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Abstract

Previous research suggests that the choice of graphical format for communicating risk
information affects both understanding of the risk magnitude and the likelihood of acting
to decrease risk. However, the mechanisms through which these effects work are poorly
understood. To explore these mechanisms using a real-world scenario, we examined the
relative impact of two graphical displays for depicting the risk of exposure to unexploded
ammunition during potential lanmgdevelopment. One display depicted only the
foreground information graphically (a bar graph of the number of people harmed), and a
second depicted the foreground and background graphically (a stacked bar graph
representing both the number harmed and at risk). We presented 296 participants with
either the foreground-only or the foreground and background graphical display and
measured a broad set of outcome variables, examining (1) the graphical display effect on
each of the outcome measures and (2) the pathways by which any display effects work to
influence decision making. We found that the foreground-only graphical display increased
perceived likelihood and experienced fear, which produced greater worry, which in turn
increased risk aversion. In addition, a positive evaluation of the communication materials
increased support for policies related to land redevelopment, whether those policies were
risk-taking or risk-mitigating. Finally, the foreground-only graphical display decreased
understanding of the risk magnitude, showing that approaches to accomplish one risk
communication goal (promoting risk-averse decisions) may do so at the expense of

another goal (increasing understanding).

Key Words: Risk Magnitudes, Display Formats, Graphs, Risk Communication,

Unexploded Ammunition
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1. Introduction

Throughout their lives, people face many important decisions that involve risks to
their health, safety, finances, and overall well-being. An accurate understanding of the
risks is necessary to make informed decisions regarding whether the risks are worth
taking. To assist people in making these decisions, experts who possess relevant
knowledge will often need to communicate their knowledge to the people making the
decisions!® For example, doctors communicate the risks of medical treatments to their
patients, and risk analysts communicate the risks of a potential public policy to voters.
This paper focuses on one particularly important issue in risk communidadirbest to
convey the likelihood, or risk magnitude, of negative events occurring.

A patrticular challenge in communicating risk magnitudes is that many health and
safety risks have a low risk magnitude, yet have serious potential consequences if they do
occur™®® One promising strategy entails the use of graphical displays (for reviews, see
(23913) However, despite a substantial amount of research suggesting that graphical
displays can be effective for accomplishing various risk communication ¢t shere
are “few best practices” (Lipkus®?, p. 709).

One of the primary reasons for this lack of best practices is that much of the research
has been largely a-theoretical, and thus it is unclear why certain graphical displays have
the effects they d&:1113) Because most studies have focused on only one of many
different risk communication goals (e.g., to increase comprehension, to promote risk-
reduction behaviors, etd?)??2% most studies have used only one or a small number of
outcome measures, and there is little consistency in the choice of outcome measures used

in different studie&? As a resultjt has often been difficult to evaluate the reasons for the
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particular results (e.g., what the more proximal effects are that lead to changes in
decisions), as well as to draw systematic conclusions across studies varying substantially
in both research stimuli and outcome measures.

For example, consider research that has investigated the impact of using a display that
graphically depicts both the number of people affected (the numerator of the risk ratio, or
‘the foreground) and the total number of people at risk (the denominator of the tisk ra
or ‘the backgrounq versus a display that graphically depicts only the number of people
affected. One line of research has shown that, when communicating about events with
low-probability risk magnitudes, foreground-only graphical displays (e.g., icon displays or
bar graphs depicting the number of people affected) increase risk-averse behavior, both in
comparison to a purely numerical disptd$°2? and in comparison to graphical displays
that depict both the foreground and background information, such as stacked bar graphs or
pie charts?5?® On the other hand, displays that depict both the foreground and
background graphically produce greater understanding of the risk magnitude than do
foreground-only graphical displays) As promoting riskaverse behavior and increasing
understanding are two frequent goals of risk communication efféft&)this provides a
problem for the risk communicator who is simultaneously trying to help people
understand the risks and motivate them to be safer.

Unfortunately, however, no work has examined the relationship of these findings.
Do foreground-only graphical displays increase risk aversion because of reduced
understanding, or is this effect due to some other mechanism? Would this pattern of
results even hold if the same stimuli had been used in both lines of research? Many details

of the studies investigating risk aversion and understanding of the risk magnitudes were
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different, and in particular, the risk magnitudes used varied between the studies that
measured risk aversion and understanélit®§?® Indeed, previous work suggests that
low-probability risks should be particularly influenced by the manner in which the
information is displayeff:2®: also see 38)

The goal of the present work is to compare the impact of using a foreground-only
graphical display versus a foreground and background graphical display on a wide variety
of decision-relevant outcome measures. So doing allows us not only to examine each
effect in isolation but also to determine how any effects on decisions come about.

1.1 Redevelopment of land potentially contaminated with UXO

To explore these mechanisms using a real-world scenario, we focus on decisions
concerning the redevelopment of one of the approximately 2,000 former U.S. military
bases contaminated with unexploded ordnance (UXO), or ammunition that failed to
explode during live weapons trainiff. Many of these sites have been transferred to
civilian agencies for reuse, and the others are scheduled to do so in the future. However,
because UXO may be unearthed and explode, these sites pose risks to construction
workers involved in land redevelopment and to anyone else who enters tf@ site.
Whether these risks are worth taking is an important public policy question facing the
local community. To assist local residents with these types of decisions, MacDonald and
colleague$*® developed a simulation model to assess the spatial distribution of UXO
after initial clean-up efforts. The applied aim of the present work was to determine how
best to communicate this risk-magnitude information to support informed decision
making, in order to develop the best possible communications diteatartls

communities affected by UXO sit€¥)
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1.2 Outcome variables

In addition to understanding of the risk-magnitude information and risk aversion, we
measured four other outcome variablBse first of these is one’s belief about how large
the risk magnitudes, whichwe refer to as perceived likelihood. Note that although
understanding of the risk magnitude information and perceived likelihood both refer to
one’s cognitive interpretation of the risk-magnitude information, they are conceptually
distinct. Understanding refers to the match between the actual risk magnitude and what the
person thinks the risk magnitudge In the present context, does the actual risk of exposure
to UXO match what is in the person’s head? Perceived likelihood, on the other hand,
reflects how large the person sees the risk magnitude as being. One can misunderstand the
risk magnitude by thinking the chance of exposure to UXO is greater than it really is (poor
understanding and high perceived likelihood) or by thinking that the chance of exposure to
UXO is less than it really is (poor understanding but low perceived likelihood).

People not only evaluate riskognitively, but also have emotional reactions to the
communication&*3”) These emotions can be influenced by graphical displays of the
informatior®®39 (see Visscherst al“? for a review). Here, we examined whether
displaying both the foreground and background graphically or just the foreground
graphically produces greater experienced4®awhile reading the information about
unexploded ammunition.

Another important outcome variable is ther’s evaluation of the communication
materials*?“4 If a display is disliked, for example, users may not attend to the
information or just dismiss i##2 As a result, they may be unwilling to make decisions

regarding the risky event, since they may not feel confident regarding their understanding
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of the information being communicatéd.

Finally, we measured the user’s worry about exposure to UXO. Although worry is
often considered to be an emotional reactiBisome research suggests that it is
determined in part by cognitive factdts*®) In the present study, worry is distinct from
experienced fear, abe latter concept refers to the participant’s emotional reaction while
reading the communication materials, whereas worry is an overall assessment of concern,
in this context about potential lanetlevelopment.
1.3 Potential pathways from display effectsto decision making

As discussed previously, there is a need to increase our understanding of not only
what effects graphical features have, but also how these effects comé&-&bsut.
Therefore, we constructed a theoretical model of how graphical display formats influence
decision making based on our analysis of the existing literature (see Figure 1) and then
tested this model in the current work. According to our model, display formatdydirect
affect perceived likelihood, experienced fear while reading the risk communication,
understanding of the risk magnitudes, and user evaluation of the communication
materials, which in turn influence worry about UXO, which in turn influences the eventual
decisions. Note our model suggests that worry is not influenced directly by the graph
format, but instead by other factors more proximal to graph format in the model. This
follows from the work suggesting worry has both affeé¢tRand cognitivé*’48)
determinants For example, Baron et al.’s #?) results suggest that one’s support of action
to eliminate a risk is determined primarily by worry, and that worry in turn is determined
mainly by beliefs regarding probabilities (but see Schade®t aid Sjober&® for

contrasting results).
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We expect both perceived likelihood and experienced fear will be positively
associated with worry and ultimately the level of risk aversion exhibitpebjsie’s
decisiong?®475) However, the roles of understanding and user evaluation are less clear.
The direction of the link with understanding is of particular interest and is likely context-
dependent. For example, much medical research has assumed that risk-averse behavior is
desirable (what Garcia-Retamero & Hoffrdtfep. 28, refer to as “beneficial risk
avoidance”) and thus implicitly that increasing understanding of the risks will lead people
to (appropriately) take more risk-averse actiGfidn other contexts, however, there is no
generally accepted “correct” behavior. The current context is an example of this situation,
aspreferences for managing UXO risks depend on the individtskstolerances and
their evaluations of whether the benefits are worth the risks. Thus it is unclear if
increasing understanding of the risks involved will increase, decrease, or have no effect on
the overall level of risk aversidn.

Our model has at least two important implications for understanding the effects of
graph format on our outcome measures. First, the direct influences of graph format on the
proximal variables should be larger than their indirect influences on the more distal
variables. Indeed, the distal variables of worry and decision making will be additionally
influenced by factors not depicted in the model, such as general proclivity towards taking
risks. Second, multiple pathways will produce effects on worry and decision making, and
these pathways could either operate in tandem to produce stronger effects, or in opposition
to produce no overall changedecision making. For example, presenting only the
foreground graphically should increase the perceived size of thHéi8kyhich would

increase worry and risk aversion. However, if this display also decreases understanding,



Risk communication 10

and understanding is associated with increased worry and risk aversion, then that pathway
would produce reduced worry and risk aversion. In this case, the two pathways could
counteract each other, producing no overall impact on decisions made. In sum, a full
understanding of each of the individual context-specific pathways is necessary to
determine what if any impact a display feature will have on decision gakin
1.4 The present experiment

We presented participants with a graphical display depicting the risks of UXO
exposureata construction site on the former Fort Ord, California, that is slated for
redevelopment and reuse by the local community. The display depicts risks to construction
workers for each of four soil excavation digging depths. We varied whether the
foreground or both the foreground and background were depicted graphically. In addition,
we varied whether the risk magnitudes reflected the actual probability levels (between .01
and .10) or smaller probability levels (betweedl.@nd .01), due to a concern that the
actual probability levels would not be small enough to elicit display effects (see Shepperd
etal ®%). Our interest in probability level, then, focused predominantly on whether it
produced an interaction with graph format. Finding no interaction would demonstrate that
the display effects are robust as long as the probability levels are relatively low, whereas
finding an interaction would show that the display effects are sensitive even to relatively
small changes in probability level.

After seeing the graphical risk communication, participants completed a number of
decision-making questions regarding construction at Fort Ord, as well as measures of their
perceived likelihood, fear experienced while reading the risk communication,

understanding of the risk-magnitude information, evaluation of the communication
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materials, and worry about the risky event. We examined (a) the effects of depicting only
the foreground graphically versus both the foreground and background graphically on
each of the outcome measures, and (b) the degree to which the model in Figure 1 captures
the causal influences on decisions about UXO-related risks.
2.METHOD
2.1 Participants

Participants were 296 university students (160 female, 136 male). Participation
provided one option to fulfill an introductory psychology course requirement. Most of the
participants were unfamiliar with the subject matter. In particular, on average participants
rated their prior knowledge of unexploded ammunition as 1.75 (on a 1-7 scale), and only
12 (4.1%) of the participants stated they knew what the letters “UXO” stand for. Nearly
half of the participants (41.9%) of the participants stated that they had heard stories
regarding incidents with unexploded ammunition, however.
2.2 Communication materials

Figure 2 shows the information that participants received at the beginning of the
study. It began with a description of Fort Ord, an old military base that closed in 1994.
Like most military bases, Fort Ord had a firing range that soldiers used for live weapons
training. Some of the ammunition failed to explode, remaining in the ground today, with
the potential to detonate at a later time. Participants were asked to imagine that they lived
near Fort Ord and to consider new construction plans for this land.

To inform thesedecisions, participants received information regarding the risk of
construction workersexposure to unexploded ammunition while digging at four different

excavation depths. In all conditions both the foreground (number of people exposed to
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unexploded ammunition) and background (number of people at risk) were presented
numerically.

In addition, we varied whether only the foreground (see Figuje@RBoth the
foreground and background (see Figure 2B) were presented graphically, and whether the
risk magnitude reflected the actual probabilities or smaller probabilities that were more in
keeping with typical investigations of low-probability risks. The actual probabilities
condition, shown in Figure&, entails the actual exposure likelihoods that were computed
by MacDonald et &% for each of four digging depths (0 out of 100, 6 out of 100, 7 out of
100, and 10 out of 100). Risk increases with digging depth, because increased depth
corresponds to the need to excavate a larger volume of soil and hence a higher probability
of encountering UXO. In thsmaller probabilities condition, shown in Figuiig, 2100”
was replaced by “1000,” so that the exposure likelihoods were: 0 out of 1,000, 6 out of
1,000, 9 out of 1,000, and 10 out of 1,000. Graphically, this was reflected in the bars
representing the foreground information being 1/10 the size of those in the actual-
probabilities condition.
2.3 Outcome measur es

We included six outcome variables to fully explore the effects of the presented graph
formats perceived likelihood, experienced fear, understanding, user evaluation of the
communication materials, worry, and decision making. Each of these constructs has been
operationalized in multiple ways in different studies. Our approach was to use multiple
“component measuresof each construct, scoring these component measures in a manner
as consistent as possible with the way they were previously used. We then tradsform

them if necessary for good psychometric properties, and averaged the component
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measures into an overall measure of the constrédthough averaging across multiple
measures loses some of the nuances captured by the individual measures of the construct
(e.g., between assessing understanding in different ways), this approach provides a
manageable set of outcome variables with improved reliability. We provide an overview
of these measures below and in Table I. More details are available in the Supplementary
Materials.
2.3.1 Perceived likelihood

We used six measures based on those used in previous $f8i€s® Details on
how each of these component measures were constructed are provided in the
supplementary materials (pp. 3-5). Five measures used one-item Likert-type scales similar
to those used in Shepperd ef*@land Stone et af9 e.g.,“What do you think is the
overall chance of being exposed to unexploded ammunition when working at this building
site?”” In keeping with the approach taken by Chua €Pand Stone et af® for the
sixth measure we asked participants how many out of 450 construction workers would be
exposed to unexploded ammunition at each of the four digging depths and then averaged
and log-transformed those estimates (with higher numbers indicating greater perceived
likelihood). Responses to the six component measugee then averaged (after all were
z-scored) to produce an overall measure of perceived likelif@Godbach’s a = .88; all
factor loadings > .52 in a one-factor solution).
2.3.2 Fear experienced while reading the risk communication

Participants indicated the extent to which they felt 12 different emotions while
reading the information about unexploded ammunition. These items were adapted from

Lerner et al! and each emotion was rated on a scale from 0 to 8, with higher numbers
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indicating stronger emotions. Hereganly report on the four items that comprise fear,
which was assessed by asking participants to rate the extent to which they felt worried,
fearful, frightened and terrified. We averageds#ifeur items into an overall measure of
experienced fear (Cronbach’s a = .95; all factor loadings > .89 in a one-factor solujion
2.3.3 Understanding of the risk magnitude information

We assessed understanding using seven component measures adapted from previous
research?®38455%6 participants answered these items without being allowed to refer to
the communication materials, thus preventing mindless copying of the presented
information. Details on how each of these component measures were constructed are
provided in the supplementary materials (pp1T2-

To summarize, we included two measures of understanding of absolute risk
magnitude$2>34Swhich assess participants’ ability to recall the absolute magnitudes of
the likelihood information correctly. In keeping with the recommendations of previous
research?>59 we attempted to capture how accurately people could recall both the
verbatim (literal) information as well as its gist (meaning). Specifically, in keeping with
the approach of Stone et &), we both asked verbatim recall questions at each digging

depth(e.g., “I think that out of workers at this building site will be exposed to

unexploded ammunition when digging one foot intoghwend.”), as well as questions

using a denominator different from that used in the communication (asking how many out
of 450 construction workers would be exposed to unexploded ammunition) to better
capture participants’ gist by making it more difficult to respond with the verbatim

information. For each of these sets of items, we scored correctness as how close the

estimates were to the actual risk magnitudes, and then averaged these correctness values.
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Note that, as discussed abote, “out of 450 items were also used to assess perceived
likelihood, but were scored here as closeness to the correct values rather than as the size of
the estimates.

We also included four measures of understanding of relative risk magnitudes, which
assess participants’ ability to understand relative relationships among the likelihood of
exposure at the four digging depths. In keeping with the work of Ston€%ttalg of
these measures were based on the items used in measuring understanding of absolute risk
magnitudes discussed above. Specifically, since we had estimates at each of the digging
depths, we correlated these estimates with the true values, thus assessing how accurate
participants perceived the relative orderings of the risk magnitudes. The third measure was
based on the work of Cuite et¥.and evaluated participants’ ability to perform tradeoff
operations on the risk-magnitude information by requiring them to tradeoff risk and time
at different digging depths. For example, participants were asked whether it was riskier to
dig 6 inches for one month and 4 feet for a second month or at 1 foot for both months. The
fourth measure was based on the work of WeinStind evaluated participants’
understanding regarding which change in digging depth (e.g.., going from no digging to 6
inches of digging or from 6 inches to 1 foot of digging) would produce the greatest
increase in risk.

Finally, we included one measure of subjective understaftfir@pecifically, we
asked participants “How well did you understand the information you were just given
about how many people would be exposed to unexploded ammunition during construction
on this building site?”

Despite the fact that we assessed understanding via seven different component
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measures, a one-factor solution explained a high percentage (47.2%i) vétiace.
Thus, we z-scored and averaged the seven different component measures to create an
overall measure of understanding (Cronbach’s a = .80; all factor loadings > .34 in a one-
factor solution).
2.3.4 User evaluation of the communication materials

We used five items adapted from previous research®>##% to assess how participants
evaluated the risk communication. A sample question is: “How much did you like the way
the information regarding the chance of exposure was presented to you?” (1 = did not like
it, and 7 = liked it a lot). Participants rated the information on the dimensions kelpful,
accurate, useful, credible and liking on a scale from 1 to 7, with higher scores indicating a
more positive evaluation. These items were averaged into an overall user evaluation score
(Cronbach’s a = .85; all factor loadings > .69 in a one-factor solution).
2.3.5 Worry about exposure to UXO

Nine items were adapted from previously used sé¥te&. These items assessed how
worried, afraid and anxious participants would be to work at the construction site, live
near it or let children play near the building site on a 7-point Likert-type scale. A sample
guestion asked‘If you were a construction worker at this building site, how worried
would you be about finding unexploded ammunition during your work there?” Responses
to these items were averaged into an overall measure of Watmybach’s o = .93; all
factor loadings > .72 in a one-factor solujion
2.3.6 Decisions regarding lanedevelopment

Twelve items adapted from Bruine de Bruin éf@lasked participants to make

decisions about aspects of the construction. In keeping with the results of Bruine de Bruin
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et al.* a factor analysis revealed that these items loaded onto two factors, which we
labeled support for construction activities and support for increased pay and education for
construction workers. The support for construction activities factor consists of six items
that assessed the willingness of participants to support, work at or live near the
construction site on a 7-point Likert-type scale, with higher scores indicating greater
support for the constructiorA sample question is: “If this were your decision, would you
authorize construction to proceed at this building Sit€Rese six items were averaged
into an overall level of support for construction activiti€sonbach’s a = .91; all factor
loadings > .68 after rotation of a two-factor solujion

The support for increased pay and education for construction workers factor consists
of six items that asked participants to indicate the extent to which they would support the
use of educational materials for workers at the construction site and request hazardous pay
for working there. A sample question askefis a construction worker at this building
site, would you attend an optional educational program concerning unexploded
ammunition safety? All items were on a 7-point Likert-type scale, with higher numbers
indicating greater support for the risk-mitigating factors of educational materials and
hazardous pay. These six items were averaged into an overall level of support for
increased pay and education for construction worKaksmbach’s o = .78; all factor
loadings > .59 after rotation of a two-factor solujion
2.4 Covariates

We asked four questions regarding variables that might covary with our dependent
measures: gendémowledge about unexploded ammunition prior to the study,

understandingvhat the letters “UXO” stand for, and having heard any stories about
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incidents with unexploded ammunition.
2.5 Procedure

Participants were randomly assigned to one of four conditions, varying whether or not
the background was presented graphically and the size of the risk magnitudes. All
participants first spent three minutes reading over the communication material as
described above. They then placed the sheet face down and were not allowed to return to
it for the remainder of the study, so as to prevent them from simply copying answers to
understanding questions directly from the displays. Nexy,weee asked to spend two
minutes reading information about the town of Monterey, California, which is near Fort
Ord. This information provided participants with a context for their subsequent decisions
and made it more difficult for them to recall the precise information provided.

After reading these materials, participants completed a questionnaire that contained
the outcome measureiems for some of the constructs (such as understanding) were
distributed throughout the questionnaire. In addition, we asked questions with a greater
potential for diminishment over time (such as the questions about negative emotions
experienced while reading the risk communication) earlier, and items with a potential to
influence other questions (such as questions that entailed precise numbers) later in the
survey. Finally, participants completed the covariate measures.

2.6 Analytic plan

For each of the overall outcome measures we conducted a-priori 2 (Graph: Format
foreground-only vs. foreground and background) by 2 (Probability Level: out of 100
[actual probabilities] vs. out of 1000 [smaller probabilities]) ANCOVAS, covarying out

gender, UXO knowledge, UXO familiarity, and exposure to UXO stories. The results for
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the main effect of graph format are summarized in Table Il. Analyses on the component
measures are provided in the supplementary material, with findings of particular interest
mentioned briefly here. We then examined how wed model in Figure 1 explains the
pattern of our results using structural equation modeling, adjusting the model in an
exploratory manner to account for relationships among the variables that differed from our
original model.
3.RESULTS
3.1 Analyses examining the effects of graph format
3.1.1 Perceived likelihood

There were main effects of both Graph Format and Probability Level on the size of
the perceived risk magnitude. Specifically, participants presented with the actual
probability levels (M z-score = .19) judged the risk to be more likely than did participants
presented with the smaller probability levels (M z-score = -.19), F(1, 288) = 20.37, p
<.001. More importantly, participants presented with the foreground-only graphical
display (M z-score = .12) judged the risk to be more likely than did participants presented
with the foreground and background graphical display (M z-score =-.12), F(1, 288) =
11.70, p =.001. There was no interaction between Graph Format and Probability Level,
F(1, 288) = .52, p = .47.
3.1.2 Fear experienced while reading the risk communication

There was a main effect of Graph Format, whereby participants presented with the
foreground-only graph (M 5.08 reported experiencing more fear when reading the
communication materials than did participants presented with the foreground and

background graph (M 4.32), F(1, 288) = 10.03, p = .002. Neither the main effect of



Risk communication 20

Probability Level nor the interaction was significant (both¥1).
3.1.3 Understanding of the risk magnitude information

There was a main effect of Graph Format and a marginal effect of Probability Level
on participants’ overall understanding of the risk-magnitude information. Participants
presented with the foreground and background graph (M z-score = .09) understood the risk
information better than did participants presented with the foreground-only graph (M z-
score = -.07), F(1, 279) = 6.89, p = .d08. addition, participants presented with the
actual probability levels (M z-score = .08) understood the risk information marginally
better than did participants presented with the smaller probability levels (M z-score =
-.05), F(1, 279) = 3.35, p = .07. There was no interaction between Graph Format and
Probability Level, F(1, 279) = .55, p = .46.
3.1.4 User evaluation of the communication materials

There was no main effect of Graph Format, Probability Level, or interaction between
them on how much participants liked the information presented to thems(allJ2).
3.1.5 Worry about exposure to UXO

There was a main effect of Probability Level, whereby participants worried more in
the actual probabilities condition (M = 5.65) than in the smaller probabilities condition
(M =5.34), F(1, 288) = 6.04, p = .01. Although there was a trend for participants
presented with the foreground-only graph (M = 5.58) to worry more than participants
presented with the foreground and background graph (M = 5.41), this difference did not
reach significance, F(1, 288) = 1.81, p =318he interaction between the variables did
not approach significance, F(1, 288) = .01, p = .93.

3.1.6 Decisions regarding lanedevelopment
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There was a marginally significant main effect of Graph Format on support for
construction activities, whereby participants presented with the foreground-only graph (M
= 2.35) were less in favor of the construction activity than were participants presented
with the foreground and background graph (M = 2.59), F(1, 288) = 3.31, p =.07. There
were no other effects on either support for construction activities or on support for
increased pay and education for construction workers;saH 39.

3.2 Contributorsto decisionsregarding land redevelopment

As discussed previously, we are interested not only in determining the effects on each
variable individually, but also in examining how any effects on decision making come
about. Table Il provides the zero-order correlations among the primary outcome
measures. As is evident from the large correlations in the table, the primary determinant of
both types of decisions was the amount of worry. This supports our conjecture earlier that,
for situations involving risk, amount of worry is the most proximal indicator of decision
making, as shown in Figure 1.

3.2.1 Modeling the effect of graph format on support for construction activities

We tested the ability of the model in Figure 1 to predict support for construction
activities decisions, eliminating user evaluation of the communication materials, since that
variable was not influenced by graph format. In particular, we constructed a structural
equation model including all of the links depicted in Figure 1 (except for user evaluation),
as well as covariances among understanding, perceived likelihood, and experiented fear,
to determine whether the links indicated in that model were necessary. All of the links
were significant at p < .05, except for the link between understanding and worry,

standardized beta = .06, p = .23. We thus eliminated that link from the model.
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Next, we tested whether any of the direct links between the variables on the left-hand
side of Figure 1 and support for construction activities would add predictive validity by
adding links one at a time between graph formatupport for construction activities,
perceived likelihood- support for construction activities, experienced feasupport for
construction activities, and understandirgsupport for construction activities, in keeping
with the logic used in stepwise procedures in regression analysis. None of these links was
significant, all ps >.26. Our final model of the effect of graph format on support for
construction activities is depicted in FigureyZ6) = 4.42, p=.62, RMSEA = .000; NFI
=.989. The non-significant chi-square, low RMSEA (Root Mean Square Error of
Approximation), and high NFI (Normed Fit Index) all indicate good fits of our métel.

In summary, graph format influenced perceived likelihood and experienced fear while
reading the communication materials, which influenced worry, which in turn influenced
support for construction activities. Graph format also influenced understanding, but
participants’ understanding of the risk-magnitude information was unrelated to worry or
their support for construction activities. Further, there were no direct links between either
graph format, perceived likelihood, experienced fear, or understanding with support for
construction activities.

3.2.2 Modeling the effect of graph format on increased pay and education

We then took the same approach, this time predicting support for increased pay and
education for construction workers. Although there was no effect of graph format on this
variable, examining the structural equations model provides some indication of why this
was the case. Our final model for predicting support for increased pay and education for

construction workers is also depicted in Figure 3, and the fit indices again indicate a good
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fit of our modelx3(5) = 4.93, p=.43; RMSEA = .000; NFI = .982. There were two

primary differences between this model and the previous one. First, the-wakegision
making link (standardized beta = .42) was considerably weaker than in the model
predicting support for construction activities (standardized beta y» S6c¢ond, there was

a significant direct relationship between understanding of the risk-magnitude information
and support for increased pay and education, standardized beta = .17, p = .002.

Thesetwo differences explain why there was no effdagr@phformat on support for
increased pay and education for construction workers. First, the relationship with worry
was weaker for increased pay and education. Second, the two pathways from graph format
to increased pay and education went in opposite directions. On the one hand, the
foreground-only graph increased the perceived likelihood of harm and experienced fear,
which increased worry and thus support for increased pay and education. On the other,
the foreground-only graph decreased understanding, and decreasing understanding led to
reduced support for increased pay and education. Thus, the addition of the understanding
— support for increased pay and education link in Figure 3 served to reduce the impact of
graph format that occurred through the perceived likelihood and experienced fear
variables.

3.2.3 Other influences on lamedevelopment decisions

Although the primary goal of our path analyses was to determine how the choice of
graph format influences downstream decision making, understanding the factors (whether
produced by the graph or by other variables) that influence decisions is important in its
own right. An examination of the results shown in Figure 3 and Table Ill shows an

intriguing difference behind how different factors influence decision making. First,
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perceived likelihood, experienced fear, and worry were negatively related to support for
construction activities and positively related to support for increased pay and education.
These relationships make sense, in that construction is a risk-taking activity and increasing
pay and education is a risk-mitigating activity.

However, as seen in Table lll, a positive evaluation of the communication materials
was positively correlated with both support for construction activities and support for
increased pay and education for construction workers, although not significantly with
support for construction activities. To determine if these relationships held with the rest of
the variables in the model, we took the full model depicted in Figure 3 and added links
between user evaluation and each of the decision-making variables (also including the
covariances between user evaluation and perceived likelihood, experienced fear, and
understanding). The relationships between user evaluation and both decision-making
variables were positive and either significant or marginally significant, standardized beta
= .16, p = .002 for support of increased pay and education for constructions workers, and
standardized beta = .07, p = .10 for support of the construction activities. Thus, having a
positive evaluation of the communication materials increased people’s support for
different types of policies, whether risk-taking or risk-mitigating.

4. DISCUSSION

We evaluated how best to communicate risk-magnitude information in the context of
decisions about the redevelopment of land potentially contaminated with unexploded
ordnance (UXO) by comparing a display that graphically depicted only the foreground to
a display that graphically depicted both the foreground and background. Below, we

discuss our findings pertaining to graph format effects on decision making and related



Risk communication 25

outcomes, as well as pertaining to the mechanisms by which the choice of graphical
format affects decision making.
4.1 Graph format effects

In comparison to those presented with the foreground and background graph format,
participants presented with the foreground-only graph format 1) perceived the likelihood
of exposure to UXO to be greater, 2) experienced more fear when reading the risk
communication materials, 3) understood the risk-magnitude information less well, and
showed trends to 4) worry more and 5) be less apt to support construction activities.

Of particular importance is that the graphical display that led to the greatest perceived
risk magnitude, experienced fear and anger, and more risk-averse decisions also produced
the least understanding of the risk magnitudes. Evidently, foreground-only graphical
displays are effective at accomplishing one frequent goal of risk communication efforts
(increasing perceived likelihood and risk aversion) but do so at the expense of another
important goal (increasing understanding of the risk information) (se&%Jso
4.2 | dentifying the pathways by which graphical displaysinfluence decisions

As discussed by Lipkus and Hollarféf8 it is important to understand not just what
effects graphical displays have, but also how these effects occur. To this end, we
examined the determinants of participants’ decisions and the role of graphical displays in
producing changes in them. There were four main findings from this set of analyses.

First, the primary determinant of both types of decisions, support for construction
activities and support for increased pay and education for construction workers, was the
amount of worry. As seen in Table Il and Figure 3, the link between worry and

subsequent decisions was much stronger than that between any of our other outcome
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variables and the decisions made. This finding is consistent with the work of Baron et
al.*? who found that worry was the main determinant of action priority.

Second, one way by which graphical displays influence decision making is by
influencing how large people perceive the risk to be and their experienced fear while
reading the communication materials, which in turn influence worry, and subsequently
decision making. Similarly, Baron et@f. found that concern for action is strongly related
to worry and that worry, in turn, is determined largely by probability beliefs. Our results
extend Baron et a“? conclusion by demonstrating that both emotions and the perceived
size of the risk magnitudes determine worry, and that worry mediates the effects of both
these variables on subsequent decision making.

Third, in contrast to the results with perceived likelihood and experienced fear, we
found that liking the communication material influenced decision making thiagisal
pathway that did not include worry. Interestingly, whereas perceiving the risk magnitude
to be large and experiencing negative emotioaases one’s risk-averse behavior
generally, having a positive evaluation of the communication matetiatsises one’s
tendency to support decision-making policies, whether these policies entail risk taking
(supporting the construction activities) or risk mitigation (supporting increased pay and
education for construction workers). Note that, due to the correlational nature of the
current findings, it is possible that the directional relationship is reversed, in that people
who generally support decision-making policies are more apt to like the risk
communicatiorf. Previous work we have conductéd however, showed that the effect of
a communication display on decision making was mediated by liking of the materials.

Combining that finding with the current results, we posit that people who like the
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communication materials feel more capable of taking action on the basis of that
information, both because of greater self-efficacy about decisions and because of greater
trust in the competence of the people carrying out the actions. Although these effects are
relatively small in relation to our other documented effects on decision making, they
suggest that one relatively straightforward way of encouraging people to take action is
simply to design communication materials that they like.

Fourth, although the foreground-only graphical display decreased understanding
while increasing perceived likelihood and experienced fear, only the latter two variables
(and not understanding) were significantly related to support for construction activities.
Thus, it appears that people presented with this displagyumevilling to support
construction at the site due to their increased worry, rather than to a decreased
understanding of the risk magnitude.

4.3 Boundary conditions

Further research is needed to determine whether or not the results generalize to other
situations and participants, but there are four issues that warrant discussion in particular:
1) the specific context involved, 2) the size of the probabilities, 3) the choice of
information to depict graphically, and 4) the participants in our study.

As discussed aboveggple’s decisions were determined primarily by the amount of
worry, not by their understanding of the risk magnitudes. This lack of relationship with
understanding in this study makes sense, since there is no universally “correct” decision
about whether to allow construction to move forward given the exposure risks posed in
this study. Rather, preferences for managing UXO risks depend on the individual’s risk

tolerance- perhaps even more so for UXO risks than for many other types of risks
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because there is a great deal of uncertainty regarding the consequences of digging up
UXO0.® In other situations, however, an accurate understanding of the risk magnitudes
may be associated with specific decisions, such as being risk-averse in certain health
scenario$??

We found no interactions with probability level, suggesting that our effects of graph
format held equivalently for the actual risk magnitudes and for those of an order of
magnitude lower. However, to be realistic in the present context both sets of probabilities
were at the “moderately small” level. As previous work has found that the effectiveness of
specific graphical displays varies according to the size of the risk magriftitfean
important question for future research is whether this pattern of results would hold for
substantially larger probabilities.

Further, our finding that foreground-only graphical displays increased risk aversion is
a function of the fact that these displays were communicating the risk of digging. If
instead the benefits of digging were depicted with foreground-only graphical displays, so
doing would presumably increase the perceived likelihood of the benefits and thus
decrease risk aversion. Also, in many cases multiple types of risks are involved, for
example, a patient with clogged arteries might consider taking a drug that would reduce
the likelihood of requiring bypass surgery but have the risk of other side éffelts.
these situations, it seems likely that both risks would be overestimated with foreground-
only graphical displays.

Finally, the participants in our study were college students, not residents of a
community surrounding the Fort Ord UXO site. Although the current work did not study

that participant population, it is consistent with other research we have conducted with
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that community® In that research, we found that, in comparison to only textual
information, a display that depicted the foreground and background graphically increased
understanding of the risk magnitudes by the Fort Ord residents. Although that work did
not include a foreground-only graphical display, it is consistent with the current findings
in that both studies suggest that foreground and background graphical displays help
participants to gain an accurate understanding of the risk magnitudes. If anything, we
expect that any effects of using college students would have been to dampen our results,
given college students’ relatively high levels of numeracy, and because other research®®
shows that foreground-only graphical displays lead lower numeracy participants in
particular to overestimate the risks.
4.4 1mplications

Two important risk-communication goals are to increase understanding of the risks
and to increase risk aversigrt>ZUnfortunately, our work clearly shows that a graphical
display that is effective at meeting one of these goals may be ineffective for meeting the
other goal. Participants presented with a graphical display depicting both the foreground
and background graphically may dismiss the risks out of hand, even when public health
experts would deem it beneficial for them to implement risk-reduction behaviors (see
Sheppard et &f° for a discussion of this issue). Thus, foreground-only graphical displays
may be a better choice for improving public safety. However, our work also suggests that
interventions solely designed to increase risk aversion may come at a cost, decreasing
people’s understanding of the actual risk magnitudes involved — in essence disempowering

them from making well-informed decisions.
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More generally, our work suggests there are no easy answers for deciding how the
ethical risk communicator should convey the risk information. However, by determining
what factors influenceeople’s decisions and evaluating the effects of the potential
intervention on each of these factors, it is possible to understand not just what effects a
communication technique is having but also why these effects occur. Armed with this
knowledge, the risk communicator is then in the optimal position to weigh the benefits and

costs of the communication approdth.
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Footnotes
It is worth emphasizing that even if there is no impact on the average decision made by
increasing understanding, there could still be improvements in decision making. For
example, people might not be generally more risk averse or risk seeking, but make
decisions more in line with their values,®-*” which could in some cases produce more
risk- averse and in other cases more risk-seeking decisions. Thus, increasing
understanding is an important risk communication goal, even if it does not produce a mean
shift in the decisions made.
2Importantly, all scoring decisions were made in advance of conducting any inferential
analyses and without knowledge of condition, thus ensuring that we did not capitalize on
chance in our inferential analys&3 For similar reasons, we used our overall measure of
each construct in our main analyses, rather than the subset of items that was most
significant.
3 We also asked participants to directly rank the risks, but since almost all of our
participants (94%) got these rankings completely correct, we did not include that variable
due to the ceiling effect. Note that all the measures of understanding of relative risk
magnitude that we included required participants to understand the extent of differences
between the digging depths (not just the ordering), which produced more variability in
these variables.
4 Although there was an overall effect of graph format on understanding, this effect was
particularly strong for measures of understanding of absolute risk magnitudes, in keeping
with the results of Stone et al.?> See the supplementary materials (pp. 17-19) for more

details.
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> Although the display effect on overall worry was non-significant, when we included only
the three items regarding working at the building site, those participants presented with the
foreground-only graphical display (M = 5.91) were more worried than those given the
display that depicted both the foreground and background graphically (M = 5.54), F (1,
288) = 6.96, p = .009. That the effect was stronger on these items makes sense, in that the
risk-magnitude information provided to the participants was in regards to working at the
building site, rather than about children playing at the site or living near Fort Ord. See the
supplementary materials (pp.25-27) for more details.

® We decided a priori to maintain all the covariances among perceived likelihood,
experienced fear, and understanding regardless of their significance levels, since these
links were not of theoretical interest and were included only to provide a more accurate
final model. In keeping with the zero-order correlations presented in Table III, both links
with perceived likelihood were highly significant (p’s < .001), but the covariance between
experienced fear and understanding of the risk magnitudes was not significant, covariance
=-.07, p = .40. Note that the perceived likelihood — experienced fear relationship is
intuitive and seems likely to hold in most studies. In contrast, the link between perceived
likelihood and understanding is likely unique to the current context, as most participants
who did not accurately estimate the risks overestimated them in our study, producing the
negative relationship.

" We than an anonymous reviewer for mentioning this possibility.
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Confidence

Measure Description Coding Interval Skewness Kurtosis
Perceived likelihood Mo Ol andardised " bigher=Greater Percened Likelho 1109091 18 45
Rttt R o s (R EV R S
Understanding Meandt 7Sf:nmdz?(;1i§2;measures Higher:g:zg?earrﬂflzgrstanding [-.07,.09] -53 -52
User evaluation of the communication Meanagfcgri;?glsjs;fj?ecgg}g:1es,i(|)”r(1isng elp Higher:GrSeC:tlc‘:rflg%ns]it%\;Z Evaluatic [4.25, 4.54] -17 ~68
Woryabou exposuretoxo  MemOIS e sbouwerkstconstuer | Sl tonbE - sgeseg 410 108
Support for Consiruction Support, work, o Ive near constructions  Higher-Greater Support  1232:2611 113 8
Support for Increased Pay and Educa Mean of 6 items about increased pay a Scale from 1-7 [5.90, 6.10] -1.44 3.65

education for working at construction sii

Higher=Greater Support
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Table Il
Means of the outcome variables for the foreground-only and foreground and background

graphical conditions

Foreground Foreground an

Measure Only Background p-value'
Perceived likelihood 12 -.12 .001
Experienced feg{0-8 scale) 5.08 4.32 .002
Understanding -.07 .09 .009
User evaluation of the materidls7 scale) 4.34 4.44 .60
Worry about exposure to UX(-7 scale) 5.58 5.41 .18
Decision making about landdevelopment

Support for Constructiofi-7 scale) 2.35 2.59 .07

Support for Increased Pay and Educafici) 6.01 5.99 .61

1The provided p-values are for the main effect of Graph Format from the full ANCOVA.

2This measure is in standardized form, being an aggregate of variables on different scales.
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Correlations among the outcome measures
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Experienced User Evaluatio Support for Support for
Variable b Understanding of the Worry Construction  Increased Pay
Fear o L .
Communicatio Activities and Education
Perceived Likelihood 32Kk - 32%** -.16** H52%** - 35%** 21
Experienced Fear -.06 .09 46> - 32K 23
Understanding 16** -.10F .09 13
User Evalluatllon of the' _03 09 7
Communication Materials
Worry -.B7F* A0
Support for Construction - gk

Activities

+p<.10,*p <.05; * p <.01; ** p <.001
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Figure Captions

Figure 1. Hypothesized model of how graph format influences decision making.
According to this model, graph format influences size of the perceived likelihood,
experienced fear, understanding of the risk magnitugéshe user’s evaluation of the

risk communication, all of which influence worry, which in turn influences decision
making.

Figure 2. Risk communication information, as shown in two of the four conditions: (a)
foreground-only graph format, actual probabilities condition; (b) foreground and
background graph format, smaller probabilities condition.

Figure 3. A structural equations model of how graph format influences support for
construction activities and support for increased pay and education for construction

workers. Coefficients are standardized beta weights.
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Figure 2a

Fort Ord, California was an Army base from 1917 until 1994. Soldiers practiced firing ammunitiofi@éhdthéhere. They fired anti-tank
projectiles, grenades, landmines, mortars, rockets, and other kinds of ammunition. This ammunitioald&l/aatxplode when fired. Some of
it may still be left in the ground. Any contact with it could cause an explosion.

Now, there is a new plan for 310 acres of the land. Monterey Peninsula College wants to construct buildings, roadsgdntsfiheke.
Construction workers run the risk of coming across unexploded ammunition. They can be hurt ibitlgitexs off.

Imagine you live in a community near Fort Ord. You need to decide if the risk is small enough to allowctonstihe risk of workers
hitting ammunition is larger if they dig deeper. For example, buildings require more digging thakinig lpés.

The graph below displays the chance that an individual worker will be exposed to unexploded ammuitibrobd digging depths.

Number of workers (per 100) exposed to unexploded ammunition when digging

No Digging |0

6 Inches

1 Foot

. ()]
~

4 Feet 10

0 10 20 30 40 50 60 70 80 90 100

B Number of workers (per 100) exposed
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Figure 2b

[Same text as in Figure 2a.]

Number of workers (per 1000) exposed to unexploded ammunition when digging

No Digging

6 Inches

1 Foot

4 Feet

0 100 200 300 400 500 600 700 800
B Number of workers (per 1000) exposed ™ Number of workers (per 1000) not exposed
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Decision Making:
Support for Construction
Activities

Figure 3
Perceived
Likelihood
A
15%*
A OFr*
-.B7**
A 4
.18* :
Graph o . Feelings of
Format > Experienced Fear Worry
-.07
-.12*

Decision Making:
Support for Increased
Pay and Education for
Construction Workers

Understanding of the
Risk Magnitudes

p < .10, *p < .05, **p < .01, ***p < .001
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Supplementary Materials for “Designing Graphs to Communicate Risks: Understanding How the Choice of Graphical Format
Influences Decision Makiry
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Goals of the Supplementary Material
We measured each of our constructs with multiple measures. For exposition and space reasons, we combined them into one
overall measure of each construct for the main paper. However, there are theoretical reasons to believe that different measures of each
construct (e.g., understanding) may produce different results (e.g., Stone et al., 2015). Here, we provide more detail on the
construction and scoring of each of the component measures and how they were influenced by the manipulations. We organize the
Supplementary Material according to the construct under investigation: a) perceived likelihood, b) experienced fear, ¢) understanding,
d) user evaluation of the communication materials, and e¢) worry. We do not discuss decision making here, since that variable was

already broken down in the main paper.
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Perceived Likelihood
Perceived likelihood was comprised of six component measures.
Component measures

1. Overall chance of exposure

This measure was based on Likert-type scales used by Shepperd et al. (2013), Stone et al. (2003), and others. Participants were
asked one question about their overall risk of exposure: “What do you think is the overall chance of being exposed to unexploded
ammunition when working at this building site?” (from 1=extremely low to 7=extremely high)

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating greater perceived likelihood.

Descriptive statistics. The 95% confidence interval for the mean was [3.74, 4.13], skewness = 0.00, kurtosis = -0.98.

2. Chance of exposure if a construction worker

This measure was based on Likert-type scales used by Shepperd et al. (2013), Stone et al. (2003), and others. Participants were
asked one question about the risk of expogun@exploded ammunition if one was a construction worker: “Imagine you are a
construction worker at this building site. What do you think is your chanckebfig exposed to unexploded ammunition during the
time you work there?” (from 1=no chance to 7=certain to happen)

Scoring. No transformation necessary.
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Interpretation. The range of scores was 1-7, with higher scores indicating greater perceived likelihood.
Descriptive statistics. The 95% confidence interval for the mean was [3.87, 4.23], skewness = 0.04, kurtosis = -1.12.

3. Chance of injury if a construction worker

This measure was based on Likert-type scales used by Shepperd et al. (2013), Stone et al. (2003), and others. Participants were
asked one question about the risk of injury if one wasmstitiction worker: “Imagine you are a construction worker at this building
site. What do you think is your chancebafng injured by unexploded ammunition during the time you work there?” (from 1=no
chance to 7=certain to happen)

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating greater perceived likelihood.

Descriptive statistics. The 95% confidence interval for the mean was [3.62, 3.97], skewness = 0.23, kurtosis = -1.00.

4. Chance of exposure if a community member

This measure was based on Likert-type scales used by Shepperd et al. (2013), Stone et al. (2003), and others. Participants were
asked one question about the risk of exposure to unexploded ammunition if one was a commmbity INew imagine you are a
community member of the local community of Fort Ord. What do you think is your chanteiofy exposed to unexploded
ammunition around this building site?” (from 1=no chance to 7=certain to happen)

Scoring. No transformation necessary.
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Interpretation. The range of scores was 1-7, with higher scores indicating greater perceived likelihood.
Descriptive statistics. The 95% confidence interval for the mean was [2.61, 2.94], skewness = 0.72, kurtosis = 0.09.

5. Chance of injury if a community member

This measure was based on Likert-type scales used by Shepperd et al. (2013), Stone et al. (2003), and others. Participants were
asked one question about the risk of injury if one was a community member: “Imagine you are a community member of the local
community of Fort Ord. What do you think is your chancbediig injured by unexploded ammunition around this building site?”
(from 1=no chance to 7=certain to happen)

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating greater perceived likelihood.

Descriptive statistics. The 95% confidence interval for the mean was [2.23, 2.51], skewness = 1.00, kurtosis = 0.71.

6. Size of “out 0of 450” estimates

This measure was based on an approach taken by Chua et al. (2006) and Stone et al. (2015) to ask participants to recall the risk
statistics and measure perceived likelihood by seeing how large these recollections are. Specifically, we asked participants to state
how many out of 450 construction workers would be exposed to unexploded ammunition at each of the four digging depths, for
example;‘Six inches of Digging: out of 450 construction workers would be exposed to unexploded ammunition at this

site.”
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Scoring. We averaged the four estimates; these averages had a considerable amount of skew (skewness = 2.96) and kurtosis
(kurtosis=10.58), so we conducted a logarithmic transformation on the averaged values.
Interpretation. The range of scores was 0 to 2.61 (0 to 406.25 prior to the transformation), with higher scores indicating greater
perceived likelihood.
Descriptive statistics. The 95% confidence interval for the mean was [1.13, 1.26], skewness = 0.19, kurtosis = -0.76.
Results
In keeping with the results in the main body of the paper, we z-scored each of the component measures and averaged them to
comprise an overall measure of perceived likelihood. We conducted 2 (Graph Format) by 2 (Probability Level) ANCOVAs (with the
same covariates as described in the main text) on the summary measure of perceived likelihood as well as on each of the component
measures. Note the results with overall perceived likelihood are the same as those presented in the main text. The results for the main
effect of Graph Format are presented in Table S1. There were no significant interactions with Probability Level (all interaction
p’s>.05).
As is evident in Table S1, the foreground-only graphical display led to a greater perception of how large the risks were on each of
the component measures. All of these were significant with the exception of the chance of injury to a community member, which was

marginally significant at p = .06.
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Table S1

Mean levels of perceived likelihood for the foreground-only and foreground and background graphical conditions

Foreground Foreground ar

Measure Only Background p-value’

Perceived Likelihood 12 -.12 .001
Overall chance of exposufg-7 scale) 4.20 3.68 .002
Chance of exposure:construction workei7 scale 4.25 3.85 .006
Chance of injury:a construction worki@r7 scale) 3.95 3.64 .05
Chance of exposure:community mem{eir scale 2.91 2.64 .02
Chance of injury:community membgt-7 scale) 2.46 2.28 .06
Size of “out of 450” estimates (in log units) 1.29 1.10 <.001

! The provided p-values are for the main effect of Graph Format from the full ANCOVA.

2This measure is in standardized form.
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Experienced Fear
This measure was adapted from the work of Lerner et al. (2003). Participants were told “Assuming you are a construction worker
living near this building site, think about how you felt when you read the information about unexploded ammunition.” Participants
then responded to four items that assessed their fear, as well as eight other items not reported here.
Component measures
1. Worried

Participants responded to the statement “I felt worried when I read the information about unexploded ammunition” by circling a

number from 0=Did not feel the emotion the slightest bit to 8=Felt the emotion more than ever before.

Scoring. No transformation necessary.

Interpretation. The range of scores was 0-8, with higher scores indicating more experienced fear.

Descriptive statistics. The 95% confidence interval for the mean was [4.91, 5.38], skewness = -.79, kurtosis = -.12.
2. Fearful

Participants responded to the statement “I felt fearful when | readhk information about unexploded ammunition.” by circling a

number from 0=Did not feel the emotion the slightest bit to 8=Felt the emotion more than ever before.
Scoring. No transformation necessary.

Interpretation. The range of scores was 0-8, with higher scores indicating more experienced fear.
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Descriptive statistics. The 95% confidence interval for the mean was [4.94, 5.45], skewness = -0.75, kurtosis = -0.31.
3. Frightened

Participants responded to the statement “I felt frightened when | read thefisrmation about unexploded ammunition” by circling
a number from 0=Did not feel the emotion the slightest bit to 8=Felt the emotion more than ever before.

Scoring. No transformation necessary.

Interpretation. The range of scores was 0-8, with higher scores indicating more experienced fear.

Descriptive statistics. The 95% confidence interval for the mean was [4.47, 5.02], skewness = -0.55, kurtosis = -0.83.
4. Terrified

Participants responded to the statement “I felt terrified when | read the informatiabout unexploded ammunition” by circling a
number from 0=Did not feel the emotion the slightest bit to 8=Felt the emotion more than ever before.

Scoring. No transformation necessary.

Interpretation. The range of scores was 0-8, with higher scores indicating more experienced fear.

Descriptive statistics. The 95% confidence interval for the mean was [3.40, 3.98], skewness = -0.04, kurtosis = -1.28.
Results

In keeping with the results in the main body of the paper, we averaged the four components (i.e., the 4 fear items) to comprise an

overall measure of experienced fear. We conducted 2 (Graph Format) by 2 (Probability Level) ANCOV As (with the same covariates



Risk communication 62

as described in the main text) on the summary measure of experienced fear as well as on the individual items. Note the results with
experienced fear are the same as those presented in the main text. The results for the main effect of Graph Format are presented in
Table S2. There were no significant interactions with Probability Level (all interaction p’s > .22).

As is evident in Table S2, the foreground-only graphical display led to greater fear than the foreground and background graphical

display on each of the four fear items.
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Table S2

Mean levels of experienced fear for the foreground-only and foreground and background graphical conditions

Foreground Foreground ar

Measure Only Background p-value’

Experienced Fedf-8 scale) 5.08 4.32 .002
Worried(0-8 scale) 5.49 4.81 .002
Fearful(0-8 scale) 5.61 4.79 .001
Frightened0-8 scale) 5.11 4.38 .009
Terrified (0-8 scale) 4.10 3.29 .005

' The provided p-values are for the main effect of Graph Format from the full ANCOVA.
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Understanding

We assessed understanding using seven different measures adapted from previous research (Bruine de Bruin et al.,t2014; Chua e
al., 2006; Cuite et al., 2008; Miron-Shatz et al., 2009; Stone et al., 2015; Weinstein, 1999; Wright et al., 2009). These included
measures of understanding of both absolute and relative risk magnitudes (Stone et al., 2015; Weinstein, 1999), as well as a measure of
the participant’s subjective evaluation of their understanding, and were chosen to assess participants’ understanding of both the gist of
the information as well as the verbatim information (Hawley et al., 2008; Reyna, 2008; Reyna & Brainerd, 2008; Stone et al., 2015;
Zikmund-Fisher, 2013). Specifically, two of the measures assessed understanding of absolute risk magnitudes, four understanding of
relative risk magnitudes, and one perceived understanding.
Component measures

1. Absolute correctness of recall items (understanding of absolute risk magnitudes)

This measure was based on work by Stone et al. (2015) and others who asked participants to recall the information provided to
them. Specifically, we asked participants fourifilthe-blank questions pertaining to each of the digging depths, where participants
responded to, for example, “I think that  outof  workers at this building site will be exposed to unexploded ammunition when
digging one foot into the ground.”

Scoring. For each of the four digging depths, we calculated the estimated percentage chance of exposure to unexploded

ammunition. Conceptually, we are interested in how close these estimations are to the actual percentages at each of the digging depths
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One approach would be to calculate the absolute differences at each of the digging depths and sum the absolute differences. This
approach is problematic, however, given that some participants substantially overestimated the risks, producing extreme skew
(skewness = 5.77) and kurtosis (kurtosis=53.88). (See Miron-Shatz, Hanoch, Graef, & Sagi, 2009, for a discussion of this issue.)
Thus, consistent with the approach taken by Stone et al. (2015), for each digging depth we scored correctness on a 3-point scale
(correct, close to correct, far from correct) and summed these four values to get an overall score for this measure.

For example, when scoring the percentage chance of exposure when digging 6 inches for the actual probabilities condition, the
correct answer was 6% and thus received a score of two. Perceived percentages between 3% and 10% (inclusive, but not including
6%) received a score of one, arsponses outside this range received a score of zero. The ranges for the “close” (1-point) responses
were chosen with the goal of having roughly as many “close” and “far” responses and to be as symmetric as possible around the
correct answer, although given the skew in the distributions this was not always possible, and we also looked for natural breaking
points in the frequency distributions.

Interpretation. The range of scores was 0-8 (0-2 for each digging depth), with higher scores indicating greater uigderstandin

Descriptive statistics. The 95% confidence interval for the mean was [5.19, 5.78], skewness = -0.54, kurtosis = -1.10.

2. Absolute correctness of “out 0of 450” items (understanding of absolute risk magnitudes)

This measure was based on an approach taken by Stone et al. (2015) to use a denominator different from that used in the

communication when assessing recall to better capture participants’ gist by making it more difficult to respond with the verbatim
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information. Specifically, weobk the responses to the questions where we asked participants to state how many “out of 450
construction workers” would be exposed to unexploded ammunition at each of the digging depths (Perceived Likelihood Component
measure #6) and scored how close they were to the true values.

Scoring. As again just summing the absolute deviations produced considerable skew (skewness = 3.22) and kurtosis (kurtosis =
12.27), we scored correctness on a 3-point scale (correct, close to correct, far from correct) at each of the digging depths and summed
these four values to get an overall score for this measure.

Interpretation. The range of scores was 0-8 (0-2 for each digging depth), with higher scores indicating greater understanding

Descriptive statistics. The 95% confidence interval for the mean was [5.14, 5.70], skewness = -0.54, kurtosis = -0.99.

3. Correlation of the recall estimates with the actual percentages (understanding of relative risk magnitudes)

Consistent with one of the measures of understanding of relative risk magnitudes used in Stone et al. (2015), we took the four
percentage estimates from (1) above and correlated these estimates with the actual percentage chances of exposure. Thus, whereas (1
examined how accurate one’s overall estimates were across the digging depths, this measure examined the relative risk rankings for
the four digging depths.

Scoring. We calculated the correlation between the estimated percentage chances of exposure with the actual percentage chance
Most participants’ responses were highly correlated (95% were .77 or higher) with the actual likelihoods, which produced substantial

negative skew (skewness = -6.87) and positive kurtosis (kurtosis = 65.01) in the correlations. Thus, we conducted a 5% winsorization
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on the left side of the distribution.
Interpretation. The range of scores was .77 (due to the winsorization) to 1, with higher scores indicating greater understanding.
Descriptive statistics. The 95% confidence interval for the mean was [.95, .96], skewness = -1.62, kurtosis = 1.82.

4. Correlation of “out of 450 estimates with actual percentages (understanding of relative risk magnitudes)

Also in keeping with the approach taken by Stone et al. (2015), we took the estimates from (2) above and correlated these
estimates with the actual numbers.

Scoring We calculated the correlation between the estimates and the actual numbers. As with (3), most participants’ responses
were highly correlated (95% were .79 or higher) with the actual numbers, which produced substantial negative skew (skewness = -
7.28) and positive kurtosis (kurtosis = 59.12) in the correlations. Thus, we conducted a 5% winsorization on the left side of the
distribution.

Interpretation. The range of scores was .79 (due to the winsorization) to 1, with higher scores indicating greater understanding.

Descriptive statistics. The 95% confidence interval for the mean was [.95, .96], skewness = -1.42, kurtosis = 1.12.

5. Tradeoff of risk with time items (understanding of relative risk magnitudes)

As discussed by Cuite et al. (2006), one way of assessing understanding is to determine whether participants can conduct
“tradeoff” operations. Thus, we asked participants four questions regarding whether working at one digging depth for a certain amount

of time would be more or less risky than working at a safer digging depth for a portion of that time and at a riskier digging depth for a
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different portion of time. An example item is: “Assume you work at the construction site for 2 months. Which would provide the
smallest chance of exposure to unexploded ammunition? A. Digging at 6 inches for the first month and at 4 feet for the second
month; B. Digging at 1 foot for both months.”

Scoring. Each of the items was scored as correct or not and the four items were summed.

Interpretation. The range of scores was 0-4 (correct or not per item), with higher scores indicating greater understanding.

Descriptive statistics. The 95% confidence interval for the mean was [2.41, 2.64], skewness = 0.17, kurtosis = -0.80.

6. Which increase in risk is greater items (understanding of relative risk magnitudes)

Many researchers have assessed understanding by asking participants to rank a set of risks (e.g., Weinstein, 1999). As a simple
ranking was too straightforward here (since it was obvious that increased digging depths would increase the risk) we asked two
guestions that required participants to understand not only the ordinal relationships, but also the extent to which they differed in risk.
In particular, we asked participants two questions about which change in digging depth would produce the greatest increase in risk.
An example item is: “For which of the following comparisons is the increase in chance of exposure greater? A. A change from no
digging to six inchs of digging. B. A change from six inches to one foot of digging.”

Scoring. Each of the items was scored as correct or not and the two items were summed.

Interpretation. The range of scores was 0-2 (correct or not per item), with higher scores indicating greater understanding.

Descriptive statistics. The 95% confidence interval for the mean was [1.54, 1.67], skewness = -0.93, kurtosis = -0.20.
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7. Subjective understanding

A number of researchers have assessed understanding by asking participants to rate their subjective understanding (e.g., Stone et
al., 2015; Wright et al., 2009). We asked one question about subjective understanding of the risk magnitude information: “How well
did you understand the information you were just given about how many people would be exposed to unexploded ammunition during
construction on this building site?”” (from 1=not at all to 7=very well).
Scoring. No transformation necessary.
Interpretation. The range of scores was 1-7, with higher scores indicating greater understanding.
Descriptive statistics. The 95% confidence interval for the mean was [5.55, 5.88], skewness = -1.22, kurtosis = 0.90.
Results
In keeping with the results in the main body of the paper, we z-scored each of the component measures and averaged them to
comprise an overall measure of understanding. Additionally, Stone et al. (2015) suggested that foreground-only graphical displays
may be particularly poor for understanding of absolute risk magnitudes (see also Reyna, 2008). Thus we also constructed two
additional summary understanding variables, one by averaging the (z-scored) measures of understanding of absolute risk magnitudes,
and one by averaging the (z-scored) measures of understanding of relative risk magnitudes.
We conducted 2 (Graph Format) by 2 (Probability Level) ANCOVAs (with the same covariates as described in the main text) on

each of the summary measures of understanding as well as on each of the component measures. Note the results with overall
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understanding are the same as those presented in the main text. The results for the main effect of Graph Format are presented in Table
S3. There were no significant interactions with Probability Level (all interaction p’s > .10).

As is evident in Table S3, descriptively the foreground-only graphical display produced less understanding then did the
foreground and background graphical display for all seven component measures of understanding. However, the effects with the
relative measures were smaller and not generally statistically significant. These results are consistent with those of Stone et al. (2015),
who found that in comparison to a purely numerical display, a foreground-only graphical display reduced understanding, but primarily

on measures of understanding of absolute risk magnitudes as opposed to relative risk magnitudes.
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Table S3

Mean levels of understanding for the foreground-only and foreground and background graphical conditions

Foreground Foreground ar

Measure Only Background p-value’
Overall Understanding -.07 .09 .009
Understanding of Absolute Risk Magnitudes -.14 13 .005
Correctness of recall items (0-8 scale) 5.23 5.74 .04
Correctness of “out of 450” items (0-8 scale) 5.05 5.77 .003
Understanding of Relative Risk Magnitudes -.08 .07 .08
Correlation of recall with actual percentages .95 .96 .38
Correlation of‘out of 450” with actual%’s .95 .96 15
Tradeoff of risk with time items (0-4 scale) 2.52 2.53 .58
Which risk increase is greater items (0-2 scale 1.55 1.66 .07
Subjective Understanding (1-7 scale) 5.56 5.86 .06

1The provided p-values are for the main effect of Graph Format from the full ANCOVA.
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2This measure is in standardized form.
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User Evaluation of the Communication Materials

Five items were adapted from previous research assessing how positively participants evaluate the presentation of risk
information (e.g., Bruine de Bruin et al., 2013; Dolan & ladarola, 2008; Schapira et al., 2006). We reminded participants that they had
been shown information about the chance of exposure at different digging levels and asked them to respond to that information in
particular.
Component measures
1. Helpful

Participants were asked “How helpful did you find that information for decision making about the risks?” and circled a number
from 1=Not helpful to 7=Very Helpful.

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating a more positive evaluation of the communication
materials.

Descriptive statistics. The 95% confidence interval for the mean was [4.59, 4.97], skewness = -0.37, kurtosis = -0.81.
2. Accurate

Participants were asked “How accurate or true do you think the information was?”” and circled a number from 1=Not Accurate to

7=Very accurate.
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Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating a more positive evaluation of the communication
materials.

Descriptive statistics. The 95% confidence interval for the mean was [4.02, 4.35], skewness = -0.02, kurtosis = -0.64.
3. Useful

Participants were asked “How useful would you have found that information for making decisions about the risks?”’ and circled a
number from 1=Not At All Useful to 7=Very Useful.

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating a more positive evaluation of the communication
materials.

Descriptive statistics. The 95% confidence interval for the mean was [4.49, 4.88], skewness = -0.40, kurtosis = -0.77.
4. Liking

Participants were asked “How much did you like the way the information regarding the chance of exposure was presented to
you?” and circled a number from 1=Did Not Like It to 7=Liked It a Lot.

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating a more positive evaluation of the communication
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materials.

Descriptive statistics. The 95% confidence interval for the mean was [4.11, 4.51], skewness = -0.32, kurtosis = -0.83.
5. Credible

Paticipants were asked “How credible did you find the information presented to you?” and circled a number from 1=Not at all
credible to 7=Extremely credible.

Scoring. No transformation necessary.

Interpretation. The range of scores was 1-7, with higher scores indicating a more positive evaluation of the communication
materials.

Descriptive statistics. The 95% confidence interval for the mean was [3.82, 4.17], skewness = -0.04, kurtosis = -0.75.
Results

In keeping with the results in the main body of the paper, we averaged the five component measures to comprise an overall
measure of user evaluation of the communication materials. We conducted 2 (Graph Format) by 2 (Probability Level) ANCOVAs
(with the same covariates as described in the main text) on the summary measure of user evaluation as well as on each of the
component measures. Note the results with the overall measure of user evaluation are the same as those presented in the main text.
The results for the main effect of Graph Format are presented in Table S4. There were no significant interactions with Probability

Level (all interaction p’s > .07).
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As is evident in Table S4, descriptively, the foreground and background graphical display was evaluated more highly than the

foreground-only graphical display on each of the component measures. However, none of these effects approached significance.
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Table S4

Mean levels of user evaluation for the foreground-only and foreground and background graphical conditions

Foreground Foreground ar

Measure Only Background p-value’

User evaluation of the communication mtrls (1-7 s 4.34 4.44 .60
Helpful (1-7 scale) 4.73 4.83 .65
Accurate (1-7 scale) 4.18 4.19 .98
Useful (1-7 scale) 4.66 4.71 .86
Liking (1-7 scale) 4.17 4.45 .24
Credible (1-7 scale) 3.97 4.01 .83

1The provided p-values are for the main effect of Graph Format from the full ANCOVA.
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Worry about exposure to UXO

Nine items were adapted from previously used scales (Lipkus et al., 2005; Wright et al., 2009). These items assessed how
worried, afraid, and anxious participants would be to work at the building site, live in the local area around Fort Ord, or let children
play near the building site. Although the factor structure was well-explained by a one-factor solution, a 3-factor solution was readily
interpretable as breaking down into those questions asking the participant about working at the building site, living near Fort Ord, and
letting children play near the construction site. Here, we explore each of these individual factors as well as the overall measure of
worry.
Component measures

1. Worry about working at the building site

Participants were asked three questions: (1) “If you were a construction worker at this building site, how worried would you be
abou finding unexploded ammunition during your work there?”; (2) “If you were a construction worker at this building site, how
afraid would you be of finding unexploded ammunition during your work there?”’; and (3) “If you were a construction worker at this
building site, howanxious would you feel working at this building site?”” All questions were on a 1-7 scale, with 1 = Not at all
worried [afraid / anxious] and 7 = Extremely worried [afraid / anxious].

Scoring. The three responses were averaged into an overall measure of Worry about working at the building site.

Interpretation. The range of scores was 1-7, with higher scores indicating greater worry.
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Descriptive statistics. The 95% confidence interval for the mean was [5.57, 5.87], skewness = -1.40, kurtosis = 1.84.

2. Worry about children near the building site

Participants were asked three questions: (1) “How worried would you be about letting children play near this building site?””; (2)
“How afraid would you be about letting children play near this building site?”’; and (3) How anxious would you feel if children were
playing near this building site?” All questions were on a 1-7 scale, with 1 = Not at all worried [afraid / anxious] and 7 = Extremely
worried [afraid / anxious].

Scoring. The three responses were averaged into an overall measure of Worry about children near the building site.

Interpretation. The range of scores was 1-7, with higher scores indicating greater worry.

Descriptive statistics. The 95% confidence interval for the mean was [6.17, 6.43], skewness = -2.18, kurtosis = 5.15.

3. Worry about living near to Fort Ord

Participants were asked three questions: (1) “How worried would you be about living in the local area around Fort Ord?”’; (2)
“How afraid would you be to live in the local area around Fort Ord?”; and (3) How anxious would you feel if you lived in the local
area around Fort Ord?” All questions were on a 1-7 scale, with 1 = Not at all worried [afraid / anxious] and 7 = Extremely worried
[afraid / anxious].

Scoring. The three responses were averaged into an overall measure of Worry about living near to Fort Ord.

Interpretation. The range of scores was 1-7, with higher scores indicating greater worry.
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Descriptive statistics. The 95% confidence interval for the mean was [4.27, 4.66], skewness = -0.35, kurtosis = -0.83.
Results

In keeping with the results in the main body of the paper, we averaged the three components (i.e., the 9 items) to comprise an
overall measure of worry. We conducted 2 (Graph Format) by 2 (Probability Level) ANCOV As (with the same covariates as
described in the main text) on the summary measure of worry as well as on each of the three component measures. Note the results
with the overall measure of worry are the same as those presented in the main text. The results for the main effect of Graph Format
are presented in Table S5. There were no significant interactions with Probability Level (all interaction p’s > .73).

As is evident in Table S5, despite the fact that the difference between the two display types did not reach significance for overall
worry (as seen in the main text), the foreground-only graphical display did lead to greater worry than the foreground and background
graphical display when only worry about working at the building site was considered, F (1, 288) = 6.96, p = .009. In retrospect, the
fact that the display effect was strongest on this component makes sense, because the risk-magnitude information that was provided
was in regards to digging at the site, not in terms of children playing there or living in the vicinity. Thus, it appears as if the lack of
significance on overall worry occurred because the other types of worry (that weren’t influenced by the display) diluted the effect on

worry about working at the building site.
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Table S5

Mean levels of worry for the foreground-only and foreground and background graphical conditions

Foreground Foreground ar

Measure Only Background p-value’

Worry (1-7 scale) 5.58 5.41 .18
Worry about working at the building site (1-7 scale) 591 554 .009
Worry about children near the building site (1-7 sca 6.32 6.27 .79
Worry about living near to Fort Ord (1-7 scale) 4.50 4.43 .57

1The provided p-values are for the main effect of Graph Format from the full ANCOVA.
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