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Abstract

Effective communication of risks requires a theiosst
understanding of the influences of cognitive andkta
constraints. We present progress toward the ifigation of
performance parameters in an experiment that espltine
dynamic interplay of four key risk communicationriedles
(i.e., cognitive strategies, numeracy, complextyd format).
Specifically, we conducted a protocol analysis race the
types of cognitive strategies used when comparing t
helpfulness of two treatments. Variability in cadgre
strategies was also examined as related to (1) dorm
(expressed either as absolute or relative risk ataohs in
either a frequency or single-event probability fatjn(2) task
difficulty; and (3) numerical skill. Results indie@l that
highly numerate people often effectively used mmweplex
strategies. However, the performance advantageigifiyh
numerate people only existed when comparing twatived
risk reductions (which requires a complex strategyit not
when comparing two absolute risk reductions (whieduires
a simple strategy). A frequency format was alsontbuo
produce additional benefits in very difficult tast®., when
comparing absolute and relative risk reductiongn&ally,
although strategies and accuracy are influencedmiayy
factors, risk communication tended to be most arent
when presented in terms of absolute risk reductions

Keywords: Risk communication; framing; risk reduction;
frequency format; single-event probability; indiual
differences; numeracy; cognitive strategies; pratanalysis.

Introduction

Absolute and reélativerisk reductions

base-line risk (BL — i.e., the proportion of pagants in the
control group who have the disease) and the prigpodf
participants in the trial group who have the dige§s).
Accordingly, an absolute risk reduction is defireiBL-T,
and a relative risk reduction as (BL-T)/BL (noteattha
relative risk reduction is normalized to the bdse-risk).

To illustrate potential sources of confusion, atigke risk
reduction of 25% could mean a reduction in disdase
40% to 30% (corresponding to an absolute risk redniof
10%) or from 0.4% to 0.3% (corresponding to an hlieo
risk reduction of only 0.1%). Relative risk redacts are
often larger percentages than absolute risk reshgtand
thus may be perceived as more effective. For exangpl
relative risk reduction of 25% may be perceivednasre
effective than an absolute risk reduction of 0.8%€n when
they are equivalent. This can be particularly peoidtic
when the nature of the risk reduction (absolutestative) is
not explicitly stated. Of course, most treatmehts/e
negative side effects, which may affect subjective
preferences for treatment. Nevertheless, given riative
risk reductions are normalized to the base-linksribey do
not enable an accurate estimate of the trade-affasden
benefits and side-effects (or costs).

Risk communication and risk reductions are nottkehito
medical treatments. Generally, the effect of evacyion
which reduces any risk can be expressed as aveelatian
absolute risk reduction (e.g., an education proganeduce
risky driving behavior). Therefore, it is crucia tlevelop a
detailed theory that will allow effective commurticen of
risks to the public, to policy makers, and to thogeo

How can we effectively communicate risks? The amsweroutinely deal with risk (e.g., physicians, bankers

depends on the dynamic influences of skills, sgiate and

task complexity and formats. For example, many istud Study of biasesin comparing risk reductions

have shown that the framing of risk informatiore (ithe
way the information is formatted) can have a larjeience

Several studies have shown that physicians andemati
favor a treatment, or consider it more helpful, it

on judgments and decisions (Edwards, Elwyn, Coveypeneficial effects are expressed as a relative reskiction
Matthews & Pill, 2001; Gigerenzer, 2003; Tversky & rather than an absolute risk reduction (for a naetalysis of

Kahneman, 1981). In particular, two indicators banused
in order to convey risk reductions afforded by eatment
including (1) the absolute risk reduction and (&) telative
risk reduction. Consider two groups of people: @na trial
group taking a treatment and the other is a cogmalip. A
definition of risk reduction requires the identé#ton of the

the scientific literature see Covey, 2007). Thisildobe
considered a type of bias. One could however haté b
normative and descriptive concerns about this claim

Normative aspects In the meta-analysis of Covey (2007),
only three studies out of twenty-eight provided fase-line
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risk in addition to the relative risk reduction. Mbut base- additional item was taken from the scale of Schayart
line risk there is no normative criterion enablinge  Woloshin, Black and Welch, 1997 — the item invotyia
determination of whether participants exhibit biaken  coin toss).
comparing a relative with an absolute risk reductio

When base-line risk is provided, it can be argueat t Structure of each task Every participant was given four
participants are biased if they overestimate theesaisk  risk reduction tasks, each quantifying the helpégkof two
reduction in a relative format than in an absolitemat. treatments either in a relative or in an absolusk r
However, the meta-analysis on these three studies\@ reduction format. In every task, two diseases were
provide a clear indication that people favor rigkluctions presented. For each of them, the following infolioratvas
framed in a relative format when base-line risksreve given: the base-line risk (BL), the amplitude of thisk
provided. Moreover, one cannot determine the doacdf  reduction (RR) and the reference class (RC) of ribk
the bias. Do people overestimate the efficienclyedtments reduction. The reference class was presented &er eit
whose risk reduction is communicated in a relaforenat? (1) the whole population, which corresponds to hsokute
Alternatively, do people underestimate the efficiemvhen  risk reduction; or (2) the population who would erthise
it is communicated in an absolute format? Intengdyi get the disease, which corresponds to a relatig& ri
Covey (2007) also questioned whether the relatatene of  reduction.
the risk reduction was sufficiently explicit: Inree studies,
participants may have interpreted the relative redkuction  Absolute risk reduction and relative risk reduction The
as an absolute one. Covey concluded that thisrh@sbe four tasks had the same structure, including indepst
partially attributed to the methodological procestur variables BL, RR;, BL,, RR, (integers) and RC RG

(expressions); the instructions read as folldws:
Descriptive aspects To the best of our knowledge, research “[First paragraph] Consider two different diseaBesand
has yet to directly investigate the cognitive stgits people D, with similar symptoms; for each of them, a paitcu
use when trying to estimate the helpfulness ofeattnent treatment (which can be for example a vaccine, dicaé
on the basis of its risk reduction — whether abtgolor  prescription, a particular lifestyle...) could redube risk of
relative. The examination of cognitive strategiess @ contracting the disease. [Second paragréphPb6 of the
necessary part of ongoing psychological researclorder whole population normally get the diseasgib their life.
to assess the most common misconceptions. MoreoveBut following the treatment A would preveRR% of RC,.
several studies have mixed probability/frequencymits, [Third paragraphBL,% of the whole population normally
which can complicate interpretation (i.e., probi&pibn one  contract the disease,Dn their life. But following the
side and frequency on the other side). For examplereatment B would preve®R% of RG,..”
Sheridan, Pignone and Lewis (2003), expressedwelesk The expressionRC, and RG, read either as “the whole
reduction as probability and absolute risk redudti@s a population”, which will be abbreviated “Abs” (asigh
mixture of probability and frequency (for furtheisdussion corresponds to an absolute risk reduction); or tee “
see Gigerenzer, 2003). If one wants to study tiferdnce population who would otherwise get this diseasehjclv
caused by relative versus absolute format, one Idhouwill be abbreviated “Rel” (as this corresponds teekative
express all risk reductions consistently (frequenicgingle-  risk reduction).
event probability).
Frequency or single-event probability Half of the
Experiment participants K=27: 15 men, 12 women) received their

We conducted an experiment and protocol analysisder instruction in a modified single-event probabilityrmat;

to examine the cognitive strategies people use wheli€ Second and third paragraph then read as fallows
comparing different risk reductions in conjunctiaith the [Second paragraph] An average person in the whole

influence of numeracy, format (absolute or rekatiisk ~ Population has &L,% probability of getting the diseasq D
reduction, frequency or single-event probabilighd task in her I!fe. But foII.owmg. thg treatmentOA woulddeace .the
difficulty. All materials provided base-line riskand made ~Probability of getting this disease BiR% for RC,. [Third
clear for each risk reduction whether it was absolor ~ Paragraph] An average person in the whole popuidtes a

relative, specifying the reference class to whibk tisk ~BL2% probability of getting the disease, D her life. But
reduction applied. following the treatment B would reduce the probigpiof

getting this disease &R% for RG,.”
M ethod, material and procedures In this single-event probability format, the exmiess
’ RC, andRG, read either as “an average person in the whole

i population”, abbreviated as “Abs”; or as “an averagrson
the qu Planck Inst_ltute for Hgman De.v.elopment (Ber in the population who would otherwise get the digda
and paid 17€ for their participation. Participactsnpleted a abbreviated as “Rel”

demographics questionnaire (e.g., sex, age) and the
numeracy test of Lipkus, Samsa and Rimer (2001)¢ctwh
assesses one's general facility with probabilifieste: an

Fifty-five participants (28 men, 27 women) werertéied at

! The original text was presented in German.
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Tasks The following values were used across the fourgask

Table 1: Independent variables for the four tasks

BL; | RR | RG | BL, | RR | RG
Ti| 15 4 | Abs| 20 4 | Abg
T2 | 30 1 Rel 2 10| Re
Ts| 15 2 | Abs| 10 1 Re
To| 3 1 | Abs| 5 1 Rel

The order was randomized in the following way: hafif
the participants received the tasks in the ordefff Ts, Ty;
and the other half in the ordeg, Ty, Ty, Ta.

Dependent variables At the end of each task, the
participants were asked to indicate their answerthé two
following questionsQuestion 1 “Without treatment, which
disease is more dangerous for the whole popula{ibn®?he
disease Pis more dangerous than the disease (R) The
disease Bis more dangerous than the disease(B) Both
are equally dangerous.Question 2 “Which treatment
would be more helpful for the whole population? The
treatment A would be more helpful for preventiordifease
D, than the treatment B for prevention of disease (B)
The treatment B would be more helpful for prevemtiaf
disease bthan the treatment A for prevention of disease D
(3) Both treatments would be equally helpful.”

Normative strategies The normative strategy for question 1
consists of selecting the disease whose baseilkeBL is
higher. Question 1 was only given to prevent aralidv
conversational implicature. The maxim of quantifyGrice
(1989) enjoins not to make a contribution more iinfative
than is required. If we had only asked questiothi®, could
have suggested that base-line risks had to betossuswer
this question. The addition of question 1 limite leasons
to believe this. This was necessary as a critgslé of our
study involve analyses of the answers to question 2
Question 2 asked which treatment is the most hiefpfu
the whole populationTherefore, it required the selection of
the treatment with the higher absolute risk redurctWhen
the effect of the treatment was expressed as &veelask
reduction, one had to multiply this value with these-line
risk in order to get the absolute risk reductiorheiV both
risk reductions were absolute, the normative gjsateas to
select the treatment which had the highest RR v@hig is
a simple task). When both risk reductions weretiradathe
normative strategy was to select the treatmentlwhas the
highest BL x RR value (this is a moderately comphesk).
And when one risk reduction was absolute and tierot
relative, the normative strategy was to compare R
value of the absolute risk reduction with the BRR value
of the relative risk reduction, and to select theatment

2 some lifestyle interventions could lead to very lcelative
risk reduction such as 1% relative risk reduction.

associated with the higher of these two valuess (thia
complex task).

Of note, there is an alternative interpretationsofme
instructions. Consider for example the task ih which
treatment A would prevent 2% of the whole populatio
from getting this disease, whereas treatment B dvoul
prevent 1% of the population who would otherwisé thes
disease from getting it. Participants could thih&ttthe 2%
of the whole population immunized by treatment Alddbe
people who would anyway not get the disease; whkerea
treatment B is sure to save at least some peopbewatuld
otherwise get this disease. This would lead tosgiection
of the treatment corresponding to a relative regkuction as
the best treatment, because itsige to save some people
(classified thereafter as strategy,SAIthough this was not
our initial understanding of the text, we acknovgedhat it
is a possible understanding and a “rational” intetqtion.

Classification of strategies To trace cognitive strategies we
conducted a concurrent protocol analysis. Pagitipwere
instructed to “think aloud” while completing risk
comparison tasks. These verbal reports were thetified
and coded based on the presence of unique progessin
products (for an example see Cokely & Kelley, 2068t

for a detailed review see Ericsson & Simon, 1993).
Specifically, strategies were coded with respecttheir
complexity, which was operationalized as follows.order

to compare helpfulness of a treatment, participaatsid
consider two numerical cues including (1) the ris#tuction
amplitude (RR), and (2) the base-line risk (BL)al§trategy
used no more than one cue, it was classified aplsinf a
strategy used both numerical cues or took into idenation
the reference class RC (whose relevance to thdemmols
not obvious at a first sight) it was classifiedcasnplex.

We divided the possible strategies as describdclne 2.

Table 2: Strategies: description and complexity

S1 | Select treatment with higher RRSimple
value.
S2 | Ethical or intuitive considerations. Simple
S3 | Simple alternative strategies. Simple
S4 | Select treatment with higher Complex
BL x RR value.
S5 | In case one RC is Abs and the othe&Zomplex
is Rel, either:
- S5, select the treatment which has
the highest value of RR (far
RC=Abs) or BL x RR (for RC=Rel).
- S5 select the treatment
corresponding to RC=Rel.
S6 | Complex alternative strategies. Complex
S7 | Impossible to identify. /

The normative strategy for task & S1; the normative
strategy for task Jis S4; and the normative strategy for
tasks & and T, is either S5a or S5b, depending on the
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interpretation of the task (it should be noted thath Figure 1 displays the proportions of strategies there
strategies S5a and S5b imply that the participatited the classified into the seven categories for respelgtitasks T,
difference of reference class implied by the tveatments). T, T; and T,, separated for higher and lower numerate
Moreover, the strategies S1, S2 and S3 were diedsifs participants.

simple strategies; and the strategies S4, S5 anaveé36 Numeracy and complex strategy For each participant, we

classified as complex strategies. computed, among the answers that were recognized (i
categories S1 to S6), the proportion of compleatsties.
Hypotheses Highly numerate participants strongly favored more

We hypothesized that people should perform betteiasks ~complex strategiesM = 0.57,SD = 0.44) as compared to
that required simpler strategies (e.g., the moey thould 10w numeracy participant${(= 0.23,SD= 0.27),t (41.8) =
use the normative strategy): people would thenoperf -3.39,p=0.001, one-tailéli Cohen'sd = 1.1.

better on T than on T}, and better onsthan on T and T,.

We also hypothesized that numeracy would predict 14
complexity of strategies (for similar effects isky choice 127 Normative "o 1 imeracy
see Cokely & Kelley, 2009) and that numeracy woailb w0/ strategy h

predict use of normative strategies. 1 ™ High numeracy

Task T1

8
Research has shown that some frequencies can be 6 f
beneficial in some tasks (natural frequencies fayesian 4 ’
tasks, cf. Gigerenzer & Hoffrage, 1995; simple frexcies 2 "'; J
for conjunction effect, cf. Tversky & Kahneman, B98It is 0
currently unclear whether frequencies that are ngiso 14
isomorphic to single-event probabilities can immgov 12 Normative Task T2
performance. We therefore also examined whether a 101 strategy
frequency format would increase normative strategand N
for whom).

Results

Numeracy Numeracy (0-12) was assesse¥ £10.1,
SD=1.86). Median split was performed to divide highl
numerate M = 11.5,N = 29) from less numeratévi(= 8.5,
N = 26) participants.

124 Task T3

10 1 Normative
. . strategy
Protocol analysis Verbal reports of answers to question 2

8
were analyzed independently by two raters (MH arg) A °1 ﬂ
and each classified in one of the seven categofesoss “1
the coding of the 220 strategies (4x55) the indbesr 2
reliability was substantiak@ppa= 0.61,p = 0.001)* 0
Participants used many different variants of simila
strategies. For example, strategies which were dc@deS3
included: select the treatment associated with ltineest
RR; select the treatment associated with the higBé&s Z
Strategies coded as S6 included: select the tredtme ol ﬁ
2
0

124 Task T4

10 Normative
strategy

associated with the highest ratio RR/BL; selecttthatment
associated with the highest ratio BL/RR; selecttteatment i
associated with the lowest difference BL-RR. Styge s1 s2  s3 sS4 S5 s6 s7

coded as S2 included: select both treatments, thicas Simple strategies Complex strategies

reasons; choose by gut feelings; choose at ranttor87,

we categorized non verbalized strategies (e.g.thithk Figure 1: Frequency of strategies used in the tasis
treatment A would be more helpful” or “[reading the

instructions] Treatment B would be more helpful;sye Numeracy and normative strategy For each participant,
correct”) and ambiguous strategies (e.g., “Moscight for ~ we computed the proportion of normative strategts for

the whole population? Hmm, 1%, 1% [stammering]Ti, S4 for %, and S5 for T and T) and non-normative
because... Prevention, more efficient for the praeent strategies (including non-verbalized and ambiguous

[stammering]”). strategies). Overall, as the task complexity insega the
% Results were similar and significant for eithetera The 4 Results show correction for unequal variances akede by
current data analysis is based on the coding of MH. Levene’s test.
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proportion of normative strategies decreased ligear likelihood of attending to differences between refee
(F (1,55) = 30.4p < 0.001,R2= 0.36). classes, particularly when tasks are difficult.

Figure 2 shows the dependence of the performance on
complexity of the tasks and numeracy. Participdots in ~ Numeracy and bias
numeracy only performed well in the simpler task, T The protocol analysis provided a more detailed rijgtson
(which simply required that one compares risk réiduc of the types of strategies and thus biases thateinte risk
numbers). When normative strategies were compkss | reduction comparisons. The most commonly usedesjyat
numerate participants were unable to solve thgyas the direct comparison of the two risk reduction

corresponding task. Highly numerate participant$gpmed
well in both simple tasks ¢J and moderately difficult ()
tasks. For example, on the task, Thighly numerate
participants more often used normative stratedies (.52,

(strategy S1). This indicates that the most comiies —
which is particularly pronounced in low numerate
individuals is a type ofreference class neglect.
Participants tend to interpret all risk reductioas if

SD = 0.51) as compared to participants low in numeracyoncerning the same population. Consistent witheSa)

(M= 0.05,SD = 0.22),t (30.3) = -4.06,p < 0.001, one-

Garcia-Retamero, and Gigerenzer (2009), this sugdkat

performed poorly in the most difficult tasksz(@nd T,) (see
Figure 2).

$0.60— Numeracy CoTrat
o - low — probability
2 —high -~ frequency
i
®
$0.40 N
® S
£
2 4
L .\-_:\
00.20] Y
5 A\
g y
£ \
A R \
2 i
& 0.00— S

‘ [ 1 T T \ \ T

T1 T2 T3 T4 TT T2 T3 T4

Figure 2: Proportions of normative strategies, delpg on
numeracy and format

Format and normative strategy Frequency formats did not
improve performance on taskg and T, which used the
same reference class (absolute or relative) foh btk
reductions. However, frequency formats did
judgment for tasks sfand T, which mixed absolute and
relative risk reductions. Participants in the phuliy group
never answered a single question correctly (Figlr&/hen
considering T and T, a two-way mixed ANOVA showed a
moderate-sized performance difference betweencizatits
in the frequency and in the single-event probapilit
condition,F (1,53) = 4.05p = 0.05,R2=0.07.

Discussion
Our results illustrate that the efficacy of risknomunication
will predictably vary as a function of skill, forpand task
difficulty. Our results suggest three major implioas: (1)
people low in numeracy tend to neglect referenessds;
(2) highly numerate people tend to use more comfibex
not necessarily normative) strategies in companisi
reductions, and (3) frequency formats can incretme

reduction (which always concerns the whole popogtias
compared to relative risk reductions (which arenmaized
to the population who would otherwise suffer théeef
from the risk). This further suggests that peoplaym
commonly overestimate the helpfulness of a treatvéen
expressed as a relative risk reduction (Covey, 007

Individuals high in numeracy were less likely tohibit
reference class neglect: Numerate individuals peréo as
well in comparing two absolute as two relative risk
reductions. It must be stressed that our samplegesasrally
highly numerate, in comparison with the scores oleskin
the general population (cf. Galesic & Garcia-Retame
2008). This suggests that only a very small portibrthe
population would normally be likely to understanke t
meaning of relative risk reductions.

Results indicate that, in order to limit referencass
neglect, risk reduction communications should esented
in an absolute reduction format. Relative risk it is an
artificial construct, normalized to the base-lingkr When
relying on relative risk reduction for risk commaafion
one must be sure that the interlocutor is highljatate and
base-line risks should also be provided. Given thkttive
risk reductions do not provide additional infornoatiand
otherwise may obscure benefits, their use shouldbeed.

Our study also revealed an unanticipated obstackhe

improveinterpretation of risk communication data. Althougte

provided the base-line risk, made clear the refareriass
concerned by the risks reductions, and consisteisiy the
same wording (frequency or single-event probabijlity
protocol analysis revealed an unexpected interjioetaf
some texts and its associated normative strategsnéty
S5). Generally, process tracing techniques, suchr@sqol
analysis, seem to be valuable yet underutilized nwhe
examining biases and the rationale of various juelgs

Numeracy and complexity of strategy

Highly numerate participants consistently used more
complex strategies (even in the tagkwhere the normative
strategy, S1, is simple). They also used more nigalezues
and used a cue (the reference class) whose rekevartbe
problem was not immediately obvious. This suggéisss
numeracy may generally predict a beneficial metaitvg
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style that relies on more careful and elaboratiggnitive
processing (Cokely & Kelley, 2009). This also susgggehat
the superior decision performance in tasknlay be partly
explained by elaborative heuristic search stragegie

Frequency format and mixing of reference classes

This experiment indicates that effective, transpangesk
communication should not mix absolute with relatigk
reductions. Such a presentation is confusing, &mehighly
numerate individuals, and thus very few people rgana
use a normative strategy. It must be emphasizedthis
cannot be attributed to a simple lack of understanaf
relative risk reductions, given that many highlynrarate
participants performed well when comparing two tieta
risk reductions. The critical problem stems frore thixing
of two different reference classes. One requiremeant
transparent risk communication is therefore thesistant
use of the same reference class. Our results atggest that
the frequency format may benefit decision makinghesy
seem to attract more attention to the differenceefarence
classes (although some caution is merited whenrgkriag
these results, as only a few people gave normatigsvers
to tasks T or T,). Generally, more empirical investigation is
needed to explain when frequencies differ from Isirgyent
probability, and to test specific theoretical potidins.

The current study concerned very specific frequesay
single-event probability formats, which were strigng
isomorphic. Future research may also need to igaget
other frequency formats, for example using intedkgs “4
out of 100 persons”; see Barton, Mousavi & Steve087,
for a statistical taxonomy differentiating frequgriormats).
One could also investigate numbers needed to tsbéth is
the inverse of the absolute risk reduction, rounttedhe
closest integer. In this case an absolute riskatimtu of 4%
corresponds to a number needed to treat of 25. Mba&ns
that 25 people should be treated so that one wuilshved.
Such numbers give a good sense of which treatnsetfitei
most useful — the treatment whose number neededabis
the lowest is the most helpful for the whole pofiola
Moreover, it enables an estimate of the balancevds
benefits on one hand and side-effects (or costshemther
hand. Is it reasonable to have 25 persons suffesidg-
effects so that one would be saved? Further stugtiesld
investigate which strategies people use when ttesmd rto
compare numbers needed to treat from differentrireats.
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