studies showed
that information formats that contributed to
enhance accuracy of performance were not
always preferred or evaluated more positively
than those that did not, and vice versa. That is,
people’s opinions and preferences do not
robustly translate into actual improvements in
risk understanding in the available literature;
38% of the studies showed that this was espe-
cially the case in participants with low numeracy
and/or low graph literacy, who often showed
larger discrepancies between results in subjec-
tive and objective measures; another 38% of the
studies showed similar discrepancies in people
with low and high numeracy/graph literacy; and
the rest of the studies showed larger discrepan-
cies in people with high numeracy/graph literacy
(8%) or did not report results (15%; i.e., discrep-
ancies could not be computed or inferred). We
elaborate on the implications of these results in
the following section.

EFFICIENT DESIGN OF VISUAL AIDS

In this article we review a large body of
converging evidence from several multidis-
ciplinary scholars showing that many people
have problems understanding simple, health-
relevant numerical expressions of probability
about health. This research also shows that
people who have well-developed numerical
skills tend to have more accurate perceptions
of health-related benefits and risks, and often
make better decisions that promote valuable
health outcomes. The authors of the research
reviewed in this paper critically examined one
potential solution to this problem: Appropriately
designed visual aids tend to promote risk lit-
eracy and healthy behavior, particularly among
people with limited numerical skills who have
at least a basic level of graph literacy (i.e., they
understand basics of graph interpretation).

Given the extant data and statistical analyses,
our conclusions are likely to be remarkably
robust because they are based on a wide range of
experimental studies conducted on diverse
groups of people (N = 27,885) from 60 different
countries, including practicing physicians,
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patients, general community samples, probabi-
listic national (i.e., representative) samples,
online panels, highly educated young adults, and
high-risk individuals (e.g., people with low
numeracy and language proficiency, older adults
with limited skills, and immigrants). These
groups of people have different cultural back-
grounds, education levels, languages, govern-
ments, and health systems, and yet across stud-
ies, the benefits of visual aids have been consis-
tent and compelling. The results should also be
useful as the studies reviewed in this article
evaluated many different performance quality
measures, including accuracy of perceptions of
risk and risk reductions, risk avoidance, reduc-
tion of errors and biases, inferences about the
predictive power of medical tests and treatment
effectiveness, assessment of subjective confi-
dence and judgment calibration (i.e., metacogni-
tion or thinking about thinking), evaluation and
integration of emotions and trust, assessment
and trajectories of health outcomes, preferences
and memory of health information, and changes
in attitudes, behavioral intentions, behaviors,
and informed decision making.

Moreover, the essential findings have held
across a wide range of conditions and manipula-
tions. For instance, results held when visual aids
were provided either instead of or in addition to
numerical information and when using different
types of visual aids as appropriate for different
tasks (e.g., icon arrays, line plots, and bar charts,
presenting either affected individuals only or
these individuals and the entire population at
risk). Results also held when visual aids were
more or less abstract and when the numerical
information was presented using different infor-
mation formats (e.g., absolute or relative risks).
Taken together, the evidence strongly suggests
that appropriately designed visual aids generally
offer a transparent, effective, and ethically desir-
able means of risk communication in ecological
and naturalistic settings, improving both risk
understanding and health-relevant decision
making. Table 1 presents a summary of what
we consider to be the best and most essential
evidence-based heuristics for the design of
transparent visual aids as presented in this paper.

Beyond the extensive integrative review (see
Ancker et al., 2006; Garcia-Retamero & Cokely,

2013; Lipkus, 2007; Lipkus & Hollands, 1999;
Spiegelhalter et al., 2011; Visschers, Meertens,
Passchier, & De Vries, 2009, for other examples),
the current manuscript adds to the growing body
of research on the efficacy of visual aids in three
other noteworthy ways. First, our review shows
that individual differences in basic numerical and
graphical representation are essential when assess-
ing the effectiveness of interventions including
visual aids. Efficient design of decision support
technologies requires an interacting systems per-
spective for efficient custom-tailored risk commu-
nication design. That is, good design requires
careful attention to the fit between people (i.e.,
values, traits, responsibilities, skills), processes
(e.g., decision strategies, heuristics), and their
environments (e.g., information formats, affor-
dances, cultural constraints). To the extent that
visual aids leverage people’s natural capacity to
recognize and contextualize relationships in the
data, visual aids are likely to confer significant
judgment and decision-making benefits, which
should tend to translate into improved health out-
comes. Similar benefits have been observed in
interventions involving simple communication
principles and improved presentation of health-
relevant numerical information (e.g., presenting
important information in the appropriate order;
Cavanaugh et al., 2009; Peters et al., 2007); in
interventions in people with low numeracy who
evaluate risk communications involving small,
evolutionary plausible groups of individuals (Gar-
cia-Retamero & Galesic, 2011); and in interven-
tions involving consequences of healthy behavior
expressed in terms of life expectancy rather than
as risk of disease (Galesic & Garcia-Retamero,
2011a).

Second, our review sheds light on the psy-
chological mechanisms that give rise to the
benefits of visual aids in people with limited
numerical skills (i.e., the mechanisms mediat-
ing the effect of visual aids; see Figure 6).
Research shows that visual aids can improve
judgment and decision making and help pro-
mote healthy behavior by promoting delibera-
tion, by improving self-assessment and reduc-
ing overconfidence, and by promoting strate-
gic allocation of attention, which in turn fosters
a more meaningful and representative understand-
ing of health-relevant numerical information. By
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TABLE 1: Evidence-Based Heuristic Guidelines for the Design of Transparent Visual Aids

Characteristics of Transparent Visual Aids

Keep information simple and focused on essentials.
o Keep visual aids simple (Gillan, Wickens, Hollands, & Carswell, 1998; Trevena et al., 2012).

o Use clear captions and titles.

o Avoid using shadows and truncated scales.

o Use the same scale for comparison.

e When depicting numerical information visually, “less is more” (Zikmund-Fisher, Fagerlin, & Ubel,

2010).

o Present one message per visual aid.

o Only important information should be represented visually. Focus on the two or three key
messages that you would like to communicate, and depict them using different visual aids.

o Use interactive or dynamic visual aids only if they are designed to promote encoding and
elaborative processing (Okan, Garcia-Retamero, Cokely, & Maldonado, 2015).

e Use clear language to describe visual information (Garcia-Retamero & Dhami, 2011).
o Label visual aids with informative captions that include the depicted key message.
o Translate the materials into the plain language familiar to the audience.
The best type of visual aid depends on the communication goal.
e Use bar graphs to compare several data points (Fischhoff, Brewer, & Downs, 2012; Lipkus, 2007;

Lipkus & Hollands, 1999).

e Use line graphs to depict trends over time (Fischhoff et al., 2012; Lipkus, 2007; Lipkus & Hollands,

1999).

e Use pie graphs to communicate information about proportions (Fischhoff et al., 2012).
e Use grids to depict very large numbers (Garcia-Retamero & Hoffrage, 2013; Garcia-Retamero,

Cokely, & Hoffrage, 2015).

¢ Use magnifier risk scales (including a magnifying lens) to depict very small numbers (Ancker,
Senathirajah, Kukafka, & Starren, 2006).
e Use icon arrays to communicate treatment risk reduction or risk of side effects.

o Represent results of the baseline risk (i.e., sample of nontreated individuals) and the
incremental/reduced risk due to treatment (i.e., sample of treated individuals) using different
icon arrays (Galesic, Garcia-Retamero, & Gigerenzer, 2009; Hamstra et al., 2015; Hawley et al.,
2008).

o Depict both affected individuals (numerators) and the entire population at risk (denominators;
Garcia-Retamero & Galesic, 2010b; Stone et al., 2003; Stone, Gabard, Groves, & Lipkus, 2015).

o Keep the size of denominators (i.e., entire population at risk) in the treated and nontreated
groups of individuals constant for comparison (Garcia-Retamero & Galesic, 2009; Garcia-
Retamero, Galesic, & Gigerenzer, 2010; Okan, Garcia-Retamero, Cokely, & Maldonado, 2012).

o Arrange icon arrays as groups in a block rather than in a random scattering (Ancker, Weber, &
Kukafka, 2011a; Feldman-Stewart, Kocovski, McConnell, Brundage, & Mackillop, 2000;
Zikmund-Fisher et al., 2012).

o Use personlike icon arrays if possible (Zikmund-Fisher, Witteman, et al., 2014). Otherwise, icon
arrays with more abstract icons might also be helpful (Gaissmaier et al., 2012).

(continued)
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TABLE 1: (continued)

Depict numerical information in addition to visual aids.
e Add important numerical and textual information describing the information depicted in the visual
aids to improve accuracy (Hamstra et al., 2015; Okan et al., 2015).

e Pay attention to the frame of the information.

o Use absolute rather than relative risks (Garcia-Retamero & Galesic, 2010b).

o Use frequencies rather than decimals, fractions, or percentages (Hoffrage, Gigerenzer, Krauss, &
Martignon, 2002).

o Use both positive and negative frames (Garcia-Retamero & Galesic, 2010a; Garcia-Retamero &
Cokely, 2011, 20144, 2015b).

o Keep time frames constant (Fischhoff et al., 2012).

Effective communications anticipate user needs and skills.

e Learn about your target group and use the appropriate reading level (Garcia-Retamero &

Dhami, 2011).

e Visual aids are especially useful for people with relatively low numeracy, those with limited
knowledge about medical facts, and people with low levels of education (Garcia-Retamero &
Cokely, 2014a; Garcia-Retamero & Galesic, 2009, 2010b; Garcia-Retamero, Cokely, Wicki, &
Joeris, 2016).

o Objective and subjective numeracy scales can help quickly identify individuals with low and high
numeracy (Cokely, Galesic, Schulz, Ghazal, & Garcia-Retamero, 2012; Fagerlin, Zikmund-Fisher,
et al., 2007, Lipkus, Samsa, & Rimer, 2001; Schapira et al., 2012; Schwartz, Woloshin, Black, &
Welch, 1997; Weller et al., 2013).

e Even among people with high numeracy, there are variations in the ability to extract data and
meaning from visual aids (i.e., graph literacy; Gaissmaier et al., 2012; Okan et al., 2015; Okan,
Galesic, & Garcia-Retamero, 2016; Okan, Garcia-Retamero, Cokely, et al., 2012; Zikmund-Fisher,
Witteman, et al., 2014).

o Objective and subjective graph literacy scales can help quickly identify individuals with low and
high graph literacy (Galesic & Garcia-Retamero, 2011c; Garcia-Retamero, Cokely, Ghazal, &
Joeris, 2016b; Garcia-Retamero, Petrova, Feltz, & Cokely, in press).

o To improve risk understanding in people with low graph literacy . . .
¢ Use simple labels and explanations to convey the meaning of important information in the

visual aid.
e Encourage active, elaborative information processing by including reflective questions about
the visual information, followed by accuracy feedback whenever practical (Okan et al., 2015).

o If this strategy is not feasible . . .

e Use visual aids only with people who have a moderate-to-high level of graph literacy. People
who lack basic graph literacy may be better off with numbers (Ruiz et al., 2013).
Scale validation studies improve high-stakes interventions.

e Validate visual aids before conducting an intervention by soliciting feedback and conducting
usability studies including cognitive process tracing (e.g., eye tracking, verbal protocols; Okan
et al., 2016; Trevena et al., 2012; Woller-Carter, Okan, Cokely, & Garcia-Retamero, 2012).

e Involve the target audience in the design, evaluation, and dissemination of visual aids (Hesse &
Shneiderman, 2007).

establishing enduring attitudes and fostering  and self-assessment. Research also shows that
behavioral intentions, and by increasing trust,  there is a tight causal link between individual dif-
visual aids may further promote understanding  ferences in skills, self-regulation, metacognition,
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encoding, risk understanding, and decision
making (Cokely & Kelley, 2009; Ghazal et al.,
2014). More generally, the reviewed research
extends work documenting the beneficial
effects of designing information formats to pro-
mote active learning (Ancker et al., 2011a; Nat-
ter & Berry, 2005).

Third, our review shows that people’s opin-
ions and preferences do not typically translate
into actual improvements in risk understanding.
This conclusion accords with previous research
documenting mismatches between evaluations
of visual aids and objective performance (see
Feldman-Stewart et al., 2000; McCaffery et al.,
2012; Micallef, Dragicevic, & Fekete, 2012).
Research suggests that it is not advisable to rely
solely on people’s preferences and opinions
about visual aids when designing risk communi-
cations regardless of their skills. People may be
more likely to use decision aids if graphical for-
mats are customized to their preferences and/or
opinions (Ancker et al., 2006). However, lay-
people are not consistently able to select the
information format that helps them improve
accuracy according to their level of numeracy
and/or graph literacy—a result that underscores
the value in designing communications that are
effective and well liked. Therefore, we recom-
mend that practitioners and scientists collabo-
rate on validation studies before conducting
interventions. To enhance generalizability, we
recommend representative rather than conve-
nience sampling, whenever practically feasible.
Validation studies offer the added benefit of user
feedback and usability assessment, which may
also benefit by drawing on assessments of indi-
vidual differences (e.g., fast numeracy tests, like
those at riskliteracy.org) and cognitive process
tracing studies (e.g., eye tracking, verbal proto-
cols; Okan et al., 2016; Trevena et al., 2012;
Woller-Carter et al., 2012).

Although visual aids are increasingly being
used and recommended for the communication
of risks to the public (Garcia-Retamero &
Cokely, 2013), some caution is warranted
because the use of poorly designed or distorted
graphs can be used to bias decision makers
(Okan et al., 2016; Okan, Garcia-Retamero,
Galesic, et al., 2012; Stone et al., 2015; Woller-
Carter et al., 2012). Perhaps the most prominent

potential concern when using visual aids is that
graphs can include misleading features (Beattie
& Jones, 1992, 2002; Kosslyn, 2006). To illus-
trate, Cooper, Schriger, Wallace, Mikulich, and
Wilkes (2003) investigated design features of
pharmaceutical advertisement graphs presented
in medical journals. In a sample of 74 graphs,
they found that almost 40% included distortions
that confused rather than helped readers (see
also Okan et al., 2016). The most common dis-
tortions were misuse of 3-D objects (20%),
improper scale or improperly split axes (16%),
and incorrect baselines (12%). Improperly
designed graphs can lead to interpretive errors
that, in turn, can affect important financial, med-
ical, and legal decisions (Arunachalam, Pei, &
Steinbart, 2002; Cooper et al., 2003).

To consistently and efficiently design visual
aids, and to avoid potentially misleading graphs,
designers should (a) follow principles of good
graph design (e.g., Edward, 2001; Gillan, Wick-
ens, Hollands, & Carswell, 1998; Kosslyn,
2006) and (b) consider the costs and benefits of
validation studies conducted before interven-
tions. At a minimum, designers should conduct
brief heuristic evaluations to review proposed
visual aids based on the guidelines provided in
Table 1. Similar types of heuristic evaluations
and reviews are industry standards in use by
human factors engineers for related products,
such as interactive visual displays in computer
software, handheld electronics, and websites.
Future design guidelines may include directions
for creating graph interfaces specifically tailored
to users (i.e., personalization of medical risk
information based on one’s level of graph liter-
acy and risk literacy). Addressing these issues
will require more interdisciplinary work at the
intersections of human factors, cognitive sci-
ence, decision science, and usability.

FRONTIERS AND ETHICAL POLICIES

Despite noteworthy progress, many fundamen-
tal and practical questions remain unanswered.
The research that we reviewed here showed that
visual aids can enhance risk comprehension but
may fail to reach individuals disadvantaged by
factors including limited graph literacy skills.
A certain level of graph literacy seems to be
necessary to associate the patterns contained in
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graphs with meaningful interpretations of the
data depicted. Nevertheless, recent research indi-
cates that visual aids generally offer a relatively
efficient means of reaching diverse individuals
regardless of their levels of numeracy and graph
literacy, as long as the visual aids include simple
labels and explanations that help convey meaning
or are accompanied with training in the use of
graphs (Okan et al., 2015). The available literature
provides compelling evidence indicating that the
substantial benefits of features supporting active,
elaborative processing can extend to individuals
across a very wide range of ability levels. This
finding is consistent with the notion that the abil-
ity to understand and make good decisions about
risks (i.e., risk literacy) does not generally require
exceptional cognitive capacities but instead fol-
lows from the use of simple cognitive processes
that can be effectively deployed by most people
given sufficient support. Future studies should
identify other suitable strategies for communicat-
ing health risks to people with low numeracy and
low graph literacy. In this regard, ongoing work
on the effect of analogies from people’s lives
shows that these information formats are unde-
manding in terms of numeracy and graph literacy,
and are useful for promoting custom-tailored
risk communication (Galesic & Garcia-Retamero,
2013).

On the basis of all relevant available data
detailed in this review, we find that icon arrays
tend to be the best “all purpose” type of visual
aids. They may be particularly useful when it is
not otherwise feasible to tailor the type of display
to people’s skills or the goal of the task. To maxi-
mize potential benefits of these and other visual
aids, more research will be needed on other vul-
nerable groups (e.g., people in rural and inner-city
areas, children, and people with mental illnesses)
and other applications of visual aids (e.g., extreme
weather conditions and transmission risk of deadly
diseases). There is also a pressing need for more
prospective studies on the comparative effects of
visual aids in the long run (e.g., years after

interventions). Authors of future research will also
need to investigate age-related changes in numer-
acy and graph literacy throughout the life span and
the implications of these changes for risk commu-
nication (Kleemans, Segers, & Verhoeven, 2011;
Purpura, Hume, Sims, & Lonigan, 2011; Siegler
& Booth, 2004; Siegler & Opfer, 2003). As well,
there is an important opportunity to investigate the
role of cultural factors in the development and
expression of these skills and their influence on
the efficacy of visual aids and general decision-
making quality (Garcia-Retamero & Galesic,
2013).

As technology advances and as social and
ecological climates continue to change, we will
face new and unimagined risks. At the same
time, we expect profound increases in access to
information about personal and community
risks, along with new opportunities to share in
decision making and public policy processes. If
we are serious about democratic and ethical ide-
als, like informed decision making, multidisci-
plinary teams will need to continue to push the
frontier of efficient design and evaluation of risk
communications. As documented in the current
review, these kinds of investments can and often
do result in major social and economic benefits,
like improved health and well-being. We hope
our review will support these and other related
efforts, like the evolution of standards for the
construction of decision aids (Fischhoff et al.,
2012; Gillan et al., 1998; Trevena et al., 2012),
the creation of free online tools for building bet-
ter graphs (e.g., www.iconarray.com), and the
mapping and modeling of risk literacy (e.g.,
“risk reading levels”) and general decision-mak-
ing skills around the world (e.g., www.riskliter-
acy.org). Sustainable promotion of informed
decision making in the 21st century demands
continuous innovation and improvement. To the
extent the current findings generalize, we can
expect such efforts to efficiently promote more
inclusive access to life-altering information and
enduring health.
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APPENDIX
TABLE A1: Demographics of Participants
Percentage
With High
Studies Included in the Sample Type of  Percentage of Average School or
Systematic Review Size Participants Males Age Less Nationality
Garcia-Retamero, Cokely, 309  Physicians 57% 51 42% 48 countries
Ghazal, & Joeris (2016) and patients
Garcia-Retamero, Cokely, 292 Physicians 82% 44 0% 60 countries
Wicki, & Joeris (2016)
Okan, Galesic, & Garcia- 99  Young adults 44% 25 50%  Germany
Retamero (2016)
Nayak et al. (2016) 50 Patients 100% 71 0% United States
Chen & Yang (2015) 127  Young adults, 69% 21 0% United States
highly
educated
Honda et al. (2015) 900  Online panel 0% 40 Not Japan
available
Garcia-Retamero, Cokely, 108  Patients 22% 52 86%  Spain
& Hoffrage (2015b)
Stone, Gabard, Groves, & 314 Young adults, 46% Not 0% United States
Lipkus (2015) highly available
educated
Okan, Garcia-Retamero, 458  Young adults, 33% 21 0% Spain
Cokely, & Maldonado highly
(2015) educated
Oudhoff & Timmermans 192 Young adults, 29% 22 0% The
(2015) highly Netherlands
educated
Hamstra et al. (2015) 420 General 100% 52 13%  United States
community
sample
Zikmund-Fisher, Witteman, 1,502  Online panel 46% 54 23%  United States
et al. (2014b)
Garcia-Retamero & Cokely 646  High-risk 46% 19 0% Spain
(2014a) individuals
Mason et al. (2014) 570  Online panel 49% 48 14%  United
Kingdom
Ruiz et al. (2013) 120 Patients 100% 61 100% United States
Bruine de Bruin, Stone, 234 Online panel 51% 39 Not United States
Gibson, Fischbeck, & available
Shoraka (2013)
Tait, Voepel-Lewis, 200 Patients 47% 54 21% United States

Brennan-Martinez,
McGonegal, & Levine
(2012)

(continued)
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TABLE A1: (continued)

Percentage
With High
Studies Included in the Sample Type of  Percentage of Average School or
Systematic Review Size Participants Males Age Less Nationality
Okan, Garcia-Retamero, 168  Young adults, 84% 20 0% Spain
Cokely, & Maldonado highly
(2012) educated
Woller-Carter, Okan, 73 Young adults, 64% 21 0% United States
Cokely, & Garcia- highly
Retamero (2012) educated
Zikmund-Fisher et al. 4,198  Online panel 54% 49 19%  United States
(2012)
Gaissmaier et al. (2012) 275 Young adults, 47% 31 0% Germany
highly
educated
Okan, Garcia-Retamero, 182  Online panel 46% 34 Not  United States
Galesic, & Cokely (2012) available
Hess, Visschers, Siegrist, & 47  General 68% 52 51%  Switzerland
Keller (2011) community
sample
Zikmund-Fisher, Dickson, 2,426  Online panel 50% 49 18%  United States
& Witteman (2011)
Brown et al. (2011) 120 Patients 0% 46 8% United States
Hess, Visschers, & Siegrist 1,175  General 47% 46 71%  Switzerland
(2011) community
sample
Ancker, Weber, & Kukafka 165  Online panel 36% 32 29%  United States
(2011b)
Zikmund-Fisher, Fagerlin, 1,552  Online panel 0% 55 25%  United States
& Ubel (2010)
Tait, Voepel-Lewis, 408 Patients 26% 36 17%  United States
Zikmund-Fisher, &
Fagerlin (2010b)
Garcia-Retamero & 987  Probabilistic 50% 48 76%  United
Galesic (2010a) national States and
samples Germany
Tait, Voepel-Lewis, 4,685 Online panel 43% 39 19%  United States
Zikmund-Fisher, &
Fagerlin (2010a)
Garcia-Retamero & 987  Probabilistic 50% 48 76%  United
Galesic (2010b) national States and
samples Germany
Garcia-Retamero & 1,047 Probabilistic 50% 49 76%  United
Galesic (2009) national States and
samples Germany

(continued)
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TABLE A1: (continued)

Percentage
With High
Studies Included in the Sample Type of  Percentage of Average School or
Systematic Review Size Participants Males Age Less Nationality
Keller & Siegrist (2009) 266 General 0% 48 76%  Switzerland
community
sample
Galesic, Garcia-Retamero, 171 Young adults, 46% 40 20%  Germany
& Gigerenzer (2009) highly
educated
Hawley et al. (2008) 2,412 Online panel 48% 49 18%  United States

Note. Studies are ordered by publication date. Studies using distorted graphs or visual aids depicting only number
of people at risk were excluded for all the analyses in the tables (see text for a justification of this and the other
criteria). One of the studies on perceptions of risks (Chen & Yang, 2015) did not include correlations between
these perceptions and correct values or otherwise did not compare perceptions for different levels of probability.
The study was excluded as it did not measure graph preferences or estimates about accessibility of information,
attractiveness of information, or information trust.

TABLE A2: Basic Characteristics of the Reviewed Studies

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Garcia- Cokely, Galesic &  Not Static icon Accuracy of risk  Investigated
Retamero, Galesic, Garcia- investigated  arrays, with understanding,
Cokely, Schulz, Retamero a control metacognitive
Ghazal, & Ghazal, & (2011¢); condition judgment
Joeris (2016)  Garcia- Garcia- calibration, and
Retamero Retamero, confidence
(2012) Cokely,
Ghazal,
etal.
(2016)
Garcia- Cokely Not Not Static icon Accuracy of risk  Investigated
Retamero, etal. measured  investigated arrays, with understanding,
Cokely, (2012) a control reading latency,
Wicki, & condition and estimate
Joeris (2016) latency

(continued)
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TABLE A2: (continued)

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Okan, Galesic, Cokely Galesic & Not Static bar and  Accuracy of risk  Investigated
& Garcia- et al. Garcia- investigated line graphs understanding,
Retamero (2012); Retamero with conflicts and eye
(2016) Lipkus, (2011¢) (i.e., distorted movements
Samsa, graphs), (allocation of
& Rimer without attention on
(2001); a control regions of visual
Schwartz, condition aids containing
Woloshin, essential
Black, & information)
Welch
(1997),
not
included
in main
analyses
Nayak etal. ~ Fagerlin, Galesic & Investigated Static bars and Accuracy of risk Not
(2016) Zikmund- Garcia- lines graphs, understanding, investigated
Fisher, Retamero without and preferences
et al. (2011¢) a control of information
(2007) condition format
Chen & Yang Fagerlin, Not Not Static bar Risk perceptions Not
(2015) Zikmund- measured investigated graphs, with investigated
Fisher, a control
et al. condition
(2007)
Honda etal.  Fagerlin, Not Not Static bar and  Accuracy of risk  Not
(2015) Zikmund- measured investigated line graph, understanding  investigated
Fisher, with a control
et al. condition
(2007)
Garcia- Lipkus Not Not Static visual Accuracy of risk  Investigated
Retamero, et al. measured  investigated grids, with understanding,
Cokely, & (2001); a control metacognitive
Hoffrage Schwartz condition judgment
(2015b) et al. calibration,
(1997) and self-

assessments of
accuracy of risk
understanding

(continued)
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TABLE A2: (continued)

Studies
Included in

the Systematic Measure of

Review Numeracy

Interaction
Measure of  Between  Manipulation of
Graph  Numeracy and  Information
Literacy Graph Literacy Format

Psychological
Mechanisms

Dependent
Variable(s)

Stone, Gabard, Schwartz
Groves, &
Lipkus (2015)

et al.
(1997)

Okan, Garcia- Cokely

Retamero, et al.
Cokely, & (2012);
Maldonado Lipkus
(2015) et al.
(2001);
Schwartz
et al.
(1997)
Oudhoff & Schwartz
Timmermans et al.
(2015) (1997)

Hamstra et al. Fagerlin,
(2015) Zikmund-
Fisher,
et al.
(2007)

Zikmund-Fisher,Fagerlin,

Witteman, Zikmund-
et al. (2014b) Fisher,
et al.
(2007)

Not Not
measured  investigated depicting
affected
individuals
only
(numerators),
with a control
condition
Galesic &  Not Dynamic icon
Garcia- investigated  arrays, without
Retamero a control
(2011¢) condition
Not Not Static bar
measured  investigated graphs and
icon arrays,
with a control
condition
Not Not Different types
measured  investigated of static
visual aids
(line and bar
graphs, pies,
icon arrays),
without
a control
condition
Galesic &  Not Different types
Garcia- investigated of static
Retamero icon arrays
(2011¢) that differ
in iconicity,
without
a control
condition

Accuracy of risk

Static icon arrays Accuracy of risk  Not

understanding, investigated
risk

perceptions,

and affective

reactions

Investigated
understanding,

accessibility

of information

format,

preferences

of information

format, and

confidence

Risk perceptions, Not

decision investigated
making,

estimate

latency,

and ease of

imagining risk

Accuracy of risk  Not

understanding, investigated
preferences

of information

format, and

familiarity

Risk perceptions, Not

recall, investigated
accessibility

of information

format, and

preferences

of information

format

(continued)
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TABLE A2: (continued)

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Garcia- Lipkus Galesic &  Investigated Static icon Decision making, Investigated
Retamero et al. Garcia- arrays, with attractiveness
& Cokely (2001); Retamero a control of information,
(2014a) Schwartz  (2011c) condition attitudes
et al. towards
(1997) information,
affective
reactions
towards
information,
and behavioral
intentions
Mason et al.  Lipkus Not Not Interactive bar  Recall Not
(2014) etal. measured  investigated graph, with investigated
(2001); a control
Schwartz condition
et al.
(1997)
Ruiz et al. Lipkus Galesic &  Not Static icon Accuracy of risk  Not
(2013) etal. Garcia- investigated arrays, with understanding, investigated
(2001); Retamero a control recall, decision
Schwartz  (2011¢) condition making,
etal. accessibility
(1997) of information
format,
behavioral
intentions, and
confidence
Bruine de Lipkus Not Not Static bar Accuracy of risk  Not
Bruin, Stone, etal. measured  investigated graphs with understanding, investigated
Gibson, (2001); emphasis on decision
Fischbeck, Schwartz denominators, making,
& Shoraka et al. with a control  attractiveness
(2013) (1997) condition of information,

affective
reactions
towards
information,
information
trust, and
behavioral
intentions

(continued)
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TABLE A2: (continued)

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Tait, Voepel-  Fagerlin, Not Not Different types Accuracy of risk  Not
Lewis, Zikmund- measured investigated of dynamic understanding, investigated
Brennan- Fisher, visual aids (bar accessibility
Martinez, et al. graphs, pies, of information
McGonegal, (2007) icon arrays), format,
& Levine with a control  preferences
(2012) condition of information
format, and
information
trust
Okan, Garcia- Not Galesic & Not Static icon Accuracy of risk  Not
Retamero, measured Garcia- investigated  arrays, without understanding  investigated
Cokely, & Retamero a control and confidence
Maldonado (2011¢) condition
(2012)
Woller-Carter, Cokely Galesic &  Not Static bar graphsAccuracy of risk  Investigated
Okan, et al. Garcia- investigated  with conflicts understanding,
Cokely, (2012) Retamero (i.e., distorted  recall, and eye
& Garcia- (2011¢) graphs), movements
Retamero without (allocation of
(2012) a control attention on
condition regions of visual
aids containing
essential
information)
Zikmund-Fisher Fagerlin, Not Not Dynamicicon  Accuracy of risk Not
et al. (2012) Zikmund- measured investigated arrays, without understanding, investigated
Fisher, a control decision
etal. condition making,
(2007) accessibility
of information
format, and
preferences
of information
format
Gaissmaier et  Lipkus Galesic &  Not Different types Accuracy of risk Not
al. (2012) etal. Garcia- investigated of static understanding, investigated
(2001); Retamero icon arrays recall,
Schwartz  (2011¢) that differ accessibility
etal. in iconicity, of information
(1997), with a control  format, and
not condition attractiveness
included of information
in main
analyses

(continued)
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TABLE A2: (continued)

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Okan, Garcia- Lipkus Galesic &  Not Static bar Accuracy of risk  Investigated
Retamero, etal. Garcia- investigated graphs with understanding
Galesic, & (2001); Retamero conflicts (i.e.,
Cokely (2012) Schwartz (2011c) distorted
et al. graphs),
(1997), without
not a control
included condition
in main
analyses
Hess, Visschers,Fagerlin, Not Not Static graphical Eye movements Not
Siegrist, & Zikmund- measured investigated risk ladder (allocation of investigated
Keller (2011)  Fisher, (Paling attention on
etal. perspective regions of visual
(2007) scale), without  aids containing
a control essential
condition information)
Zikmund-Fisher,Fagerlin,  Not Not Interactive Accuracy of risk  Not
Dickson, & Zikmund- measured investigated icon arrays, understanding  investigated
Witteman Fisher, without and decision
(2011) et al. a control making
(2007) condition
Brown etal.  Schwartz Not Not Different types Accuracy of risk  Not
(2011) et al. measured  investigated of static visual understanding  investigated
(1997) aids (vertical and preferences

bar, horizontal
bar, line, icon
array), without

a control
condition

Hess, Visschers,Lipkus et al. Not Not Static icon
& Siegrist (2001);a  measured investigated arrays,
(2011) modified without

version of a control
Fagerlin condition
etal.

(2007)

Ancker, Weber, A modified Not Not Interactive
& Kukafka version of measured investigated icon arrays,
(2011b) Lipkus without

et al. a control
(2001) condition

of information
format

Risk perceptions Investigated

Not
investigated

Risk perceptions,
accessibility
of information
format, affective
reactions, and
behavioral
intentions

(continued)
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TABLE A2: (continued)

Studies Interaction

Included in Measure of  Between  Manipulation of

the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological

Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms

Zikmund-Fisher,Fagerlin, Not Not Static icon arrays Accuracy of risk  Not
Fagerlin, & Zikmund- measured investigated (depicting and understanding, investigated
Ubel (2010) Fisher, not depicting  time to

etal. unnecessary complete the
(2007) information), task (cognitive
without effort),
a control accessibility
condition of information
format, and
preferences
of information
format

Tait, Voepel-  Fagerlin, Not Not Static icon Accuracy of risk  Not
Lewis, Zikmund- measured investigated arrays, with understanding  investigated
Zikmund- Fisher, control and accessibility
Fisher, & etal. condition of information
Fagerlin (2007) format
(2010b)

Garcia- Lipkus et  Not Not Different types Risk perceptions Not
Retamero al. (2001); measured investigated of static investigated
& Galesic Schwartz visual aids
(2010a) et al. (vertical bars,

(1997) horizontal
bars, pie
charts, and
icon arrays),
with control
condition

Tait, Voepel-  Fagerlin, Not Not Static icon Accuracy of risk  Not
Lewis, Zikmund- measured investigated arrays, with understanding, investigated
Zikmund- Fisher, control risk
Fisher, & etal. condition perceptions,

Fagerlin (2007) accessibility

(2010a) of information
format,
information
trust, and
behavioral
intentions

(continued)
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TABLE A2: (continued)

Studies Interaction
Included in Measure of  Between  Manipulation of
the Systematic Measure of  Graph  Numeracy and  Information Dependent  Psychological
Review Numeracy Literacy Graph Literacy Format Variable(s) Mechanisms
Garcia- Lipkus Galesic &  Investigated Static icon arrays Accuracy of risk  Not
Retamero etal. Garcia- and bar graphs understanding  investigated
& Galesic (2001); Retamero depicting
(2010b) Schwartz  (2011c¢) either
etal. the entire
(1997) population at
risk or affected
individuals
only, with
control
condition
Garcia- Lipkus Not Not Static icon Accuracy of risk  Not
Retamero etal. measured  investigated arrays, with understanding  investigated
& Galesic (2001); control
(2009) Schwartz condition
etal.
(1997)
Keller & Lipkus Not Not Static icon arraysRisk perceptions Not
Siegrist etal. measured  investigated and Paling investigated
(2009) (2001); perspective
Schwartz scale, with
etal. control
(1997) condition
Galesic, Garcia-Lipkus Not Not Static icon Accuracy of risk  Not
Retamero, & et al. measured  investigated arrays, with understanding  investigated
Gigerenzer (2001); control
(2009) Schwartz condition
etal.
(1997)
Hawley et al.  Fagerlin, Not Not Different types Accuracy of risk Not
(2008) Zikmund- measured investigated of static visual understanding, investigated
Fisher, aids (icon decision
etal. arrays, pie, bar, making,
(2007) sparkplug, and accessibility
clock), without of information
a control format, and
condition information

trust

Note. Studies are ordered by publication date. Studies using distorted graphs or visual aids depicting only number

of people at risk were excluded for all the analyses in the tables (see text for a justification of this and the other
criteria). One of the studies on perceptions of risks (Chen & Yang, 2015) did not include correlations between these
perceptions and correct values or otherwise did not compare perceptions for different levels of probability. The study
was excluded as it did not measure graph preferences or estimates about accessibility of information, attractiveness
of information, or information trust.



(penuiuoo)

SOA
sosA|eue

ul papnjoul 10N

ON
sasA|jeue

ul pepnppulIoN
sash|eue

ul pepnppulIoN
pauiaul

aq j0UUR)
paJiaul

aq j0uuE)

°N
paJiaul

aq jouue)
pauiaul

aq 10uUR)
sosA|eue

ul pepnppulioN

ON
sosAjeue
ul pspnjoul 10N

ON
sasfjeue

ul pepnppUlIoN
sosfjeue

ul pepnppUlIoN
paiaul

aq j0uue)
paiaul

9Q jouue)

°N
pauiaul

aq jouue)
pauisul

aq 10UUR)
sasAjeue

ul pepnppul 10N

paiebisanul
10N

palebiisanul
10N

SOA
paiebisanul
10N
paiebiisanul
10N
pa1ebiisanul
10N
paiebiisanul
10N

ON
parebisaaul
1ION
paiebisaaul
10N
sosf|eue
ul pspnjoulioN

ON
sosk|eue

ul papnjoul 10N

°N
sasAjeue
ul pepnpulioN
sasAjeue
ul pspnpulloN
paiebiisanul
10N
sasAjeue

ut papnpul 10N

saA
palebiisanul
10N
paiebnsanul
10N
sosf|eue
ul pspnpulioN

pa1ebiisanul
10N

palebnsaaul
10N

pa1ebisaaul
10N
paiebisanul
10N
paiebisanul
10N
paiebisanul
10N
paiebisanul
10N
palebiisanul
10N
sosh|eue
ul pspnpul 10N
paiebisanul
10N

SoA

paiebisanul
N (5L02) ‘|2 30 enswe
(SL02)
suewBWWI] 3 JOYpnO
(S102)
opeuop|e R .>_®v_OU
‘olawelay-eien ‘ueyO
(S102) smydr
3 'saA0UD) ‘pleger) ‘auolg
(95102) obeiyoH

SOA SOA

oN SoA SaA
parebiisanul
10N
sosA|eue

ut papnjoul 30N

SOA
sosfjeue
ul pepnpPUlIoN

SaA
sasAjeue
ul pepnpul 10N

OoN SO\ sop %3 ‘A|@30)) ‘olawelay-einien
SOA ON SOA (S102) ‘|e 13 epuoH
paiebinsanul paiebiisanul paiebisanul
10N 10N 10N (5102) Buep 1 usyd
palebisaaul
SBA 10N SOA (9102) ‘e 30 ekeN
parebisaaul parebisaaul sosA|eue (9102) c1owelay
10N JON Ul papnjpul 10N -eJen) g ‘dissjen) ‘ueyO
(9102) si0r 18 PRI
ON SO\ saA  'Aj@0D ‘osswelsy-eidien)
(9102) s1=or 1 ‘|ezeyn
SO\ SO\ saA  ‘Aj@0D ‘osswelay-eldien

Joeteun
ydei mo Jo
KoesawnN moT
YHM 3|doad ul
sapuedaidsig

1961e7

Jllesen0

phoetaun

ydeis ybiy pue
MOT YUA S|doay

ul Jayi synsay

ploesswinN
YBIH pue mo
YU djdoad u
1941 sy nsay

Jfoeiain
ydein ybiH
YU 3|doad Joy
9AID9YT SION
31y sply [ensiA

MSIADY Dl3ewalsAg
SYi ul pepnpu| ssipms

5SPIV [BNSIA YHM gAoeIoWNN MO 2AI3094T o9 0}
YHM 9|doad oy pual spiv [ensip
9AI1D8YT SIO|A|
91V SPIV [BNSIA

souBWIONad
Jamo analyoy
KoesswinN mo

YHM d|doad

suondediad aavslgng pue sduew
-lopiad aAndalqQ usamiag yolep

suondadiad aaidslgng

@duewIopad aAndalqo

S3IPMIS POMBIASY B3 O SYNSSY UleA €V T18VL

617



(penuinuoo)

pauiaul pauiaul
aq 10UUR) 8 10UUR)
sash|eue sosfjeue

paiebisanul
10N

sosA|eue

pa1ebisanul
10N

paiebiisanul

paiebisanul
10N

paiebisanul

sosfjeue
ul PepnPULIoN

paiebisanul
JON Ul papnpul 10N

sasAjeue

paiebisanul paiebisanul

(2102) olawelay

-epuen) % ‘Aj9xo)
‘'ued O UeHe)-I3||opA

(z102)

opeuopilel % ‘Aj930)

ul pepN|oul 10N Ul PapNjoul 10N Ul papn|aul 10N 10N 10N 10N 10N SOA ‘oJawelay-elien ‘ueyQ
(¢102)
aulneT g ‘|leBauond
pa1ebisanul paiebisanul ‘Zoulle|N-ueuusig
OoN OoN 10N oN 10N OoN oN oN ‘sime-|odaop ‘Hel
(€102) ®yeloys
paiebiisanul pajebisanul % 329qydsiH ‘uosqin
OoN OoN 10N SOA 10N SOA OoN oN ‘auoig ‘uinig ap auinig
ON ON ON ON SOA SOA ON ON (€102) |e 3@ 2Ny
patiajul padiaul parebiisaaul parebiisanul palebiisanul
ag j0UUR) aq jouue) 10N 10N 10N SoA oN OoN (7102) °|e 1@ uosel
sosh|eue sasAjeue (ey1L02)
ul papN|aul J0N Ul pepnjoul 10N SoA SOA SOA SoA SOA sap  A|930D 13 osswelay-eidien)
pa1ebisanul paiebisanul (ayL02) ‘|e1e
SOA ON ON ON 10N SOA 10N SSA  'UBWSNIAN UBysi4-punuijiz
Joeteun RIIENYe) phoetaun ploesswiny gfoeiein 5SPIV [BNSIA YUAA gAoBIBWINN MO (2AI108Y3 o9 O} M3IADY dl1ewa1sAg
ydei mo Jo ydeio ybiH pue ybiH pue moT ydeio ybIH @duewlopad  YUAN 8|doad oy pua] sply [ensip 9yl ul papnpouj ssipns

KoesawnN moT

YHM 3|doad ul

sapuedaidsig
1961e7

ul Jayi synsay

MOT YA 9[doad YU B|doad ul
1941 sy nsay

YU 8|doad Joy
9AI3D31] SI0N
a1y sply [ensiA

JaMOT 8ABIYDY  8AIDaYT BIO

AoelowinN MO 84y SPIY |ensIA

YHA 9|doad

suondediad anadslgng pue ssuew
-lopiad aAndalqQ usamiag yolep

suondadiad aaidslgng

@duewIonad @Andalqo

(penunuod) ey 319VL

618



(penunuoo)
pa1ebiisanul paiebisanul paiebisanul (0L02) 129N %
SO\ ON 10N SO\ 10N SO\ 10N SO\ ‘uiiebey usysi4-punwijiz
paiebisanul paiebinsanul paiebisanul (9L102)
SOA ON 10N SOA 10N SOA 10N ON  Bje3ny| 3 U9gapA Udouy
paJiajul patiajul paiebisanul paiebinsanul pa1ebisanul paiebisanul (1102)
aq jouue) aq j0uue) 10N 10N 10N SOA 10N soA  1subB8IS %3 'sIaydsSIA ‘ssoH
paiebisanul pa1ebiisanul paiebisanul
payiodal JoN oN 10N pauodal 10N 10N SOA 10N SOA (1102) e 3 umoug
padiajul paliajul palebiisanul palebisanul parebisaaul palebiisanul (1102) uewa1HpA B
aq jouue) aq 10uUR) 10N 10N 10N SaA 10N ON  ‘uosydiq “4aysi4-punwjiz
padiajul padiajul parebiisanul parebnsaaul parebiisaaul palebiisanul (L1L0Z) 4919
aq 1ouue)d a9 10UUR) 10N 10N 10N oN 10N sop g ‘1suUBaIS ‘sIayDsSIA ‘ssoH
padiajul patiajul paiebisanul pa1ebisanul paiebisanul paiebisanul paiebisanul sasAjeue (z102) A|2%0D % "dIssjen
aq 10uue) 99 10UUR) 10N 10N 10N 10N 10N Ul papnpaul 10N ‘oJawelay-elien ‘ueyQ
paiebiisanul paiebisanul paiebisanul
ON ON SOA 10N SOA 10N 10N SOA (2102) ‘|e 1 Jolewssien)
sak s| uwnjod
snoinaid
urjnsau pa1ebisanul paiebisanul pa1ebiisanul (Z102)
usym Ajluo SOA 10N SOA 10N SOA 10N oN ‘|e 18 Jaysi4-punwi|iz
Jfoesain N|EIEYYe) phoeiain phoetswinn qRoesa >SPIV [BNSIA YHAA gAOBISWINN MO .2AI1D8YT o9 O} MaINDY dljewalsAg
ydei moT Jo ydeio ybiH pue ybBiH pue moT ydein ybiH @duewlopad  YUAA o|doed do) pus) sply [ensip 8yl ul pspn|ou| saipnig

KoesawinN moT

YuM d|doag ul

sapuedaidsiq
Jebue

MOT YHAA 8|doad yup ojdoag ul
ul Jayiq synsay

Jayiq synsay

Y1 @|doad 1o}  JamoT aAalydy

aAIDeyg alol\  AoesswnN moT

a1y SPIV [eNsIA

YuM 8|doag

BAI1D8Y43 IO
a1y SpIY [ensiA

suondediad aAndalgng pue esuew

-lojad andalqo usemiag yole

suondadiad aAndalgng

@duewlopad aAnelqo

(PenuRuod) eV 319VL

619



(penuiuoo)

patajul pa.ajul paiebnsaaul parebisaaul parebiisanul
aq 10uUR) aq jouue) 10N 10N 10N SoA OoN oN (6002) 1s1BaIg 3 1o
paJiaul patiajul paiebisanul paiebisanul paiebisanul (6002)
aq j0uue) aq jouue) 10N 10N 10N SoA SoA SS9\ Dlsajen) 3 oJswelay-elden)
patiajul paJliajul paiebiisanul paiebisanul (90102)
aq jouue) aq jouue) 10N 10N SoA SoA SaA S\ Dlsdjen) 3 oJoweley-eldlen)
saA s uwn|od
snoinaud (eQ10g) ulj4abe4
ul 3nsau palebiisaaul palebiisanul 9 Iaysi4-punw|iz
usym AuQ SoA JoN  pauodalioN 10N SN SaA SoA 'simaT-|adaoA ‘Mel
paiaul pauiaul palebiisaaul palebiisanul palebiisaaul (e0102)
aq jouue) aq jouue) 10N 10N 10N SaA SaA S9p DISa|en) X OIaWEeIdY-BIdIeD)
(90102) uiebey
pajebnsanul parebnsanul Q2 Iaysi4-punw|iz
oN oN 10N oN 10N SaA oN SoA ‘sima-|adaop el
Jfoesen NIEIEYYe) phoetai ploerswinN gfoeiei >SPIV [BNSIA YHAA gforlawnN MO 2A1308Y3 o9 O} MOIADY DljewalsAg
ydeiny moT 4o ydeun ybiy pue  ybBiH pue moT ydeu ybiH oouewlopad  YUAA 9|doad o) pus| spiy |ensip 81 Ul papn|au| salpms

KoesawinN mo
yum adoad ul
sapuedaldsiq

MO YHAA ojdoad Yuaa 3jdoad Ul YuAA 9jdoad Jo)  1amoT anliydy

urasji@ synssy  Jaji sinssy

BAI1D8Y7] 8I0N
9AI1D9) 8I0\  AdessWNN MOT 81y SPIY [BNSIA
21V SPIV [ensIA  YUAA 9|doad

1961e7

suondediad aadelgng pue esuew
-lojiad aAndalqQ usamiag yore|p

suondediad aaidelgng ERIVEIIIEN ViR ET [o]6)

(penuniuod) :ey 319V.L

620



‘paJapisuod aiam alou snoiraid syl Ul pauoiUBW saINseaw aAIa[gns pue

aA1alqo ay1 Buipnput saipnis AjuQ *(Adesan| ydeub 1o) Asesswnu mo| yum syuedidipied ueyy suondasiad aaialgns pue esuewdoylad aanalqo usamiaq sepuedalosip
J1e6.e| pamoys (Aoeay| ydelb moj Jo) Aoesewnu mo| yum syuedpiried pue sduewopied eA13d8[qo uj 8soys yorew jou op suofidadiad sA1osfgns Ul synsal §i sep,
‘(saunseaw aA1193[gNs) 1sNJ} UOIIEWIOJUI PUE ‘UOIIBLIOJUI JO SSBUBAIIDRIIIE ‘UolewIo Ul Jo Al|IqISSadde Inoge salewlsa Jo/pue saduaiaald

ydeub (q) pue (sainseaw aAnalqo 'sjaas| Aujiqeqoud wuaiayip Buisn usym pasedwod 1o sainseaw aA1198[qo Yyum pale|a.lod) suoirdaesiad dsu 1o/pue Buipuelsispun
3si o Adeundde (e) :paJapISUOD alom sainseaw aAIalgns pue aAdalqo Buimojjos syl Buipnjpul seipnis AjuQ (1e4ndde asow aq wayl djay 1eyl (s)1ew.oy

uolew.oyul 8y1 inoge uoluido aausod aiow e aney o sayaid spuedidipied i “a°1) @duewlopad aaldalgo ul asoyl yojew suondadiad aaialgns ul synsad 4l seA,
‘PapPN|oUl SJ9M 1SNJ} UOIIEWIOUI PUE ‘UOIIELIOJUI JO SSSUSAIIDRIIIE ‘UOIleWIOUI JO A)I|IqISSadde Inoge salewlss Jo/pue saduaiaaid ydesb

Burinsesw saipnis AjUQ "spie [ensia 1noge suoluido aA;38(gns Jo/pue saduaisseid ydelb siays uj Jehip (Aoessy| ydeub o) Aoesswnu ybiy snsian mo| yum sjdoad ji sep,
‘sple [ensiA Buialedas uaym Adesswnu ybiy yum asoy ueyy aduewsopad Jamo| panaiyde Aoesawnu mo| yum ajdoad ji sap,

‘PAPN|IXd 919M (UOIHPUOD [OJIUOD B BPN|DUI 10U PIP *3°1) X33 USIIIM Ul Uoljewoul [estswnu Bunuasaid yum pasedwod se spie |ensia jo Adediya a3 aAjoAUl 10U pIp
ey} SBIPNIS "IX®} Ul SIaqINU Yum sple [ensia ay3 Buliedwod usym (Adessy| ydetb 4o) Aoesswnu ybiy snsian mo| yum sjdoad 1o} aA10a440 210w dle SPIe [ensIA J SBA,
's||3js ,sauedidiped jo sso|plebas acuewiopad anoidwi 03 pusl sple [BNSIA I SaA,

*JSNJ] UOIIBWIOJU] JO ‘UOI1EUIOJUI JO SSBUSAIIDRIIIE ‘UoIlewIoul Jo AYjiqissadde Inoge sajewilss Jo sadualayaid ydelb ainseaw

10U pIp 1l se papnjoxa sem Apnis ay] ‘Aljiqeqo.d jo sjans| usiayip 1o} suolidadiad siedwiod 10U PIp 9SIMIBYIO JO saNjeA 1994103 pue suolidadiad asay) usamiaq
SUO|1e|2140D SpN[dUl 10U PIP (§10Z 'BueA % UsyD) sysi jo suondadiad uo salpnis 8yl Jo SUQ *(EISMID JBYI0 Y] PUE SIY] Jo uolledyisnl e Joj 1xa] 99s) sa|gel ay} ul
sasAjeue ayy ||e 104 papnPxe a1am ysu 1e ajdoad jo saqunu Ajuo Bunoidap spie jensia Jo sydelb patiolsip Buisn seipnis "a1ep uonesijgnd Aq patepio ale saipnig 810N

OoN ON pa1ebisaaul 10N s\ perebisanul 10N s\ pe1ebiisanul 10N SOA (8002) ‘|2 1° AojmenH
padiaul patiajul paiebisanul paiebinsanul pa1ebisanul (6002) 49zua1bID) %3
aq jouue) aq j0uue) 10N 10N 10N oN SoA s9p 'OJowelsy-eldlen) ‘dissjen
Jfoeian NIEIETYe) phoeiel phorlawnN qforli] 5SPIV [BNSIA YHM gAoeIoWNN MOT 2AI30944T o9 0} M3INDY D13ewdlsAg
ydei mo Jo ydeio ybiH pue ybiH pue moT ydeio ybIH @duewlopad  YUAA 8|doad oy pua] sply [ensip 9yl ul papnpou| ssipns
KoesawinN mo Mo Y ojdosd Yuaa 8jdoad Ul YU 9|doad JOf  J9MOT SASIYDY  9AIIDSYT SIOIA|
YHAA B|doad ul ulJayid synsey  Jopig synsay  aAndeyg oo\  AdesswinN Mo Bl SPIY [ensip
sajpuedaidsiq aly sply [ensiA YA\ o|doayd
1961e7
suondaniad aA1108[gng pue ssuew suondadiad aAndalgng 9ouBWIONS 9AnD3lqO

-lopiad aAndalqQ usamiag yolep

(penunuod) ey 319VL

621



622

June 2017 - Human Factors

ACKNOWLEDGMENTS

The current research was funded by the Ministerio
de Economia y Competitividad (Spain) (PSI2011-
22954 and PSI2014-51842-R), the Ministerio de
Educacion y Ciencia (Spain) (PSI12008-02019), the
Foundation for Informed Medical Decision Making
(United States), the National Science Foundation
(United States) (SES-1253263), and the Max Planck
Society (Germany). This work was also supported by
the Harvard Center for Risk Analysis, Boston, Mas-
sachusetts. The authors declare independence from
these funding agencies and do not have conflicts of
interest including financial interests, activities, rela-
tionships, and affiliations.

KEY POINTS

e A conceptual framework shows that numeracy
affects health outcomes by improving risk under-
standing and promoting shared decision making.

e A systematic review shows that visual aids are
often remarkably beneficial for diverse people
with different levels of numeracy and graph lit-
eracy.

e Well-designed visual aids robustly improve risk
understanding by encouraging more thorough
deliberation, facilitating self-assessment, and
reducing biased risk representations, which in turn
benefit attitudes, behavioral intentions, and trust,
leading to healthier decisions and more positive
health outcomes.

o Five essential categories of evidence-based guide-
lines for heuristic evaluation and design of effec-
tive visual aids are identified.

e Conclusions are based on large and diverse groups
of people (N=27,885) from 60 different countries,
including practicing physicians, patients, general
community samples, probabilistic national (i.e.,
representative) samples, online panels, highly
educated young adults, and high-risk individuals.
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