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Executlve Summary

It will be a challenge to present uncertalnty in env1ronmental health risk estlmates to the
~ public in ways that inform, rather than outrage ‘this important audience. Although such
: presentatrons may increase c1tlzens Tisk knowledge and trust in the honesty and competence of

. institutions prov1d1ng nsk estrmates careless commun1cat1on could have undesrrable results

‘ " In Phase of this research, people had no response to certam experlmental presentatlons ofa
range of risk estlmates in other expenments two-thlrds of the sample saw the range estrmates as
a s1gnal of government honesty and- competence We needed more study of how laypeople

thought about uncertamty 1n nsk assessment and its 1mpl1cat10ns for risk management to

. ».untangle these mtxed ﬁndmgs

. PhaseII research 1ncluded 1ntensrve 1nterv1ews and open—ended questlonnarres in New
R Jersey and Pennsylvama focus groups in Oregon and a long closed—ended quest1onna1re glven to
- 280 Bugene, Oregon residents (largely college students) We presented uncertamty m the form

of a range of risk estimates, prlmarrly ina hypothetrcal caseofa chemical in drlnkmg ‘water.

The followmg responses appeared among our partrclpants (Eugene sample unless otherw15e

. specrﬁed)

'-”; About 45% doubted the honesty of the government in presentmg ranges of r1sk estrmates |
| ‘a higher proportlon than in the earlier research ‘ -
. About a third dlsagreed that govemment was less competent for d1scuss1ng ranges of risk
estlmates . ‘ | 7
- . On average, people supporte'd presentatlon of uncertainty information YA third of our .
sample strongly desired certamty, rej ectmg risk ranges or quant1tat1ve risk est1mates of
" any kmd R | o
e ‘Zero asa lower bound for a range of risk estlmates was seen on average as an 1nd1cator of
| either 1ncompetence or d1shonesty, whereas a very small pos1t1ve lower bound (e.g:, 1in

10 mrlhon) had much less effect even though a majorlty saw no d1fference between Zero

o and alinl0 m1lhon lower bound Those who d1d see a drfference seemed to doubt that

' the government would d1scuss nsks if they were truly zero.
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» On average, people tended to see the high end of a risk range as being more likely, even-
with a lower risk being labeled as “most likely.” ’ |

 Some, but not all, interviewees and focus group members voluntecreclij reasoﬁs for
uncertainty, such as d_ifferencés in exposure and personal s’ixéceptibility. However,
explanations of uncertainty as due to extrapolation from high-dose data (e.g., from
workers, or due to an accident) or from a:ninial experiments confused, irritated, or -
disturbed them. Eugene responses to 'animal and high-dose extrapolation éxplanéﬁons
were no different; an overwhelming majority agreed w1th scientist-offered reasons for.
uncertainty, but this seemed to be a rationaliz?.tion of c’iistrust_‘rather than true agreement.

+ People said they would doubt a lower risk éstimate froma sécond stildy more than they
would a higher risk estimate, but most felt more conﬁdent about the safety of drmkmg
water after reading a scenario about a lower risk estlmate A a

« When faced with hypothetically overlappmg risk estimates from governrnent and
environmentalists, people did not observe the overlap or 1nterpret it as meaning anything;
however, in the abstract they said agreement among these two g'rbﬁps (or of écademics
with government) would make them sus__pect‘that the environmentalists and ac':ademics_\
had been corrupted. o

» People in interviews and focus groups did not see environmental health uncertainties as
having any relationship to financial, recreational, or transportaﬁon (mdrtallity)
uncertainties. | ) B

 Trust in officials was the niost Cdn&inon predicfdr of péopie’s re_ac:tions to.govemrrnen?t '
risk ranges.' | . ’ L '

« Although a substantial minorifyfof our sample had difﬁculties with numbers, -

mathematical literacy played a very small role in their reaction to risk uncertainties. '

.
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Background

- Several government 1ndustry, and academlc commentators have urged commumcatron of
'uncertarntres in environmental health rrsk estimates to pubhc and other lay audrences, as we
noted in our final report for Phase I (l ohnson & Slovic,‘ 1994a) and a subsequent published |
article (J ohnson & Slovic 1995) Such arguments continue to be made. 'Communication of
: uncertarntles is needed, it is sard to avoid conveyrng information that * is incomplete and may be : ‘
mrsleadmg (Carpenter 1995 p. 127). Narratlve statements of “statlstrcal rehabrhty” should be

‘ made even if it “is not easy for screntrsts to make” them (Carpenter 1995, p. 132) A recent

' ‘ Natlonal Research Councrl report (1994) advrsed U.S. Envrronmental Protection Agency (EPA)-

* to communicate exposure or var1ab1lrty 1nformat10n ina three-part format the estimated risk, the

" level of confidence that the risk is no greater than this estimate, and the subpopulatron to which

the estlmate apphes Admmlstrator Browner ] memorandum on EPA’s Risk Characterrzatlon B
| Program (1995) sa1d that “a balanced discussion of reasonable conclusrons and related

uncertainties. enhances, rather than detracts from the overall credlbrhty of each assessment

Smce our earlier report we have’ found a few drssentmg voices on the benefits of conveymg
uncertamty Arguing that drscussmg uncertamty m risk estimates would. grve homeowners an |
,excuse ‘to,avoid testlng for natural radon i in thelr homes academrc researchers state and federal
ofﬁcrals and nonproﬁtv groups have. urged that—radon communications present ‘an unamblguous

umted front’ ” (Garrrson 1991; USEPA l992 ch. 6, p. 6; Wernstem Sandman ‘& Roberts,
1989 p 18) We cannot deﬁmtrvely refute’ the argument that commumcatrng uncertalnty about
"radon r1sks would have made the testing rate worse. However, with about 5% of U. S homes

havmg been tested, the unamb1guous and forceful U S. medla campalgn does not appear to have
- had much better results than lower-key campargns in Sweden (4%) and leand (2%) (Cole, a )
1993, pp. 72, l79 181~ 182) Further, we used a radon analogue (“zydm”) ina Phase I
experrment on uncertamty Zydin ehcrted srgmﬁcantly lower ratings of risk and worry than a’
Superfund site'chemical at equal levels of estimated cancer r1sk Yet 1ntent10ns to-get the .
“problem solved did not vary, by erther hazard or the level of uncertarnty in the risk estrmate If
these results can be generalized, they 1mply that commumcatlng uncertamty in radon nsk

estrmates ‘would not have depressed radon testing frequenc_y any further. ‘v
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Various other criticisms of communicatingéunéertainty have been made. The President’s
Commission on Risk Assessment and Risk Management sent a letter to House leaders December
14, 1994, that raised concerns about H.R. 9, the Job Creation and Wage Enhancement Act.
Among these concerns was that “providing for ‘best estimates’ of risk along with plausible
upper- and lower-bounds on those estimates may not be much improvement on current methods”
(Risk policy report, 1993, pp. 12-13). A prominent risk assessor (and member of the Pres1dent s
Commission) 1ndependently assailed mandated communication of risk uncertamty, argulng thata
range of risk estimates mlght be misinterpreted as implying equal hkehhood of all estimates,
calculating such ranges in a consensual way would be very difficult and tlme-consumlng, and no
other policy-related numbers—including cost-benefit analyses being considered for a mandate |
under the same legislation mandatmg risk characterization, as well as other economic estlmates
(e.g., of gross domestic product or,h‘ealtn care reform costs)—are expected to come with
uncertainty estimates (Goldstein, 1995, pp. 1602_1.603’ 1609). In less eXplicit language,
MacGregor, Slovic, and Morgan (1994, p. 827) suggested thvat'v“even careful presentation of the
current ‘complicated’ ... state of affairs [cencerning scientific knowledge about eﬁleictromagnetic'

fields] will increase people’s concerns.”

This continuing debate triggered our initial studies, and led us to conclude that more
research on public response to uncertainty should be conducted. The findings of our earlier.

research (Johnson & Slovic, 1994a, 1995) were that:

. People are unfamiliar with the notion of uncertainty in ri_sk assessrnent, and with
uncertainty in science generally. | | | _
. People may recognize uncertainty (i.e,a range of risk estimates) when it is presented
sxmply | o | |
_+ Graphical presentation produced mixed results in commumcatmg uncertainty, makmg a
. range of estimates more obvious, but caus1ng the 1nformat10n to seem less trustworthy '
« People’s views on the environmental cases presented in our expenmental stories rnay
have been influenced less by variations in uncertamty than by personal attitudes toward -
risk, government and authonty ‘

» Agency discussion of uncertalnty in risk estimates appears to s1gnal agency honesty
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+ Agency d1scussmn of uncertamty in r1sk estlmates may be a 51gnal for some people that =
- the agency is 1ncompetent ‘ ' )

. Low risk levels were deemed to be’ preliminary’,f estimates by laypeople; possibly

1mp1y1ng distrust.

Our Phase I studles used several expenments to see how people would respond to
uncertalnty in theé form of a range of risk: estlmates two hazards (natural radlatlon and a chem1ca1
in drmkmg water from a hazardous waste site), vanous upper- and lower-bounds and graph1cs |
_ Two focus groups also dlrectly compared their reactions to point: and range estimates. In our
‘ conclusmns we pomted out that other presentatlons of uncertamty may have stronger, or
different, effects on perceived nsk honesty, and competence For example only one source of
uncertamty (the drfﬁculty of extrapolatmg from ammal data) was described in one of our

experlments more focus on explanatlon mlght affect lay responses

. However, We co'ncluded that it would be premature to test such variations without a better
understanding of how citizens conceive of uncertainty in environrnental health risk assessment
Rather than employmg expenments where one 1nfers thoughts from behav1ors our present goal
- was to begm w1th quahtatrve methods (1nterv1ews open—ended questlonnalres focus groups) to
see the world from the lay part1c1pant s viewpoint. Once we can descrlbe how cmzens might
interpret a descrlptron of uncertamty, we mlght be able to suggest useful contextual and focal
~ information for use by organ1zat10ns wrshmg to convey uncertamty in health nsk assessment to .

the1r audrences
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.. Method.

Our earlier findings suggested that uncertainty in risk assessment was a novel concept for
laypeople. This implied that the approaeh to revealing “mental models” of risk-related topice -
pursued by Bostrom, Fischhoff, and Morgan (1992) would not work. In that approach one asigs
people to “tell me” about the topic (e.g.l\"radon) and uses follow-up questions to elicit details of
the person’s cognitions that aren’t volunteered initially. Askmg people to tell us about |

-

“uncertainty in risk assessment” did not seem likely to be fruitful. -

We, therefore, provided stimulus iterns that people could read and react to (see Appendix I |
for 14 examples). These items used one to six sentences to briefly introduce a range of risk
estimates, or to explain how risk aSSEsSors identify a “safe” level for human expos_ure toa
noncarcinogen. In contraet to the simulated news stories of our earlier work,' these items
included only information that identified tne hazard and described or explained uncertainty asa
range of risk estimates. Once a stimulus was read, we began by aeking “what thoughts,
questions, and so forth, come to mind when you read this?”” Only after allowing this open-ended
response, and asking (in interviews) for more details about this response, were more focused |
questions asked. The intent was to minimize biasing'responses through intefviewer behavior or

survey construction. L "

We collected information through 1nterv1ews focus groups, open-ended’ ques.tlonnalres and
two versions of a closed-ended questlonnalre All stimulus items used in focus groups and
questionnaires dealt with a government announcement about a chemical in the person s drmking
water (whether tap or bottled water). Another seven items used only in interviews probed ,
reactlons when the same risk information concerned contaminated soﬂ or air in people’s . .
neighborhood, or automobile, or airplane crashes. ’

e

! Experiments in Phase I research (Johnson & Slovic, 1994a, 1995—Append1x has copy of latter) used simulated
news stories about environmental problems, with headlines, quotations from government spokespersons and local
citizens, and so forth. The content of these stories varied. The problem might be chemicals from an abandoned
waste site or natural radiation; a point estimate or a range of estimates of risk might appear; and so on. Each
participant read one of these stories. By comparing their responses across dxfferent stories, we could see whether
hazard type, mention of uncertainty, and so forth, made a difference.
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: Interwews . v . ‘
Thirteen people were! 1nterv1ewed in twelve 1nterv1ews (one interview mcluded both

“members of a cpuple at therr request) inlJ anuary 1995 The medlan 1nterv1ew took 45 mrnutes
(range 30- 120 minutes) and 1nvolved responses to seven items (range 4-1 1). Nrne 1nterv1ewees
‘were women; four 1nterv1ewees were in therr 205 ﬁve in their 30s, and the rest up to age 79. Two -
1nterv1ewees were black, with the rest white; five were srngle two wrdowed and the rest
mamed Four interviews were conducted w1th nonscrentlst employees of the New J ersey
Department of Envrronmental Protection'in Trenton the rest with- res1dents of an apartment

' ( complex ina Philadelphia suburb Interv1ewees occupatrons 1ncluded personnel admlnrstrator

secretary, paralegal ﬂorlst nurse, umversrty admmlstrator home health care admmlstrator

dentrst entertainer, and rrsk communlcatlon spemahst’ two retlrees had been in business and

engmeermg

_ A brief 1ntroductlon mcluded a request to read and answer each strmulus 1tem as if it ‘
concerned the water that people actually drank 1nclud1ng bottled water for the two people who
relred on it exclusrvely (see Exhibit 1 for examples others appear in Appendrx l) Each
| "mtervrewee was then handed a sheet of paper on whrch the 1n1t1a1 1tem was prmted and asked to

read it and respond w1th any thoughts, questions, or comments that occurred Probes were used to -
' ehc1t further comments or to clarify earlier comments When the 1nterv1ewee 1ndrcated that he or |
she had no more thoughts to offer on an item, that sheet of | paper was retrleved and the next one
proffered At the end of 30 mlnutes—the time span promised when people ‘were ﬁrst contacted—-

; the 1nterv1ewer asked mtervrewees whether they wished to contlnue That only two people chose ‘

 to stop at thrs pornt and that four took an hour or more, suggests that the toprc-—-desprte

: repetrtrveness in the strmuh—captured people s attention.

No interviewee read every stlmulus item. The reasons for this were that there were too many
1tems to be covered in even the longest 1nterv1ew and there was no need to ask the same
. questrons if, after several mterVIews no new responses were be1ng heard Thus each item was '
presented toa medran of five 1nterv1ewees (the range was 1- 7 out of 12 mterv1ews) Overall

, 'there was no attempt to present 1tems 1n the same order because th1s (glven trme constramts)

' would have prevented some 1tems from ever bemg presented
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EXHIBIT 1. Examples of Interview Stimulus ltems

llem 2a

The government announces that the water you drink contains a level of
chemical X that poses an extra health risk of getting nonfatal kidney damage -
of 1 in 1,000,000 (one in a million) over a lifetime of drinking that water. ' ’

Item 11a :

The government has found a chemical in your drinking water that can cause
nonfatal kidney damage in laboratory rats. The level of the chemical which
the government considers safe for humans to be exposed to is 1 part per
100 million. The level of the chemical in your dnnkmg water is smaller than 1
part per 100 million.

Focus Groups
Two focus groups—each comprised of three women and one man—were conducted on

February 21 and March 7, 1995, in Eugene, Oregon. The first group 1ncluded employees and
volunteers of United Way of Lane County, while the second comprised clients and staffers of a
job retraining program jointly run by the county and private industry. The aim Wats to reduce the
educational level of members, relative to those in our earlier focus group research. Interview

results were used to design the focus group protocol.

Each member of the focus groups read three items on risk nneertainty (see Exhibit 2), and
answered a questionnaire about them, before coming to the focus group session. This approach
allowed us to tap their individual views as 'well as those they would express in a group |
environment; overall these views did not differ from those in interviews or (for Item 3 only)
open-ended questionnaires. Besides reviewing these responses, issues raised by the focus group
facilitator included (a) the effect of zero versus positive lower bounds; (b) use of similar or
different denominators in the probabilities presented; (c) extrapolatlon from ammal data; (d)
extrapolation from high-dose human data; () exposure to average concentratlons below-standard
versus slightly above-standard; (f) explanation of Reference Concentratlon calculatlons (g
reactlon toa graphic (see Figure 1) on confidence bounds in excess risk relative to varymg

exposure; and (h) how reaction to uncertainty in envxronmental risks compares to uncertamty in

financial or safety risks. )
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. EXHIBIT 2. Focus. Group Questionnaire ltems
ittm 3 oo : . : :
The government announces that the water you dnnk contarns a Ievel of:
chemical X.that poses an extra health risk of getting cancer in 1 in 1,000,000 *
(one in one million) over a lifetime of drinking that water. The government
. says that is the most likely risk, but rt says the true risk could be as low as
*_ zero or as high as 1 in 100 000.

“ltem 5 . : : ‘

. The government aniriounces that there is a 5% chance that the extra level of
risk from drinking chemical X in the water you drink for your entire lifetime is
above 1 in 100,000 (one in one hundred thousand), and a 5% chance that
the risk is zero. The government says this means there is a 90% chance that
the true risk is between zero and 1 |n 100, 000

tem 8 - ’
The government announces that its scientists have calculated the nsk of
. getting cancer from drinking the water you drink, which has a small amount
‘of chemical X init; for an entire fifetime. It-is 95% certain that at least 90% of
‘the population has an extra risk of no-more-than 1 in 1,000,000 (one in one” ~
- million). A small proportion of people who are more likely than others, when'
exposed to a’cause of cancer, to get cancer may have a risk as high as 10
in1, OOO 000 (ten in one mllhon) if they dnnk this water for their entrre lives.

Open- ‘Ended Questlonnalres
A wider variety of i items (12, rather than 3) but srmrlar to those given to focus group

members were dlstrrbuted to volunteers from the j Jury pool for Essex County, New Jersey. Four
versrons of the questlonnalre ‘each 1nclud1ng three umque questlons were created; 20 copies of
each versron were distributed. Of the 80 questlonnalres distributed, only 29 were returned and
only 18 included substantlve responses The nonsubstantlve responses 1ncluded answermg
only the socrodemographw questlons prov1d1ng one or two answers and then apparently losing -

" interest, and providing answers whose content (e.g., none ” “good thlng *) seemed to 1ndlcate)a

: ‘ superﬁcral or 1rrelevant response to the questions. g g

Most respondents (24 of 29) gave enough sociodemo graphlc 1nformatlon to compare those
who gave substantrve responses to those who d1d not. Overall, men and women were equally
nurrrerous (ll to 13), although women dominated in the substantive group (10 to 6) Median age
was nearly 1dentlca1 (45 and 44) and ranged from 20 to 67. The sample of 17 whrtes 4 blacks,
and 1 Hrspamc was equally d1v1ded among substantlve and per1phera1 responses (79% vs. 75%
Whlte) The main dlfferenee between the two groups was educatron 75% of substantlve

respondents had a college degree or better while five of the per1pheral respondents had a high .
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, U (95%certain)

1in 100 ' yd
= 1in 1,000
= B
a 1in 10,000
(5]
>
()]
g 1 in 100,000
= L (5% certaln)
b
-~ 1in 10 million
1 in 100 million 2
— L
0 o ~ 50% T 90% 99%

Half of the population has higher
exposure, but halif has lower exposure

Percent of exposture to risk

We are 90% certain (95% minus 5%) that the risk to a person with
high (80%) exposure is between 1 in 1 million and 1'in 333.

Figure 1. Graphic presenting var1ab1111:y in exposure, shown to focus groups adapted from NRC .
(1994, pp. 10 —25).

school diploma or less, and the other two members in this'category reported their educational

background as “some college.”

Closed-Ended Questlonnalre
Results from the preceding data collection were used to’ develop a questlonnalre that could

give us a broad view of lay beliefs and attitudes about uncertamty in environmental health risk
estimates. Material was added from focus groups in our earlier research scientific literafure on
uncertamty, and hypotheses stimulated by our earlier research. Statements were also drawn from
the literature and elsewhere that might measure some potent1ally medlatmg variables (e.g.,

attitudes to uncertainty in daily life, ideology, behavior regarding drinking water) No attempt
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was made to be comprehensrve or rlgorous wrth such medratrng varlables because our prrmary
goal was to understand lay concepts ‘about uncertamty in envrronmental health r1sl< assessment ‘
not to explarn drfferences in these concepts Most statements were desrgned w1th a four-step,

: strongly dlsagree strongly agree erert response format The sequence of items in the closed—

ended questlonnalre 1ncluded the followrng

. medlatrng factors
. ,questlons about their drrnkrng water ‘ v 7 N o
.a scenarro ona range of dr1nk1ng water rrsk estrmates and an explanatlon for the range .
) (extrapolat1on from erther an1mal or h1gh-dose data) '

: "\responses to the scenano o | v 7

. attltudes toward recervrng no rrsk estrmate (e g., bemg told they are safe or unsafe) a - |
rpomt estlmate ora range of estimates’ |

. ‘mrscellaneous' uncertainty statements ;

Se a scenano on two estrmates of risk over time, and responses to-it

”

. soc1odemograph1c 1nformat10n

; ' After pretestrng, the questronnarre was answered in late November of 1995 by 280
E respondents to an advertrsement in the Un1vers1ty of Oregon newspaper Thrs group. was 50. 7% |
. male, ‘with a medran age of 20 (range 17-36). Three quarters (74 6%) had some college, with |
- 14.7% havmg a bachelor’s degree or better. Most ('79.3%) were white, wrth 8.6% labelmg v
. themselyes as Asians or Pacific Islanders 2. 9% as “Na‘tive American and 1. 4% as black. Only
2.5% were of Hrspanlc or1g1n although 5. 4% d1d not answer thrs questron About 14% had one
-or more chlldren hvmg at home and 13% were affiliated with an envrronmental group: Split
.f samples read anrmal (49. 6%) or hlgh—dose (50.4%) extrapolat1on explanatrons of the scenanos
| range of health r1sk estimates. For 127 questions these two groups (readers of anrmal_ or hlghf o
) ldose. scenarios)Tr'ad only three signifrcant d-ifferences (p< .05). Given that thls smallvproportion
of across-scenario differences could have ‘M’ari‘sen by chance,\ and occurred only once for each of
_ three dlfferent topics, these differences are probably not reliable. Thus we combined all 280

responses for analysis. "
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Reviewers of our earlier research suggested that use of mostly student respondents in
Eugene, Oregon, limited generalization of our results. Phase II intér?iewé and open-ended
questionnaires used a more diverse, New J erSey/Peﬁnsylvania popu}étion, and focus groﬁp
members who were less educated than in earlier research, but these were few in number. Non-
Eugene, nonstudent responses did not differ qualitativlely from fhose of Eugene stu'dents. Itis
unlikely a less educated audience would grapple more easily with the concépf of uncertainty in
risk estimates or science, or have a more positive reaction to it, althdugh generaliz:atidn _from"
responses to the closed-ended questionnaire should be dbn@a cautiously. People with less.than a
college education were very unlikely to answer our opeh—ended questionnaire; whether due to -
incomprehension or disinterest in the topic, or less socialization to answer questionnaires, this
may imply that we would fail to get adequate answers from a more diverse group. However, a |
much shorter instrument based on our closed-ended qﬁestionnaiye might be used wifh amore

diverse population (like our New Jersey jury pool members) to test these hypotheses.
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g | | 'Results |
| In the discussion below we group qualitative and Quantitative (closed-ended Questionnairej
' results by topic. Lay- proffered concepts are dlstmgurshed from those derrved from the literature
on uncertatnty and earher hypotheses of ours. In contrast to sketchy ev1dence (from th1s study
: and others) that c~1ttzens have a clear (if 1ncomplete) concept of envrronmental problems and
) government management of those problems they seem to lack a structured view of uncertamty
' about risk estimates. We thus w1ll nhot offer a detatled lay mental model” of uncertalnty hke

that suggested for radon (Bostrom etal. 1992)

Results are. d1scussed in the followmg order to facilitate understanding' general responses
to env1ronmental health rlsk uncertamty, responses to range bounds reasons for uncertamty, |
uncertamty and r1sk management understandmg of science and risk assessment potentially. -

medratmg factors and multtvanate analysrs

_General Responses to Env1ronmenta| Health Rlsk . :
" - Uncertainty- ' ‘ : : ’ ' ' o !
Here we dlSCllSS responses to the relatlon of health risk uncertainty to other kmds of’ r1sk

w1lhngness to see risk ranges; and reactions to a drmklng water scenario 1nvolv1ng a range of rlsk

estimates.

" Uncertainties in Environmental Health Risks Seen as
Dissimilar to Uncertalntles for Other RISkS v
‘It has been suggested that the value for 1mproved de01s1on maklng of assessrng rlsk

' ‘uncertalnty can be demonstrated with the example of i investment uncertarntles (Finkel, 1994)
.The author’s goal seemed as much to educate risk pol1cymakers as crt1zens and he did not make ’

/ explicit the 1mphcat10n that 1nvestment and health risks (and thus the1r uncertalntres) are s1m11ar

at least in the1r Value for decision makmg We thought a brief (because this was not our central .

goal) exploratron 1n mtervrews and focus groups of whether cmzens see such analog1es as valid

mlght show’ whether they could be used to educate people about uncertamty in health risk

assessment
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First, we examined in interviews whether reaction to uncertainty Was.commaon across
environmental health risks. Some interviewees were asked whether their reactions to the risk
estimate ranges would change if the hazard was not a chemical in drinking water, but instead a
chemical in neighborhood soil or in the local air from a nearby factory. Soine people felt,i;vater
offered more personal control, and thus less personal worry, because there were more feasible
protective actions (e.g., switch to bottled water vs. move out of the neighborhood) Others said .
that one could move away from polluted soil, while water was needed for survival. The air-
factory scenario elicited particular outrage, as 1mp1y1ng 1mmora1 behav1or on the part of. busmess
These immediate reactions seemed fo be based on factors unrelated to uncertam_ty? suggesting
that such variations might occur across environmental hazards regardless _of whether point or

range estimates of risk were used.

/

Second, parallels between responses to uncertainty in environmental and nonenvironmental
risks were rejected by both 1nterv1ewees and focus group members. A comparison of the drinking
water scenario with the same range of risk estimates for airplane crashes was dismissed by
interviewees. Their grounds were that air travel was occasional, familiar, and V(if frequent) a
probable requirement of one’s job, while drinking contaminated water was unfamiliar and a
matter of daily exposure; similar responses occurred for uncertainty in automobile risks. Focus :
group members said recreational risks were chosen (on the basis of joy garnered from the
activity), and financial risks (in investing or job security) were not 1rrevocable whereas

_environmental health risks were imposed by others and death permanent Thus uncertain -
recreational and financial risks were acceptable, usually without formal or (allegedly) conscious
weighing of risks and benefits; uncertainty in environmental health was not. Thes«a'reactions
suggest, but do not prove, that using a stock market investment example to show the superiority
of choices made with understanding of uncertainty (kael 1994) may not work with' lay

audiences facingsuncertain environmental risks and estimates L

o’

Some Willingness to Receive Rlsk Estlmate Ranges B ' .
Interviews yielded several statements that people would prefer only a single l‘lSk estimate

rather than a range. For example, two people offered d1ametr1ca11y opposed views: “Government

should announce its preliminary calculations for an environmental health risk, no matter how




.
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uncertarn these numbers are’ and “Government should never announce arisk number about’

| anythmg untrl they know for sure exactly how risky it is.” We-included 13 such statements ‘(srx

from 1nterv1ews' the rest from the literature) about preferences for single risk numbers or for no

numbers at’ alI in our closed-ended questionnaire. Table 1 shows those questlonnarre statements

 that loaded hlgh ona srngle drmensmn in factor analysrs and thus were used to produce a scale

for multrvarrate analys1s» (o = .80). As can be seen, our hypothesrs that aversion to numbers (of

any kind) and aversion to rangesvof risk estimates would be distinct concepts was rejected.

", Further, a “de'sir‘efor Certaintv was not domlnant in thrs sample (Wernstem 1987), about 35%

‘;rated at or above the middle score on this 1ndex Strong desire for certamty in this mrnorlty may

explain the shghtly posxtlve net response to statement 1d, because otherwise this sample seemed

drstrustful of experts and officials (see below)

. TABLE 1. Desrre for Certalnty

‘ Disagree o 'Agr,ee Don;t know
‘1a | prefer bemg told that a srtuatron is safe or unsafe, rather than ' 53.2% ;. 421% ' 4.8%
hearing risk numbers, such as“a health risk of gettrng cancer of 1. g : : o o
*in1,000,000.” : _ ) ‘ .
1b If the government is havrng difficulty in. determlnmg how much of 7 - 18.9 - 74.3 : 6.8
‘arisk an envrronmental condition poses to me, | prefer they give ' : - ' T
'me a range of numbers rather than give me a smgle risk number.’
R o . o
‘ 1cWhen a chemrcal is discovered in my dnnkmg water, | don twant 471 ) 48.9 - ; 3.9
to hear statrstrcs ! Just want to know if. my water is safe. . : T
1dlam more comfortable with an expert s oplnron about whether or 1 © 429 . o 53.2 X
-not my water is safe than with a range of: nsk numbeérs from which S :
I must draw my own conclusions.* .
el would prefer that government tell rne that they re just not sure - 514 . 439 - 46
' about the size of an environmental health risk, if that’s the case, ' ' I
rather than giving me a range of risk numbers
‘1f I"d prefer a single, concrete risk number rather than a range of - 61.4 ; 30{7 S 7.9

numbers for the envrronmental health nsks [ face. .

“ . Note. * ltem (quotatron or paraphrase) denved from Phase il mtervrew data from Eugene Oregon questronnarre

R) Reversed scormg for construction of CERTA!N lndex Cronbach s alpha = .80.

Mixed Reactlons to the Uncertaln Risks Scenarro
Respondents to the closed-ended questlonnarre were asked several questrons after readmg

" oneof the initial scenarxos (see figures 2 and 3), with a caution to assume that * the term ‘water’.
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refers to the water you drink, whether it is bottled or tap water” (during interviews bottlc;,d‘ water
drinkers tended to assume ‘“pollution” scenarios c\‘mly concerned tap water). Table 2 shows the
answers, including indices created from statements loading high on the samé dimensions.
Responses to items in the NOWORRY index (items 2h, 2i, and 2j) indicates that people felt the
risk was low and they would continue to drink the water. However, the CONCERN‘index (itéms
2c and 2d) showed that they were concerned about the effects of drinking this water and

committed to getting it cleaned up.

Table 2 also.suggests mixed reaction to the government agency in the scenario
(GOVHONEST 1ndex items 2e, 2f, and 2g) Nearly a third of the respondents could not dec1de
whether the government was honest, and a plurality doubted it Was f‘t?lllng the truth.” In Phase I
research, about two-thirds of our Study 2 sample felt discussion of a range of vrisk: eétimates
signaled government honesty. In the study reported here, eQual numbers agreed and disagreed
with this proposition. However, as in the earlier research, only about 4 third felt sﬁch discussion
made the government séem less competént and 45.7% diéégreed that“theydiscu‘ssilon made the

agency seem more honest.

" FIGURE 2. Initial Scenario, Version 1

Assessing the Risks of Water Quality

Next consider risks from the water you drink, whether it is bottled or tap water. | Most likely risk
Suppose that a government study found that the water you drink in your home: . ' )
contains a level of a particular chemical that poses a health'risk of getting cancer of 1 .- 1in 1,000,000

in 1,000,000 (one in a million) over a lifetime of drinking that water. e _
. _ Lifetime extra cancer risk

The government study indicates that this is the most likely Lowest risk ‘ - Highest risk
level of risk, but the study also finds that the true risk could be - é_) - . -
as low as zero or as high as 10 in 1,000,000. ‘ 0. 10 in 1,000,000

The government says that the reason for this range of risk numbers is that the only scientific studies of nsks from
this chemical invalyed laboratory tests with animals. Scientists disagree about whether the way an animal reacts to
a chemical will reliably predict how a human would react to the same chemical. This is because different
assumptions about how to predict human nsks from animal reactions to the chemical result in the range of risk
numbers shown above.

Read each of the items below and respond by circling the appropnate number or checking the approprlate box
Assume that the term "water” refers to the water you drink, whether it is bottled or tap water.
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FIGURE 3. Inrtlal scenano Verslon 2, New Last Paragraph

The government says that the reason for this range of risk numbers’is that the only scientific studies.of risks from
this chemical involved cases where people were exposed to much larger amounts of the chemical in their drinking
~water than appear in your drinking water (at the time they were exposed, no one knew this chemical could affect.
health). It is not clear that the cancer—causmg effects in these people of high levels of the chemical reliably predrct
how a human would react to the much lower levels of the same chemical in your water. This is because different
" assumptions about how to predict risks from low levels of the chemlcat when only lnformatlon about risks from high
levels is available, result in different risk numbers.

TABLE 2. Scenario Responses Statement

Disagree ~ Agree ,Don’t know

2a The information‘ in the scenario above is not Lrnderstandable.‘ T 73.6%. 20.4%- T B8.1A%
- 2b Government knows exactly what the level of risk is.* - L 625 . - 26.8 - R 107 .
CONCERN index (¢ = .63) » o
2c1 would actrveiy work to get my water supply cleaned up S 314 T et 8 6.8.
. ~ 2d | would be concerned about the effects of drmklng thls water S 26.8 ©.70.7 25
GOVHONEST index (¢ =.74) v - I ‘ '
"2eThe government is telling the truth. S . 404 , 293 N 30.4
2f The government’s discussion of the range of possible nsk levels. 568" o325 s >'10.7
~ makes the government seem less competent (R) - : ' -
2gThe government’s discussion of the range of’ possxble risk levels - 457 . 448 | 9.6 "
© makes the government seem more honest . " : : .
" NOWORRY index (a=.74) S o | o .
2h This water poses a serious health risk: (R) , o . 882 - ¢ 268 50 - :
.2 | would continue drinking this water. o 214 739 46
. . ‘About the
. ] : . Somewhator . sameas. . Somewhator | o
- - , S considerably other health  considerably_
‘ ' higher o risks ¢ lower Don’t know
:2j Compared to other health risks in my life, the .. 86% 19.6% . 71.4% ‘ . 0.4% e

risk from drinking the water diseussed in the
-.scenario on the previous pageis..

Note item. (quotation or paraphrase) derived from Phase Il interview; R = ltem reversed in index; Cronbach S
. alpha for lndlces in parentheses data from Eugene Oregon questronnatre ’ .

1

Responses to Range Bounds . v
Presentmg uncertamty through ranges of risk estlmates by deﬁmtlon requlres upper and

lower bounds to the range Th15 ralses questlons about how people mlght react to these bounds

Tt
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(e.g., by anchoring to one or the other extreme, and basing their response on that number rather
than on the range). We present results here suggesting an upward bias among vs,o‘rne'people and a -

seemingly distrustful view of zero as the lower bound of a range of risk estimates.

Upward Bias in Assessing Ranges of Estimates
Earlier experiments had people pick a level of known risk that left them 1nd1fferent between '

living in the area subject to that risk and in another area of ambiguous risks. Some respondents
showed a strong bias toward anchoring on the upper bound of a range of risk numbers (Vi 1scus1

Magat, & Huber, 1991). We tested this bias hypothe51s in two ways

First, we asked about agreement with the statement “If arange of env1ronmc=nta1 health r1sk
numbers is given, I would believe that the highest r1sk number is the correct one wh1ch had
been volunteered by a Phase II interviewee. Half (46 4%) of our respondents sa1d they agreed
with it, although nearly as many (43.2%) disagreed (10.4% did not know). If we. take agreement
with this statement as a valid measure of “upward bias,” Viscusi et al. (1991, p.’ .l63) founda - - .
much smaller bias than we did. Fora range of disease risk between 110 and 240 c:a.ses per »
million, 13 of 58 (22.4%) picked the highest number of the range. We do not know whether the
wider spread in their range (130 in 1,000,000) than in ours (10 in 1,000,000) affected the relative
upward bias. We should note that an even larger upward bias occurred in response to scientific

conflict (see “Disagreement Among Groups and Scientists”)ﬁ

Our second means of testing the Viscusi et al. result nrodueed less drarnatic results. We
asked readers of our initial scenario about cancer risk from drinking tivater to judge the size of
this risk in two ways, for the community and for themselves. The scenario (Vpres,ent‘ed'in ﬁgu’res 2
and 3) said that the “most likely risk” was 1 in 1,000,000, but that “the true risk could be as low
as zero or as high as 10 in 1,000,000.” Table 3 shows the propdrtion of sample members who |
estimated the cammunity and personal risks from our scenario at various levels of risk. When we
add the proportion who assessed the risk as equal to the upper bound in the _seenarto (lt) in
1,000,000) and the proportion who assessed the risk as higher than this level, we see that 14.3% ,
(7.5% plus 6.8%) judged the community risk at or above the upper boundof the grovernment risk‘ ‘7
estimate. Similarly, 10% (4.3% plus 5.7%) Judged the personal risk at or above the government’s

upper bound estimate. We would expect only 5% (rather than 10~ 15%) of our respondents to



£

- Lay Views on Uncertainty in-Health R('sk,Asséssment SR S ‘ o .page 19

estimate risks as this high‘ if the government3 S upper‘bourid is 2 95% conﬁdence limit, and there .
was the same distrlbution of estimates among citiZens as in the government analysis These -

" results also suggest a tendency among our respondents to see larger risk estimates as more hkely
However the d1screpancy between th1s finding and the proportlon who claimed they assumed
hlgher risk numbers were more correct prevents us from estrmatmg the prevalence of this upward

‘blas in the populatlon

TABLE 3. Respondent-Esnmated RlSkS of Initial Scenano

Risk Estlmate o - ' . ' Commumty ' "Pers‘o'na'rl
) "‘Zero [Iower bound of ‘scenario] r R 1.,1% o 68% '
"\ Betweenzeroandiin1,000000 . ' - 411 - 154
o in‘1,ooo',c’>oo‘ [“most likely risk” in scenarié] . 125 - '17;5"' .
Between 1 in 1,000,000 and 10 in 1,000, 000 I p V 525 1 40.‘7“ S ‘ | o
10 in 1,000,000 [upper bound of scenano] . 75 v : 4;3. )
~ Higher than 10 in 1, OOO OOO ' o o ‘ 76.8> 57
- Don’t know. _ S h'86,_ 96'v

Note. Respectively, questlons were “The rlsk to the community from the scenario
on the previous page is...” and "My personal risk from the scenario...is most . ' '
" likely to be....” " These formed ESTRISK index, o =73, w1th data from Eugene :
" sample. -

*These results raise questiOns about the hypothesis that v“those not familiar wlth quantitative
methodology “would m1sconstrue each number wrthm arange of risk estlmates as’ equally
probable (Goldsteln 1995, p. 1602). Some 89% of the Eugene sample whose answers appear in
Table 3 have at least some college educatron Although some are less comfortable w1th

| mathematics than this level of educatlon mlght imply (see later drscussron) these results do not

 seem’ to reﬂect a wrdespread equal—probablhty v1ew Because the questrons were phrased as “The
risk to the commumty from the scendrio ... is” and “My personal risk from the scenarro is
-most likely to be we were encouraglng partrcrpants t6 plCl( only one of the options hsted in
Table 3. If they expected each nsk number to be equally llkely, we would expect them to have

selected “I don t know ” because we did not offer an equally probable chorce Clearly, most

A 3 people did not make this selection. Our results may have differed if we had had access to a less '
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‘

educated sample, but at this point we would lean toward rej ecting the equal-probability

hypothesis.

Zero as a Lower Bound Risk Estimate Created
Problems
A National Research Council (NRC) committee noted- (1994 PP 9-—23) that USEPA has

typically used the standard phrase that a risk “could be as low as zero.” The committee said this

might be mlsleadmg in a given case, and current information allowed for more accurate (m many .

cases nonzero) lower bound estimates. A reviewer. of our prev1ous artlcle on public responses to

uncertainty felt our findings might have been affected by use of the same terminology in our

scenarios. People might think “zero’ mdlcated risk assessors’ ignorance, and he felta small but

f,

positive lower bound might yield different results. On the other hand, experiments with college

students suggest that people treat small incidence numbers (e.g., less than .000003) as esseritially |

zero (Stone, Yates, & Parker, 1994). One of our earlier studies did include positive (one in ten’
thousand and one in one million, braeketingv the Stone et al. figure) and zero lower bounds,

without prompting signiﬁcant differences in reSpo'nse.

We presented interviewees, focus group members and jury pool members w1th altematlve

lower bounds. Among their open-ended responses were the followmg

» government never announces an environmental issue if there truly could be zero risk
involved, even if they say the risk could be zero ‘ )

« when government says about environmental issues that “the true risk could be as low as
zero,” they are really saying “we could be wrong” |

« if the risk of getting an environmental health problem could be zero, one doesn’t worry

about it

« if one is told that an environmental risk could be zero-or could be higher, one tends to

~out

' assume that the risk is zero

« the fact that government says the I’lSk could be zero means to me that it’s probably not

Zero.

Clearly different people offered different, and therefore sometimes contradictory,

comments. They agreed that it would make no difference whethér the lower bound of a range of

o
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risk estrmates Was zero or 1 1n 10 000, OOO but dlsagreed on the reasomng Some saw the two

-numbers as essentlally the same, others saw the latter as a risk that should be ehmmated

To understand the scdpe of thes‘e' contradictions and disagreements, we turned four’of these
volunteered phrases (shown in Table 4) into staternents for our 'closed'—ended 'que‘stionnaire. Each |
‘ statement oceurred with two d1fferent numbers—zero and 1 in 10,000, OOO—Wlth otherw15e
,1dent1ca1 language. Dependlng on the statement 56~ 72% of pa1t101pants gave ‘the same response
to both 1tems in each palr thus apparently treatmg these alternate lower bounds as. 1dent1ca1 The
- majorlty, treatmg very Jow risks as effectively equal to zero, conﬁrmed_the findings of Stone et .

al. (1994).

TABLE 4. Responses to Lower Bounds

"Risk Disagree | _ Agree - ‘Don’t know
4a The fact that government says the risk could be Z © 29.3% 55.7% 15.0%
means to me that it’s probably not__ .* . o
(p <.0001) _ ,T . 50.7 . 346 14.6
* 4bWhen government says about envrronmenta! cz - 286 . 5\8.9 125 '
problems that “the true risk could be as low as : ’ a
," they are really saying “we could be wrong n T ka4 53.6 ‘ 10.0
(p<.0002) o
4c i the rlsk for humans of getting an envrronmental Z ‘ - 532 - 414 5'.4.
h bl , L don’ ab t ' :
ealth pro emcould be __, onA t worry outr T ag 889 . - 32
o< .0001) - , . SRR ﬁ
4d If I’'m told that an environmental health risk could . Z 93 875 32
be __or could be hlgher ltend to assume tha{t(the T 264 . 625 14

- - risk is higher than __
(p < 0001)

Note. Rrsk Z=zero; T=11In 10 mllllon ltem (quotatlon or paraphrase) denved from Phase II interview;
‘data from Eugene Oregon questronnarre ' o . ;

: However close examination of Table 4 shows that not everyone reacted to the two numbers
in the same way,, More people agreed that zero, versus 1 in 10 mrlhon asa lower ‘bound meant
that government could be wrong (1tem 4b), the true I‘lSk was not at that level (1tem 4a), and the -
’true risk must be higher (1tem 4d).. Thus use of Zero as a lower bound seemed to evoke doubt

about the rlsk estlmate and an upward bias in perceptlon of the I‘lSkS '
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Statement 4c (Table 4) presents an apparent exeeption. Resr)ondents were less likely to '
worry if the lower bound was 1 in 10 miliion than if it was zero. Because a zero risk is -
objectively lower than a 1 in 10 million risk, there should be lessvs'/orry about zero risk. These
results are thus consistent with those discussed above, concerning doubt about the governrrmnt’s
risk estimates if they include a lower bound of zero. Given this doubt, the hrgher risk number
may seem more trustworthy, and thus less worrying. Phase 1 research (Johnson & Slovic, 1994a
1995) found people rating lower risk est1mates (l‘m 1,000,000) as* prehmrnary information
significantly more often than higher nsk estimates (1 in 1,000). Together these findings suggest
that, everything else being equal, the pubhc assumes that higher risk numbers are e1ther more
honest or more competent (e.g., have been based on a more thorough, less ¢ prelnnmary,

. analysis).

Overall, these results show that use of the term “zero” as a lower bound had a signiﬁcent
impact on the Eugene sample’s responses to a range of risk estimates. The National Research ”
Council (1994) recommended that government agencres avoid the default language of “as low as
zero” in reporting ranges of risk estimates, unless the data did not allow alternatrves The NRC
committee making this recommendation felt that agencies making full use of available
information would rarely have to resort to zero as a lower bound.)2 We believe our results suggest
that communication, as well as risk analysis, would beneﬁt.from avoiding zero as a lower bound

on risk estimate ranges.

Reasons for Uncertainty
General unfamiliarity with the concept of uncertainty in health risk assessment makes

laypeople’s understanding of reasons for such uncertainty difficult to plumb. However,vbecause -
anyone wishing to communicate about uncertainty would want to take audiences’ understanding
of these reasons into account, we did some exploration of this topic. First, we review some.

evidence on people’s reaction to explanations of uncertainty that concerned extrapclation from

¥ Other technical reasons exist for avoiding ranges of risk estimates that include zero. For example, suppose there, is
uncertainty about whether an animal carcinogen is also a human carcinogen. Two risk estimates for human health

are then possible: zero if the chemical is not a human carcinogen, or a range of risk estimates whose lower bound is ;
a small positive number.. According to this analysis, which was provided to us by Dr. Alan Stern of the New Jersey
Department of Environmental Protection, it is improper to have a range of risk estlmates that includes zero.
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either animal data or!human data involving high doses. of a chem‘ical Then we discuss how they

‘ respond to shrftlng nsk estlmates over time, dlsagreement over rlsk esttmates among groups
(e.g., government Vs. env1ronmental1sts) or sc1ent1sts and expert-proffered reasons for sc1ent1ﬁc

uncertalnty about env1ronmental cond1t10ns (e. g in measurement due to complex1ty or about :

past or future r1sks) o

‘ thtle lmpact of Explanatlons of Uncertalnty .
If ranges of r1sk estimates are offered by 1nst1tut1ons as many risk assessors suggest

explanatxons of Why there are ranges (1 e. uncertamty) would seem necessary for lay
.understandmg and acceptance ‘Except in Study 4 (where explanatlon of extrapolat1on from
~animal data had no observable 1mpact) such explanatrons ‘were largely absent from Phase I
- experlments We dec1ded to explore the impact.of several dlfferent explanatlons on people’ s |

response to uncertamty in th1s phase of research

- The bulk of our effort focused on explanatlons concernmg extrapolatron from animal and
' ‘h1gh-dose data. The versions used in 1nterv1ews focus groups, and open—ended questlonnalres
appear- in EXhlblt 3. Readmg these items did not seem to help people either understand or accept

the reasons for havmg a range of risk estlmates Most who read them rated the explanatlons as

- 1rrelevant to. the main 1ssues of risk management (e g cleanmg up the pollut1on) confusmg, and . "

too ‘wordy. The few people who reacted posmvely seemed to be more satlsﬁed with the
extrapolatlon-from-ammal data explanatron than by the extrapolatton—from hlgh-dose

- explanatlon

The interviewees who were less apprecratwe of the hlgh-dose than the ammal extrapolatlon
;explanauon could not explam their feelings. However anecdotes from sources out51de thls study ,
raised the possrb111ty that people might believe that risks to workers, the populatlon wh1ch often

' prov1des the hlgh dose data from which rlsk assessors extrapolate to lower doses, are not
| _ properly related to risks to. the general public. We asked our Eugene sample to md1cate the1r level‘
‘ of agreement with the followmg statement: “Suppose the government uses. the effects on humans »
of high levels of a chemrcal (for example among factory workers) to predlct the effects of lower "
levels of the chemical on members of the pubhc The. govemment is competent when it uses this
“ method to determine the size of an env1ronmental chemrcal risk for humans.’f. Although
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EXHIBIT 3. Examples of Interview Stimulus ltems

ltem 6

The gc government announces that the water you drink contains'a level of
chemical X that poses an extra health risk of getting cancer of 1 in 1,000, 000
(one in one million) over a lifetime of dnnklng that water. The government
says that is the most likely risk, but the true risk could be as low as zero or
as high as 1 in 100,000. The government says that the reason for this range
of risk estimates is that the only scientific studies of this chemical’s effects
on cancer risks involved laboratory tests with animals. It is not clear that the
way an animal reacts to a chemical will reliably predict how a human would
react to the same chemical. Different assumptions about how to predict
human risks from animal reactions to the chemical result in different risk
estimates.

tem 7

The g government announces that the water you drink contains a level of

chemical X that poses an extra health risk of getting cancer of 1 in 1,000,000

(one in one million) over a lifetime of drinking that water. The government

says that is the most likely risk, but the true risk could be as low as 0.01 in

1,000,000, or as high as 10 in 1,000,000. The government says that the

reason for this range of risk estimates is that the only scientific studies of this

chemical's effects on cancer risks involved cases where people were

exposed to much larger amounts of the chemical in their drinking water than

appear in your drinking water (at the time they were exposed, no one knew .

this chemical could affect health). it.is not clear that the cancer-causing .
effects in these people of high levels of the chemical reliably predict how a o
human would react to the much lower levels of the same chemical in your

walter. Different assumptions about how to predict risks from low levels of the

chemical, when only information about risks from high levels is available,

result in different risk estimates. L

this phrasing does not directly ask people about the propriety of high-dose extrapolation from
workers, it provides an indirect measure of this concern. Slightly more people disagreed (41 A4%)
than agreed (33.9%) with this statement; mary (24.6%) said they did not kxjow. Given theée
answers, we can only conclude that the impropriety of extrapolation from high doses to workers
to low doses to members of the general public may be a factor in the qualitative negative

reception for our high-dose explanation. ‘

g

During early interviews, requests were made for an explanation of the high doses
“elsewhere” from which scenario risk estimates were supposedly extrapolated Item 7 (see
Exhibit 3) about high-dose extrapolation was thus modified to say that “an accident” had oaused ‘
the high doses. It was assumed that an accident would have less moral taint than legal (1.e

permitted) emissions, and thus would not distract people from the explanation of the range of
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. rrsk estrmates However, the few 1nterv1ewees who had a chance to comment upon thrs
explanation after the * accrdent modrﬁcauon seemed to take it as a reason to be more, rather
than less afraid of the consequences of their own exposure to lower concentratrons This reactlon

. may reﬂect along- hypothesrzed (and debated) aversmn to chance as a reason for troubles that
people hke oneself suffer since that seems to make one more vulnerable how can I guard

. agamst chance makmg me a future victim (Shaver 1970)‘7 Interestmg in thlS regard is the -

“response to the followmg statement in the Eugene questlonnalre “Suppose scientists use the
~ health effects of a h1gh dose of a chemrcal on people exposed elsewhere by chance to pred1ct the
' 'effects ofa much lower dose of the same chemical found in my water. That would make me. feel
more at r1sk than if they got the same numbers for predlcted health effects from just studymg the

chemlcal’s effect on an1mals Somewhat more people agreed (40 4%) than drsagreed (32. 5%)

A with th1s statement whlch had been volunteered by an 1nterv1ewee and a substantral number

| (27. l%) could not answer it erther way This is not proof that ¢ chance is an up'settmg |

,explanatron of risk alone much less of uncertamty, but it ralses quest1ons for future pract1ce and
researc)hr.v | A '

‘ Explanatlons about extrapolation from animal and high—dose data also appeared in the
closed-ended questronnalre half of our Eugene sample read one explanatron half read the other
i (see Fi 1gures 2 and 3). We did not prov1de a control” scenano (that is, one wrthout any

: explanatory paragraph) Our focus here was on seemg whether these two. explanat1ons had
' d1fferent effects on responses to the scenarro Out of 127 compansons of the answers given by
our split sample only three significant « d1fferences were found (the questlons on which these

o drfferences appeared are in Exh1b1t 4)
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EXHIBIT 4. tems Eliciting Significantly Different Responses From Readers of “Anitnal”
and “High-Dose" Extrapolation Explanations (from the close-ended questionnaire)

= | prefer being told that a situation is safe or un‘sa'fe:, rather than hearing '
risk numbers, such as “a health risk of getting cancer of 1 in 1,000,000.”

« Government risk estimates tend to indicate the risk that an env:ronmental
pollutant poses for the average person.

» The second study came up with a lower risk number because better
scientific knowledge was available. -

If the proportion of comparisons finding a difference that is stetisticaily significant does not
exceed the criterion of signiﬁcance’ (p < .05 in this study), a rule of ’chuinb is that t’hese ,
differences might have arisen by chance and should be treated as suspect. Because three
significant differences out of 127 comparisons is less fhan the criferion of 5%, we do not believe
the animal and high-dose explanations for uncertainty evoked substantlvely different responses
Our confidence in this conclusion is helghtened by the fact that the significant differences were
found for three different topics, and each of these topics also appeared in one or more other
statements for which significant dlfferences in the two split samples were not found Ifa
substantive difference in response to the explananons was occurring, but not meeting statistical

significance, we would expect it to be concentrated in one topic (if only three differences occur).

A final explanation of uncertainty was offered ‘dur-i'ng‘ qualitative data collection, concern,ing
concentrations of a noncarcinogen in drinking water (the stimulus items concerned appear in
Exhibit 5). Each person read them in the same sequence first the item w1th concentrations
slightly below the government-calculated “safe” level then the item w1th concentrations shghtly
above this level, and then the lengthy explanat1on As can be seen, the latter concerns calculation
of the ‘reference concentration” for the noncarcinogen, extrapolated from animal data. The. '
drinking water in this item also contained coneentratlons above “safe’ concentrations, to see if
the explanation"Would offset the discomfort we expected respondents to have with these above
standard concentrations. With one exception, every person who read this explanatlon deemed it
irrelevant, confusing, overly complex, or arbltrary (“why divide by 10‘7 » as one interviewee puti’ . -

}

it). The one exception was a woman who was very distrustful and upset over the above safe

concentration; this explanation changed her attitude to one of feeling very safe and informed. ,




" Lay Views on Uncertainty in Health Risk Assessment . . B : " page 27

)

- EXHIBIT 5. Explonng the Impact of an Uncertamty Explanatlon in the Quahtatlve
Study.

ltem 1 1a .

The government has found a chemical in your drinking water that can cause

a nonfatal kidney damage in laboratory rats. The level of the chemical which * {

the government considers safe for humans to be exposed to is 1 part per b . >
100 million. The level of the chemical in your drmkmg water is smaller than 1’ '

part per 100 million. , ) ;o A

ltem11b

The government has found a chemlcal in your drlnkmg water that can cause
‘nonfatal kidney damage in laboratory rats, The level of the chemical which -
the government considers safe for humans to be exposed to is 1 part per
400 million: The level. of the chemlcal in your drmkmg water is 1.2 parts per
100 mlllxon 5

Item 11¢ ‘ :
The government has found a chemical in your drinking water that can cause. oo
nonfatal kidney damage in laboratory rats. However, this chemical did not B P
cause kidney damage when fed to laboratory rats in ‘doses of 1,000 parts o o
_per 100 million or less. Government scientists took a cautious approach to ’
‘calculating a safe dose for humnans; although it is possible 1,000 parts per.
100 million would be safe for them too. They divided this number by 10 to.
account for the fact that the rats were only fed the chemical for a'short time, -
‘and humans (at worst) might be exposed for an entire lifetime; divided by 10 7
again to account for the possibility that humans might be more sensitiveto - . o
_ the chemical than are rats; and divided by 10 again to account for humans S
who may be more sensitive to the chemical than the average human Thus, -
the level of the chemical which the government considers safe forhumansto.
be exposed to is 1 part per 100 million. The level of the chemlcal in your
drinking water is 1.2 parts per mﬂllon ’

_ Shlﬁlng Rlsk Estimates Over Time
‘Ttem 4 in- the qualitative study (see Exhibit 6) dealt w1th changmg estunates over tlme as

" new scientific 1nformat10n became avaﬂable In general temporal changes did not seem to alter "
‘interviewees’ concerns that there was any risk at all, although there seemed more dlstrust of |
government reducmg 1ts estlmates than increasing them over time. This reaction is cons1stent
‘with Wemstem s (1987) finding that government is more credlble when it says that a 51tuat10n is

unsafe than wh_e_n it reassures people.

[
.

L2
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EXHIBIT 6. Example of Shifting Risk Item in the Qualitative Study

tem 4

A government study was done of the water you drink a few years ago, which

contained (and still contains) small amounts of chemical X. It found that the .
most likely extra level of risk of getting cancer from drinking this water for ‘

your entire lifetime was 1 in 100,000 (one in one hundred thousand). This

was below the drinking water standard for this chemical at the time, so no

action was taken and the amqunt of the chemical in the water has stayed the

same. The government did another study recently, using new scientific’ .

information about the chemical’s effects, and concluded that the most likely ’

level of risk was 1 in 1,000,000 (one in a million). : -

The closed-ended questionnaire included a écenario (Figure 4) of a follbw—upu study to the
“original” risk estimate for health risk of cancer from drinking water (most likely lin
1,000,000; range of zero to 10 in 1,000 ,000). The scenano sa1d that the government was try1ng
“to obtain a more accurate number.” The result was a most hkely estimate of one in a b1111on,
with a range from zero to 10 in a billion. The fact that the second study produced a lower risk
estimate was specified in the scenario, to avoid any mathematical confusion. Answers to .

’

questions about this scenario appear in Table 5.

FIGURE 4. Second Study Scenario

You will recall that the governmient study described earlier in this survey found that the water you drink in your
home contains a particular chemical that poses a health risk of getting cancer of 1 in 1,000,000 (one in a million)
over a lifetime of drinking that water. Though this is the most likely level of risk, the study also found that the true
risk could be as low as zero or as highas 10in 1, 000 000.

Imagine that the government has now conducted a second study to try to obtain a more accurate number for the
actual health risk you face. This second study finds that the heaith risk of getting cancer is most-likely 1 in
1,000,000,000 (one in a billion), though the study says it could be as low as zero or as high as 10 in 1,000, 000,000
(ten in a billion). Thus the second study finds a lower risk than the first study

Risk Study One: Risk Study Two

Most likely risk : Most likely risk
1 in 1,000,000 1 in 1,000,000,000

Lifetime extra cartter risk Lifetime extra cancer risk

Lowest risk Highest risk Lowest risk Highest risk

0 E ; 10 in 1,000,000 0 { } 10 in 1,000,000,000
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TABLE 5. Responses to Lower Risk Esjtim\ate From Foltow-Up Study -

‘ Disagree o Agree ~Don’t know
5a The second study was.more competently done than the first. S 29.3% 20.0% i 50.7%
' '5b | am more confident about the safety of my water after seelng the . 354 ) ‘ 54.6 " 10.0
“results of the second study. . ' C ‘ o
. 5c The two studies are essentially in agreement aboutthe levelof, . = 60.0 ° : _‘ 318 - 82
cancer risk from the chemical in the water : : L ' :
&d Study One with the hrgher risk number was less competently: . T4 .8 ";12.9 ' 45.4
done. S S L -
5e The difference in level of nsk between the two- studres is probably 404 254 343 -
due to chance. . : . o v . I
BfIf the government did a thlrd study it would find a risk level even . 318 .. . 157 52.5
- closer to zero than the second study. R ‘
5g Taken together the results of the two studies provnde a more’ '23.9 59.6 16.4 .
accurate assessment of the Ievel of risk than either study by N : 3 ‘
itself.” : N : ~
. 5h The second study. came up with a lower risk number because 27.5 i ‘ . ]2,0‘.7 : - 518

better scientific knowledge was avarlable

Note. These statements followed the scenario in Frgure 3. * Item (quotation or paraphrase) derived from Phase’ll
|n,tervrew data from Eugene, Oregon, questionnaire. S - : . .

A majonty felt more conﬁdent of their water S safety after the second study (5b)
presumably because it found a lower risk. But in the context of the above mentioned ﬁndings of )
, greater government cred1b111ty with hzgher risk estlmates this-is surprlsing However a full third
' did not feel better even w1th a max1mum risk of 10'8, perhaps due to dlstrust About half of the
sample refused to rate the. relative competence of the two. studies (Sa) to pred1ct what risk level a
' thrrd study might find (St) or to Judge that the second (lower) estimate was based on better |
knowledge (5h). Perhaps this was due to respondents feehng such oplmons were not supportable

" by the available 1nforma_t10n. o » e DR

Several interviewees indicated that conducting more studies-of environmental problems isa
| srgnal that officials respond to pubhc concerns. An. alternate hypothesis i is that multlple studies
reduce uncertainty The fact that a maj ority agreed With an earher 1nterv1ewee that the studies ﬂ
together gave a more accurate assessment of the risk than either one alone (5 g) could be

1nterpreted as confirming the second hypothesrs This Judgment would be due to the two

estimates conﬁrmmg roughly the same I'lSk level w1th the second range of risk entirely
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subsumed within the first, and both levels being quite small. Yet, contrafy to the uncertainty-
reduction hypothesis, most people disagreed that the two s;cudies had found the same level of risk
(5¢), and only a quarter thought the difference was probably due to chenee (5e). This suggests;
though it does not prove, that the response-to-public-concerns hypothesis is a better explanation

of the positive response to having more than one risk study.

Disagreement Among Groups and Scientists :
We expected to find that people had differing views of the credibility of nsk estimates from |

various types of organizations, and this was so. Environmentalists and unwers1ty scientists were
seen by interviewees and open-ended questiennaire respendenfs as 'Somevg}hat ,meJre trustwerthy

in their risk estimates than government or Business. However, there was surprisingly little
unconditional trust even in the first two groups. People volunteered the possibility of academic
‘bias due to funding sources for research and were as likely to be Suspicious if environmentalists
agreed with institutional risk-assessments as to see this as a signal of the letter’s a'ccurecy. Item

18 offered in interviews (see Exhibit 7) had government estimates lower than‘ but overlappirig“
with, env1ronmentahsts estimates (both in ranges) Env1ronmental1sts were universally favored e

over government in risk assessment, and it was very difficult in either interviews or the open—

ended questionnaire to get people to recognize that the two.groups’ ranges overlapped.

EXHIBIT 7. Overlapping Estimates of Government and ah Environmental Group

ftem 18
The gov government announces that the water you drink contains a level of -
chemical X that poses an extra health risk of getting cancer of 1 in 1,000,000 : - ,
(one in one million) over a lifetime of drinking water. The government says - : Y
that is the most likely risk, but it says the true risk could be as low as 0.01 in : :
a million or as high as 10 in 1,000,000 (ten in one million). An

environmentalist group responds by saying that the most likely risk is

probably 10 in 1,000,000, and it says the true risk could be as hlgh as 100 in

1,000,000 (one hundred in one million).

g
1

Disagreement among scientists is a form of li.ncertainty (as well as 4 reflection of
uncertainty) probably more familiar to most people than arguments about dose-response curves.

Item 10 (see Exhibit 8) had a majority of scientists disegreeing with a minority. The fact that

“most” scientists agreed with the government estimate was not persuasive to interviewees and -
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: Jury pool members drstrust of government seemed to carry over to sc1entlsts who mrght be on
its payroll Our quahtatrve respondents were prone to attrlbute confhct among scientists to self— |

' 1nterest or 1ncompetence One 1nterv1ewee suggested that she would trust the v1ew of whoever .
had been right in- the past rather than by how many sc1ent1sts shared that view, but was unable to '
articulate cr1ter1a for such predlctrve success. Two-th1rds (65 4%) of our Eugene sample agreed |

with the 1nterv1ewee volunteered statement When screntrsts dlsagree over the size of an

} appears to mlrror the V1scusr et al. (1991) finding .of an upward bias i 1n people’s response to a -
range of r1sk estrmates However it may represent a prudent rule of thumb as well'as a personal
b1as in response to risk ranges In our earlier d1scuss1on of upward bias ﬁndlngs people had no
external gurdance for their answers when we asked them for example what the commumty and

: personal risks were of dnnkmg the chemrcal contammated water The fact that, given only the
numbers 1n the risk scenano ‘as a group they produced numbers. somewhat hrgher on average
seems farrly drrect evrdence of an upward bras Srmllarly, nearly half agreed—-w1thout external
31gnals—-w1th the statement that they would tend to fake the hlghest number in a range of risk
estrmates to be correct In the case of the statement quoted above, however, they have external
gurdance on the risks: the scientists’ op1n1ons ‘And even the screntrsts canriot agree on the size of

" the r1skl Why should laypeople attempt to Judge whrch scientist is correct‘7 In this case it would

- seem prudent even wrthout a personal bias toward hrgher rrsk numbers to assume the worst is i
true Thrs may explarn why the proportron assumlng the worst rrses from 46. 4% w1thout

| , scientists being mentloned to 65 4% when scientists disagree. One of our 1nterv1ewees had sard

that “When scientists d1sagree over the size of an envrronmental health risk, it must not bea

‘serious problem.” However, most Eugene respondents (84.3%) reJected thrs proposrtlon ThlS

response may mean that they presume one srde‘ must be right, and—glven an upward bias (see

'

“Upward Bias” discussion)—‘—would assume thatdangeris more likely than no danger. o

EEE
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EXHIBIT 8. Disagreement Among Scientists’ Estimates

ltem 10

The gov government announces that the water you drmk contains a Ievel of

chemical X that poses an extra health risk of getting cancer of 1 ih 1,000,000

(one in one million) over a lifetime of drinking that water. Most scientists ‘

agree with this number, and many think that the true risk-could be as low as

zero. However, a few scientists believe that the true risk could be as high as

100 in 1,000,000. Both groups have reputations as being competent C ' '
scientists. . . , :

Reasons for Scientific Uncertamty About Envxronmental . C
Conditions -
Given the clear ignorance of, and doubt about risk estimate uncertainty- among our

participants, we did not seek to explore whether people had their own explanat1ons for such
uncertainty. However, a few spontaneous responses (e g., in interviews) suggested some such
ideas among the public. For example, in 1n}terv1ews and open-ended questlonnalres a few people.
volunteered that point estimates of risk did not acco_unt‘ for varying exposure (é. g, amounf of
water drunk or food eaten) or susceptibility (e.g., children or elderly vs. healthy adults), or that 3
scientists might be biased by who paid them. We used statements developed from Rowe (1994),
on various potential reasons for scientific uncertaiﬁty, in our closed-eﬁded questionhaire,‘ to see -
how this sample (V= 280) would react to general reasons for scientific ﬁnéertginty. These

statements appear in tables 6 to 9, with the responses of our Eugene respondents.

People agreed with all of these reasons for séientiﬁc uncertainty’in the areas of
measurement, complexity, past risks and future risks; two-thirds’of the reaSonS (16 of 24) »
garnered 80% or more agréement. (These toi)ics lfo'rn_led co‘he'rent dimensions in fac'tdr. analys'is,
and created scales for use as dependent variables in multivarié.te analysis.) The most consensus
(81% - 91% agreement) occurred for reasons conc'erning complexity in the processes producing -
environmental health risks, with the least agreement (55% ~ 88%) oﬁ measurement problems.
Such consensu:may be due to agreemenf with positively framed stateménts on topics unfamiliar
or not salient to respondents, or to a fair unde;standiné of the challenges that risk assessors face, * -
perhaps due more to inference from daily experience or distrust of experts than to education or ~
experience with risk assessment. Only further study can test these hypotheses, although this

group of people could have signaled lack of salience or lack of a firm position by answering
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*TABLE 6.‘ Measurement Reasons for ’Unce’rtainty, g

. Each question began: “Scientists can be uncertain about their , Disagjree Agree . Don't know
measurements of environmental and health conditions because” . ' : B

6a ...of the inherent randomness of nature. L 146% 79.6% 5.7%
6b .. experts can have biase’s, conscious or unconscious, in how 111 - '83.97 . 50
" they make measurements. e .
v6 ..experts can have biases, conscious or unconscious, in their 8.2 © 87.5 R 4.3
mterpretatron of the results. o . ' ’ ‘
. 6d.. they can’t get-enough measurements to be sure that they ve - 4, 34.3 . 55.0 10.7.
measured accurately : . : ' : S
* e ...it can be difficult to decide which facts to mctude and which can - 18.2 75.4 o . 64 .
' be safely ignored. , . S ‘ : ~ ] o ' '
6f ...the act of measuring rtself can change the condmons berng . ) 11.8 '.z o 77.9 | 10.4 - S
measured ] , '.‘ ‘ : ' '
6g.. ‘the avatlable mstruments may not use units of measurement o214 ' 604 182

small enough to tell one condition from another.

Note. Statements were abstracted from the dlscussmn in Rowe (1994) -

TABLE 7. C‘omplexity Reasons'for Uncertainty

Each guestion began “Scientists can be uncertain about :Disagree Agree.  Don’t know
envnronmental health risks because . . . : S

- 7a..they can’t be sure they have identified all factors that affect 54% - 914% . 3.6%
such risks. . . . . T ;
7b...the factors that affect nsks may mteract with each other in o 3.9 <911 -5.0 ,'
f unknown ways. r C -
thelr models of how the envrronment works may be - "~ 10.0 . - 807 . .93
over5|mpl|t'ed ) , L " ' o
7d.. there may be more than oneé believable model of how the n A 68 . . ‘85.4, 7.9
environment’ works wrth no evrdence to tell whlch one is more o p ‘
correct. . . v .

A

" Note. Statements were abstracted from the discussion in Rowe (1994).
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TABLE 8. Reasons for Uncertainty About Past Risks-
Each question began: “Scientists can be uncertain about past Disagree Aéreez Don’t know
environmental health risks because...” '
...they don't have complete historical information. . . 16.4% 77;1 % 6.4%
...conditions now are different from what they useq tobe. © 5.0 80.0 5.0
...there are conflicting reports about what happened in the past. ‘ 10.0 82.9° 71
...the conditions measured in the past may not provnde mformatlon ) . 8.2 82.9° 8.9
suitable for identifying past risks. '
...historical information may be biased. - . 50 87.5 7.5
...they can’t do experiments to check that past measurements were 18.9 . 704 10.9 (
accurate. : T
...they can’t be sure today’s interpretations of past information a}e 8.6 80.7 10.7
correct, even if hindsight seems 20/20. - o s ‘ ‘
Note. Statements were abstracted from the discussion in Rowe (1994).

TABLE 9. Reasons for Uncertainty About Future Risks
Each question began: “Scientists can be uncertain about future Disagree Agree Don’t know
environmental health risks because...” : . oo
...of the inherent randomness of nature. O 11.4% 83.6% ' 5.0%
...unusual combinations of outcomes can occur. , 6.4 89.3, 4.3 -
...humans often do the unexpected. , v 11.1 81.4 ' 7.5
...they haven’t studied the environment long enough to separate" 214 66.1 . 12,5
long-term trends from short-term changes.
...rare events could occur that would make a big difference. v 11.8 82.5 5.7
...the same health problem can have nonenvironmental causes, tbo, ' 8.2 '80.7 11: 1

and it's-hard to tell which cause is responsible for a particular
person’s (or group of people’s) health problems.

Nole. Statements were abstracted from the discussion in Rowe (1994).

“don’t know/no opinion.” They used this choice often elsewhere (above 10%, up to mofe than

50%, for 47 of TO3 other nondemographic statements), but much less here (7 of 24 reasons

evoked “don’t know” answers from 10% or more, to a maximum of 18 2% “don t know”

responses).

Lack of understanding of environmental science may underlie some ’of the stronger -

disagreements with these statements. For example, a full third (34 3%) disagreed (6d) that



I
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e measurement uncertamty is due to screntrsts bemg unable to ¢ get enough measurements” ‘

' 1mply1ng ignorance of resource constramts -on ﬁeld collectlon of data or an assumpt1on that‘
' rehable rlsk estimates requrre very few measurements Other major d1sagreements suggest belief
in the obvrousness of env1romnental problems and data (6e) unfamrhanty with the concept of
7‘ l1m1ts to measurement precision (6g) confusron over the nature of experlmentatlon or past '
' data” (81), and behef that any change in the envrronment would be long- term, makmg '
. d1scr1m1nat1on of short-term changes unnecessary (9d) The 1mpact of level of formal educatron
on these mrsconceptlons may be small A survey of Arnerlcans (Mlller 1993) found poor
. conceptions- of science: 2% saw it as 1nvolv1ng the development and testlng of theory, 13% as X
expenmentatron 25% as rrgorous comparlson or pre01se measurement and 60% volunteered no-
B 1dea about the nature of science. ‘Those w1th graduate and professronal degrees were not much

more accurate 9% saw sc1ence as deahng w1th theory and 38% w1th experrmentatlon

. Uncertamty and Risk Management
_ Although uncertalnty is usually v1ewed asa techmcal issue in nsk assessment 1t may also

o have 1mphcat10ns for risk management Here we report the only. two such 1mp11cat10ns rarsed in
‘ Phase II research the relatrve percerved value of uncertamty and I‘lSk estrmates in risk | '
‘management, and the signals uncertamty mlght glve to c1t12ens about agency honesty and

competence. -

Nelther Uncertamty Nor Risk Estlmates Were Very Important
Questlons asked about st1mulus scenarlos by nearly every 1nterv1ewee focus group member,

and respondent to the open-ended questlonnalre were: .

. Why did this chemical get into the water, and why wasn’t this prevented?
» What i is the governrnent doing to get the chemlcal out of the water, and why hasn t 1t
« done so already‘7 '

. What canldo to protect myselt‘7 T

Other questrons were ralsed as well (e g., about the source, effects and naturalness of the ~
chemrcal) but qua11tat1ve respondents returned agaln and again to these three issues. They

seemed to be drlven by two assumptlons that any exposure and any nsk was too large, and that

-
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government had a responsibilwi,ty to ensure that no environrnental health risk was present in their
water, soil, or air. However, we do not believe that this expectation of goverMent responsibility
can be easily equated with a desire for, or expectation of, “zero” risk in their lives. As noted N
earlier, interviewees and focus group members were willing to accept recreational, ﬁnanclal, and
even airplane risks, but not environmental healthvrisks. Furthermore, the Eugene sample’s
reactions to the initial scenario were not solely concern about effects of drinking the
contaminated water and commrtment to getting it cleaned up Simultaneously, they drsagreed
that this was ‘a serious health rrsk” and said they intended to ‘continue drmkmg this water.” If
they really wanted zero risk, these would not be their answers. After all, they could switch water
supphes (e.g., by moving from tap water to bottled water, or from one brand of bottled water to

another).

Doubts About Government Honesty and Competence
In Phase I we found evidence that providing ranges of risk estxmates might, at Jeast for a

minority, undermine perceptions of government honesty and competence Our Phase [ measures
for these responses were few, and our understanding of the reasonmg of respondents on this point
limited. For example, Phase I (Study 2) focus group members said that govemment never offers
any information about environmental problems unless it is forced to releases 1nforrnat10n about
environmental problems only so that people can’t say that they were never told about them, w1ll
tell you there is a big risk if it wants credit for cleaning up an e_nvrronmental problem, and w11-l
tell you the .risk is zero if it can’t or won’t clean up an environmental problem. These responses
did not clarify what people thought in detail (if anything) about 'governrnent honesty and
competence with regard to risk assessment, much less whether disclosures of uncertamty or more

general judgments about government drove thexr answers, S0 we chose to study this further in

Phase 11.

~gh

"We found in qualitative work that people would often explicitly point to the range of risk
estimates (or to related issues, such as statistical “confidence”—see discussion below) asa -
rationale for their conclusions that government was dishonest or incompetent. For example, one
comment was that a government that was honest about the size of an env1ronmental health risk

would give only one estimate. Another was that government 1s just guessmg if it grves a range of
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risk .estimates, for an enVirorunental problem. Someone who said that the'government calculates
. " env1ronmental rrsks w1thout taklng into account the 1nev1tab1hty of unexpected events was

clearly usmg her awareness of uncertamty to Judge government competence as low. Some people

. sa1d that Judgments of honesty depend on explanauons of how the research wasdone on which -

‘ govemment s risk number is based, or whether government is w1lhng to show how they -

calculated a safe I‘lSk number.

Quest1ons about whether a g1ven item’s risk estimate was honest or competent seemed to be

~ the most challengmg ones for interviewees and focus group members to answer. Although many
people seemed to answer these based on their pr1or views of government many others.said that

‘ they couldn t answer them d1dn t have enough 1nformat1on or had no idea how to evaluate _
honesty’ or competence in rrsk assessment Although we galned some 1ns1ghts on the cues people .

" used (or would llke to use) to. make such decrs1ons——the Agent Orange controversy, background '

research stud1es desrgn or number whether envrronmentahsts agreed with the government—it is -

clear that we do not fully understand how people Judge honesty and competence in risk

- assessment We have no ev1dence that people have exphc1t a przorz crrterra for such Judgments

if thls is true 1t would make ﬁlture research on this issue. partlcularly challengmg and valuable

_ Desp1te thrs caveat it seemed worthwhlle to 1dent1fy the dlstrlbutron of optmon about
government honesty and competence in I'lSl( assessment in our Eugene, Oregon sample As .
rnoted in Table 2 earher there were mixed feelings about government honesty and competence
' regardmg the scenano of drmklng water contarmnatlon they read More generally (see Table 10)
three-quarters dlsagreed that govemment prov1sron of a range of risk numbers was less honest
and a slight majority sa1d it was more competent than prov1d1ng a single rlsk number (Items 10b
and 10c were del1berately phrased to mlrror each other to test the rehabrhty of competence '
Judgments these were clearly reliable.) These responses clash somewhat w1th the response to
staternent 10d a v1ew expressed by~ one interviewee. Roughly half of our:sample said that
government talks about environmental i issues only when they pose a hrgh risk. This op1n1on may |
explatn why the reaction to lower bounds of 2 zero (see above) is apparently S0 drstrustful and
people split over whether government dlscussmn of ranges is honest Risk esttmate ranges in

. general may be welcomed as honest and possibly competent, but particular ranges may seem
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dishonest if they can include zero ‘when “obviously” the problem must be hlgh r1sk for A
government even to discuss it publicly. By contrast, the dlsagreement with statement 10e may
reflect skepticism over the validity of extrapolat1on from animal data (see below) rather than a

judgment of government itself.

TABLE 10. General Views of éovernment Risk Assessment :

Disagree - Agree Don’t know
10a If government was being honest about the size of an 75.0% 15.4% - 9.6%
environmental health risk it would glve only one number, rather . .
than a range of numbers. ‘ .
10b | would feel more confident that government knows how to 596 . 26.t 14.3
determine the size of environmental health risks if they give a
single risk number for an environmental problem.
10c 1 would feel more confident that government knows how to . 293 ' 53.6 174
determine the size of environmental health risks if they give a :
range of risk-numbers for an environmental problem.
10d Government only makes an announcement about an . ' 393 48.6 C 2.1
environmental issue when there is a high risk involved. .
10e The government is competent in estnmatmg the size of an 50.4 © 354 . 14.3

environmental chemical risk for humans when it takes into
account the chemical’s effects on animals. .

Understanding of Science and Risk Assessment
Whether people are familiar with how science and risk assessment operate may have an

impact on their responses to uncertamty in rlsk estlmates We d1scuss here awareness of
uncertainty in science and risk assessment, and beliefs about risk assessment com,epts (e.g.,

animal data extrapolation) and government practice.

Familiarity With Uncertainty in RlSk Assessment and
Science C .
Qualitative data supported our earlier conclusion that uncertainty in risk assessment was

unfamiliar. Occasionally people noted that they “had Heard” statements like the ones we offered,
but usually in reaction to such items (see Exhibit 9), which to our knowledge have not been
publicized in any form. We suspect this sense of fam111anty was due more to an overall
impression of numbers and phrases (e.g., “risk of gettmg cancer”) likely to accompany

envxronment-related information, rather than an actual recogmnon of uncertamty This does not
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mean that interviewees and others wére. entrrely unable to recogntze uncertalnty as an 1ssue in
© risk assessment. For example some people mentioned d1fferences in apparent vulnerab1l1ty (e. g-
. chlldren elderly, the srck) or exposure (e.g., “How much water are we supposed to drmk to get
thls r1sk’7”) Focus group members.felt there wére ° too many numbers and not enough

personallzed 1nforrnat10n about risk factors or 1nformat10n on what protectrve measures were
be1ng or could be taken The comments about personalrzed”. information also 1mply an

‘awareness of varxab111ty

EXHIBIT 9. Uncertamty Scenano Qualltatlve Study : : . =

Item 8 - L : T

The government announces that its smentlsts have calculated the risk of -

getting cancer from drinking the water you dnnk which as a small amount of

chemical X in it, for an entire lifetime. It is 95% certain that at least 90% of

the population has an extra risk of no more than 1 in 1,000,000 (onein one
- million).’ A small proportion of people who are more likely than others, when

exposed to a cause of cancer, to'get cancer may have a risk as high as 10, -
©ind, 000 000 (ten in one mllhon) if they drink this water for their entire |IV6$

The closed-ended questronnalre had only. one drrect measure of whether people expect IlSk

assessment to be certam (Table 1 l) ‘Most dlsagreed w1th statement 1 la that a single number

: could descrlbe an env1ronrnental health risk. This may be why they felt (above) that presentatron
of ranges of risk estimates was potentzally honest. The difference between the quahtatrve and

' quantrtatrve results may be due to drfferent samples The quantrtatrve group had more education, -
_ and were largely still in college where they mlght have been recently exposed to srmtlar |

l concepts There was no correlat1on between educa’non and answers to th1s questton although
educatron d1d not vary much in the Eugene sample Statements 1 1b and 11c dlscuss the abstract -
fact that “dlfferent scientific ideas” about how to extrapolate from high human doses or animal
| data can be equally valid” in est1mat1ng human risks at. low doses. About half of our sample
agreed with these 1nd1rect measures of famlhanty w1th uncertamty in rrsk assessment.. Slmtlarly,
~ the 1nterv1ewee volunteered idea that smennﬁc certamty must accompany a “‘real”

envrronmental concern (1 ld) was rej ected by} a scant maj orlty.

P
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TABLE 11. Expectations ofVUricertainty in Risk Assessment and Sciénce

Disagree Agree s Don’t know

141a No environmental health risk can be described by a single ( 17.1% 60.6% 13.2%
number.* . ' . ¥ :

11b When experts only have information on the effects of much 286 ‘ ' 50.0 ¥ 21.4
higher levels of the chemical, different scientific ideas of how ‘ '
to determine human heaith risks from lower levels of that : ;
chemical can be equally valid.

11c When there is only information on animal reactions to a ) 38.2 51.8 - 100
chemical, different scientific ideas of how to determine human :
health risks from that chemical can be equally valid.

11d If an environmental problem was a real concern, scientists ’ 54.3 35.0 ~10.7
wouldn’t say that there “could be” health risks.” v

11e A competent scientist glves a single, definitive answer to a 80.4 12.5 7.1
question. : v : ‘

11f Itis typical of good science that.the most likely value for what 11.1 1 77.9 1141

is being measured has a range of uncertainty around it. .

Note. * ltem (quotation or paraphrase) derived from Phase il interview; data from Eugene, Oregon questionnaire.

As for uncertainty in science, few agreed that scientific competence fequires definitive
answers (statements 11e and 11£), or even said that they did not know. Most members of this
highly educated group (most of whom had at least some college education) thus seem somewhat

familiar with the concept. While education did not correlate with “competent scientist”

answers—note that variability in education was low in this sample—Dbetter educated respondents )

were more likely (= .21, p <.0007) to agree that good science could be uhcertai:n. Thus the
substantial minority of this sample who doubted science’s uncertainty may better represent the

view of the general, less educated public. Statements 11e (reversed) and 11f formed an index

(o= .41) on “Science Uncertainty’; for multivariate analy'sis.v

Knowledge of Risk Assessment : | R . .
Dxfferentla‘rknowledge has been hypothesized as a cause of dlfferent responses to nsk in

general and is worth exploring as a factor in reactions to uncertalnty One of' many ways to -
measure the elusive concept of “knowledge is to see whether experts and laypeople : agree on
propositions about concepts relevant for risk assessment. Table 12 compares agreement with

items on dose-response relationships and animal data among three groups: our Eugene sample
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- and samples from the Portland Oregon publrc and the Socrety of Tox1cology in earher research

. (Kraus, Malmfors & Slov1c 1992) For about half of the 1tems people i in our study were even

farther from expert views than the earher, public sample, whilé for the other half they were closer
to thejexpert views. Overall however, expertsand both public samples'are farther apart-;with
crtlzens more likely to see any exposure as harmful As noted in the table, we used two of these

items to create an Ammal Studres variable for multlvanate analysrs (oc = 48) about a th1rd of

our respondents beheved in the extrapolatlon value of such studles -

TABLE 12. Concepts of Risk Ex‘posurer

© Sample* Disagfee ‘ Agree Don’t know
12a.' There is no safe level of exposure to a cancer- E 38.6% 525% = 8.9%
causing agent. . : P 77 347 - 539 1.3
T 747 187 6.6
12b _For pestxcldes it's not how much of the E 47.9 ; 436 o -8.6 ]
' . chemical you are exposed to that should worry P 59.2 36.1 .. 48
you, but whether or not you are exposed toitat T 94.6 . 42 1.2
~all, . : } . . T =
12c  The way that an animal reacts toa chemtcal is- "E 529 - ' 34.3 . 12.9
‘ a reliable predlctor of how a human would react P 45.7 437 . 106
to the same chemical. T 408 == 554 ‘ 3.8
f{——’12d Hfa scientific study produces evxdence thata . E 296 55.4 - 150
chemical causes cancer in anlmalsk then we P ' 24.8" - 694 : 58 -
can be reasonably sure that the chemical will. T 576 . 406 1.8
cause cancer in humans. ' B v
" 12e If a person is exposed to a chemical that can E 621 . 200 179 .
cause cancer, then that person will probably o )
get cancer some day. _ _ ’
_‘lf you are exposed to a carcinogen, then you P - 417 344 172
are likely to get cancer. , ‘ ) . T _ 88 0 ‘ 8. 4 o 3.6

“Note. * E = Eugene, Oregon sample in th:s study; P and T are the samples of the Portland, Oregon pubhc and
. Society of Toxicology members, respectively, in Kraus et al. (1992). Statements 12c and 12d formed the mdex '
ANIMAL A48. : . v .

t

xAnother way to assess knowledge is to examine not1ons of standard practrce in government
vnsk assessment (see Table 13), although experts could dlspute what that is. The many “don’t °

: knows indicate that people feel they don’ t know much about this toplc Statements 13e and- l3f
asked at different pornts of the questlonnalre 1mply the bellef that average exposures are used in

‘ government rlsk estlmates but contradict statement 13a (maxrma) Both are contradlcted by
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statement 13b on actual measures. Whatever governrnent nsk assessors do, our sample clearly
has no firm concept of that practice; these statements did not load together on any dimension

when data were factor analyzed.

TABLE 13. Beliefs About Government Risk Assessment

Disagree ‘ Agree Don’t know

13a Government risk numbers tend to be based in part on the 20.0%7 v 47.5% 32.5%
maximum amount of a pollutant that any person could be '
exposed to. :

13b Government risk numbers are based on actual measurements - 39.3 ’ 325 28.2
of how much of a pollutant people are exposed to, not just on '
assumptions about human exposures.

13¢c Government tends to take a cautious approach in calculating 45.4 336 211
the size of environmental health risks, and assumes the worst : .
case about how people might be exposed orreactto a
pollutant.

13d Government risk numbers tend to indicate the risk that an 386 - 325 . 28.9
environmental pollutant poses for the person at greatest risk. : SR

13e Government risk numbers tend to be based in partonthe 1741 604 225 E
amount of a pollutant that the average person is exposed to. ! e

13f Government risk numbers tend to indicate the risk thatan 196 . 59.3 21.1

environmental pollutant poses for the average person.

Potentially Mediating Factors .
Beliefs and stances unrelated to the environment or risk or risk assessment may affect how

people react to the issue of uncertainty in human health risk estimates. It is thus 1rnportant for us
to account for at least some of these potentlally medxatlng factors i in this study, pa.rt1cu1ar1y in
multivariate analysis. Here we discuss our findings with regard to mathematical prowess,

personal vulnerability, uncertainty in daily life, and worldviews.

Numbers Uncertain or Not, Are Hard to Grasp v |
’ leficulty with numbers may be related to education, mathematical or statis tlcal knowledge,

and/or personal comfort with numeration. Education varied little in our closed-ended . :
questionnaire sample (75% with some college, 4% with a high 'school degree or less), although'

we used it as an independent variable in multivariate analysié. As noted under “Methods,” most

people with a high school degree or less failed to give substantive reepenses to the open-ended
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' questronnarre Perhaps educatron makes it easrer to cope ‘with rlsk numbers mcludmg uncertain

ones perhaps people with more educatron were. more accustomed to answerrng questionnaires.

Several mtervrewees ‘had problems comparing dlfferent risk numbers (e g two ‘most
likely” estrmates or “lowest VS, “hrghest” risk numbers) For example one person expected to

| “feel safer about drmkmg water” 1f estimated rrsks changed from 1in 1. OOO OOO to 1 in 100,000.

A retlred engrneer had trouble w1th Item - llc.(see Appendrx D, because it required a confusrng

trrple -division by 10, in the process of applylng uncertarnty factors” to a NOAEL to derrve a .

~ Reference Concentratron fora noncarcrnogen (Another reaction to that 1tem “there was no

A Just1f1cat10n for d1v1d1ng by 10 rather than 20 or '5”—was a policy or commumcatron confhct

| rather than a srgnal of drfﬁculty with numbers )

Because of these earlrer reactrons we deC1ded to put some crude measures of m‘athematical

iy

skill into the closed- ended questronnalre ‘We asked for the degree of agreement with two

' rstatements that cornpared two rrsk numbers You are less likely to get a drsease if the risk of -

, getting 1t 1s 10 in 1,000,000 than if’ the risk i is 1 in 1,000, 000” and “You are more lrkely to geta
drsease 1f the rrsk of gettrng itis-7 in 1,000, OOO than if the risk is 11in 100 ,000.” The first

- . statement used a common denomrnator and numerators one magnrtude apart the second

statement used dlfferent denommators and an odd difference (7-fold) in numerators Their
dlfﬁculty varred as one might expect: only 13.6% of our respondents agreed (1ncorrectly) with -

~ the first statement whlle 31.4% agreed (also 1ncorrectly) with the second statement

v

Some focus group members in Phase I research had suggested that usrng a common

denom1nator to compare numbers (e.g.,0.1in 1 OOO 000, 11in 1 000, 000 and 10 i in 1, OOO OOO)
" would make this task easier than the usual common-numerator format (1in lO OOO 000 lin
1,000,000, and 1in 100 000) Most people shown these varrants 1n Phase IT. qualltatrve research

 felt the first format was more confusrng than helpful some people given items in this format
- actually translated thern into the common-numerator format to answer the open-ended
questronnarre 1mply1ng the latter is more famllrar However in our closed- ended questronnarre -
| there was very lrttle error, wrth the common-denomrnator format We also used thls common-
. denommator format in.our ‘scenarios for the closed ended quest1onnalre (e.g.,a most lrkely rrsk ‘

of lin 1,000,0009 wrth'a range extending up to 10 in 1,000,000). Abouta flfth (20.4%) of the. =~
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sample agreed that the information in the initial scenario was “nqt understandable,” but this
could have been due as much to the presenée of numbers alone, or to the other information in the

scenario, as to the use of this numerical format.

A third measure of mathematical skill was self-repolrted:"agreement with the statement “I -
feel very comfortable dealing with numbers and calculations.” About a third (32.9%) of our
Oregon questionnaire respondents—equal to the proportion erring on'the more challenging

numerical comparison cited above—disagreed with this stateinent‘.-

Responses to the two comparisons and one self-report were poorly. correlated (é.g., r=.03
among the comparisons; highest correlation was » = .15 [p >.01] between. self-reported comfort
with numbers and the common—dénominato; statement), and Cronbach’s alpha was extremely |
low (e =.19). We thus used these three items as separate independent variables in subsequent

multivariate analyses.

Statistical wording created other problems for respondents. For example, use of the phrase
“05% confidence” in some early interviews evoked outrage about‘t‘h'e; government’s “lack of
confidence” and lack of explanation as to why it wasn’t surer; explanations of what was frxeant
by statistical confidence were not persuasive. Changing this term fo “95% certain” did not
reduce confusion and anger much either; people seemed to interpret this primarily as government
not knowing what the risk was, or “there is too much of a risk,” aithough one or two said this’
was -about the same as being certain. Item 5 (see Exhibit 10) said there was a 5% chance of risk
above 1 in 100,000, and a 5% chance that the risk was zero, and thus a 90% chance of thé true
risk being between zero and 1 in 100,000. It‘failed"to help intefviewees understand thé concept of

confidence limits. : ‘ , : , C

EXHIBIT 10. Conﬁéencé Limits: Qualitative Study

ltem'5

The government announces that there is a 5% chance that the extra level of
risk from drinking chemical X in the water you drink for your entire lifetime-is .
above 1 in 100,000 (one in one hundred thousand), and a 5% chance that
the risk is zero. The government says this means there is a 90% chance that
the true risk is between zero and 1 in 100,000. C
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Confusron became even worse in response toa phrase recommended by the Natlonal
Research Councrl (1994 pp 10- -24) for commumcatmg about Var1ab1hty in susceptibility. Our
. vers1on (1tem 8; see Exh1b1t 9) said that “It is. 95% certain that at least 90% of the populat10n has
an extra risk of no more than 1 in 1 ,000, OOO Focus group members (in quest10nna1res answered

before the group met) said, among other responses, that this meant

e “They are not 100% sure. They need to be lOO% sure of what’s going to happen
. What are they really. saylng .. This info i is truly frustratmg ,
. “These numbers are self—explanatory and glve people the 1nformat10n they need ”
. “A guess . could be a fair guess ' '

» “Most confusing to me is: how do’ they get these numbers?”

. The focus groups also saw a graph1c proposed by a Natlonal Research Councrl comrmttee
(1994 pp. 10~ 25) shghtly modrfied for readab1hty, for commumcatlng Varrablhty in exposure
~and conﬁdence limits on the resulting risk estimate (see Frgure 1). This was also greeted with’
confusmn by focus- group members desplte an explanatron by the' focus group facﬂltator who
" teaches statistics professmnally. For example, they _could not by themselves ﬁnd on the graphic
. the risk of median expo,sure_'. ' “ | o | o
- Personal Vulnerability .. L ' S
We seemed to conﬁrm earlier conclusmns about an optrmlsm bias, in which people see
" therr own. rlsks as bemg less than those of soc1ety or other people (Wemstem 1980) Intesponse .
to the mrtlal scenarlo (Figure 2) as many as 39. 7% saw therr personal risk as at or below the
A most hkely” (l inl, OOO OOO) level calculated by government whlle only 24.7% saw the same
level of risk as hkely for the commumty (see: Table 3). These two answers formed an mdex of
ESTRISK (o =.73) used in later multrvarlate analy31s Over two-thlrds (71 4%) rated the rlsk
from dnnkmg thre water discussed in the scenario as “somewhat” or cons1derably lower than
- “other health risks i in my hfe ” Others saw equal (19 6%) or hrgher (8 6%) risks from drmkmg
this water than from other health rrsks they faced. '

- More generally, most respondents felt the1r chances of b_eing' exposed to an environmental

* pollutant were “about _the same as” (78.2%) or “less likely than” (14.3%) chances of exposire
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for the average person. Similar responses (78.9%_andv 15.0%, respecﬁvely) were obtained on
judgments of their chances of getting sick from environmental pollution, cempafed to the

average person. About 13 agreed with an interviewee who said she assumes she is likely to be the
person who suffers a 1-in-1,000,000 environmental health risk. These ﬁndmgs together suggest |
that a conscious (or at least admxss1ble) sense of personal vulnerability to env1ronrnenta1
problems is not common; we formed an index from these statements (o= 57) to use in

multivariate analysis.

However, we also found nearly half our sample (43.2%) agreeing thatv“,There are serious
environmental health problems where I live” (45% d1sagreed) They saw moderate to hlgh risk
from drinking tap water in their homes as more likely (35. 4%) than for bottled water (7. 1%)
although only 4.3% drank bottled water every day. The distinction between those who.saw tap
water risks as zero or low (62.5%) and those who saw these risks as high might hé.ve affected
responses to uncertainty in a scenario about drinking water cbntami,nation; Each of these |
questions (except the question on perceived risks of bottled water, Whieh had too little variance)

was an independent variable in subsequent multivariate analyses.

Life Uncertainty
We also expected that personal stances to uncertamty in general might affect reactions to

uncertainty in health risk assessment. Over half of our Eugene sample (56.1%) agl.eed that “I try
to avoid uncertainty in my life as much as possible,” but diéagreed (62.9%) that “To a great
extent my life is controlled by accidental happenings.” These items did not form a viable index,

so they were entered as separate independent variables in the multivariate analyses.

Worldviews :
As mentloned in our Phase I report and art1c1e (Johnson & Slov1c 1994a, 1995), we had

found evidence that general worldviews might affect response to uncertainty. Because of
analytical constraints on the earlier data set, however, our findings were not conclusxve and we
believed that some further analysis was warranted. Thus several questlons that appeared to elicit

salient worldviews were asked in our Eugene questionnaire. Table 14 shows those t ,hat formed
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X reasonably coherent indices, which were entered in multlvanate analyses (Cronbach’s alphais

: l1sted in parentheses next to each index trtle )

One apparent dlmensmn we labeled ¢ antiegalitarian because most of its component
statements concerned support for 1nequahty (e.g., behefs that the equal nghts movement has
' gone too far, or more pay should go to those with greater ablhty) Measures of egahtanamsm
. seemed fo be asso<:1ated with beliefs about dlshonesty or 1ncompetence in ranges of risk
estlmates in our Phase I research They also have been assomated with risk bellefs in some other
N ‘studres (e.g., Dake 1991; Peters & Slov1c in press Rayner & Cantor 1987) Earle and
Cvetkovich (1995) ‘have argued that values such as those that appear to underhe our ANTIEGAL
| index drrve trust, and thus in turn affect perceptlons of risk, and so forth. The fact that our factor
‘ analy‘sis found TRUST to be separate' from ANTIEGAL rai‘ses questlons about this hypothesisv
'. Statements that together seemed to represent support for ¢ env1ronmentalrsm formed another
*mdex This v1ewpo1nt has been assoc1ated with egahtanamsm in some of the research cited
" above, but it formed a separate d1rnensron here: A “trust in authorlty 1ndex although weaker
(see.the low: Cronbach’s alphav of .54)‘., al'so‘emerg'ed from factor analysls. Phase I research found
'trust linked to judgments ot‘ ‘honesty and competence in government discussion of risk v -
: uncertamty Finally, a very weak “fatahsm 1ndex appeared as well, exemphfymg a percelved

' lack of control over one’s hfe

S

Multlvarlate Analyses S . v
Although our sample was not randomly selected we felt it would be useful to compare the

- impact of some potentlal influences on responses to the r1sk uncertainty scenarios (ﬁgures 1to 3)
through multiple regressmn analyses Tables 15 and 16 show the dependent and 1ndependent
varrables respectlvely, 1nd1cat1ng (where appropnate) Cronbach’s alpha for md1ces and the text
location of the statements maklng up these indices (table number and/or statemerit number wrthm

g

a table are provrded) as well as the number of respondents prov1d1ng each item.
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TABLE 14, Worldview Statements and Indices

'Disagree ‘Agree ©  Don’t know
Antiegalitarian Index (« = .69)
We have gone too far in pushing equal rights in this 83.2% o 15.4%‘ - 1.4% ‘
country. . ‘
In a fair system people with more ability should earn 239 65.0 R TR
more. ' v ‘ .
If people in this country were treated equally, we 189 74.6 6.4
would have fewer problems. (R) . - :
What this world needs is a more equal dlstnbutlon of 211 75.0 3.9~
wealth. (R) - L .
When the risk is very small, it is OK for society to .81.8 12.1- - 6.1
impose that risk on individuals without their consent. ‘
I am in favor of capital punishment. .. 375 © 521 - 104 . '
Environmentalism Index (¢ =.70)
All species, including humans, have an equal right to S124. 85.0 | 29
co-exist on the planet. S o ‘
1 would be willing to sacrifice much of hiy current 35.0 56.1 ' 8.9
standard of living to insure that nature is not harmed. - ‘ :
| am attracted to the spiritual qualities inherent in the 19.6 o711 9.3
natural world. .
| know a lot about environmental health issues. . 45.0 48.9 A
Trust in Authority Index (¢ =.54) . ' _ . o
Decisions about health risks should be left to the T o718 204 © 7.9
experts ) e ‘ ‘
The police should have the right to listen to private 76.4 17.9 5.7
phone calls to investigate a crime. : )
When there is a really serious health problem then 782 164 5.4
public health officials will take care of it. Until they.’ . . |
alert me about a specific problem, | don’t really have o o k
to worry. ‘ . ‘ -
Those in power often withhold information about 17.1 696 13.2 ‘ '
things that are harmful to us. (R) : .
Government has no right to regulate people’s v 24.6 68.9 6.4
personal risk-taking activities such as smoking,
mountain climbings hang gliding, etc. (R)
Fatalism Index (« = .43) '
| have very little control over risks to my healith. / 70.7 236 5.7
It's no use worrying about public affairs; | can’t do 84.6 136 1.8 ! ‘ I ;

anything about them anyway.

Note. R = reversed scoring for construction of indices; Cronbach’s alpha indices in parentheses.
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TABLE 15. Multiple Regression Dependent Variables
- o 4 ’ - Cronbach'’s Text .
Variable name - Variable description alpha location N
© -CERTAINTY desire for certainty .80 " Table 1 273
WRONG' ‘ government,could be wrong v . : 74 Tab!e 4b | 229 .
'WORST . ‘ 'assumes worst given riskrange I S " Tabledd 244
NOWORRY not worried by drlnklng water scenario ‘ - 74 , Table 2 256
CONCERN. B concerned about water in drinking water scenano ' - 83 ’ Table2- = 254 v‘
ESTRISK ‘ . est:mated risk of drinking water scenario e : ._73 - Table 3 245 ;
‘GOVHQNEST <government honest in dnnkmg water scena’ri’o' o .747 © Table 2 247 o
GOVKNOWS ‘government knows exactly what risk is in drmklng ' - — Table 2b 280 )
o water. scenario '
A 2NDEST second ‘study more competent in two-study scenario .74 Table 146
. o sadh -
| 2BETTER . two studies better than one in two-study scenario .49 Tablesbg 222
MEASURE . ‘measurement reasons for uneertainty o C l 73 "Table 6 "'259
. COMPLEX } conﬂp!exity reasons for ul.ncert‘ainty "' o L | .80 ’ " Table 7 ‘26‘6'
© PAST . past risk,reasons for uncertainty' o ’ : .84 -Tab}e-s , 261
. FUTURE fnture risk reaseris for_uncertainty L e 1‘.‘83 Table 9 - . 265
TAPWATER perceived tisks of home tapwater o R ’ ‘Page 47 74
' l'SERIOUS» setious environmental health problem where | e . — ‘ ‘Pag'e 47 247

Note. Shadlng separates vanable types; respectively, reactxon to uncertalnty in general |n|t|al scenario;

government risk estimates; the second study scenario; reasons for scientific uncertainty; local risks.

The shadmg in Table 15 separates dependent var1ables that cover reactron to: uncertarnty 1n

general the 1n1t1al scenano and governrnent risk estimates, a second study wrth lower risk

ranges, reasons for. sclentlﬁc uncertalnty, and local nsks Table 16 is shaded TO»dlStlngUISh

varlous categorres of 1ndependent varlables deahng in turn W1th worldviews, personal stances

, toward uncertaa-nty, knowledge, and socrodemographw characteristics (three dependent

Varlables—CERTAINTY WRONG and WORST—-—also became 1ndependent varlables for some

rnultlple regress1ons)
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TABLE 16. Muitiple Regression Independent Variables

Cronbach’s Téxt S v :
Variable name  Variable description ’ » ' alpha location N ' C
ANTIEGAL antiegalitarian ‘ I I 277
ENVIRON environmentalism ‘ ‘ .70 S | 267
TRUST trustin adthority | ~ 54 273
FATAL fatalism : ) , 43 : - 260
AVOIDUNC avoids uncertainty in one’s life ) " — o 256
LIFEACC life controlled by accidental happgnings ‘ — | l 253
P_VULNER feels personally vulnerable - S 57 o 260 -
TAPWATER high health risks from drinking tap water in own home — ' ‘ 274 ‘
BOTTLED frequency of drinking bottled water , - | 279 ‘
SERIOUS serious environmental health problem where 1 live - —_ v 247
MATHCOMF  comfortable with numbers and calculations = - 275
EASYODDS 10 in 1,000,000 risk less than 1 in 1,000,000 risk — | ) ' 263
HARDODDS 7 in 1,000,000 risk less than 1 in 100,000 risk - . 261
SCIUNCER science is uncertain v : 41 I £ 235
ANIMAL belief in extrapblation from animal studies - 48 - 12 214
SEX sex ) A 7 — — } 2?8
AGE age in years ° ‘ , — ‘ — - 277
BAEDUC education of bachelor’s degree or higher A — S . 2‘76'
WHITE race : : : | , : = . 270
CHILDREN children living in household R - — - 280
ENVGRP affiliated with environmental group o ‘ - -—. 280
CERTAINTY desire for certainty N ‘ : . .80 g ' . 273 .
WRONG government could be wrong ‘ ' | .74 L 229 .
WORST assumes worst given risk range o B .38 . ‘ - 244

Note. Shading separates variable types; respectively, worldviews; persdnal stances toward uncertainty
(personal vulnerability, life uncertainty); knowledge, sociodemographic; reactions to uncertainty in general.

Ead

'To increase sample sizes, we included respondents who had only one missing response for
indices consisting of three to four items, and two missing responses for indices of five to six
items. No missing responses were allowed for two-item indices, or where indices mixed

statements with differing numbers of response options. This resulted in Ns of 128-145 for

» /
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_ various regressron analyses except that for the dependent varrable of con51der1ng the second

study to be more. competent W= 88)

- Note that Cronbach’s alpha for most index ‘variables were modest to weak, although far :
better for dependent than 1ndependent var1ables (Ten of 13 dependent varrable 1ndrces had
alphas above .70; only one excluswely 1ndependent vanable reached that level and three of the
‘seven mdependent 1nd1ces had alphas under .50.) Although thrs means that generalizing the
results of multrvarrate analysrs must be done caut1ously, we thmk itis approprlate in an |
exploratory study like this one to'relax statistical constraints. Our prlmary aim for Phase II‘ |
research was to understand the concepts if any, that laypeople have of uncertarnty in human
, health risk assessrnent whrch the univariate analyses dlscussed earlier portray. The purpose of
the multlple regression analyses drscussed below is not to describe uncertamty concepts but
' l instead to prov1de prelzmznary exammauon of reasons for these concepts For such a purpose the

current data are sufﬁc1ent

Reactlons to Uncertamty : -
" The rnultrple regressmns are divided into two' groups Table 17 concerns three genenc e

‘ reactrons to uncertamty—desrre for certainty (CERTAINTY) behef that r1sk ranges mean the
' ) governrnent could be wrong (WRONG), and tendency to assume the worst 1f a range 1s grven
(WORST)—and several reactrons to the initial scenario (N OWORRY CONCERN ESTRISK
GOVHONEST GOVKN OWS). Table 18 1ncludes regressmns concernmg reactrons to the
| scenario of a second nsk estimate (ZNDEST ZBETTER) reasons for scrent1ﬁc uncertalnty
(MEASURE, COMPLEX; PAST, FUTURE) and risk behefs (TAPWATER SERIOUS)

As shown in Table 17 six of the erght regressrons conducted to pred1ct reactrons to
uncertamty were statrst1cally significant (w1th apofat least .05 or greater) The two regresswns
' that were not srgmﬁcant were those pred1ctmg the behef that nsk ranges mean government could. »
be wrong (WRONG) and the tendency to assume the worst if a range is given (WORST) For |
five the 31xv31gn1frcant models the variance explialned ra-nged fromﬁ 22% to 35%. The variance :
- explained in the regression predicting belief in go'yerrnnent's honesty was only 1 l% and none of

* the regression coefficients were significant,
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TABLE 17. Multiple Regressions: Reactions to Uncertainty and Initial Scenario . ’ .

Variables certainty wrong worst noworry concern estrisk govhonest Qoyknows

antiegal -.03 26 -08 -01  -32% 11 09 01

environ .01 186 a7 .10 .02 A4 -.05 o

trust -0 -24 -07 .04 -23*  -10 35t 2%

fatal A8  -17 -14  -05 ~07 -.16 .01 10

avoidunc 08 05 02 . .08 . .06 14 03 15 .

lifeacc 04 -07 -05 -08 -04 -04 07 04

p_vulner 04 07 A2 -24* .05 03  .-03 A1

tapwater * -.01 02 -01  -28~  .19* A5 -.09 05 -

bottled 04 00 A7 . 02 05 =10  -04 14

serious -25* -00 .08 -11  -08 10 .06 -13

mathcomf -.10 -07 . .04 05 -.06 .08 .07 -.10

easyodds .06 A7 -6 -1 A0 -13 -27* -.05

hardodds -07  -03 -03 -09  -0f 04 Lo 02,

sciuncer -37*** -16 -.10 25 . 18 .05 .07 A7

animal 09 .09 06 -14 22* 10 -.07 A9

sex -.02 07 -02 -4 06  -.08 .09 10

age .06 A1 -08 -05 - -01  -02 -.02 -.10 ‘ |
baeduc -.09 01 - 4 1o .06 .08 .09 06 - .
white _03 -09 05 -00 . -02 14 A1 04 . |
children 8 05 -02 -16 A0 -0z -04 o -04

envgrp .01 " .00 04 04 .02 -.16 -.01 .06

wrong A1 —_ — —_ — —_— — —

worst .05 — — —_ —_ - — —

certainty —_ 20 07 06 .05 .03 -.33%* 20

adjusted r2 29 10 .05 27 27 11 35 T2

fvalue
f value probability.
N

3.00
.0001
117

1.60
.06
122

1.30
.21
124

3.10
.0001
125

3.20
.0001
129

1.70
.04
122

410
.0001
124

2.50
.001
119

*p<.05

*p <.01

***p < 001
**** p <.0001

Note. Cell entries are standardized regression coefficients (8 weights).
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" TABLE 18. Multiple Regressions: Reaction's to Second Study, Reasons for U'néenainty and Risk Beliefs '

" Variables " - 2ndest  2better .measure cbrﬁplex.. .bést - future  tapwater @ serious
antegal . -06 41 04 -07 05 09 - 02 01
environ -47 062 fa2 . -2 -19 =17 :  .‘1>0,7 20
trust ~28*  -06 | -A3  -32% - —19*  -27% ._04 ~15
. fatal . .39% - -00 . -08 _00  -21 =03 - 07 . . =06
. avoidunc. . -00 .08 - .05 .02 - .01 08 . 02 -0
lifeacc . =10 .0’1" CoB4m 430 8t . AT =07 .08
p_vulner 01 - 06 L ~01 05 . -04 . =09 | .06 L a0v
tapwater © 01 07  -06 09 =10 -07  c— o 3eme

' bottled .01 -08 ~ =00 12 o4 - -0 — f ‘»~‘—;o4_ .
serious o1 =10 A1 —05 M2 -7 At
* .. mathcomf 46 400 03 1 a7 . a2 -4 -4
easyodds L -.02 -1 3;06 S .00 'l_'—.09-‘ N . -06

" hardodds - . -11 =03  -18 08 -it . A7  -04 -.03,
| sé:i;Jncer "-05 = -.05 .06 *.09 .07 L 10 .08 a =06
animal . .00 07 -00 - A2 08 -~04 0 -0l =

sex 02 . -1 25t are . 24 23 42 12
‘age 04 . -00 04 AT 8. 08 2a -2
baeduc ~  -.01 05 06 - .08 03  -0f “,_7‘0_7 DT
white - 05 . A3 —02. - -o1  =d2 o1 -2t o9
chidren .30 .-06. 13 . .03 A5 030 AT 00
envgrp ,-.02'_ -13° 1 -04 - 05 =10 02 = -05° .06
certainty | .36* A3 -07 ~10 -12 050 020 -24"

adjusted r2 A

20 -03 o7 20 4 a3 21 . 32

e n < .0001

fvalue © 190 090 - - 140 250 200 180 280 400
fvaue .03 .64 1 0009 01 02 0004  .0001
probability ) . o L ’ IR
Nooo o T etz 21 128 127 131 Bk
':*p {'.0'5 © * . Note. Cell entries are standardized:,regress'ionvcoefﬁcierité'(ﬁweights).- ,
‘**f,’p:?gm o | o
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CERTAINTY. Two independent variables were signiﬁeant predictors (SCIUNCER and
SERIOUS) of desire for certainty (CERTAINTY). Respondents who disagreed that good science l
has a range of uncertainty (SCIUNCER) expressed a greater des1re for certainty. T hose who
disagreed that there were serious environmental health problems where they 11ve ( SERIOUS)

were more likely to have a greater desire for certainty.

NOWORRY. Four variables were significant predictors of worry (TAPWATER
SCIUNCER, P_VULNER, and BAEDUC). Respondents with hlgher percewed risks of home
tapwater were more likely to worry about the water risks presented in scenario one. The belief
that good science has a range of uncertamty was posmvely correlated with not worrying. -
Respondents who feel greater personal vulnerability were more likely to worry about the water
risks in the initial scenario. Respondents with a bachelors degree were more likely to WOrfy abont

the water risks.

CONCERN. Four of the independent variables signiﬁcantly nredtcted coneern about the '
water in the drinking water scenario (ANTIEGAL, TRUST, ANIMAL, and :TAPWATER).
Respondents holding egalitarian worldViews and having less tnlst in authority were more likely
to be concerned about the water. Those with a greater Belief in the reliability of animal studies |
were more likely to be concerned about the water. Higher risk p'erc:eptions of heme tapvx;ater tzvas

positively correlated with greater concern about the water.

GOVHONEST. Three variables nvere signiﬁcant predictors of the belief that the
government is honest in dnnklng water scenario (TRUST CERTAINTY and EASYODDS).
Greater trust in authority was positively correlated with the behef that-the government is honest.
Respondents with a greater desire more certainty were less likely to believe that the government
was honest in the drinking water scenario. Those who understood that "you are less likely to get
a disease if the risk of getting it is 10in 1 ,000,000 than if the risk is 1 in 1,000,000"
(EASYODDS) were more hkely to believe i in the govemment's honesty. |

GOVKNOWS. Two variables were 51gmﬁcant predlctors of the behef that the govemment ‘
knows exactly what the risk is in the _drmkmg water scenario (TRUST and ANIMAL).

Respondents with higher levels of trust in governrnenﬂauthority were rnOre likely to believe that
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: the government knows what the rrsk is in the scenario. People w1th a greater behef in the
‘ rehabrhty of animal studles were also more. likely to think that the government knows what the

rrsk isin the scenano

R VRegres‘sions To Predict Reactions to the Second Risk
. Estimate, Reasons for Uncertamty, and Risk Beliefs
~ .Eight regress1ons were conducted to predlct reactlons to second study (and second rrsk

- estimate), reasons for uncertarnty and risk beliefs. Overall 1 regressmns predrctmg six of the

dependent Varrables were statlstrcally srgmﬁcant (p< 05).

2NDES T Three varrables were srgnrﬁcant in predrctrng the behef that. the second study
twas more competent in the two-study scenarro (FATAL, CERTAINTY and CHILDREN)
Respondents holdlng fatalistic worldv1ews ‘with a greater desire for certamty, and with chlldren
hvzng in the household were more hkely to believe that the second study (with the lower risk

N estimate) was more cbmpetent-.' R - -

C OMPLEX The two varlables 81gn1ﬁcant in predlctrng complexity as reasons for scientific
i uncertamty were trust in authorrty (TRUST) and gender- (SEX) Women and people with less L

trust in authorlty were more hkely to see complex1ty as reasons for screntlﬁc uncertamty

| PAS T. Three varrables were srgnrﬁcant in predrctrng the behef that problems with past

" information about rlsks were reasons for scientific uncertarnty (TRUST LIFEACC, and SEX)
Respondents lackrng trust in authorlty, women, and those w1th a behef that "my life is-controlled

by accidental happenings" are more likely to view these problems from\the past as reasons for .

’ scientiﬁc uncertainty.

FU TURE Only two vanables were srgmﬁcant in predrctlng the behef that, problems w1th
forecastrng the- future were reasons for scientific uncertamty (TRUST and SEX) Women and

L respondents with less trust in authorlty were > more hkely to see these problems as reasons for

sc1ent1ﬁc uncertarnty

-

‘ TAPWA TER Three varrables were srgmficant in predrctlng percelved I‘lSkS of home N
tapwater (SERIOUS AGE and WHITE) Respondents who agreed that there were 'serious .'
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environmental health problems where they live were more likély to have higher risk perceptions

of home tapwater as were older and non-white respondents. -

SERIOUS. Two variables were significant predictors of the belief that there ere serious
environmental health risks were one li{/es (TAPWATER’and CERTAINTY). Respondents with
higher perceived risks of home tapwater, environmentalists, and those with less desire for_‘ :
certainty were more likely to believe that there were serious environmental problerns where they

live.

Importance of the Independent Variables
TRUST (i.e., trust in officials) was the most common predlctor of the varlous dependent

variables, reaching statistical significance in 6 of the 17 multiple lregressmns run. Those who
trusted officials were much more likely to see government’s discussion of a range of risk |
estimates as implying honesty and competence (GOVHONEST). This frnding confirms our
Phase I regression findings. To a lesser degree, TRUST also predrcted the belief that government
knew exactly what the risk was for the 1mt1al drinking water scenario. Earher we had
hypothesized that this belief might indicate distrust, in the sense that govemment had a correct
point estimate of the risk, but only announced a range of risk estimates. But if it is the trusting
ones who are more likely to hold this belief, this hypothesis seems less tenable. P0351bly the
belief that government knows the risk is ariother signal of a behef in its honesty and competence B

but if so this statement should have loaded on the same dlmensmn under factor analysis.

By contrast, those who trusted (TRUST) were less likely than others to egree with three of
the four sets of reasons for uncertainty (COMPLEX, PAST, and FUTURE). This may mean that
people who tended to distrust govemment on principle seized upon these reasons to justify their
suspicions, on the grounds that all these things that could “go wrong” showed that government
risk estxmates cauild not be trusted. Earlier we had wondered whether the overwhelming |
agreement with these sets of reasons for uncertamty truly represented the Eugene sample’s.

beliefs about uncertainty. This regresswn result suggests that that doubt may be justified.

TRUST was lnversely related to CONCERN Those who trusted were Iess concerned about

the drinking water contamination than others This is consrstent w1th other findings (e g., Bord &
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_O’Connor 1992) that trust seems to reduce perceived risk. However, no significant relation

‘ . between TRUST and two other measures of percelved r1sk——NOWORRY and ESTRISK—

appeared undermmlng our conﬁdence ina general relat1onsh1p between trust and percerved rlsk L

The three worldv1ew vanables other than TRUST had less of an impact on the dependent 7
vanables in our. regresswns than expected having among them 51gmﬁcant effects in only four of
‘the 17 regressmns As noted earller bel1efs like those 1ncluded in our AN TIEGAL |
L (ant1egahtanan1sm) have been assoc1ated with risk bel1efs in some other studies. It was the

strongest predlctor of CONCERN but—as also happened with TRUST éabove);ltfhad no
significant 1mpact on NOWORRY and ESTRISK ENVIRON (environmentalism) had a
* .51gn1ﬁcant impact only on the bellef that there are serious env1ronmental health risks i in one’s

: | commumty (SERIOUS)

The ﬁnal worldv1ew vanable FATAL (fatalrsm) was the strongest predlctor of 2NDEST
the bellef that the second risk study——whrch produced a lower risk estimate—was more
competently done and based on better scientific knowledge It is not clear what thrs ‘means, g1ven
the much more common view that lower nsk estlmates are less trustworthy, and maj or1ty
d1sagreement (or 1nab111ty to dec1de) about the second study s competence Poss1bly fatahsts ’
were more llkely to see competence in the second lower-nsk estimate because this allowed them v
to deny a rlsk that made’ them feel vulnerable (i.e., they might be “fated” to suffer health -
consequences of the contammatlon) The fact that FATAL did not combme w1th seemmgly |

- related 1nd1ces of Vulnerablhty (e.g., AVOIDUNC LlFEACC P VULNER) raises doubts about
: thls hypothe51s ‘On the other hand, the other 51gn1ﬁcant predrctors of 2NDEST—CHILDREN |
(having ch1ldren in the household) and CERTAINTY (desire for certamty)—are certamly )
‘ potent1al motives for demal of risk, in the sense of acceptmg the lower r1sk estimate as more

- competent rather than contmumg to doubt 1ts va11d1ty

e d
t
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Concluswns

As a consequence of Phase II research on public responses to uncertamty in envrronmental .
health risk assessment, we have a much better.grasp of the content and limits of lay conceptlons
of risk uncertainty and its implications for hazard management Certamly there are gaps '
remaining in our understanding, which will be outlined i in detail under “Research Imphcatrons
but these have more to do with generalizing our results to other populations, risk types, and so

forth, than with introducing entirely new concepts. Our findings are as follows.

People Support Ranges of Risk Estimates in General
For the above-average-education sample in our Eugene study, the presentatmn of

uncertainty in the form of a range of risk estimates was deemed honest and comp«etent in general,
although (as in Phase I studies) we continued to find a substantial minority who questioned the
presentation of uncertainty on both grounds. This support for receiving a range of risk estimates
seemed to have been enhanced by a college-derived fa‘mil'iarity with the concept that uncertainty |
is common in good science (regression analysis found an inverse relation between desire for
certainty and belief that science is inherently:uncertain). However, they were hot any more
familiar with concepts of dose-response relationships than earher public samples and had no
coherent idea of standard practice in government risk assessment To the extent that such support
is knowledge—based, we would not expect it to be more common among' populatmns with

average education (i.e., less than in our sample).

Yet Uncertainty Makes Many People Uneasy
About a third of our Eugene sample rejected ranges and even rlsk estrmates sayrng they

preferred to be told simply that an environmental condltron was safe or unsafe. As we noted o
above, others doubt risk information that does not incorporate ranges; together these beliefs
potentially put purveyors of risk estimates in a quandary, chancmg alienation of some 1nd1v1duals
whatever they do. Multiple regression analysis suggested that desire for certainty was associated -

with beliefs that good science is certain and that there are serious local environmental health -

problems
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Uncertalnty in Govemment Risk Estimates Is
Partrcularly Suspect

Wh1le a majority of our respondents as in Phase I, found government dlscuss1on ofa range
of rlsk estrmates to be competent, they were more dubious about whether th1s 1nd1cated honesty
We have suggested that thrs reaction is partly related to two other ﬁndrngs that zero as'a lower
bound ona range of risk estzmates rather than a small posxtlve bound seems to ra1se doubts
) ‘about honesty and competence all by itself, and that people believe government discusses
: publzcly only high rzsk items. The presence of zero led people on average to feel that the risk was?
_‘ probably h1gher to beheve that the government could be wrong, and to worry srgmﬁcantly more
) often than when a small posmve lower bound was used Citizens who see zero risk as unl1kely or
1mposs1ble and high-risk 1nformat10n as both techmcally morecomplete (see Phase I results) and
politically more likely to appear in publrc dlscussmn would be susprcrous ofa government risk
, ‘festlmate ranging from zero to some higher number even if they supported rrsk ranges in general
- Ifa rrsk ex1sts at all—and by this definition 1t must, because government announces 1t—then it -

: must be a high rlsk and the range should include only I‘lSkS higher than zero. On this

‘ 1nterpretat10n our scenarios strmulated general drstrust of government risk ranges because they

1ncluded the lower bound of Zero, Wthh the Natronal Research Councrl has characterlzed as EPA ) |

“borlerplate Drstrust for some people also seemed to be 1deolog1cally based or derrved from

beliefs about how government risk estimates were developed (in techmcal or polrtrcal terms).
‘Beliefin government honesty and COmpetence was related to low desire for certainty, high trust - |
in ofﬁcrals (a combrnatlon of expectat1ons of honesty and deference to authorrty) and one of our

measures of dlfﬁculty with arrthmetrc e o

Enwronmental Health Risk Uncertamtles Are Seen as
Specual

The exact same range of rrsk est1mates that e1101ted concern when it applied to |

envrronmental health elicited little or no concern when apphed to transportatlon (mortahty)
ﬁnanc1al or recreatron risks. People offered contextual 1nformat1on (work requrrements

- ffam1l1ar1ty, offsettmg Joys) for the1r drffermg reactrons to the latter uncertarntles Because the. .
transportatron I'lSkS (arrplane and automobrle crashes) involved death we cannot explarn this

reactlon solely on the grounds that the stakes w1th envrronmental health are. dlfferent (although
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that was the reasoning offered by focus group members about the financial and recreation cases).
Varying reactions within the environmental health category (drlnkmg water vs. soil vs. air
contamination) seemed driven more by criteria of morality or protect1ve opportunities than by
uncertainty considerations (as our comparison of “natural” to “human” sources of risk in Study

1, Phase I, suggested as well).

All Range Numbers Are Not Interpreted Equally
People do not seem to treat every number within a range as equally probable, desplte the

only signal of varying probabilities across risk estimates being a brief statement that one rrsk
level is “most likely.” Instead, on average they appear to treat higher risk numbel's as more
probable (compare to the Phase I finding that lower risk numbers were seen as prehmmary
estlmates), confirming an earlier hypothesis (Viscusi et al., 1991) of an * upward bias” in
response to ranges. By contrast use of zero as a lower bound seemed to be partxcularly drsturbrng
(see above), although a majorlty responded to questions usrng this bound no dlfferently than they

responded to a lower bound of 1in 10 m11hon .

Explanations of Uncertainties Are Confusmg, Irrelevant
or Troubling : }
Explanations of extrapolation from animal or high-dose human data did not d1ffer in therr

impact, and qualitative reactions suggest people largely found them confusing or 1rrelevant.
Earlier research (Kraus et al., 1992), confirmed by this study, found 'laypeople and experts,
d1v1ded over the validity of using animal data. This may partly explain why explammg “
uncertainty in risk estimates as due to extrapolat1on from animal data was seemingly without
effect (“seemingly” because we attempted no experimental test in this study, although a Phase I
experiment found no evidence of impact). Poor responses to explanaiion of high-dose
extrapolation ir_r_interviews seemed partly due to use of the word “chance” to describe' hoyv the
high dose was received by the other population perhaps stimulating aversion to a risk that thus
seemed more likely to affect the mtervrewee (on the grounds that chance cannot be avoided).
Extrapolation from factory workers to members of the general population also seemed troubling
for a plurality of our Eugene sample. Explanation of how a safe reference concentratron is

calculated for a noncarcmogen also confused or upset almost all interviewees and respondents to
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open—ended questronnalres By contrast the Eugene sample overwhelmmgly agreed wrth 1easons.
'for risk uncertamty stemmlng from measurement or complex1ty, or problems assomated with’ past
 or future nsks derlved from the risk hterature (Rowe 1994). On methodologlcal grounds alone
- we ra1sed the question of whether these are their own views; the regressrons showmg distrust’
' signlﬁcantly'revlated to agreement suggest that p‘eoplewere ﬁnding these reasons ]ustifyin‘g prior
;  distrust. h R | | o ' o

These ﬁndrngs do not necessarlly mean explanatlons of uncertamty are useless A m1nor1ty |
of our qualitative respondents found them enlightening, even enthralhng, some respondents - |
volunteered reasons (varymg exposures or susceptrbrlrty across subpopulatlons) why they found

- ranges of risk est1mates preferable to pomt estlmates or sald they would drstrust risk estlmates
without explanatrons of how they were der1ved However any effort at explanatron must deal
w1th the challenges of sahence trust and screntlﬁc understandmg Some of the lack of i 1mpact .
among our respondents may be due to our usrng hypothetrcal cases of drmkrng water |
comammatron that did'hot motivate people to seek and process 1nforrnat1on yet people ‘who
beheve they face areal life- and-death 51tuatron may put alow prrorlty on understandmg
uncertamty as opposed to protectlng thernselves As our regress1on results ‘imply, people who are
drsposed to distrust officials anyway may seize explanatrons of uncertarnty as reasons for such -
- distrust. Frnally, many c1t12ens do not understand how science works or have dtfﬁcultles w1th
mathematrcal 1nformat10n Desplte the general poor role of measures of mathematrcal
competence in this study, successful explanatlons of uncertarnty w1ll probably requlre a basrs in

' ‘ilay cognltrve models of both sc:1ence in general and what screntlsts are domg (and why) when .

they, for example extrapolate from ammal data to human rlsks

Shlftmg or Dtsputed RlSk Estlmates Do Not Reassure
Changes inr risk estimates do not seem to* affect public belrefs about risks strongly, except

: possrbly to make them more susp1c1ous if the estimates decrease. Although a majority in-our
: Eugene sample did feel more confident in their dr1nk1ng water’s safety after such a decrease, our
- scenario concerned a dehberately unhkely change froma “most hkely” rlsk of 10'6 to lO'9 ind
-even then a full third of respondents were not reassured ‘The basis for the latter reactron is |

runclear the only varlables predtctmg a behef that a lower follow-up risk estlmate was more
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competent were fatalism, desire for certainty, and having children living in the home. Qualltative
answers suggested that an increase in government risk estlmates may slightly reassure people
about govemment honesty (Weinstein, 1987), but of course higher risks are likely to be
disturbing in. themselves. Half our sample were even unw1lhng to hazard a guess as to whether a . |
lower risk number was produced because of better scientific knowledge and slightly more
disagreed than agreed with this statement. We suspect that this is due less to doubt that scientific
knowledge can improve than to suspicion that government is trying to calm the public or bow to
industry pressure. Similarly, the general reaction to conflicting risk estimates seems to be to
distrust everyone (but distrust government and business somewhat more than enviro'nmentalists o
and academics), attribute conflict as much to scie’ntists’ self—interest or incompetence as to the
nature of the evidence, reject majority screntlﬁc opinion in favor of good track records"’ for:
being right, and assume the worst is true if scientists disagree. People were largely unable to see °
the overlap in hypothetical ranges of risk estimates from government and environmentalists, or
believe tl1at this overlap signaled anything about the groups’ consensﬁs or.“objective” risk J

levels,

Mathematical Literacy, Vulnerability and General
Worldviews Are Only Partial Explanations

Much attention has been paid by elites to the deplorable level of scientific 1ll1teracy among
Americans (Miller, 1993), and mathematical 1ncompetence. has been one explanation for confhcts
between officials and citizens over environmental issues. Although we found a substantial |
minority even in a college-educated sample who struggled with one or another arithmetic - -
operation, this difficulty was only one of several factors in’public response to health risk ‘
uncertamt1es and a relatively minor one in our multiple regression analyses Although not
unimportant (see “Practical Implications™), it should not be an excuse to disenfranchise citizens
from partlclpatm.n in hazard management (a strong maJ or1ty in our college -educated sample was
able to answer these arithmetic questions satisfactorily). Similarly, felt vulnerability and
worldviews (e.g., antiegalitarianism, envrronmentahsm trust 1}1 authorrty, fatalism) were factors

in some responses to uncertainty by our respondents, but neither personality nor cultural forces
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(except for “trust in ofﬁcials”) were dorhinant explanations of these responses among those we

were able to test.

Risk Estimates and Their Uncertainties Are Not Critical’ . R ) S
to Most People’s Views of Environmental Problems :
Wlllmg though they were, by and large to answer our quest1ons about uncertamty in .

env1ronrnental health risk assessment 1nterv1ewees and other qualitative respondents made quite

- clear that the central i issue for them was preventlon and cleanup of envrronmental pollutlon They.

made it clear that for them I‘lSl( numbers were generally beside the pomt Although we did not

, o give Eugene respondents to the closedpended quest1onna1re a chance to express thls view

d1rectly, the third of the sample who did not want to see ranges of I‘lSl( est1rnates plau81bly fall

into the same category Nor can we assume that the rest of the sample welcome such ranges as

much more than yet another prece of mformatmn to be weighed for its cred1b1hty

We thlnk thrs is the key message to be taken from our study Risk assessment w1ll clearly

, remam an 1mportant component of env1ronmental problems makmg risk estlmates avallable to
the pubhc will not’ only contmue but is part of their nght to be informed and part1c1pate in-
dec151on makmg J ohnson and Slovic, 1994b). I—Iowever the debate over the role of uncertamty in

. risk assessment and r1sk management is resolved at some pomt itis hkely (even if only

quahtatlvely) that such uncertamty will be discussed pubhcly Such discussion will undermine

the cred1b111ty and effectrveness of govemment ifitis made the centerplece of attentlon rather

. 'than prevent1on and cleanup of pollutron Uncertamty isa fact of life, but life goes on; s1m1larly,

c1t1zens expect governrnent action on pollution i in sp1te of uncertamty, and may suspect

, uncertamty 1s bemg raised merely to Just1fy 1nact10n Attentlon to uncertamty can be cr1t1cal to

dec1d1ng which action to take, but this public dlscussmn must take due account of the wrder

context to ensure, a successful and mformed outcome

.
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Practical Implications

As we have noted several times, generalization of our results should be done caut1ously
However, it is unlikely that any substantial knowledge-based differences in response to
uncertainty will be found from applying our methods to populations less educated than our “
college sample. If a group relatively knowledgeable about uncertainty in science is troubled by
uncertainty in risk assessment, there seems little hope of ﬁndmg aless concemed. public
audience. Ideologically-based differences may vary more widely : among the general public than
in our Eugene sample, of which 67% was env1ronmentahst ” 79% “egahtarian » 88%
distrustful of authority, and 92% not fatalist, as measured by worldview statenderits in the
questionnaire. Nevertheless, we believe there are reasonably strong grounds for making
recommendations to government (and other institutions) about practical implications of our

findings.

Our interviewees and focus groups in particular stressed their interest 1n hai/ing .
environmental problems prevented, and cleaned up swiftlﬂy if not prevented; getting risk
estimates was of far less interest, even for those who preferred a range of risk estimates to simply
being told that conditions are safe. As noted earlier, we conclude from this that communication of
risk estimates, whether uncertainty is included or not, should be secondary to dealing with the
risk management issues posed by our respondents. This may seem like stating the obv.ious, but
official emphasis on communicating *“the l'lSk numbers” is still common enough to make
repeating this argument worthwhile. This does not mean that communication of risk est1mates is
useless or unnecessary, but it conveys our feeling that an emphasis solely or primarily on. such i
communication will be interpreted by most citizens as an attempt to hide ‘incorn‘petence or the

“true” risks. This interpretation would help neither agencies nor the public.

Some of qur recommendations apply to forms of communicating uncertainty:

i

« Use of “zero” as a lower bound in a range of risk estimates should be used only when the
available data clearly show this is a likely “true” level of risk The doubts that this term
raised among our respondents about government honesty and competence, plus the

technical arguments about its validity referred to earlier (NRC 1994), do not Justify 1ts
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_use as boilerplate. Very small pos1t1ve Iower bounds may be much more acceptable a. .

maJ orrty of- our respondents saw 1o dlfference between zero and 1in 10 mllhon as a '
: ,

lower bound and yet those greatly drsturbed by zeto were far less affected by use of the

latter ﬁgure as a lower bound If there is no alternatrve to using the term zero in a risk

“ estrmate clear explanatlon of the reasons for 1ts presence should be 1ncluded Although

7 '(as mentloned below) the explanatlons for uncertamty we provrded rarely worked” for -

our respondents in thrs case omlttmg an explanatron only means that audlences w1ll

' subst1tute their, own. explanauons (of dlshonesty or incompetence or both).

About two-th1rds of our respondents assumed the worst” (thought the hlgh end of a

. range of r1sk estlmates to be more hkely) to the extent that this contradicts the beliefs of
officials and nsk assessors, the dlscrepancy should be pomted out. On average people s

" est1mates of risk to themselves or to their commumty based on our scenano were not

greatly skewed upwards on the other hand simply saylng that one 1ntermed1ate estlmate

was “the most hkely risk” did not prevent an upward bias, even if it seemed to avoid ‘

: prOJectrons that every rrsk level within the range was equally probable This suggests that :
- a more explicit spemﬁcatron of the reasons for the (presumably) low probablhty ofa

range S upper bound mlght help some members of pubhc audiences put the range into

perspective. However as with many of our other recommendatlons these explanations

| should be brxef (w1th fuller detaxls for those who wish them avatlable separately) and

- undue falth in their effectweness should be avoided.

Phrases hke “95% conﬁdence” or “95% certam aroused susp1c1on among our

| respondents and we suggest they be used very caut1ously if at all. One optlon is to 31mp1y

announce upper-and lower bounds to I‘lSk ranges without spemfymg their link to

conﬁdence limits except in the more detarled information avarlable to those who request

-‘

it What that more deta11ed explanatlon should be however we cannot say on the basrs of

i

Our Phase IT research added httle to what we had learned from Phase I about the

helpfulness of graphlcs Just as the earher research suggested a s1mple line graphic made |

the presence of uncertamty 1tself more ‘obvious (but raised doubts about the truth of the

. risk 1nformat10n) the graphlcs appearmg in ﬁgures 1to3 apparently conveyed h
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uncertainty without implying equal probability of all risk levels within the range..
However, a more complex (and more accurate and potentially informativ'e) graphic
recommended by a National Research Council body (1994) was quite confusing We |
suggest that simpler graphics be used ifat all until further resea.rch can. specrfy what

kinds, if any, graphics would be most helpful to citizens.
Some recommendations relate to use of explanations of uncertainty: |

+ Attempts to explain in detail why a range of risk estimates has been presented should be
directed primarily at audiences that express an interest in understanding the feascns.
Otherwise, explanations will be seen as irrelevant or distracting'fro'm central issues (e.g.,
risk management). A simple statement may be enough in‘most cases, such as: “We are
providing a range of risk estimates because [for example] we want to account for the fact
that different people may have dlfferent levels of exposure to the problem, if you have a -
special interest in information on this uncertainty, we have a handout.” Some cases (e. g,, :
those where zero is a lower bcund) may require explanation anyway, to avoid even more
serious communication problems, but these explanations should be few and brief.“ _

+ Responses to our explanations of uncertainties based on extrapolation from animal data or

high-dose human data did not vary significantly. Combined with our Phase I finding that

adding such an explanation to a hypothetical news story did not produce different

responses than a story without explanation of uncertainty, this might imply that
explanations are useless-and should not be attempted. We do not recpmmend offering no
explanation of uncertainty. Our Phase II 'ﬁnding only suggests that animal and high-dose
explanations are.equally good or poor; the Phase I finding may have beenduecto
ihformation overload (the “expla.nation” story included much other information) rather
than irrelevance of the explanation; other phrasings than the ones we used r‘nightmvwork'

, better. |

« We do not at this time recommend using analogies to uncertainty in ﬁnant'ial or other
nonhazard areas to explain environmental health uncertalntles The aim of such
explanation might be to clanfy how uncertainty works, or how it.can help one make

better decisions. We are concerned that the public may 1nterpret this instead as an
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: _argument that they should accept risk and uncertamty for env1ronmental health 1f they -
accept itin mvestments or recreation or transportation. Our Phase II study suggests they
are likely to strongly.resent such an argument Because explalmng the difference between

| » their inference and the 1ntent10n w1ll be challengmg, using the analogy does not seem
worth the dangers : S po » '

. Extrapolatlon from ammal data faces skeptlcrsm from both c1tlzens and experts (Kraus et
al., 1992; Slovic, in press; Slovic et al., 1995), and so will explanat1ons of its role in risk '
uncertalnty D1rect acknowledgment of thls skept1c1sm that such data are the only ones

: avallable for thls pollutant and that havmg some rough idea of the risk is better than |

’ havrng no 1dea at all (the only alternatrve in thrs case) may be the best optrons for
explamlng thlS k1nd of uncertainty. We do not guarantee that thrs explanatron erl satlsfy '
| ‘ all or even most audiences. | o 5 ‘ o
. ,1 .E‘xtrap.olation from high-dose data resulting from occupational ekposure or accidents

© seems to eVOke doubtas well perhaps due to concern that occupational data are not

" relevant (or in the example we offered in mterv1ews that others exposure toa pollutant\
by accident or “chance” may make people feel more vulnerable than otherwrse) The

'recomm\endatrons (and caveats) for explarnlng animal data apply here as well.

Administrator Browner, in her memorandum on EPA’s Risk Characterization Program
- (1995), said that while “the”ﬁnal risk assessment'document ... is available to the public, the risk
:commumcatlon process may be better served by separate. risk 1nforrnat10n documents desrgned

- for part1cu1ar audiences.” We endorse this statement whole heartedly, in the sense that detarls

should be reserved for “backup documents whose ex1stence would be pubhcrzed
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Research Implications

Our study raised many questions for future research. Those that concern communication

about uncertainty in risk assessment include: -

« Our research examined lay response only to uncertaintié\sl in risk assessments based upon
toxicological studies. Although we have no reason to believe that the general reaction to
epidemiological uncertainties would be much different, research on thxs topic wbuld
allow testing of reaction to particular kinds of such uncertainties and to‘alt‘ernatiye “

3

explanations of them. ‘
« Phase II research focused on drinking water scenarios. In a few mterwews react1ons té
other environmental health scenarios (e.g., a1r pollution from a local factory, soil
contamination in the neighborhood) varied from those g1ven by the same person to t,he'
drinking water scenario. These vaﬁat{oné, however, were not the saifie across »‘.
interviewees, and did not seem to be based on upcertainty as much as other factors (e.g.,
perceived immorality of the féctory’s emissions; perceived availability of protective
options). But we did not test more widely for the presence of similarities or differences in
reactions to uncertainty across hazards (one study in Phase [ found dlffermg reactlons
unrelated to uncertainty, between natural radlatlon and a hazardous -waste- 31te chemical).
Although we are confident that reactlons of uncertainty will not vary widely across
hazard types, research testing this hypothesis. would be valuable. ‘
+ The potential role of graphics in communicating risk uncerta‘i'nty has been little expldrgd
(Ibrekk & Morgan, 1987), and our results make the issue seem even more compléx. We
wonder whether the graphic proposed by Ibrekk and Morgaﬁ (a cumulative distribution -
function above its equivalent proBability distribution) can be explained simply and
briefly. Certamly the graphlc proposed by the National Research Counc11 that we showed' |
focus groups elicited nothing but confusmn Our simpler graphlcs althou;rh they did not
seem to make people think that risk ‘estimates within the range were equal ly probable
may not be as helpful to the public as agency officials mlght like. Researc,h focusing on
these and alternatives seems valuable. . | :

. More exten51ve testing of reactions to various explanatmns of uncertamty is needed. Our

explanations of animal-data extrapolation, hlgh-dose extrapolatlon (1ncludmg cxtmg
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chance or workers as the_ source of the data), and constructlon of a reference
co‘ncentration were largely taken' to be conﬁasing,x lrrelevant or upsetting Because we
eXpect that some such explanatlons will be used when agenmes and others present
uncertamty, more study (1nclud1ng development of alternate versions; in language and for
N different audlences) is necessary to provide agenc1es some conﬁdence that they will not
make matters worse with explanatlons As part of this research, we need to understand
how. W1dely explanatlons m1ght be treated as reasons for dlstrust rather than as
enhghtenmg |
R Our ﬁndmgs that zero as a lower bound ofa range ellclted strong negat1ve reactlons are
‘ strlkmg, but ﬁlrther experlmental work is needed to generalize these results (wh1ch after
all, did not appear in Phase I, Study 1. Among other thmgs we need to test whether the
v. altematlve suggested earlier makes a dlfference Thls concerned hav1ng uncertalnty about
~ whether a chemical is a human ‘carcinogen represented as “a rlsk of zero, 1f itisnota
‘ carcrnogen ora rrsk rangmg from [a low p051t1ve lower bound] to[a hlgher upper

'bound] ? rather than as “could be as low as Zeto or as hlgh as.. Wthh is m1slead1ng
- Several other research topics' are less directly focusedon uncertainty, but are impor.tant:

. Understandmg of lay cogmtlve models of science and rrsk assessment—mcludrng, but not
- stressmg, uncertalnty—would help us desrgn communlcatrons that better explaln these
critical factors in hazard management | '

- Trust in officials was the most powerful although by no means umversal predlctor of

responses to government risk ranges; although ‘trust” has elicited much attention from .

' researc’hers in the last several years,, little is ‘yet known about its antecedents. Further

v research perhaps usmg th1nk-aloud protocols while respondents read arisk estimate
announcement (wrth or w1thout uncertarnty) would be Valuable ’

| . Srmllarly we were unable to clanfy how people Judge the honesty and competence of

officials with regard to risk estimates (much less on other risk management tasks) Some

trust researchers suggest such Judgments stem from the percept1on that officials share the

observer's values, but others believe these judgments reflect other factors.
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Appendix I

Fourteen Items Used in Qualitati‘veData.Collection

NOTE: Item numbers are those ldentrfymo items developed durmo mterv1ews whrch were retamed in focus groups and
‘the open-ended questlonnalre (some with slight wordmo chanoes) to aid comparmo responses across. the various data
collect1on methods. :

- . - . . . \ .

v T ITEM 2a

. The govemment announces that the water you drink contains a level of chernical X that poses an extra health risk of '
gettmo non-fatal kidney damaoe of 1 in 1,000,000 (one in one mrl]ron) over a leetlme of drmklna that water,

SR ., ITEM 3 [focus gronp]

The government announces that the water you drmk contains a level of chemical X that poses an extra health risk of
getting cancer of 1 in 1,000,000 (one in ‘one million) over a leetlme of drinking that water. The government says that
is the most lrkely risk, but it says the true risk could be as low as zero or as l’ll°h as 1'in 100, OOO

ITEM 4

. . . .
v B . v

A c’ovemment study was done ofthe water you drink a few years ago, which contamed (and still contalns) small amounts

- of chemical X. It found that the most likely extra level of risk of getting cancer from drinking this water for your entire

" lifetime was 1 in 100,000 (one in one hundred thousand). This was below the’ drinking water standard for this chemical

- at the time, so no action was taken and the-amount of the chemical in the water has stayed the same. The. government

did another study recently, using new scientific mformatlon about the chemlcal s effects and concluded that the most
" lik e]y level of nsk was l in 1,000,000 (one i ina million). O

ITEM 5 [both focustgroup’and questionnaire]

The °ovemment announces that there is a 5% chance that the extra level of risk from drmkmo chemlcal X in the water
you drink for your entire lifetime is above 1 in 100,000 (one in one hundred thousand), and a 5% chance that the risk
is zero. Theé government says this means there'is a 90% chance that the true risk is between zero and 1 in’ 100',000.

... ITEM6

The government announces that the water you drink ‘contains a level of chemical X that poses an extra health risk of

 getting cancer of 1 in 1, 000,000 {(one in one million) over a lifetime of drinking that water. The government says that:

. is the most llke]y risk, but the' true risk could be as low as zero or'as high as 1 in 100, 000. The government says that the
 redson for this range of nsk estlmates is that the only scxentrﬂc studies of this chemlcal's effects on cancer risks involved -
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laboratory tests with animals. It is not clear that the way an‘animal reacts to a chemical will reliably predict how a human
would react to the same chemical. Different assumptions about how to predict human nsks from animal reactions to the

chemical result in different risk estimates.

ITEM 7

The government announces that the water you drink contains a level of chemxcal X that poses an extra health risk of
gemng cancer of 1 in 1,000,000 (one in one million) over a lifetime of drinking that water. The government says that
is the most likely risk, but the true risk could be as low as 0.01 in 1,000,000, or as high as 10 in 1,000,000. The
govemment says that the reason for this range of risk estimates is that the only scientific studies of this chemical's effects
on cancer risks involved cases where people were exposed to much larger amounts of the chemical in their drinking water
than appear in your drinking water (at the time they were exposed, no one knew this chemical could affect health). It
is not clear that the cancer-causing effects in these people of high levels of the chemical reliably predict how a human
would react to the much lower levels of the same chemical in your water. Different assumptions about how to predict

risks from low levels of the chemical, when only information about risks from high levels'i is available, result in different |

risk estimates.
ITEM 8 [focus group]

The government announces that its scientists have calculated the risk of getting cancer from drinking the water you drink,
which has a small amount of chemical X in it, for an entire lifetime. It is 95% certain that at least 90% of the papulation
has an extra risk of no more than 1 in 1,000,000 (one in one million). A small proportion of people who are more likely
than others, when exposed to a cause of cancer, to get cancer may have a nsk as high as 10 in 1,000,000 (ten in one
million) if they drink this water for their entire lives. .

ITEM 10

The government announces that the water you drink contains a level of chemical X that poses an extra health risk of-
getting cancer of 1 in 1,000,000 (one in one million) over a lifetime of drinking that water. Most scientists agree with .

this number, and many think that the true risk could be as low as zero. However, a few scientists believe that the true
risk could be as high-as 100 in 1,000,000. Both groups have reputations as being competent scientists.

ITEM 11a

The government has found a chemical in your drinking water that can cause non-fatal kidney damage in laboratory rats.
The Ievel of the chemical which the government considers safe for humans to be exposed tois 1 part per 100 million.
The level of the chemxcal in your drinking water is smaller than 1 part per 100 million.

)

ITEM 11b

The government has found a chemical in your drinking water that can cause non-faial kidney damage inrlaboratory rats.
The level of the chemical which the government considers safe for humans to be exposed to is | part per 100 million.
The level of the chemical in your drinking water is 1.2 parts per 100 million
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‘of the chemlcal in your drinking water is 1.2 parts per 100 million.

ITEM l1c

The government has’ ‘found a chemical in your drmkmo water that can cause non- fatal kidney damage in laboratory rats."
However, this chemical did not cause kidney damage when fed to laboratory rats in doses of 1000 parts per 100 million
or less. Government scientists took a cautious approach to calculating a safe dose for humans, although it is possible
1000 parts per 100 million would be safe for them too. They divided this number by 10 to account for the fact that the
rats were only fed the chemical for a short time, and humans (at worst) might be exposed for an entire lifetime; divided
by 10 again to account for the possibility that humans might be more sensitive to the chemical than are rats; and divided

‘by 10 again to account for humans who may be more sensitive to the chemical than the average human. Thus the level

of the chemical which the government considers safe for humans to be exposed to is 1 part per 100 mxllxon The level ,

"ITEM 13

Chemical X ¢ occurs naturally in drmkma water in this part of the country. The government standard fora safe Ievel of .

‘this chemical, assuming that a person drinks this level for an entire lifetime, is 1 part per 100 million. The oovemment g

has found that the level in your drinking water system averages 0. 9 parts per 100.million. Due to random changes in the
natural lével of the chemical in the water source, the government says the level of chemical X in the water you drink at

any particular time and place can range from undetectable amounts to 1.2 parts per 100 million.
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ITEM 17

The government announces that the water you drink contains a level of chemical X that pdses an extra health risk of
getting non-fatal kidney damage of 1 in 1,000,000.(one in one million) over a lifetime of drinking that water. The
- govemnment says that is the most likely risk, but it says the true risk could.be as low as zero or as high as 1 in 100,000

(one in one hundred thousand).

ITEM 18

The government announces that the water you drink contains a level of chemical X that poses an extra health risk of
getting cancer of 1 in 1,000,000 (one in one million) over a lifetime of drinking that water: The government says that
is the most likely risk, but it says the true risk could be as low as 0.01 in a million or as high as 10 in 1,000,000 (ten in
one million). An environmentalist group responds by saying that the most likely risk is probably 10 in 1,000,000, and
it says the true risk could be as high as 100 in 1,000,000 (one hundred in one million). C ‘
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‘Studles of Its Effects on Risk Perceptmn and Trust
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Some. énalysts suggest ‘that discussing uncertainties in health risk”assessments might reduce citi- -
zens’ perceptions of risk and increase their respect for the risk-assessing agency. We tested this
assumption with simulated news stories varying simple. displays of uncertainty (e.g., a rarige of
risk estimates, with and without graphlcs) Subjects from Eugene, Oregon,.read one story each, -
and then answered a questlonnalre Three studies tested between 180 and 272 subjects each. Two
- focus groups obtained more detailed responses to these stories. The results suggested that (1) people
" are unfamiliar with uncertainty in risk assessments and in science; (2) people may recognize un-
certainty when it is presented 51mply, (3) graphics may help people recognize uncertainty; (4)
" reactions to the environmental problems in_the stories, seemed affected less by presentation -of
- - uncertainty than by general risk attitudes and perceptions; (5) agency’ discussion of uficertainty in
risk estimates may signal agency honesty and agency incompetence for some people; and (6) people - .’
seem to see lower risk estimates (1079, ‘as opposed to 1073) as less credlble These findings, if
confirmed, would have important 1mphcat10ns for risk commumcatlon ‘

KEY WORDS: Risk perception; risk communication; risk assessment; uncertainty. ' ) -
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addressed in the present studies. Here we use ‘‘uncer-
e / ‘ tainty’’ to mean a risk assessment presented in terms of
‘An abiding issue in risk commuhic‘ation ig how best a range of nsk estimates, rather than asa: pomt estlmate
to convey. risk information from scientists and officials- N ) ‘

to citizens. A key element of such technical information. ' ' '

. is uncertainty, yet neither for this topic nor for risk char-
acterization materials in general has there been ‘‘system-' -

atic study of . .. their comprehensibility and usefulness

to various types of users’’® (p. 14). In particular, no one
knows how presentations of uncertainty in risk estimates
- affect’ public risk perceptions or citizens’ trust in nsk -
managers. . ' o ’
We report ‘here the results of four prehmmary stud-.
ies of this topic, funded by the U.S. Environmental Pro-
. tection Agency.® Deﬁmng and calculating uncertainty
itself has been the subject of entire books & and was not

1. INTRODUCTION

" "2. BACKGROUND "

_There have been numerous claims that explicit dis-
" cussion of uncertainties in risk estimates would, among
other benefits, improye the public’s views of environ-
mental hazard management. One alleged effect is that be-
ing open about uncertainty will enhance credibility- and
‘trustworthiness;® presenting important uncertainties in a
riskassessment will improve “‘public confidence in the
quahty of ‘our scientific output .’® (p. 1, emphasis
added) Another argument is that citizens will make

7-. “*more mformed choices when the range of risks [from a
! Rxsk ‘Communication Umt Division of Sc1ence and Research New

Jersey Department of Envxronmental Protection, CN409, Trenton
New Jersey 08625, '

2 Decision Research, 1201 Qak Street, Eugene, Oregon 97401

3To whom all correspondence should be addressed..

. given hazard] to .which -one i§: exposed is consxdered”("’)

- (@ 87).

Few. studies of pubhc response to nsk uncertamty

have been done. Risk perceptions of a hypothetical haz-
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ardous waste case were unaffected by .a caution about
the uncertainty of risk estimates in general.® Views on
global warming effects were unaltered by large varia-
tions in the timing and magnitude of scientific predic-

tions about such warming.® Another study asked people:

to name the certain risk magnitude in one area that
would make them indifferent to living there or in an area
with uncertain risk. The wider the range of risk for the
second area, the more risk averse people became; a risk
figure received more weight if it came from a ‘‘later

study.” Risk aversion was attenuated if the lowest risk -

estimate was well below average, and intensified if the
highest estimate was well above average.”” In another
study, people’s desire to reduce catastrophic risks in-
creased with uncertainty: risk aversion was greater for
an accident with an equal chance of yielding zero or 100
deaths than for an accident that would certainly yield 50
fatalities.'® Only one case study cited an uncertainty-
trust relation, implying that lack of discussion of uncer-
tainty may be a problem. British sheep farmers distrusted
official statements on post-Chernobyl radiation because
these ignored uncertainty, while their farming experience
exemplified uncertainty.' Thus most previous studies
did not test hypotheses about uncertainty effects on pub-
lic trust or manipulate uncertainty directly. -

It is unclear that explaining uncertainty (at least by
itself, and in the one-shot state of most environmental
communication) will increase trust and public confi-
~ dence. First, uncertainty may disturb people; they want
assurances of their safety and may prefer being told that
a situation is safe or unsafe to receiving formal risk es-
timates.12-19 Descriptions of uncertainty in risk estimates
may undercut any illusion of safety. Second, ‘technical

risk information, including information on uncertainty,

may affect public response to risk and government less
than other factors; stressing uncertainty might confuse
people, or even cause outrage.!¥ One study found that
govemnment actions to address public concerns and share
information early sharply reduced perceived risk and im-
proved judgments of agency performance for a hypothet-
ical chemical spill. By contrast, details on health effects
and exposure pathways had no apparent effect*'® In
another study, comeem for a hypothetical hazardous
waste 'site was significantly affected by trust in industry
and government, perceived health threats to oneself and
family, and the sense that hazardous waste risks were
controllable. However, knowledge about chemical risks

and a generic warning about the uncertainty of risk es-

timates were not related to concern.t”

In short, presenting uncertainty in risk estimates
may create, rather than remove, public confusion or con-
flict. Yet uncertainty, inherent in risk assessment, must

Johnson and Slovic

be part of accurate communication about risk. Research
is needed to help us determine how best to communicate
uncertainty to the public. The studies reported hére rep-
resent initial steps toward that goal.

3. RESEARCH DESIGN

~ Our subjects read simulated newspaper stories
about a hypothetlcal USEPA risk estimate for a poten-
tially hazardous case. Stimuli were varied to identify the

"separate effect each of several design variables made on

risk and other judgmenfs Use of a mock newspaper
story reflects the press’s role as a major channel for cit-
izens’ receipt of risk information. Use of an official or

simulated agency fact sheet instead might restrict exper-’

imental variation due to limits on what the agency can

* say about risks.

" Table I shows the major manipulations'deployed in
the four studies reported here; Table II shows excerpts
of three stories. Study 1 used folir levels of uncertainty,
described as percentages of the (highest) point estimate;
Studies 2 and 4 used only two treatments, a point esti-
mate and a range of estimates. Risk estimate ranges in
Studies 2 and 4 extended from zero to an order of mag-
nitude above the point estimate of risk; Study 1’s range
extended only downward from the point estimate. Study

3 (two focus groups with Eugene, Oregon, residents)

- used three Study 2 stories without alteration. In Study
4, ‘information about the range of probabilities was sup-’

plemented by translating these probabilities to addmonal
cases of cancer that would be expected in a city the size

of Eugene, Oregon, over 70 years. Study 4 also added, -

due to comments from the focus group participants, a
statement about the typicality of uncertainty in science,
and an explanation of the uncertainty (only animal tox-
icity data were available, and extrapolation from animals
to humans is inevitably uncertain). This issue of animal-
to-human extrapolation is one of the most debated issues
in toxicology for both citizens and experts.!”

We used fake names for the hazard stimuli: *‘bu- ‘

tydin’* for a chemical from an abandoned hazardous

waste site (used in ‘all four studies) and ‘‘zydin”’ for-
. radioactive gas entering homes from a natural source

(Study 1 only).. These names reduced biases (e.g., dread
of dioxin or apathy about radon) from prior beliefs about
real chemicals or radioactivity.!® Two. risk magnitudes
(point estimates)y—one in a thousand and one in a mil-
lion—were used as stimuli in all four studies. Graphics

were ‘added in Study 2 (see examples in Figure 1) to see’

whether respondents would take more notice of a visual-

T %
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Table I. Research Design: Variables Used in. ‘Four'Studles“

'

No. of stories,

" Story designs

Uncertainty Variations (example‘s)”

Study (no: of subjects)
l.. 16 ‘2 Hazards * 2 Risk ‘1) No mention of uncertamty, e.g.: “EPA scientists estimate that the additional
. (272) - . Magnitudes * 4 risk of getting cancer over a lifetime of living in a home that might be contam-
. Uricertainty Conditions ‘inated by zydin at the levels seen in local houses is one in a thousand.” o
. ’ . _ 2) ““EPA announced the highest risk estimate produced by their risk model; the
o true risk could be. as low as 10% of the current EPA estlmate or one in ten .
thousand. :
- 3) “.. . aslowas 0. 1% of the current EPA estrmate or one in one million.”’
4) “...as low as zero.'
2 . 8 , 2 Risk Magmtudes *2 I} No mennon of uncertamty “EPA scientists stated that the additional risk of
180y Uncertamty Condmons * "getting. cancer over a lifetime of drinking water that might be contammated by
' 2 Graphic Conditions’ butydin at the levels seen at the Lancaster site is one in a thousand.”’
2) “EPA announced the most likely risk estimate. However, the true risk could
O be'as low as zero, or as high as one in a hundred o
3 3 1:1,000 stories from Study 2: as in Study 2 . ' . !
(13, in Certainty without Graphic, . SR B '
‘two focus * Certainty with Graphic, .
groups) . Uncertainty-with Graphic : - . : ) )
4 4 2 Risk Magnitudes * 2 1) No mention of uncertainty: *‘If butydin gets into the water supply, EPA sci- -
' Uncertainty-plus- Grapluc entists calculate a person who drinks this butydm—contammated water for 70 years

@7

Condmons

would have one ‘additional chance in a thousand of getting cancet. . .. The one-
in-a-thotisand calculation is the equivalent, in Eugene’s populatlon of about -
100,000, of 100 extra cases of cancer if all city residents drank water with this
level of butydin in it for their entire lives. This compares to the average Amer-
ican’s one chance in four of getting cancer ‘ffom any cause (or an average of
25,000 cases of cancer over 70 years in a city like Eugene).””

2) ““The EPA spokesperson said that one additional chance of cancer in a thou-
sand is the most likely risk level, but added that the true risk could be as low as
zero, or as high as one in a hundred (1,000 extra cases of cancer if all city

_residents drank water with this level of butydin in it for therr entire lives).”” "~

S Hazards lmaginary names were used-for the chemical (“btxtydm”) and radratlon (“zydm”) Risk magnitudes: One in a thousand (l 1,000) and
one in ‘a million'(1:1,000,000). Graphic conditions: Study 2 stories appeared with ot without a graphic, for both certamty and uncertamty conditions;
all Study 4 stories included a graphic, for both certainty and uncertamty conditions (see Fig. 1 for examples).

® All examples are based upon a pomt risk estimate of 1:1,000; stories using a point estimate of 1:1,000, 000 were altered accordmgly (e.g. for

Study 1, “‘as low as 0 1% of the current EPA ‘estimate, or one in one billion™”).

i
5 .

' plus-Written, than of a written only, presentation of un-
certainty. Each story in Study 4 had a graphic.

. Simulated news stories included a headline, date-
line, and a-column format, as in real news stories. All

stories in each study cited (1) the risk estimate source
' '(USEPA); (2) the welght of“®vidence (possible cause of .
.. cancer); (3) the effect of estimate uncertainty (more

- study needed); and (4) a.risk comparison (‘‘For com-
parison, the risk of getting cancer from exposure to all
possible causes of cancer is about one in four for an
American”’). Study 4’s risk comparison (and graphic)
also listed the cases of cancer the estlmated risk would
entail in a city the size of Eugene; Oregon.

Al four studies took place during 1993. Subjects

for Studies 1, 2, and 4, mostly college students, were -

recrulted through an advertlsement in the University of
Oregon newspaper and were paid a nominal fee.
Subjects in Studies 1, 2, and 4 answered a ques-
tionnaire after reading one story. They could refer to the
story when answering the questions. Some questions
measured how well the mampulatlon worked (e.g:, did
people reading stories with ranges of estimates see more -

* - uncertainty than. those readmg stories with point esti-
mates?). Other questions assessed dependent 6r con-

founding variables, such as perceived risk, agency
honesty and technical competence, and- general attitudes
toward risk, government, and authority.*» The question-
naire also asked respondents to, indicate their sex and to
rate:how well adjectives from a scale devised by Bem®®-
to measure masculinity and femininity described them-
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Table IL Excerpts from Simulated News Stories

Study 1. EPA scientists estimate that the additional risk of gerting
cancer over a lifetime of drinking water that might be contaminated

by butydin at the levels seen at the Lancaster site is about one in a

thousand.
For comparison, the risk of getting cancer from exposure to all
possible causes of cancer is about orfe in four for an American. ...
EPA announced the highest risk estimate produced by their risk
model; the true risk could be as low as 10% of the current EPA es-
timate, or one in ten thousand.

Study 2. EPA scientists estimate that the additional risk of getting
cancer over a lifetime of drinking water that might be contaminated

by butydin at the levels seen at the Lancaster site is one in a thousand. ‘

For comparison, the risk of getting cancer from exposure to all
possible causes of cancer is about one in four for an American.

EPA announced the most likely risk estimate. However, the true
risk could be as low as zero, or as high as one in a hundred.

Study 4. If butydin gets into the water supply, EPA scientists esti-
mate a person who drinks this butydin-contaminated water for 70 years
would have one additional chance in a thousand of getting caricer. . ..

The one-in-a-thousand estimate is the equivalent, in Eugene’s
population of about 100,000, of 100 extra cases of cancer if all city:
residents drank water with this level of butydin in it for their entire

lives. This compares to the average American's one chance in four of

getting cancer from any cause (or an average of 25,000 cases of cancer
over 70 years in a city like Eugene).

The EPA spokesperson said that one additional chance of cancer
in a thousand is the most likely risk level, but added that the true risk
could be as low as zero, or as high as one in a hundred (1,000 extra
cases of cancer if all city residents drank water with this level of
butydin in it for their entire lives).

selves. Numerous studies suggest men and women see.

risks differently.@??

The first focus group in Study 3 included seven
volunteers (four women and three men) in a local social
change and political action group, all with undergraduate
degrees and.an average age in the late twenties. The
second focus group included six members and friends of

a women’s community volleyball team (four women and

two men). All had attended some college, four held un-
dergraduate degrees, and two were in graduate school;
their average age was in the mid-twenties. After reading
cach of three stories<tom Study 2-—both point and range
variants (see Table I}—focus-group members answered
a few questions from Study 2 and discussed their reac-
tions to the stories and to uncertainty. This study pro-
vided a more in-depth analysis of reactions to uncer-
tainty than a questionnaire could provide.

These four studies focused on simple, direct effects
of presenting uncertainty: Do lay people notice ranges
of risk estimates in simulated news stories? Do these
ranges affect perceived risk or trust? .

Johnson and Sl;ivic

l (a) ’ (b) FIangu of Risk Esﬂmyates for Lindley

1 lddl}loml chance:In 100
1 additional chance In 1,000 (EPA's Highest Ealimate)

(EPA's Risk Calculation)

— 1 additlonal chance in 1,000
(EPA’'s Bast Ettlmnn)

L— 1 no risk (EPA's Lowest Estimate)

(c) .

1 additional chance in 100
(EPA’s highest estimate)

Range of Risk Estimates for Eugene

26,000 concer cases

1 additional chonce in 1000 L 25,100 concer cases
(EPA’s most likely estimate) : 4

No additional risk .1 25.000 cancer cases
(EPA’s lowast estimate) :

Fig. 1. Examples of graphics used in Study 2, certainty condition (a),

©-

RESULTS

' We discuss our results below by topic; Tables III .

and IV summarize observed uncertainty effects for each
experimental study.

Recognition of Risk in the Story. The first question
asked whether people had read about a risk in the story.
We expected that nearly all subjects would say “‘yes,”’

because they were well-educated and could refer to ‘the -

story while answering questions. Yet 16% of the re-
spondents in Study 1 and 22% in Study 2 denied that a
risk was mentioned in the story. This lack of recognition
was not significantly affected'by a shift in the question’s
wording between Study 1 (‘‘Did the government agency

say what the risk of this problem was?’’) and Study. 2 7

(“‘Did the government agency say what the risk was of

" getting cancer from drinking water contaminated with

butydin?’’). This question was changed again for Study
4 to address potentially confounding factors in respon-
dents’ answers (‘‘Did the story rr-*port an EPA calcula-
tion of the risk of getting cancer from drinking water
contaminated with. butydm? This’ question concerns

Study 2, uncertainty condition (b), and Study 4, uncertainty condition
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. ‘Table IV. Findings of Experimental Studies

mation; did not
raise fraction
seeing risk -
number in story

whether a rlsk number appears in the story, not whether
the agency or the reporter gave an.accurafe number.””).

'7 This last wording change reduced. to 9.7% the percent-
age who saw no risk mention in the story. Perhaps there
" was too much information, even in the briefest experi--

mental stories, for these respondents to notice a risk
‘number ‘written as a word, as in ‘“‘one in a thousand.”’
Study 1 and 2 questions also did not ask about a ‘‘risk
number.”’

the proportion in Study 2 who said risk was mentioned
in the story, compared to those who read stones lackmg
the graphlc *

" Recognition of Ranges. Those who said 4 risk was
mentioned in the story were then asked whether the gov-
emment gave ‘‘a single number for the risk or ... a

range within which the risk mlght lie.”” In all three ex- - -
penments (Studles 1, 2, and 4) those who read a story

However, the samesrisk estimate appearing as-
a number in an accompanying graphic did not increase

" Study . ; . Study
: Experimental . - —
Findings- IR 2 .4 questions 1 , 2 J 4
Range story read- Change inrisk - ~ No Range—more risk,  Range—more risk
. ers saw more . o . *-perceptions " effect  worry (but not ~ (with attitudes
range in story ~ No - Yes " . No : B with attitudes constant)
Percent of Sub- - . h 'eonstant)( -
jects Wh({ saw " Effect of agency No Agree ageney is No
risk mentioned discussion of  ‘effect  more honest, : effect
in story . 8% 8%, - 91% - how much risk disagree that it’s - I
: Percent of t ! . ' o . might vary on less competent ) l
“subjects who l - views of agency '
correctly . L " honesty and.
recognized 71-83% . v | competence
. range of nsk o (across the - . 4 Effect of attitudes  No Attitudes predict Attitudes predict
estimates in - three range : . : : -y S : T
c . o e . toward risk, . effect  ratings of risk, ratings of risk,
range-story . stories read) 80% . . 83% : . s .
. . e ) R government, worry, experts’ . . woITy, experts
Percent of . and authority knowledge of .- = knowledge of
. subjects who - : hazardous hazardous
_correctly . waste risks waste risks,
recognized sin- - ) - " EPA honesty on
gle risk esti- size of risks,
mate in point- "+ : i EPA compe-
story. . 41.5% - - 52% . [465% tence at risk es-
.Effect of graphic Not Raised perceived . Not ] timation, EPA
applicable range of risk in - appli-’ ‘competence .
. story; lowered cable K dealing with en-
trustworthiness vironmental
- of story infor- problems

in which-no intended uncertainty appeared were signif-
icantly more likely to answer ‘‘a single number’’ than

were readers of stories mentioning uncertainty. How- -
.ever, many readers of point-estimate stories said a range
" of risks was mentioned (58.5% in Study 1, 48% in Study
© 2, 53.5% in Study 4). A lower but still stnkmg fraction
_.of range-story readers (from 17% to 29% for the three
‘ uncertainty conditipns in Study 1; 20% in Study 2 and
"~ 16.7% in Study 4) reported that only one number ap-

peared in the story. .,
- These results may be due to a combmatlon of con-’

. fusion and lack of comprehensron Al stones, including

the single-number stories, also’ contained a risk compar-
ison (see earlier language). Readers of single-number

'stories may have inferred from remembering two num-
" bers—for exanjlple', the 1:1,000 point estimate of risk and

the 1:4 general cancer risk—that these comprised a
range. The rarer error of classifying range-stories as con-
taining a single number is more hkely due to incompre-

_hension, because both the text and the graphic portrayed
" a range. The consistency of. these error rates across three. -
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studies (1, 2, and 4) suggests that, except for removal
of the risk comparison, further revision of the stories and
questionnaire would not greatly reduce the error rate for
well-educated respondents for whom the issue is not im-
mediately salient.

These results do not mean people could not rec-
ognize the experimental manipulations of uncertainty.
Study 2 (although not Studies 1 or 4) found that readers
of stories with ranges of risk estimates were more likely
than those reading single-estimate stories (86% vs. 42%;
p < .001) to say that a ‘‘very great” or ‘‘moderate”
range of risk was reported in the story. The ‘‘range’’

groups were also more likely to rate the story’s risk in-

formation as uncertain (5-7 on a seven-point scale), by
54% to 28% (p < .02). '
Uncertainty Effects on Perceived Risk. Study 1
found no statistically significant differences in perceived
risk across the four uncertainty levels (whether point es-
timate, or a range of—for example—1:1,000,000 to i:
1,000). Readers of Study 2 range-stories were more
likely than point-story readers (34% vs. 14%) to rate the
butydin risk as high (5-7 on a seven-point scale; p <
{05). We think this was due to a higher top risk in range-

stories: a maximum of 1:100 for the point estimate of 1: -

1,000, and of 1:100,000 for the other point estimate of
1:1,000,000. If one focuses only on the range maxima
it is recasonable to see the range-story risk estimates as
higher than in the point stories.® This idea was con-
firmed by the reasoning of one participant in Study 3:

I ignored the fact that there was zero risk because they
wouldn't have reported it if there was zero risk ... for some
reason this graph looked more government-like, and so I im-
mediately went to worst case scenario. . . .
Another participant said, “‘if it is zero, they are just re-
ally saying, ‘We could be wrong.’ ** (Note that Study 1
found similar risk perceptions with a lower-bound esti-

mate of zero and one that is a small positive number; -

Table 1 has examples of these variations.)

Uncertainty was also more worrisome in Study 2:
73% of the ‘‘range’’ readers, versus 58% of the ‘‘point™
readers, were ‘‘somewhat’ or “very worried” (p <
.01). About 71%-~of the “‘range” group in Study 2
agreed that the agency’s discussion of uncertainties
would have made them more concerned about the risk
had they lived in this imaginary town. Somewhat more
than half of all Study 3 members, who read both stories,
were more concerned about the risks described in the

range-story than those in the point-story. (However, be-

cause the range included zero risk, one person noted that
“‘people who don’t want to worry about this are going
to find plenty of support for ‘not worrying about it.””)
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Studles 1"and 4 found no dlfferences m ‘worry by un- -

certainty condition.

In Study 4, whether one recelved uncertainty infor-

mation significantly predicted responses only to a ques-
tion about the perceived risk to Eugene residents. On a

-scale from 1 (very low risk) to 7 (very high risk), those

reading range-stories had a mean rating of 3.14, to 2.58
for readers of pomt—stones (» <.01).

Effect of Uncertainty on Perceptions of the Agency
That Provided the Risk Assessment. Participants who
read Study 1 and Study 4 stories with varied levels of

uncertainty did not differ in their views ‘of USEPA: .

Within the Study 2 group that read a range-story and
recognized that it contained a range of estimates (N =
56), 66% agreed that the agency’s discussion of how

‘much the risk might vary made it seem more honest;

29% disagreed. Some 34% agreed ‘that this discussion
made the agency seem less competent; 59% disagreed
with the statement. However, these findings need not,

* contradict the findings of Studies 1 and 4: Study 2 judg-

ments of agency honesty and competence correlated
with attitudes about risk, government and authority, im-
plying that people were not reacting to uncertainty in-

formation (see discussion of regression analyses, below).

In Study 3, most participants felt that providing a

range was more honest. For example,

® [The range approach] tends to see the public as competent,
educated citizens, who are going to have more information,
who are going to have to make up their own minds, which
I think is a good first step for the government to do It hasn’t
done it in the past most of the time.

® [ assumed vast uncertainty even when’it was presented=as '

- an ‘absolute fact, so ... I guess it is more encouraging to
see it [in a range]. Lo .

® [ think it’s a little more honest when there might not be any
risk and there might be a high risk or a higher risk. . .. I feel”
more comfortable with something like this than I do with

.. a number like a risk 1 in 1,000, or whatever. Just like a

definitive number where . .. I can’t even imagine how they
come up with something like that.

Yet several people in Study 3 said they would not
be upset by agency silence about a range if they did not
know such a range existed (most were unaware of un-
certainty in risk estimates). For some, however, the
range evoked doubt about agency trustworthiness:

/

® They may give you the idea that there is zero risk, if they .
don’t have any way to clean it up.... If ... they got the
money, and they are going to clean it up, and they want to
lock good, and they want to do PR and stuff, they are going
to tell you there was this huge risk and we’re going to take
care of it. And I just think it’s all so politically motivated
that it doesn’t really mean anything anyway. ~
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Desprte the general sense of honesty evoked by
ranges of risk estimates, several Study 3 members felt’
that USEPA’s report of a rangé mieant that “‘they don’t

have a clue. ? > Among other comments. ’

' " ® It bothers ne when there are a lot of maybes and who'
' knows. -
® [ didn’t think much of thelr ability to-be precise. .
" ® Their preliminary results were too preliminary.

Even if reportmg uncertarnty seemed to convey
agency honesty, this did. ‘mot seem to offset concerns
about the agency s competence

L] I kmd of assume that the government doesn’t know what
they are doing most of the time. . . . At least they are finally’
admitting that they don’t know what is up.

e [Person 1:] How would you feel if the government . told
you that ‘they have no idea whether this.is going to pose'a
risk of cancer to you or not. And they really just are having
-a hard time_with studies determining it. [Person 2:] Yeah,
thank you for bemg honest. }

® {about the story’s line that “‘the true nsk could be as low as
zero™*:] How come you-can’t even figure out if there is a -
risk or' not? You say it causes cancer. Well, is there a risk

, of is there not a risk? I don’t know, it just bothered me.
. The honest rmbecrles The EPA. )

In Study 4, exposure to uncertainty 1nformat10n:
E predicted (in multiple regression analyses) lower. per-
ceived. compétence of USEPA at risk assessment and
environmental management, and more apparent truthful-
ness in news stories, than for those reading point-stories.
Despite their very weak statistical significance (p < .10
orp < .20), these findings’ direction fits with the ‘‘hon-
est but ignorant’’ theme of ‘the focus group discussions..
Nor is this inconsistent: Honesty and competence are
" logically mdependent attnbutes :
Uncertainty in Science. Study 4 subjects were asked

whether they agreed that. ‘It is typical of good science

that the most likely estimate of what is being ‘measured
has a range‘of uncertainty around it.”’ Item intercorre-
lations were aralyzed for the 56 subjects who read the
tange stories and correctly reported the story as contain-
ing a range of agency risk numbers. These correlations
showed that those agreeing with- this statement were
more hkely to find the risk ‘mformatron in the story un-
_ derstandable (r = .36, p <".01), certaln @'=2%p
'<.05), and scientifically valid (r = .39, p < .001). They
~were less likely to think that the agency’s discussion of
uneertainty indicated incompetence (r = —.25, p < .05);

and less likely to be concerned because of that dlSCUS- .

~sion (r = ~.34, p <.01).

Some focus group rhembers (Studye3) thought that
reminding people about science’s imprecision would
‘make ranges of risk estimates more credrb]e '
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* Sometirhes a little disclaimer that reminds people that no matter
how many tests you do you-can never be positively sure will
remmd people that . .. they are doing the best they can. And

. 1 would think that that would help me assess that at least they
.are being' honest about the fact that they’are really not sure
what nsk this poses.

However, the presence of such a cayeat (with other‘
““clarifying’’ information) in Study 4’s uncertainty sto-

-ries did not evoke significantly higher ratings of EPA’s

honesty than in the same. study’s pomt estimate stories.
Graphzcs For all conditions in Study 2,. use of a
graphlc SIgmﬁcantly increased the percerved range of
risk—perceived uncertainty—described in 'the. stories
(3.06 for graphic, 2.8 without, on four-point scale from
0’ to “‘very great range,”’ p <-.04). It also decreased -
the perceived trustworthiness of story information (mean
of 3.31 for graphic, 3.84 without, on seven-point- scale

from ““not trustworthy™” to ““trustworthy,”” p < .01). Yet

reaction to graphics in the Study. 3 focus groups was
generally positive: For example, the graphic with the
certainty story (see Figure 1a) ‘was sa1d to make the story

v clearer and more saliert.

Natural vs. Technological Hazards. Study 1 stories
about zydin (natural radiation) elicited significant rank-

- ings of lower Tisk, less worry, more understandable and

honest information, and a more honest agency than were .

“elicited by stories about butydm the imaginary chemical
" from an abandoned hazardous waste site, despite iden-

tical risk estimates for the two hazards. This finding i is
consistent with previous studies that have found lower
percetved risk from natural hazards than for technolog—

" ical hazards.®» -

Risk Magnztude Srgmﬁcantly dlfferent reactrons
occurred to differing risk estimates. In Study 1, risk es-
trmates of 1:1,000 drew higher ratings of honesty, for
both the news story information and the agency, than
did 1:1,000,000 estimates. This parallels an earlier find-
ing that people would believe a government agency

- more if it said there was an environmental problem than
if it-said there was no problem.t® Study 2 did not rep-

licate this finding about perceived honesty However, the
hlgher probability (1:1 000) in the story did evoke more

- perceived risk and more worry, and (while'not quite sig-

nificant at p < .05) greater expressed intention of getting
the site cleaned up. Lower probability (i:€., 1:1, ,000,000)
was seen as preliminary rather than complete informa- -

- tion. Study 4 subjects who read the 1:1,000 range story

were significantly more: likely than these reading the -
1:1,000,000 range story to say that the agency’s discus-

sion of uncertainty made them more concerned. They B
‘also rated the risks as better known to the govemment B
than' did readers of the lower_xnsk range story. These

oy
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results, with earlier research,!® suggest that citizens sée
lower risk numbers as either less accurate or less honest.
However, Study 4 found no significant differences
across risk magnitude conditions in ratings of agency
honesty, agency competence in risk estimation, or
agency competence in managing envxronrnental prob-
lems.

Attitudes. The results reported so far were based on
direct manipulation of the presentation of uncertainty in
Studies 1, 2 and 4, and qualitative analysis of focus
group discussions in Study 3. We also conducted step-
wise regression analyses to examine effects of the un-
certainty manipulations relative to the effects of attitudes
about risk and agency honesty and competence. These
analyses used responses from the 100 (Study 2) and 135
(Study 4) respondents who correctly answered questions

-1 and 2, thus indicating they recognized the experimen- v

tal conditions (single risk estimate vs. range of risk es-

timates). After respondents with missing data were

deleted, effective sample sizes were 37-38 for Study 2
and 62-67 for Study 4. These samples were small; each
of nine regression analyses found different independent
variables to be significant; and these analyses combined
experimental (uncertainty) with nonexperimental (atti-
tude) data. For these reasons, we will not discuss these
results in detail, but we believe they carry 1mportant im-
plications worth further study. - .

Six dependent variables were used: perceived risk,
worry, experts’ ability to correctly estimate risk, EPA’s
honesty about the size of risks, and EPA’s competence
at estimating risk magnitudes and managing environ-

mental problems (the last three for Study 4 only). In- -

dependent variables were (a) the respondent’s
uncertainty condition (0 =
(b) various attitudes toward risk, government, and au-
thority; (c) sex; (d) gender-related adjectives respondents

used to describe themselves?®; and (e) being active in

various environmental activities.

Within the context of the regression analyses ex-
posure to uncertainty stories significantly predicted only
one variable: In Study 4 it increased perceived risk to
Eugenc residents. Responses to other dependent varia-
bles were predictable from attitudes toward risk, gov-
emnmeht, and authority, and gender-related adjectives

(sex itself was not a significant predictor). For example,.

those prone to judge EPA as honest in reporting the size
of environmental risks did not see risks as serious in
their home community, trusted the government, disa-
greed that more equality would solve social problems,
and described themselves as gentle. Respondents who
judged the EPA competent to deal with environmental
problems were less likely to see local environmental

single number; 1 = range); ’
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problems as serious, more likely to trust the government
to manage risks, and more likely to describe themselves
as gentle leaders without strong personalities who were
not active in environmental groups. The best predictor,

* entering first in five of the nine regressions, was the

belief that ‘‘There are serious environmental health
problems where I live.”

If supported by further research (one study found .
similar trust, equality, and risk attitudes linked to low

risk ratings among white men, compared to others),?
these findings would indicate that uncertainty is less im-
portant than general attitudes about risk and authonty in
shaping views of risk and agency performance

4. DISCUSSION

. Results of these initial studies of public response to

uncertainty in risk assessments raise more questions than
" they answer. However, some tentative conclusions can

be reached: :

® People are unfamiliar with uncertamty in risk as-
sessment, and with uncertainty in science gener-
ally. Responses by respondents in Studies 3 and 4
' point to unfamiliarity with uncertainty in science. Up

- to 20% of respondents in. Studies 1, 2, and 4 had
difficulty even recognizing the presentation of uncer-
tainty in the form of a range of risk estimates.

@ People may recognize uncertainty (i.e., a range of
risk estimates) when it is presented simply. Moving
from Study 1’s percentage-based, one-tailed presen-
tation of uncertainty to Study 2’s probability-based,
two-tailed presentation did produce some responses to

uncertainty manipulations. Yét many participants in -

" both studies could not correctly categorize risk esti-
mates (as a single number or a.range). Moreover,
Study 4, intended to enhance Study 2’s uncertainty
effects, failed to show any statistically significant ef-
fects of uncertainty except in a regression analysis for
perceived risk to people in Eugene, Oregon. Because
our exploratory regressions implied a greater impact
of attitudes about risk and government on views of
risk and agency performance, the univariate analyses
for Study 2 may overstate the effects of uncertainty.

® Graphics had mixed results in communicating un- .
certainty. Those used in Study 2 made the range of,

estimates more obvious, but made the story informa-

tion seem less trustworthy. Because the latter finding

was experimental—people reading a story with a
graphic rated its trustworthiness lower than did people
reading the same story without a graphic—we cannot
say whether people consciously saw the graphic as
being (or as a sign of the story being) untrustworthy.
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Focus group members found the same graphrcs useful
~ but their comments indicated that crafting clear, help-
" ful graphics would not be easy (Ibrekk and Morgan®

argued that no graphical display of uncertainty will
be clear to everyone) Visual displays 'of the relative 'V
probablhtles of various risk estimates being correct

may have different impacts than our graphrcs which
' merely stressed that, there was a range of estimates.

] People s views on the environmental cases pre-

sented in the stories may have been influenced less -

-by uncertainty manipulations than by attitudes to-
ward risk, government, and, authority. Trust in
government and attitudes toward authority have been
identified in the research literature as important, if not
dominant, factors in perceived risk. With the meth-

' odological caveats noted earlier, this view seems to
be supported by ﬁndlngs from exploratory regression
-analyses using data from Studies 2 and 4. Such atti-

tudes as personal risk aversion,, trust in government g
risk management; and support for equality strongly.
affected reactions to the stories, while uncertainty had .

a significant effect in only one of the nine regressions.

® Agency discussion of uncertainty in risk estimates

. appears to signal agency‘ honesty. Effects of the ex-

perimental manipulations (not regressions) in. Studies

2 and 4, and comments in Study 3, support this find-. -
ing. The- focus groups’ reactions combined surprise
that government would offer any unsought informa:

tion, belief that all information is desrrable, and sus-
| picion (among & few, anyway) that precise risk
estimates ¢annot be believed. Yet several comments
.about possible cover-ups suggest some -people may

find declarations about uncertainty a srgnal of dishon-

esty. Past experience (direct or through the mass me-
dia) with agencies actually or seemmgly using risk

assessment to delay pollution cleanups may fuel this -
" suspicion. Or reactions to uncertainty may be shaped v

-more by prior views of agency honesty

L] Agency discussion of uncertainty in risk estlmates

may be a sngnal of mcompetence for some people. ' J
One- thlrd of Study 2 range-story readers said the -
agency seemed less’ competent when discussing un-

certainty. Thrs may be due to unfamrhanty with sci-

ence: If science is deemed certain, uncertain risk .

estimates must come from' incompetent scientists.

_Comments ‘in Study 3 about uncertainty being ex- -

pected (and acceptable) only for “*preliminary’” risk

. estimates also suggest citizens find it hard 'to fathom

.that competence and uncertainity can co-exist. Again,

prior trust or-. distrust of ,agency competence may .

shape reactions to uncertamty rather than the reverse.

4,
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‘® Estimated risk levels may affect views,of expert

knowledge.‘That “‘low”” estimates were déemed more
“*preliminary,”” whether uncertarnty was mentioned or
not, implies that risk assessors may have difficulty-
communicating their estimates even if citizens deem -
these to be honest. This response may be due to dis-
trust-(no government estimate that low could be true).
. Or it may stem from feeling that a 1:1,000 risk esti-
‘mate must be based on high, and thus tangible, inputs
(e.g., for exposure) while a 1:1,000, OOO risk estlmate
is based more on guesswork. '

Our studies used words and graphics to present a

~ range of risk estimates, in simulated news stories, to

communicate uncertainty about two hazards (natural ra-
diation and a chemical in drinking water from a hazard-
ous waste site). Study 1 used an upper-bound point
estimate, and both zero and positive lower-bounds; - the
other studies’ ranges went from zero to an order of mag-

nitude above the point estimate. Experrmental respondents
-read only one story, while Study 3 participants directly

compared point and range stories. Although they . pre-
ferred the latter, this may not have been a good measure

- of point- and: range-estimates’ respective ability to meet.
" public neéds and skills. Only one source of ungcertainty

(extrapolatlng from anxmal data) was descnbed in Study

Desprte the various tests we used other presenta-.
tions may have. stronger, or different, effects on. per-
ceived risk, honesty, and competence. A short list might

_include other descriptions or sources of ‘uncertainty;. . -

graphlcs conveying the relative probablhtles of a given .
risk estimate (e.g., a probability density function plotted
directly. below its cumulative distribution function, with

, the'mean clearly marked on each curve@);+ the source
of the risk estimate; the source of the hazard; who'is

threatened; presentations of variability; interactions of

" uncertainty with agency actions affecting trust, or con-

flict among environmental policy actors over risk esti- -

" mates and uncertainties. We expect to address some of

these issues in future Tesearch.

Communicating about uncertainty is ‘necessary, be-
cause it is a reality of risk assessment and risk manage-

Qment and -all parties—including citizens—deserve access

to full mformatxon Our results should rot be taken as
proof that laypeople do not grasp uncertamty They may

© not undefstand it in the way scientists do; they niay also

not have understood our specific presentatrons of uncer-

* The value of testing the hypothesis that these graphics provide useful

. risk, communication information would depend in part ‘on the likeli-

hood that risk assessors could routinely provide: the information
needed to generate these graphxcs '
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tainty. These hypotheses do not mean they lack experi-
ence with uncertainty, in their own lives or. in
environmental matters. Yet no one should assume that
*‘educating”” citizens on scientific uncertainty will be
simple; given the above-average education of our sam-
ples, their members may have given the most
sophisticated responses to our simulated news stories
that one could expect.

Given our initial results, we advise caution in as-
suming that explaining uncertainties will improve public
trust or knowledge. In the long run, such explanations
may make citizens’ expectations of government, risk as-
sessors, and scientists more realistic.’> Yet overall public
trust and knowledge on risk issues may have to be built
with methods more direct and difficult than uncertainty
explanations.
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