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RISK ASSESSMENT AND SOCIETAL CHOICES*

Harry J. Otway**

Many countries are experiencinga period in which traditional
values are being questioned;plans for further technologicalprocress
are being met by a variety of demandsfor a closer examinationof the
benefits and risks of large-scaletechnologies. In this paper the
conceptsof risk assessmentare presentedand a model is proposed
which illustrates the importanceof socio-psychologicalｭ ･ ｣ ｨ ｮ ｮ ｩ ｳ ｾ ｳ
in the acceptanceof technologicalrisks. The researchplan
of the Joint lAEA/IIASA PesearchProject is outlined: this work is
directed toward gaining an improved understandingof how societies
judge the acceptabilityof technologiesand hOlO( societal attitudes
and anticipatedresponsesｭ ｾ ｹ be better integratedinto the decision-
making process. Some preliminary results are reported.

I. BACKGroUND

Standardsof living have improved considerablyduring this ｣ ･ ｮ ｴ ｵ ｾ ｲ Ｌ

largely due to the benefits made possible through the developmentand de-

ployment of new technologies. As technologicalsystemsbecame]a.reer, and

more complex, they have offered increasinglyattractive benefitswhich have

becomean integral part of life, thereby creatingdemandsfor more progress.

This processof reinforcementhas lead to increasinglycomplex, and there-

fore fragile systems, which have become fundamental to sustaininGthe social

fabric.

With this increasein scale the negative side-effectsof technology,

which detract from the societal benefits, began to receive more attention.

Some of these side-effectshave been rathDr obvious, such as new safety

hazards,while others have been more subtle and, therefore, more difficult

to predict and detect; e.g., mental health problems, new health hazards,

complicatedenvironmentalinteractions, technologicalunemployment, ｭ ｾ ｮ ｴ ｡ ｬ

ｨ ｾ ｡ ｬ ｴ ｨ problems, changesin basic social institutions.

Consequentlythere appearsto be a growing awarenessthat increased

consumptionof goods and serviceshas not brought a commensurateincrease

in "happiness."Plans for further progressare being met by a variety of

* The views expressedin this paper are those of the author, and do not
necessarilyreflect those of the Project Sponsors.

**Joint IAEA/IIASA ResearchProject, InternationalAtomic Energy ａ ｾ ｮ ｣ ｹ Ｌ
Vienna, Austria.
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individual and group demandsfor a closer examinationof the risks and

benefits of scienceand technology; there appearsto be a gradually

evolving social structurewhich tends to questionmuch that is innovative

as being potentially harmful. The patternsof public concern that have

emergedin technologicallyadvancednations are also being observedin

developingcountries as they attain higher levels of productivity.

This has lead to a situation characterizedby conflict; one segment

of society may sponsora proposal intendedto fulfill a perceivedsocietal

need while other groups may be working actively in opposition- with

different perceptionsof their needs. Obviously technology cannot expand

indiscriminatelywith society awaiting the results of operationto learn

the nature and magnitude of the side-effects;however, neither can all

further progressbe rejectedarbitrarily.

Societal-leveldecisionsare especially important in the energy

sector. Energy is a fundamental good in modern societies,energy production

systemsare among the larger-scaletechnologicalapplicationsand the energy

crisis, with its far-reachingeffects, has limited available strategiesand

reducedthe time available for exploring options. This is the background

for the formation of the Joint lAEA/IIASA ｾ･ｳ･｡ｲ｣ｨ Project which is sponsored

by the International Atomic Energy Agency (IAEA), the International Institute

for Applied SystemsAnalysis (IIASA) and certain lAEA Member states; in-

formation on ｳｰｯｮｳｯｾｳｨｩｰ and staffing is given in the Appendix.

The primary objective of the Joint Project is to do researchdirected

toward gaining an improved understandingof how societiesjudge the acceptability

of new technologiesand how societal attitudes, and anticipatedresponses,

may be integratedinto the decision-makingprocess. This has been referred

to as the embeddingof energy systemsinto the sociosphereＨ ｈ ｾ ｦ ･ ｬ ･ Ｌ 1974).

II. RISK ASSESSMENT CONCEPTS

A digressionmight be in order to introduce the conceptsof risk assess-

ment. These conceptshave developedindependentlyin a variety of disciplines,

publishing in many languages,with the expecteddifferencesin usageand
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meaning. There is no intent to provide rigorous definitions; thesewill
*be evolved as interdisciplinaryand internationalefforts proceed. Risk

will here refer to the undesirableeffects associatedwith a specific

activity consideredin connectionwith their respectiveuncertainties.

Risk is therefore a probabilistic term and has often been used as the

statisticallyexpectedvalue of loss; for example, the probability of

an averageindividual's chanceof death, per year, from transportation

accidentsor the total risk (sum of individual risks) in a population

grouP.** The most obvious risks, and easiestto conceptualise,are those

relating to the health and safety of man and effects upon his environ-

ment, although there are many other effects, which in connectionwith

their uncertaintiescan be consideredas risks.

Risk assessmentmay be defined as any processin which risk con-

siderationsplay an important role in forming an input to decision making.

Risk assessmentsare made on a variety of levels, i.e., individual, group,

societal, etc. and Kates (1974) has pointed out that the processmay vary

from highly intuitive to very formal. This typology of risk assessments,

summarisedin Table I, might range from the individual's intuitive feeling

that it is safe to cross a street to a numerical analysis which servesas

the basis for recommendations. Risk assessmenthas been describedby Otway

(1973) as occurring in two sUb-tasks: risk estimationand risk evaluation,

each of which may have the same range of intuitive-formal, individual-societal

character.

* It is not considerednecessaryhere to make a distinction betweensituations
of the first kind, i.e., where the probabilities are known in principle, and
those where the probabilities themselvesare uncertain.

**This is somewhattoo simple becausethe statisticallyexpectedvalue neglects
the importanceof the absolutemagnitudeof loss. It is known that societal
preferencesfor risk acceptancemay be widely different for eventswhich
have the same statisticallyexpectedvalue of loss but with different ab-
solute magnitudes. Thus utility functions must also be ｾ ｯ ｮ ｳ ｩ ､ ･ ｲ ･ ､ when
expressingrisk levels. For an elementaryexplanationsee, for ｾ ｸ ｡ ｭ ｰ ｬ ･ Ｌ

Borch (1968). An application to energy systemrisks may be found in
Papp et al., (1974).



Mode

o step

1 step

2 step

3 step

4

TABLE I

RISK ASSESSMENTMODES

(Kates, 1914)

No estimation, no evaluation
There is no risk.
Nothing you can do about it, so why estimateit,.

Evaluation ｾ ｮ ｴ ｨ ｯ ｵ ｴ estimation
Decide whether risk is acceptableor not nomparp.dto

other risks or ｢ ｾ ｮ ･ ｦ ｩ ｴ ｳ Ｎ

Estimation of risk, then evaluation
Calculate likelihood of risk, then comparewith other

risks or benefits.

Fractionaterisk, estimatecombinationsof indi-
vidual risks, evaluate

Reduceevents to components.
Calculate likelihood of event componentsand of

consequences,combine, estimaterisk, then
comparewith other risks or benefits.
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Pisk Estimation

Risk Estimation may be thought of as the identification of the second

(and higher) order consequencesof a decision and the subsequentestimation

of the magnitudeof the associatedrisks. For example, some of the earlier

risk estimatesfor energy systemswere made in the nuclear field in Canada

(Siddall, 1959), the UK (Farmer, 1961; Beattie, 1961) and in the U.S.A.

(Otway et al., 1969 and 1911). Starr et ale (1912) made a comparisonof the

risks from nuclear and fossil-fueledgeneratingsystems. The most recent,

and by far the most comprehensive,risk estimatesfor energy systemsare

those of the U.S. AEC-sponsored"RasmussenStud..Y" (191L1) which treated the

risk of accidentsin light-water reactor nuclear power plants. All of the

aforementionedefforts indicated that the risks from thpse enp.T'gy ｔＧｔＧｯ､ＱＱｬＧｾｴｩＢｬＧＱ

systemswere low in comparisonto other risks common in society.

Risk Evaluation

This is the complex processof anticipatingthe societal responseto

risks; it is basedupon an understandingof the relevant societal

attitudesand preferences. This could bp. termed the "acceptabilityof

risk."

Traditionally this has tendedto consist of comparingestimatesof

risk with the levels of other prevalent risks which are already accepted

by the society. For example, in the risk estimationstudiescited earlier,

Farmer and Beattie comparedthe predictednumber of thyroid carcinomasdue

to iodine-l)l exposurefollowing reactor accidentsto rates of naturally-

induced thyroid cancers. Otway et ale used accident statisticsand natural

genetic mutation rates as a basis. Starr et ale addedanotherdimension and

proposedthe relationshipshown in Figure 1 for dividing risks into acceptable

and unacceptableas a function of the perceivedassociatedeconomicbenefit.

The Pasmussenstudy comparedthe statisticallyexpectedvalue of nuclear

accident risks with a variety of other accident risks and natural hazard

risks. In addition, the disutility of infrequent, large-consequenceaccidents

was also evaluatedby similar comparisonsover consequencemagnitude and

frequency of occurrence(Figure 2).
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The tacit assumpti.onsin the ｦ ｯ ｲ ｾ ･ ｯ ｩ ｮ ･ p.nproachesto risk eVR.11!ation

are that the preferencesthat society has revealedthrough its historical

acceptanceof risks can be extractedfrom statisticaldata, ･ ｸ ｴ ｲ ｡ ｰ ｯ ｬ ｡ ｴ ｾ ､

to the future, a.nd comparedwith other types of risk. Raiffa (1968) has.
pointed out somp. of the difficulties of this approach. ·The experienne

in the nuclearenergy field would also indicate a problem in this respect.

Estimatednuclear risks have been virtually negligible when comparedto

other risks which are widely acceptedby society. The comparisonof

nuclear risk estimateswith, for example, transportationrisks or natural

hazardrisks is perhapsessentiallymeaninglessbecause,for a variety of

consciousand subconsciousl'p.asons, thp. latter risks are acceptedwhile

the nuclear risks are being frequently challenged•. ｏ ｢ ｶ ｩ ｯ ｾ ｳ ｬ ｹ there are

qualitative differencesas well as quantitative (Montague and Beardsworth,

1974) and the quantitativedata baseavailable for deriving revealedpre-

ferencescannot, without a thorough considerationof psychological factors,

adequatelyreflect the qualitative (Otway and Cohen, 1975).

The Dimensionsof Risk

There is still much to be learnedabout the dimensionsof risk and

its acceptance. It is clear that the perceptionof risks is an important

factor: that the subjectiveassessmentsof risk are more influential in

acceptancethan are objective risk estimatesor measurements. It

is known that man is, in general, a poor intuitive statisticianand tends

to mis-estimateprobabilities, and therefore risks, due to psychologically

determinedfactors (Edwards, 1968; Murphy and Winkler, 1973; Sjboerg, 1974).
There are many factors which playa part in influencing perceptionalthough

their relative importanceis not well known. ｾｨ･ｳ･ include the degreeto

which a feeling of individual control over the risk or the outcome is felt,

the physical nature of the risk itself, the degree to which a commensurate

benefit is felt to accrue to those at risk, whether the outcome is composed

of a chain of independentprobabilities or a single event, the ability to

imagine the risk or benefit, etc. There has been a paUCity of researchin
the behavioural and social scienceson the reaction, fears, attitudesand

beliefs of societywith respectto the perceptionand acceptanceof techno-

logical risks. One promising approachfor learning about these phenomena
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is the application of sociometricand psychometrictechniqueswhich will

be discussedlater in this paper.

III. RISK AND SOCIETAL CHOICES

Figure 3 is suggestedas a description, on the societal level, of the

information flow involved in a risk assessmentof a new, large-scaleappli-

cation of technology.* This figure is by no means precisenor are these

relationshipsaccuratelyknown; the intent is to provide a discussionaide

in order to point out areasof researchinterest.

SponsorAcceptability

. It is assumedthat the proposedapplication is aimed at meeting some

specific societal need (such as energy) and that the proposal is sponsored

by some segmentof society such as private industry or government.Simply

stated, the sponsorwill have made his internal decision that the application

is capable, with a high degreeof certainty, of providing the primary benefit

intendedand is, therefore, acceptableto him.

The decision to proceedwith this project carrieswith it several

implied consequences(secondorder, or side-eff"ects)thf>. sponsormust Rlgo

find acceptable. These side-effectscould tnclude, for examplp., radioactive,

chemical and thermal dischargesaffecting man and his environment, accident

hazards,aestheticeffects, land-usecommitments,natural resourceutilization,

etc. He most likely has not consideredthese side-effectsas "risk" in the
**probabilistic sensein which they have been defined. ije has certainly

consideredthe absolute,or nominal, magnitudeof these effects and is fairly

confident that they will satisfy the appropriateregulatory standards. He

will also have considered,to the extent that the information was known and

available to him, the preferencesof society for this applicationand the

anticipatedsocietal responses.

* As an interestingaside it might be noted that Fig. 3 closely parallels
the structural hypothesisof mental mechanismsproposedby Freud (1925).

** See Winkler (1973) for a discussionof the merits of deterministic vs.
probabilistic models.
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At this stage the sponsorsubmits the proposal to the responsible

regulatoryauthorities and the line of "sponsoracceptability" is formall:r

crossed.

"Legal Acceptability"

It is now necessaryto compare (Box 3, Fig. 3) the predictedcon-

sequencesof the proposedapplicationwith the applicable standards(Box 2)

for regulating theseeffects. The actual comparisonmay be rather straight-

forward once the predictions of the effects have been made and verified.

The complicatedpart is the derivation of the criteria, or standards,

which are shown in Fig. 3 as magically originating in Box 2. A desirable

objective is to set rational standardsso that unduly large resourcesare

not investedto further reduce risks which ·are already insignificant.

Where large investmentsare made in safety to provide marginally small re-

duction in risk then the expenditureis not efficiently beneficial to

society and should be made elsewhereWi ere the marginal risk reduction (risk

reduction/unitexpenditure)could be greater. This goal is sometimesre-

ferred to as balancedrisk reduction (see Sinclair et al., 1972; Jamrnet et

al., 1973).

This questionof setting standardsis not a trivial one(Keeney, 1974).

A good deal of information is required such as the relationshipbetweenex-

pectedsocietal benefit and allowable risk levels, the "value" of risk, the

relationshipbetweenactual levels of risk and these levels as perceivedby

those at risk, etc. This is an areawhere researchis neededin order to

use risk conceptsmore effectively in standardsetting (Bresson, Fagnani and

Morlat, 1974).

Note that at the output side of the comparisonbox a feedbackchannel

is shown leading back to the original proposal in the event of failure to

satisfy criteria. This feedbackwould act to change the implied consequences

until the criteria are met. When the proposal satisfiesthe criteria we can

say that the line of legal acceptabilityhas been crossedand the proposal,

for all practical purposes,first enters the public sectorwhere acceptability

will include thp. ｾｯｮｳｩ､･ｲ｡ｴｩｯｮ of severaladditional factors.



12

Public Acceptability

Here the responsesof individuals, ,and various interestedgroups,

to the proposal gradually emerge. These groups use multiply-determined

criteria to judge, and perhapschallenge, technologicaladvances;that is,

their preferences(Box 4) reflect their rational assessmentof the facts

(consequences)as they know them, their perceptionof these consequences

(Box 5), and the effects of factors which may be buried deep in the nature

of the groups themselves. These preferencesare formed, in part, in the

light of the past experiencesof the individual and group.

It is important to note that this complex processoperateson many

organizationallevels: the individual, the group, the societal or national,

and perhapseven the international. In Figure 3 a number of interest groups

is postulatedwhich includes all these levels of interest. Box 6 shows the

processof comparisonwhich has been described. Here, the acceptabilityof

the proposal to each group must be considered. In addition, by some un-

specifiedprocess,each interestgroup's preferencecomparisonsinfluence

the final decision.

The interest group itself may be viewed as a confluenceof social

systemsincluding individual responses,socio-psychologicalmechanisms,

cultural factors, ｰ ｯ ｬ ｩ ｴ ｩ ｣ ｾ ｬ r.onsiderations,economic influencesand the

information input of the scientific community. The interestgroup represents

"the focal point of the interactionsof thesevarious systems.

A generalizationis that the individual responseto a fear-provoking

stimulus may lead to a variety of healthy or unhealthy defenses. The hlo

most primitive are known as "flight or fight": apatheticphysical and

emotional withdrawal and denial that threat exists, or a readinessto retaliate.

The latter responseaccountsin part for the opposition of the gTOUp to what

is perceivedas an external threat. In addition to external threats internal

fears and anxietiesmay be projectedonto a symbolic external object. As

these fears are expressed,the individual finds others who think and act

similarly.
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An interest group reflects, to varying degrees,elementsof its members'

individual responses,characteristicsof its societal-culturalenvironment, and

an indication of the information it has received form the scientific community.

The group, however, has its own characteristcs. Observationsseem to support

the following generalizations:

a) interest groups tend to form ｡ｲｯｵｮｾ affect-ladensocial-environmental

concerns;

b) they tend to be solution-orientedrather than problem-oriented,

inclined toward a dialectic adversar,yposition rather t.han colla-

borative exchanges;

c) communicationpatternsare often distorted, especiallyin groups with

a vertical statusand power hierarchy;

d) new information may be acceptedor rejectedcontingent upon the support

it provides for group values and beliefs;

e) behavioural responsesof membersare influencedby the group so the

strengthand integrity of individual values is weakened.

Thus the interest group tends to be a body of personsemotionally

committed to their position and screeningfactual information accordingto

the utility it has for their position. They may be matched ｾ ･ ｡ ｴ ｵ ｾ ｰ Ｎ for

feature by other groups supportingdiametrically opposedpositions. (Pahner,

197d, describedsome behaviouralaspectsof interest groups.)

Inter-relationshipshave been indicatedin Figure 3 b,y feedback loops

which show that an unfavourablecomparisonin the public sectorcan act to

change the proposal, and further, that there may be some interactionsbetween

societal preferencesand the perceptionof ｾ ｩ ｳ ｫ ｳ which· could act. to in-

fluence regulator,y standards.

Summary

To summarizethe discussionof Figure 3, the researchactivities of the

Joint Project include the applicationof risk assessmentconceptstn ｒ ｴ ｾ ｾ ､ ｡ ｲ ､

setting (Box 2), the study of the perceptionof technological risks and benefit



(Box 5), methods for determininggroup and societal preferencesrelating

to risk acceptance(Box 4) and the group dynamics and transmissionof

technical information which are involved in the comparisonprocess(Box 6).
This work will be discussedin more detail in the following section.

IV. RESEARCH PROGFAMME AND pnELIMINARY RESULTS

Figure 3 was used to point out areaswhere additional researchcould

improve the applicationof risk assessmentto making societal-levelchoices

regardingthe acceptabilityof new technologies. This Sectionwill indicate

specific lines of researchbeing pursuedby the Joint lAEA!IIASA Pesearch

Project and summarize some preliminary results.

Historical Examplesof Risk Acceptance

Societal problems causedby technologicalprogressare of acute concern

to behaviouralscientistsand some specific historical examples ｭ ｾ be identi-

fied. Some items of interest in understandingthe general mechanismsof

societal adaptationto new threatsare: how the impacts of technological pro-

gress influenced social ｾ ｡ ｭ ｩ ｣ ｳ ［ how the institutions of the society reacted;

what mechanismswere evolved to absorb these shocks; how people got the per-

tinent information and formed their opinions; how their perceptionsof the

hazardwere formed and how they comparedto reality.

A case ｳ ｴ ｵ ｾ is being made treating one modern society and some tra-

ditional populationgroups in order to elucidatethe behaviouralaspectsof

adaptationto new threats. This ｳ ｴ ｵ ｾ will also provide inputs into the

design of surveys directed towards understandingrisk phenomena. A survey of

the literature reporting case studiesrelating to the impacts of technological

progresson social systemshas been completed(Velimirovic, 1915).

This work relatesto testing the overall structureof Figure 3, as ob-

served in practice, and provides backgroundmaterial for developinginformation

relatedto Boxes 5 and 6.



15

The Estimationof Risk from Large Conseauence- tow Probability Events

Some risk estimateshave been made for large-consequenceaccidentswhich

have a low probability of ｴ Ｉ ｣ ｾ ｵ ｲ ｲ ･ ｮ ｣ ･ Ｎ This is a crucial topic;n the caseof

nuclear power plants where the experimentaldata base required to make reliable

estimatesis much too small. It is difficult to deal with this problem using

conventionalmathematicalmethods. Therefore, the applicability of new methods,

such as fuzzy set theory (e.g., Zadeh, 1973 and 1974), is being investigated.

This is relatedto the estimationof consequences,Box I, and the development

of regulatory criteria, Box 2.

Theoretical Approachesto Risk Evaluation

One of the important factors in using risk-benefit principles in setting

ｳ ｴ ｾ ｬ ､ ｡ ｲ ､ ｳ is the problem of expressingunlike variables in a consistantset of

units so that approximatecomparisonscan be made. This is especiallydifficult

when it is necessaryto evaluaterisks that involve the possible loss of life.

Therefore, the Pareto theoreticalapproachto the evaluationof such risks is

being developedand the appropriatenessof using Paretocriteria for the treat-

ment of statisticallyand non-statistically ､ ｩ ｳ ｴ ｲ ｩ ｢ ｵ ｴ ･ ｾ risks is being examined.

(This non-randomdistribution of risks and benefitswithin society has been an

issue in many industrial siting controversies.) The effect of further variations

will also be examined, such as how to treat risks that will occur in the future,

or even be taken by future generations,where the benefits are receivedin the

present.

Approximations of the individual's indifference function, or trade-off

betweenperceivedrisk and required ｾ ｮ ｾ ｰ Ｎ ｾ ｾ ｾ ｴ ｩ ｯ ｮ Ｌ ｾ ｡ ｹ ｢ ｾ ｯ ｨ ｴ ｾ ｩ ｮ ｾ ｾ ･ ［ ｴ ｨ ｰ ｾ ｴ ｨ ｾ ｯ ｵ ｧ ｨ

controlled experimentation(surveys) or through the use of market data. In

the design of experimentsit is useful to first determine theoretically the

meaningof the responsesfrom the standpointof Paretowelfare maximization.

An attempt is being made to model the individual's "rational" responsesto the

acceptanceof risks, including the subjective factors which might influence

this response. Of particular interest is the complexity of the risk problem

when the uncertaintiesinvolve life or death and thus the utility of compensation

and the disutility of the risk may becomenonadditive (Raiffa, 1969). A survey

has been completedof the experiencein France and the USA in applying cost-

benefit techniquesto the evaluationof projectswhich may alter human mortality
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(Linnerooth, 1975). These theoretical treatmentsare primarily ｲ ･ ｬ ｡ ｴ ･ ｾ to

standardsetting, Box 2.

Methodologiesfor DeterminingSocietal Preferences

Two basic methodsfor determiningsocietal preferencesare the "revealed"

preferencesapproachwhich relies upon historical statistical data, and the

survey approachbasedupon sociometric and psychometrictechniques. For

example, Starr (1969 and 1974) has indicated the existenceof preferencesfor

the acceptanceof technological risk which were basedupon analysisof accident

statistics. Psychometrictechniqueshave yielded consistentresults for so-

cietal preferenceswith respectto other types of risk. Both techniquesare

being critically ｲ ･ ｶ ｩ ｾ ｷ ･ ､ to determine their limitations and to recommend

directions for longer-termresearch(related to Box 4, Fig. 3).

Preliminary analyses(otway and Cohen, 1975) indicate that the results

of the Starr technique, which emphasisesthe mortality risks associatedwith

various activities, are excessivelysensitiveto the RSFumptionsmade ｾｮ､

handling of the data.

The Perceptionof Technological Risks

As discussedearlier, the perceptionof risks is a crucial factor in

influencing societal response. Psychometricand sociometric techniquessho\-!

a great deal of promise for gaining an improved understandingof how specific

risks are perceived, which factors influenceperception and their relative

importance.

Go1ant and Burton (1969), working in natural hazardsresearch,developed

a Pisk Avoidance TiesponseSurvey designedto rank: various types of hazards

(physical, social and natural) in terms of the perceivedthreat. This test

was administeredin Ontario, Canada,and producedthe risk avoidanceranking

shown in Table II. Correlationswere done to determine the effects of various

variablesupon the rank: order. The most significant factor was found to be

the respondantsexperience,or lack of it, with a specific hazard. The rank:-

size correlation illustrating the effect of experiencewas 0.45.
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TABlE II

RANKING OF HAZARDS BASED ON RESPONDENTS GREATEST AVOIDANCE MEASURES

TOTAL CANADIAN SAMPIE

(Go1ant and Burton, 1969)

Rank-
1

?

3
4

5
15
7
8

10

11

12

Hazard

Auto Accident (Physical)
Attacked azid. Robbed (Physical)
ｔ ｯ ｲ ｮ ｾ ､ ｯ (Natural)
Forest Fire (Natural)

Earthquake(Natural)
Failing in School or Job (Social)
Illness (Physical)
ｔ ｾ ｮ ･ ｬ ｩ ｮ ･ ｒ ｳ (Social)
Flood (Natural)
Public EmbarrassmentＨ ｓ ｯ ｣ ｩ ｾ ｬ Ｉ
Reing Disliked by SomeoneYou Admire (Social)
Thirst (Physical)
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This experimenthas been applied in Austria to gain experiencein this

type of survey, to test computer programmesfor data reduction and to check

reproducibilit,y. The avoidanceranking for the Austrian sample is presented

in Table III (Otway, Maderthanerand Guttman, 1975). The overall cross-cultural

comparisonwas found to be O.6? The effect of experienceupon perceptionwas

not well reproducedin this sample with a rank-size correlationbetweenex-

periencedand inexperiencedrespondantsof o.8? The most significant variable

affecting the Austrian rank order was found to be the Ss self-ratedability to

imagine himself in a specific hazardsituation (rank-sizecorrelation0.59). In

general, the American sample showed the highest avoidanceresponseto natural

hazards,whereasfor the Austrian sample ph,ysica1 hazards\-lere the most avoided.

A new survey which incorporatesa magnitudeestimationscale, allowing a

numerical measureof disutility, has been developedand is being checkedfor

feasibility. A significantly larger number of risk-relatedvariablesare in-

cluded and paired comparisonsare being used. This design draws upon the work of

Wyler, Masudaand Holmes (1968), Holmes and F'ahe (1967) and Holmes and Masuda

(1973) on the perceptionof health and social hazardsand is relatedto

Boxes 4 and 5 of Figur.e 3.

The Determinationof Societal Preferences

The use of field surveys for measuringsocietal preferencesis closely re-

lated to the work on risk perception: the techniquesdescribed.above will be

modified for this purpose.

An effort is also being made to determinesocietal preferencesas revealed

by recordeddata. As mentionedearlier (Otway and Cohen, 1975), preliminary re-

.suIts indicate that, since preferencesfor risk acceptanceare multiply deter-

mined, historical accidentdata using few variables (Starr, 1969 and 1974) may

be inadequateto give a true picture of the effects of socio-psychological

mechanisms.Preferencestoward risk are multiply determinedwithin a broader

network of socio-psychologicalrelationshipsand the attitudesof ｾ ｹ culture

toward risk can only be understoodby knowing its position within this frame-

work. This framework can be investigatedby trans-cultural, in-depth analysis

using an iterative processof empirical multi-variable analysis combinedwith

behavioural theories. This techniquehas been used by Gaspari and Millendorfer

(lQ73), of the ｓ ｴ ｵ ｾ Group for InternationalAnalyses (STUDIA), for
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TABLE III

RANKING OF HAZARDS BASED ON RESPONDENTS GREATEST AVOIDANCE ltlEASURES

'roTAL AUSTRIAN SAMPLE

(OtW!!iY', Maderthanerand Guttmann, 1975)

Bank

1

2

3

4

5
6

7

8

9
10

11

12

Hazat'd

Illness (Physical)

Auto Accident Ｈ ｐ ｾ ｹ ｳ ｩ ｣ ｡ ｬ Ｉ

Attacked and Robbed (Physical)

Earthquake(Natural)

Loneliness (Social)

Failing in School or Job (Social)

Flood (Natural)

Forest Fire (Natural)

Tornado (Natural)

Thirst (Physical)

Public Embarrassment(Social)

Being Disliked b,y SomeoneYou Admire (Social)
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investigatingthe structureof the General ProductionFunction for

Europeancountries. In co-operationwith the STUDIA group it will

be extendedto the determinationof societal-levelpreferencesrelated

to risk acceptance. This effort will also help define inputs for the

survey work which was describedearlier. As a preliminary step an

extensivedata base covering fifteen countrieshas been compiled. This work

is Ｚ ｲ ｾ ｬ ｡ ｴ ･ ｾ to Boxes 4 and 5 of Figure 3.

Ellis and Keeney (1972) and Keeney (1973) have describedan assess-

ment of the preferencesof governmentofficials for such attributesas

air emissions,health effects and mortality. The determinationof interest

ｾ ｯ ｵ ｰ preferencesby the estimationof a knowledgeable,impartial observer

ｨ ｾ ｾ been applied to nuclear power plant siting by Gros (1974) and Gros

et ｡ ｾ (1974). These methodswill also be consideredand results

comparedto those of the other methods.

Group Docnamics and Information Transmission

There is also the problem of how scientistsdevelop and communicate

information about environmentalrisks, and the part this information plays

in societal assessmentand responseto risk, including interest group dynamics

(Nizard and Tournon, 1972; Kates, 1974; Wilson, 1973). The mechanisms

societiesuse in judging, and perhapsdeciding to challenge, the accepta-

bility of new technologies,which promise specific benefitsbut with the

possibility of new apparentthreats, are complex and rather poorly under-

stood. In the specific case of nuclear power plants it has been observed

that until a project is made known there is no pressingconcern about nuclear

hazardsamongmost inhabitantsof the area. Once the plans are announced,

people soon becomeacquaintedwith thinking about the possiblethreats, real

or imagined; they are forced by circumstancesto form relevant opinions.

The project then startsbeing judged on a number of levels: individual,

group, community, national and perhapseven international. As the responses

to the proposal gradually emergeit has beennoted that various interest

groups start to form, develop their sourcesof information and, in many

cases,work actively to promote or oppose the proposedfacility. The

objectionsmost often cited in opposition to peacefulnuclear energy pro-

grammeshave been summarizedby HKfe1e (1973) and a psychoanalyticviewpoint
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of the nuclear controversyhas beenpresentedby Guedeneyand Mendel (1913).

Groups serve a mediating function betweenthe individual and the larger

society. People contact societyand are, in turn, contactedby it through
the small group. Just as it is difficult for an individual to influence
the larger society, it is difficult for the larger society to mobilize the
energiesof the individual when he standsalone (Shepherd,1964). There-
fore, an understandingof small group dYnamics is especiallyimportant in
gaini.ng an understandingof the societalacceptabilityof risks. Of special
interest here is the r6le the group plays in weighting and ｡ ｧ ｾ ･ ｧ ｡ ｴ ｩ ｮ ｦ Ｂ

individual pref'f'Y'p.ncesto form societal preferences.

ｾ ｔ ﾷ ｯ ｳ ｳ Ｍ ｃ ｵ ｬ Ｎ ｴ ｵ ｲ ｡ ｬ Differences

Risk perceptionand socip.tal preferencesfoY' risk accent<'l.ncewould

be expectedto be dependentupon culturally determinedfactors; therefore,
the resultsof this work will be examinedfor cross-cultuY'aldifferences.
It is anticipatedthat this could be made possiblethrough the excellent
internationalcontactsof the sponsoringorganizationsand the multi-
national characterof the Joint Project staff.

v. CONCUJSIONS

Though some efforts have beenmade toward placing technologicalrisks
in perspectivethrough the comparisonwith other types of common risks,
this approachis limited in its ability to considerthe effects of socio-
psychologicalmechanismsin risk acceptance. There has also beenvery

little researchdone in the behaviouralsciencesin this respect.

As statedearlier, a primary objective of the Joint Project is to gain

an improved understandingof how societiesjudge the acceptabilityof new

technologiesand how societal attitudes,and anticipatedrp.sponses,may be
integratedinto the decision-makingprocess. For this purpose, reseaY'ch
is neededin the following areas: the perceptionof societal needsby
individuals and groups, how risks and benefitsare perceivedand the nature

and importanceof the variablesinfluencing perception,the group dYnamics
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and information transmissioninvolved in aggregatingindividual preferences
into societalpreferences,and methodologiesfor assessingsocietal
preferencesrelatedto risk acceptance.

The Joint Project has made a start on researchin theseareas.
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APPENDIX

ORGANIZATIONAL ASPECTS OF THE JOINT IAEA!IlASA RESEARCH PROJECT

Sponsorship

The Joint Project was formed in mid-1914 pursuant to an agreement

betweenDr. Sigvard Eklund, Director General of the IAEA, and Prof.

Howard Raiffa, Director of the IIASA.

Professionalstaff for the Joint Project come from three sources

approximatelyequal in their contributions: IAEA scientific staff,

IIASA ResearchScholars, and scientistsfrom IAEA Member Statesse-

conded to the Project on a cost-freebasis. The researchprogramme

outlined for the Project reflects a mixture of the specific interests

of these three sourcesof sponsorship. The IAEA also provides office

space and support servicewhile the IIASA has contributedthe services

of additional well known consultants.

Organization

Organizationallythe Project comes under the Energy SystemsPro-

ject of the IIASA, led by Prof. Wolf Wafele, and the IAEA Department

of Technical Operations- Division of Nuclear Safety and Environmental

Protectionrespectivelyheadedby Dr. Yuri Chernilin (Deputy Director

General) and Dr. JacquesServant (Division Director). Dr. H. J. OtWaJT,

IAEA, is Project Leader of the joint effort.

Staffing

As of February1915 the Joint Project consistedof sevenpro-

fessional and two General Service staff. The IAEA and the IIASA are

representedby two scientistseachwhile Japan, U.S.A., Swedenand

the U.K. have each provided secondedscientists. The Joint Project

expectsto reach a steady-statestaffing level of about 11 scientists

in mid-1915 with the addition of another IIASA ResearchScholar and



a secondmentfrom France and two from the Federal Republic of Germany.

Contracts

Additional scientific support is obtainedthrough IAEA-sponsored

researchcontractswith the University of Vienna, PsychologyInstitute,

and the Study Group for International Analyses, Vienna.

MiscellaneousInformation

The following disciplineswill be representedin the Joint Project:

Physics

Public Health

Engineering

Economics

Anthropology

Sociology

Psychiatry

Medicine

Psychology

Sevennationalitiesare representedin the Project and Project

staff are proficient in a total of sevenmajor languages:English,

French, German, Italian, Japanese,Russianand Spanish.
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