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A measure of the perceived riskiness of chowe alternauves 1s introduced which will allow further
assessment of the role of perceived risk in preference decisions The nisk function suggested here
(CER for conjoint expected risk) can predict a person’s subjective nisk yjudgments for nsky choice
alternatives (e g gambles) on the basis of a small number ol easily estimated individual difference
parameters The CER function 1s shown to be superior to other nsk measures previously suggested
in 1ts descnipuive fit as well as its agreement with qualitative results regarding subjectine nisk
Judgments A caveat against the exclusive use of two-outcome gambiles in studies of judgment and
decision making under nsk 1s issued

Evidence that expected utility models are inadequate to account for
choice behavior 1n many situations 1s steadily accumulating (e g,
Schoemaker 1982) This has led researchers in the decision sciences to a
search for additional vanables responsible for preference One of the
most promusing candidates has been the familiar, but not well defined,
concept of nsk Theories of choice that incorporate nsk as a central
concept (e g. Coombs’ (1969, 1975) portfolio theory of the preference)
have not achieved wide acceptance because of the absence of a descrip-
uvely adequate measure of risk

Decision making under risk refers to choices among alternatives that
can be described be probability distributions over possible outcomes
(1e. the equvalent of lotteries) It other words. the outcome of the
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chosen course of action 1s known only probabilistically at the time of
decision The importance of understanding such decisions at the per-
sonal, corporate, and social level in an increasingly unpredictable and
risk-laden world cannot be overemphasized In order to determune
whether risk as a variable 1n 1ts own night plays an explanatory role tn
risky choice, there has to be an independent method of quantifiing the
perceived niskiness of chotce alternatives

Measurement of subjective risk

When Coombs (1969. 1975) developed portfolio theory according to
which a choice among risky prospects 1s a compromise between maxi-
mizing expected value and optimizing level of nisk, he made some
noncontroversial assumptions about the relative riskiness of lotteries
but left the nature of nisk essentially undefined The history of subse-
quent attempts to develop an independent theory of nsk 1s bmnefly
reviewed 1n this section

Pollatsek and Tversky (1970) incorporated some of Coombs’ as-
sumptions about subjective risk as axioms into a risk representation
that was a linear combination of a choice alternative’s mean and
varance Thus. the gamble ‘Win $100 with probability 0 5. lose $100
otherwise’ may be judged niskier than the gamble ‘Win $10 with
probabulity 0 5, lose $10 otherwise’ (same mean., smaller variance) or
than the gamble ‘Win $50 with probability 05, lose $150 otherwise’
(smaller mean. same variance) Coombs and Bowen (1971a). however,
showed Pollatsek and Tversky’s risk measure to be empincally inade-
quate because expected value and vanance alone are insufficient to
determune risk In particular, by using transformations on gambles that
left mean and vanance unchanged. they found that nsk varied sys-
tematically with the skewness of a gamble

Subsequent to the failure of Pollatsek and Tversky’s risk measure,
Coombs and Bowen (1971a. b). Coombs and Huang (1970a. b) and
Coombs and Lehner (1981) took the approach of considering how
certain transformations of a gamble affected its perceived riskiness
Luce (1980, 1981) furthered thus tradition by exanuning first the effect
of a change of scale on risk (1 e . the effect of multplying all outcomes
of a gamble by a constant. e g ., transforming penny outcomes to dollar
outcomes) He considered the two simplest possibilities. an additive
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effect (1e. a parucular change of scale has the same effect on all
gambles) and a multiplicative effect (1 e . the effect of a change of scale
depends on the riskiness of the gamble before transformation) Second,
he considered two ways in which outcomes and probabilities might be
aggregated 1nto a single risk value The two simplest possibilities
seemed to be, first, a form analogous to expected utility integration (a
sum of crossproducts of probabulities and transformed outcomes) which
results 1n an expected nisk function as suggested by Huang (1971) The
second possibility considered was that the probabilities undergo a
transformation before integration From the combination of options
considered at these two choice points, Luce derived four distinct
possible risk measure but left examination of their descriptive validity
to empincal investigation Several investigators undertook that task
Weber (1984a) found Luce’s first choice point between an additive
or muluplicauve effect of a change of scale on risk to be indeterminate
using a conjoint and functional measurement analysis For Luce’s
second choice point regarding integration of probabilities and out-
comes nto a single risk value, the assumption that the probabilities
undergo a transformation before integration leads to risk functions that
are nsensitive to change of orngin transformations (ie. adding a
constant amount to all outcomes of a lottery) which change the
expected value of gambles This 1s contrary to the empirical fact that
the subjective risk of a gamble s significantly affected by a change of
origin (Coombs and Bowen 1971a, Keller et al 1985, Weber 1984a)
Further empirical work by Weber eventually led to a revision and
expansion of Luce’s original (1980. 1981) set of risk assumptions A
description of the new axiom system can be found in Luce and Weber
(1986) The present paper 1s a detailed account of the empirical
research that provided the motivation for this reaxiomatization

Expernnment 1
Eftect of change of scale

The conjoint and funcuonal measurement procedures of Weber (1984a) established
that changing the scale of lottenies had either an additive or a muluplicative effect on
perceived risk but were unable to distinginsh between the two Yet, an additive effect
of change of scale on risk appears very countenntuitive (1e 1t seems unbkely that a
switch from gambling for pennies to gambling for dollars should result in an identical
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increase 1n perceived nisk for every gamble thus transformed) This experiment addre-
sses the 1ssue with a different set of techniques

Birnbaum (1974, 1982) provides a way to discriminate between an additive and a
nonadditive combination of two varnables with the help of difference judgments
Assume that a gamble 1s described by two characteristics F and G each of which can
take a range of values and which combine either in an additive or nonadditne way to
determune risk For the current application, let F, stand for the nskiness of the ongmat
lottery ¢ (prior to the change of scale transformation) and G, for the contribution of
the change of scale factor @ Gamble (F, G,) thus 1s the lottery created by transfor-
mung (multiplying) all outcomes of lottery : by scale factor ¢ Bv comparing the
Judgment of difference in risk between gambles ( F,. G,) and (F, G,) with that of the
difference in risk between gambles (F, G,) and (F.. G,) that s

Diffrg, rq, =J(¢‘FGJ N ‘I"F.‘u)
versus

Diffrg, ro. =‘I(4’F0u - ¢FG,.)

where J 1s a monotonic response function and { the impression of nskiness of the
transformed lottery, we can decide between additivity and nonadditnvity If addiuvaty
holds, the two difference judgments should be equal That 1s 1f

Vg, = F+ G,
then

Diftrg, f6, =J(F,+ G, - F,=G,)
=J(G, - Gy)=J(F+G,~ F~G,)

=Diffrs rq,

Two-outcome versus higher-outcome alternatives

Experniment 1 serves several additional purposes The first one s that of extending
the generality of previous studies (Weber 1984a b) which used two- and five-outcome
gambles Weber (1984b) found different pattern of correlation between risk judgments
and risk dimensions (eg. probability of winning or of losing) for two- than for
five-outcome lotteries Given the prevalence of two-outcome lotteries in laboratory
studtes of nsky choice behavior and therr relative rarity in real hfe the possibility of
qualitative differences 1n the way two-outcome lotteries are percerved and judged puts
into question the generalizability of two-outcome lottery studies Thus differences
between two-outcome and higher-outcome lotteries need to be further examined
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Method

Stumult and design

Following Weber (1984a) stimulus lotteries were constructed by applying three
independent transformations to the basic two-outcome gamble of winning $1 50 with
probability 1/2 and lostng $1 50 with probability 1/2 g=(a=8$150 1/2, —a=
—3150) The first transformation changed the skewness of the gamble while leaving
the expectation and sanance unchanged (Coombs and Bowen 1971a) a(g)=() =
ayq/p. p. —z=—ay/p/q) Frelevelsof p (1/5 1/3,1/2 2/3, and 4/5) were used

The second transformation, a change of ongin, transforming the gamble g=
(J.p.—z)nto B(g)=(rv+b p —:z+b) employed two levels of b (b= —$060,
+3060) For the thurd transformation a change of scale, the outcomes of the
previously generated gambles were multiplied bv a constant ¢ using three levels of
c=124

From this set 30 three-outcome gambles were generated by the multuiple play
transformation 8(g)=(1, p —z)? with d = 2, where the integer 4 indicates that the
resulting gamble has the outcomes that would be obtatned 1f one played the original
gamble d times independently

A subset of twelve gambles (those generated by using p=1/3 and 2/3 in the
skewness transformation) were combined n all possible ('3) = 66 pairwise combina-
ttons to form the risk difference judgment set

Gambles were represented as shown in fig 1 The probabilities of outcomes were
depicted bv a proportionate number of Xs as well as by theirr numencal values
Monetary outcomes (losses indicated by a munus sign) appeared above the respective
probabilities

Subjects

Six female and four male Harvard University students were paid to participate in
the study Subjects were tested individually, each participating (in four one-hour
sessions on consecutive days Since all analyses are done at the individual subject level
1e every subject constitutes a replication of the experiment only a small number of
subjects are necessary (mainlv to guarantee the generality of any results)

Risk instructions

Simular to Weber (1984a), the term nisk was intentionally left undefined Subjects
were told to imagine themselves 1n the situation of playing a displayed gambie They
were told to study the gamble until they could decide with some confidence how risky
1t was It was stressed that they were to rate the nisk of each gamble not whether they

10 80 ~3%4 20 -519 20
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXX)(())%(XXXXXX 8(3(4
064

Fig 1 Sample sumulus lottery from the three-outcome risk rating set Outcomes are shown as

dollar-amount gains or losses (amounts preceded by a minus sign) The corresponding probabili-

ties are shown beneath the dollar-amounts and are represented both graphucallh (by a pro-
portionate number of X's) and numerically
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would like to play 1t Risk judgments were to be given intuitively as a gut reaction’
to each individual gamble as opposed to ‘computing the nisk in some way All subjects
indicated that they clearlv understood their task

Procedure

Subjects came to four sessions Each session constituted a complete replication ol
the following two tasks The 30 stimulus gambles of the risk raring set were displayed
one at a ime on a CRT screen Subjects were mstructed to rate those gambles with
respect to subjective niskiness on a graphuc Rusk rating scale ranging from low'
(computer coded as 0) to ‘high’ (computer coded as 700) using a light pen Order of
presentation of the gambles in the risk rating set was random and different for each
session

For the risk difference judgment tash subjects were presented with pairs of gambles,
with each gamble printed on a separate index card They were asked to study each
gamble of the pair until they had formed an impression of its nskiness They were then
to judge the difference in nisk between the two gambles on an integer scale between 0
and 9 If the two gambles seemed equally nsky a rating of 0 was to be given a very
large difference 1n nsk was to be given a raung of 9 Subjects made nisk difference
Judgments verbally The experimenter recorded thetr judgment and then presented the
next pair of the 66 pair sumulus set Order of presentation of the pairs within the
stimulus set was random and different for each of the four sessions

For both tasks several pracuce items preceded the sumulus wtems The practice
items were designed to famuliarize subjects with the range of gambles in the stumulus
set The order of tasks was random for everv session and every subject Presentation of
the items was >elf-paced (1 €, only completion of the previous rating triggered presenta-
tion of the next item) and subjects were under no ume pressure

Results

Effect of change of scale

Separate ANOVASs (three repeated within-faciors Skewness Mean and Scale) were
computed for each subject’s risk ratings The results which are summarized 1n table 1
are similar to those of Weber (1984a) and a detailed discussion of therr significance can
be found there For the analysis of additivity or nonadditivity of the effect of change of
scale 1t 1s important to note that the factor Scale was not significant for five of the ten
subjects (This indicates, with the benefit of hundsight. that the change of scale factors
(c=1 2, and 4) were not large enough to significantly alter the nsk of the set of
low-stake lotteries emploved However these lotteries and change of scale factors had
been chosen to keep the lottenies within a financial range that would be realistic to the
average college student ) Those subjects whose risk ratings are not significantly affected
by a change of scale transformation are more lLikely to satisfy the requirements of the
Birnbaum (1982) difference test of additivity 1n a trivial wav (If risk 1s not significantly
affected by particular changes in scale one may not be able to discnminate between an
additive or nonadditive combination of the two ) It will thus be the other five subjects
who show a significant effect of Scale who will provide the more crucial data to decide
between an additive or multiplicative effect of change of scale on nsk
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Table 1

ANOVAs for nsk ratings of experiment 1 with three repeated within-factors (Skewness Mean
Scale) computed separately for each subject F-ratios and significance level (S = Skewness
M = Mean C =Scale)

Subject Mauin effects Interaction effects
s M C SXM SxC MxC SxMxC

ANN 5054 11811° 707 046 207 149 054
BAM 086 11333° 5176 ¢ 264 184 074 200
BAR 334° 9145° 326 415°¢ 126 053 055
BRI 466° 35205° 289 313 094 096 056
DAN 3982 16000 ° 24° 955+~ 301° 123 114
JOs 999~ 30969 ¢ 116 358¢ 146 410 221
LEO 284 8636 ° 065 142 161 140 064
SCO 050 14760 ® 404 073 237 in 051
suz 006 6984 " 1622° 257 180 232 045
ZAN 106 24762° 1460 ° 744° 238 283 277

T p<005 b p<001 © p <0001

The 12 gambles of the nisk difference set consutute a factonal combinauon of three
levels of factor G (Scale) and four levels of factor F (different Mean-Skewness
combinations) The conditions for additivity 1n the combination of factors F and G
using Birnbaum’s (1982) difference test translate into a series of planned orthogonal
contrasts that test for equality of difference judgments 1n parucular cells of a one-wavy
ANOVA analysis of the difference judgments of the 66 sumulus pairs For additivity to
hold these contrasts have to be statisticallv nonsignificant For example the nsk
difference judgement of all cells involving a judgment between Scale levels G, and G,
should be equal regardless of the level of F in these cells For every subject there are
36 out of a total of (%) =2145 possible pairwise companson that provide thus
information (There are three times six comparisons of the type difference between
(F, G,)and (F, G,)vs difference between (F, G,)and (F, G,) and six umes three
comparisons of the type ‘difference between (F, G,) and (F, G,) v»> difference
between (F, G,)and (F, G,)")

Table 2 summanzes the results of these contrasts computed separately for every
subject Each of the 36 contrasts 1s a staustical test of the null hypothesis that the
population means of the two nisk difference judgments are the same (and that thus
change of scale plavs an additive role) versus the alternative hvpothesis that the two
difference judgments are nor the same (and that thus change of scale plays a
nonadditive role) Statistical tests are typically biased towards the null hypothesis by
maintaining the probability of a Type-I error (the probabihity of falsely rejecting the
null hypothesis) belon a low conventional level (e g five percent) without usually
worrying about the inversely related probability of a Type-II error (the probability of
falsely failing the reject the null hypothesis) In this sense the paired compansons
reported here are biased in favor of the null hypothesis (1e additivity) If the null
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Table 2
Percentage of planned Birnbaum contrasts (out of 36) that were stausucallv significant Degrees
of freedom of all contrast F-ratios are 1 and 195

Subject ANN BAM BAR BRI DAN JOS LEO SCO SUZ ZAN

Percentage of
signuficant contrasts * 31 39 19 14 28 14 31 19 42 36

* Significance level was at most 005 but usually smaller

hypothesis (1€ additvity) were true we would expect not more than 5 percent of the
paired comparisons to be staustically sigmificant by chance alone

As can be seen 1n table 2, subjects show a much hugher rate of violation of additivity
than the chance rate of five percent (It should be noted that the figures 1n table 2 do
nor refer to the percentage of judgments that violated additnvity but to the percentage
of staustical tests for which the additivity hypothesis was rejected ) The result holds for
all subjects and the effect 1s as expected even stronger for those subjects who showed
significant effects for Scale in the ANOVA of the nsk ratings reported in table 1
(ANN BAM. DAN SUZ ZAN) Thus evidence from the nsk difference judgments
strongly points to a nonadditive and 1n combination with the results reported in Weber
(1984a) thus muluplicauve effect of change ot scale on percenved risk

Modeling of percetved risk

The result of Weber (1984a) that a change of scale has either an additne or
multipbcatise effect on percened nisk together with the outcome of experiment 1
indicating that the effect 15 nonadditive (and hence muluplicative) can serve as a
starting point for deriving a descnipuve risk function 1e  a function of a gamble’s
outcomes and probabilities with which one 1s able to describe and predict an individ-
ual » rating of percerved risk Based on the results discussed above, the funcuon that
derives from the assumption of a muluplicative effect of scale and a transformation of
outcomes before integration of outcomes and probabilities was the most viable of the
risk functions suggested by Luce (1980) If we let X stand for a particular gamble and
R for the function that deternunes the percerved riskiness of that gamble then

R(X)=E(|X1") (1)

1¢. risk 1> equal to the expected value E of the absolute value of outcomes raised to
power A

The adequacy of this measure can be described with a goodness-of-fit statisuic like
R* the coefficient of determunation or proportion of variance accounted for after
estimating the value of the parameter k using for example Chandler’s (1969) parame-
ter estumation subroutine STEPIT This was done for the risk ratings of the three-out-
come gambles collected in experiment 1 The proportion of the variance in individual
subject’s nisk ratings accounted for by risk function (1) ranged between 0 11 and 0 33
for the ten subjects with a mean R* of 026
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Thus function (1) clearly 1s not very successful in describing subjects’ risk ratngs
Further analysis revealed some reasons for thus and suggested modifications For two
of the transformations employed to create the sumulus gambles of experiment 1
namely change of skewness and change of ongin, E(|X|*) 1s nsensitive to the
direction of change Transformation of a symmetric gamble into one that 1s positively
skewed, for example, has exactly the same effect on E(| X}*) as a transformation 1nto
an equally but negatively skewed gamble This property makes E(|X|*) a poor
predictor of subjective nisk because perceived risk appears to be extremely sensitive to
the direction of such a transformation It 1s this insensitivity to the direction of
transformations that has contnbuted to the rejection of moments as useful variables in
preferential chotce among gambles (e g Coombs and Lehner 1984 Pavne and Braun-
stetn 1971)

These problems can be resolved by modifying Luce’s (1980) aggregation rule as
follows Let us assume that the gamble or random vanable X 1s split into positive and
negative outcomes which are transformed separately and possibly differently and then
integrated

There 1s plenty of evidence n the nsky choice literature that supports the assump-
uon that people treat positive and negative outcomes differently One example 1s
Coombs and Lehner’s (1984) thought experiment which showed that a change of $10 in
the amount to win reduces risk less than a change of $10 in the amount to lose
Another example 1s Tversky’s (1967) and Kahneman and Tverskv's (1979) hypothesis
of differently shaped value functions for gains and losses a hypothesis empirically
supported by Payne et al (1980) As discussed by Lopes (1984) a separate considera-
tion of gains and losses 1s often found n applied work (Fishburn 1977 Holthausen
1981)

Details of the modifications made to the assumpuons about nsk judgments (pnm-
arnily the allow ance for differences in the perception of positive and negative outcomes)
can be found in Luce and Weber (1986) and will not be repeated here The rnisk
funcuion that can be denived from these assumpuon 1s called CER for conjoint
expected nsk and has seven free parameters Using the same notation as above the
niskiness of gamble X can be expressed as

R(X)=4(0)Pr(X=0)+ 4(+)Pr(X>0)+ A(—)Pr( X <0)
+B(+)E[ X" "' X>0]Pr(X>0)+B(-)E[|X|* | X <0]Pr( X <0)
(2)

Thus risk 1s a hnear combination of the probability of breaking even (zero outcomes)
the probability of positive outcomes the probability of negative outcomes the condi-
tional expectation of positive outcomes raised to some power k(+) and the condi-
tional expectation of negative outcomes raised to some power k(—) with A(+) and
k(-)>0 Parameters A(0) A(+), A(—) B(+), and B(-) are weights of the
respective components It should be noted that probabilities enter into the equation
twice once bv themselves and once as weights on the effect of outcomes

A mice feature of the CER function 1s that 1t retains the benefits of expectation
models namely a constant number of parameters regardless of the number of out-
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Table 3
Values of R® for three measures obtained from risk judgments for three-outcome gambles of
expenment 1

Subject R-D* V-E® CER* Average
reliabihity ¥
ANN 030 045 056 049
BAM 047 065 077 077
BAR 024 034 045 042
BRI 050 063 071 069
DAN 039 060 082 069
JOS 055 072 080 082
LEO 046 066 075 on
SCO 040 057 064 041
suz 039 055 065 044
ZAN 043 061 070 064

? R-D 15 the nsk dimension measure of Pavne (1973 with sin free parameters for three-outcome
gambles

™ V_E 1~ the Pollatsek and Tvershy (1970) rish measure af + bE where E 1» the expected value

and | the vanance of the gamble and a and b are two free parameters

Although the general CER measure involves seven parameters the gambles of expeniment 1 all

had Pri XA =0)=0 >0 4(0) was not relevant

Average squared Pearson product moment correlations between replications of the ratings of

the 30 gambles

.

[

comes a property that i1s not shared by nsk dimension models of the kind suggested by
Pavne (1973) The assumptions made to that end seem plausible but will have to
undergo empirical testing (Should the assumptions of the expectation model be
violated the CER theor could be generalized along the lines of Luce and Narens'
(1985) dual-bilinear model )

The CER function (2) was fit to the nsk ratings of expertment 1 using the
least-squares parameter estimation procedure STEPIT (Chandler 1969) The parameter
estimates are for conjoint expected nsk expressed as deviation from the grand mean of
rish judgments b (Ie judged sk = CER + b ) Had the nisk judgments been stan-
dardized b would of course be equal to zero The CER function accounted for a
significantly larger percent of the varance than nisk function (1) the :-stausuc of the
test of difference between two dependent correlations (Steiger 1980) was highly
signtficant for every subject For comparison purposes the coefficient of determina-
uon R® was also computed for the vanance-expectation (V-E) measure ot Pollatsek
and Tiersky (1970) and for the risk dimensions (R — D) regression of Payne (1973)
The results along with the average reliability (r°) of the rating judgments between
replications are shown in table 3 Without exception the R® values of the regressions
(which are adjusted for the different numbers of independent variables in the models)
are ordered

R — D <V — E < CER = Reliability
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Table 4
Values of the parameters in the CER model ol rish for ten subjects and three-outcome stimulus set
of expenment 1

Subject 4(+) A(—) B(+) B(-) k(+) hk(—) Grand mean R®

ANN 3212 —449 5 -3471 322 011 020 44 056
BAM 1853 -3754 —-3328 5153 018 02s 3866 077
BAR 213 -1032 -628 2378 030 028 4542 045
BRI 2638 -5057 —-4317 4872 025 020 2015 075
DAN 2205 —-4344 -1677 4531 034 044 1880 082
JOS 176 3 —-3312 -3154 390 1 024 029 3574 080
LEO 1758 —-3214 -2319 3575 029 U224 4358 075
SCO 164 2 -3049 —-3201 3529 021 035 4246 064
suz 1412 —-2687 —1545 4152 020 024 3907 065
ZAN 2412 —-468 7 -3724 3168 019 039 3586 071

Gnven the reliability of the data much improvement over the CER fit 15 not to be
anticipated

Table 4 shows the values of the six nsk parameters of the CER function and the
value of the grand mean of risk judgments for the ten subjects ' The values ot A(+)
and A(-) are both very similar and rather small for this homogeneous group of
undergraduate students Small values of A(+) and A(—) indicate of course that the
size of wins or losses 1s less salient for the risk judgments of an individual than the
probability of winning or losing

The reader mav be puzzled to note that 4(+) the coefficient of the probability of
positive outcomes takes on positive values and that A(—) the coefficient of the
probability of negative outcomes takes on negative values for all subjects This seems
to imply the counterintuitive prediction that risk would ncrease with the probabiity of
positive outcomes The explanation to the puzzle lies in the fact that probabilities enter
into the CER equation twice, as pointed out above Thus 1t 1s the margnal effect of
probability on nisk and not the signs of A(+) and 4(—) that are relevant To venfy
that the parameter estimates make the intuitively correct prediction that nsk should
decrease as the probability of winning increases (all other things being equal) one can
compute the CER predictions for two lotteries diftering only in the probability of
winning For example using the parameter estimates of subject ANN the predicted
risk judgment for the lottery of winning $12 with probability 0 1 and losing $4 with the
remaining probability 0 9 1s equal to 348 The predicted nisk judgment for the lottery ot
winning $12 with probability 05 and losing $4 with the remaining probability 05 1
equal to 278 a value that is smaller (1e less riskv) than 348

! These parameter estimates are different from those reported 1in Luce and Weber (1986} The
latter estimates were incorrect as the result ot an error in the parameter estimation program
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Discussion

Experiment 1 helped to establish that the effect of a change of scale on percened
risk was multiplicative It also pointed out a major shortcomung of the Luce (1980 1981)
axiomatizations of risk, namely the implicit assumption of equivalent weight of posttive
and negative outcomes for risk When an assumption allowing for differential weights
was added. the resulting CER nisk function accounted for subjects’ misk ratings
significantly better than other competitors

The CER function does well not only with respect to goodness-of-fit measures but
also 1n an evaluaton against more diagnostic empincal evidence regarding subjective
riskiness Coombs and Bowen (1971b) reported that when two gambles are convolved,
the risk of the resulting gamble 1s not an additive function of the nisk of the two
component gambles This fact was an additional strike against Pollatsek and Tversky s
(1970) nsk functions as well as elimunating Coombs and Huang’s (1970a) polynomual
model of percenved risk because both models predicted additivity It is easy to see that
the CER function does not predict such additvity

Another instance where CER seems to provide a superior prediction of empirical
phenomena s the effect of a change of origin (1 e, a change 1n expected value) on risk
One of Coombs’ (1972) assumptions about risk was that relative nsk order remains
unaffected by changes in expected value Payne et al (1980). on the other hand appear
to have brought about a reversal in relauve nisk by increasing the expected value of two
gambles by the same amount It 1s not difficult to construct examples where with the
right choice of parameters the CER function would predict a reversal in relative risk

It should be noted that for a particular set of parameter values, the CER function
could take on negative values when the positive outcome contributions outwetgh the
negative outcome contributions (Positivity or negativity of CER values carnies no
special mearung Being measured on an interval scale 1t 1s only the relative distance
between CER values that s interpretable ) This 1s 1n direct contrast to Axiom B4 of
Fishburn (1982) which restricts nisk functions to positive values and postulates that
gambles without losses have zero nsk This axiom, which 1s part of all nsk measures
axiomatized by Fishburn (1982 1984), in fact rules out all models that are additively
separable in gains and losses (e g the CER model or Coombs and Lehner’s (1981,
1984) bilinear risk model) Instead Fishburn considers muluplicatively separable
representations which allow for an effect of gain on nsk without changing his
assumption that nisk 1s zero when no loss 1s possible Weber and Bottom (1989) report
data suggesung that perceived risk 1s addinvely separable in gains and losses thus
putung into question all of Fishburn’s risk functions on empirical grounds

In summary, the CER function appears to describe perceived risk quite well It also
has the qualitative attnbutes required to account for a wide vaniety of empirical results
The same function allows predictions for gambles that differ in their number of
outcomes Its seven parameters are easily estimated for an individual from a set of his
or her risk judgments The parameters allow comparisons between subjects with respect
1o differences in nsk perception They also reflect the relative influence of different
components of the gambles on risk (1n particular the size of A(+) and A(—) indicates
the importance attributed to the size of wins or losses as opposed to the probabtlity of
winning or losing)
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The parameter estimates for the group of ten college students of expennment 1 were
quite homogeneous It would be of interest to see in which way the estumates of
subjects that differed 1n age and /or disposable income would differ Another question
of interest 1s the generality of the CER parameters for gambles that differ in their
number of outcomes That 1s do parameter estimates derived from a set of three-out-
come gambles also predict nisk judgments for a set of five-outcome gambles? Such
generality would obviously increase the practical appeal of the CER model Expeniment
2 was designed to answer these questions

Experiment 2
Method

Snmuli and design

Stimulus lotteries were constructed as in experiment 1 Starting with the basic
two-outcome gamble of winning or losing $5 00 with probability 1,72, the first transfor-
mation changed the skewness of the gamble Five levels of p (1,9 1/3 3.5 3/4 and
8/9) were used The second transformation a change of ongin employed three levels of
b (b= —%210. +3030 and +3$170) For the third transformation, a change of scale
the outcomes of the previouslv generated gambles were multiplied by a constant c,
using two levels of c =1 and 3 Thus generated the 30 items of the mo-outcome set of
gambles (02-set) The expected value of lottenies in this set ranged from —$6 30 to
+ 3510 Individual outcomes took values between +$47 55 and —$39 90

A set of 30 four-outcome gambles (04-set) was produced by applying the muluple
play transformation to the 02-set, 8(g)=(1 p. —2)¥ with d=3 and diniding the
resulting outcomes by three to keep the expected values and the range of outcomes
comparable to those of the 02-set

Two sets of three-outcome gambles were created bv applving the skewness transfor-
mation as for the 02-set, followed by a change of ongin transformation with 6 = —$1 50
$0 00. and + $1 30 and a change of scale transformation with ¢ =1 and 3 The resulting
30 two-outcome lotteries were transformed into the small range three-outcome set
(03s-set) by applving the multiple plav transformation with d=2 and dividing the
resultng outcomes bv two The expected value of lotteries 1n thus set ranged from
-$4 50 to +%390 Individual outcomes took values between +$3786 and —$31 38
The second set of three-outcome gambles was constructed like the 03s-set but used
only b = — %1 50 and +$1 30 for the change of ongin transformation and added ¢ = 11
to the set of ¢ for the change of scale transformation The expected value of lotteries 1n
this larger range three-outcome set (03/-set) ranged from —$16 50 to +$14 30 Individ-
ual outcomes took values between + 3138 82 and —$115 06

Subjecis

Two female and two male Canadian highschool teachers volunteered to participate
in the study They were between 33 and 45 vears of age and naive 1o the nsk model
under study
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Procedure

Subjects came to four session on consecutive dayvs Each session consututed a
complete replication of the experiment The gambles of the four sets of gambles were
displayed one at a ume on an IBM PC/XT computer screen Subjects were instructed
to rate those gambles with respect to subjective riskiness on a graphic raung scale
ranging from ‘low nisk’ (computer coded as 0) to *high nsk’ (computer coded as 80)
using a bght pen The order in which the four sumulus sets were rates as well as the
order of gambles withun each stimulus set was random and different for each session
As in experiment 1, presentation of the sumuli was self-paced and subjects were under
no time pressure Thev were encouraged to take breaks between the different sumulus
sets Each session lasted between 1 and 1% hours

Results and discussion

Table 5 shows the values of the six CER parameters and the nisk raung grand mean
estimated from the nisk ratings of the four hughschool teachers for each of the four
different sets of gambles These judgments were for different sets of gambles than the
one used 1n experiment 1, using a rating scale with a smaller range, so that the
parameters are not directly comparable to those 1n table 5 It 1s however clear that
again there 1s considerable simulanty in parameters within the group and high
stmilarity within subjects in parameters estimated separately from ratings given for sets

Table 5
Values of the parameters in the CER model of nisk for four subjects and four stimulus sets of
experiment 2

Sub; Set  A(+) A(—) B(+) B(—) k(+) ki—) Grandmean R
ROB 02 28 -473 -60 320 070 042 427 063
03 113 -361 -126 474 073 039 439 063
031 912 -1324 -328 1567 031 015 57 067
04 33 -230 -249 394 041 041 46 2 065
CIN 02 521 -982 -468 749 017 017 585 072
03s 750 -1316 -1094 1112 016 018 743 068
03l 925 -1404 -295 1813 030 009 113 056
04 758 -1278 -1760 553 009 024 979 054
KEN 02 233 -484 -50 673 020 022 140 054
03s 196 -490 -102 761 020 018 169 049
031 574 —887 —-20 1016 021 022 48 061
04 314 —638 -86 1042 018 012 105 049
ALB 02 243 -501 -341 163 020 060 5123 085
03s 28 -240 -33 141 040 078 311 076
031 155 -276 -98 294 028 040 139 077

04 324 -657 -634 288 007 054 598 074
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Table 6
Values of R? the coefficient of determunation for predicting data set 03s using the parameters of
the CER nisk model estimated from either the onginal set 03s or sets 02 03] or 04

Subject Parameters estumated from

03s 02 031 04
ROB 063 032 053 056
CIN 068 032 060 062
KEN 049 045 043 045
ALB 076 065 070 073

of gambles differing 1n their number of outcomes (02, 03s, and 04) as well as range of
outcomes (031) Informal inspection seems to suggest that the range of outcomes plays
a larger role in determunuing the CER parameters (especially A(+) and A(—)) than the
number of outcomes, as the parameters estimated for the 02, 03s and 04 sets which
have the same range of outcomes are more simular to each other than those of the 031
set which has a wider range of outcomes In addition, in comparison to student
subjects, the risk judgments for at least two of the highschool teachers can be seen to be
more sensitive to the magnitude of wins (higher k(+)) and especially of losses (higher
A(=)) (With the caveat that outcomes and expected values of the 02 03s and 04
gambles differed approximately by a factor of two from those used 1n experiment 1)

The simulanty of CER parameters estimated from different sets of nsk judgments
implies that CER parameters estimated for an individual from a set of sav three-out-
come gambles can be used to predict hus of her risk judgments for gambles with
different numbers of outcomes provided that the range of outcomes 1s not too
different This would add considerable practical appeal to the measure The generality
of the CER parameter estimates was put to test by computing the extent to which CER
predictions using the parameter estimates from different sets of gambles predicted the
actual nisk judgments for the small-range three-outcome set 03s Table 6 reports the
values of R? the coefficient of determunation for the four CER prediction functions
(differing in parameter values) and each of the four subjects Not surprisingly the set
of parameter values that were estimated from the three-outcome 03s set provides the
best fit for the nsk judgments of that set However the parameter values estimated
from the four-outcome 04 set provide a fit for the 03s risk judgments that 1s almost as
good A z-test of the difference between dependent correlations (Steiger 1980) reveals
that for two subjects (KEN and ALB) the fit with the 04 parameters 1s not significantly
worse than that with the 03s parameters For the other two subjects the difference 1s
significant, but p-values are relatively large (ROB, p <002 CIN p <005) Futs of the
03s nsk judgments employing the 031 parameter estimates are somewhat worse 1n all
cases than those employing the 04 parameter estimates but not significantly so They
are, however, significantly different from the fits employing the benchmark 03s
parameter esttmates for all subjects except KEN Thus 1s in line with the impression
obtained from table 6 that CER parameter estimates generalize well across gambles
that differ in their number of outcomes (and perhaps less so for gambles that differ
widelv 1n their range of outcomes)
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Most interesting, however 1s the poor fit of the CER function for the three-outcome
03s sk judgments when parameters estimates from the two-outcome 02 set are
employed For three of the four subjects the difference n fit 1s highly significant
(p <0001) These poor fits stand in contrast to the uniformly good ones that these
parameters provide for the two-outcome gambles from which they were esumated (see
table 6) Thus, the claim of generalizability of CER parameters should probably be
restricted to three- and higher-outcome gambles

General discussion

The empirical results described above show the CER model to be a
measure of perceived risk with good descriptive and predictive ability
Its parameters allow one to account for individual differences in
subjective risk, which 1s precluded by such measures as the variance or
negative semuvariance of outcomes commonly equated with ‘risk’ 1n
apphed settings Through a comparison of parameter values, similan-
ties and differences 1n risk perception can be conveniently diagnosed
The parameters are interpretable The size of the exponents &(+) and
k(—), for example, give information about the relative importance of
the size of gains or losses 1n an individual’s assessment of risk

The CER function incorporates and accounts for the body of em-
pirical results about perceptions of riskiness of unidimensional rnisky
choice alternatives Thus, unlike the admuttedly more elegant Pollatsek
and Tversky (1970) expectation—vanance risk model, the CER model
accounts for effects of the shape (or skewness) of the outcome distribu-
tion on risk Some empirical observations (e g . the asymmetric effect of
gains and losses on risk) were incorporated into the behavioral assump-
ttons or axioms that give nise to the CER function Goodness-of-fit
tests and compansons of numbers of parameters used to fit a particular
set of nisk judgments which are documented to be problematic (e g,
Birnbaum 1973) can fortunately play a munor role in developing an
axiomatic measurement model A more informative and more rehable
test of the fit of a function 1s the adherence of empirical data to the
simple and qualitative postulates of the axioms from which it denves
On these grounds. the CER function clearly exceeds other, seemingly
‘simpler’. models

The CER parameters. which are easily estimated for a particular
individual from a set of his or her risk judgments, seem to generalize
well to other sets of choice alternatives, including alternatives that



E U Weber / 4 descriptive measure of risk 201

differ in the number of outcomes per alternative One exception appear
to be parameters estimated from two-outcome alternatives which are
not very successful 1in predicting nisk judgments for higher-outcome
lotteries

The lack of generalizability of the two-outcome parameter estimates
1s yet another example of results involving two-outcome gambles that
do not readily generalize to higher-outcome gambles Subjects may be
using special strategies when confronted with two-outcome gambles
that are not employed in other situations Researchers in the area of
dectsion theory should be aware and on the lookout for any potential
lack of generalizability of results obtained with two-outcome choice
alternatives Given the prevalence of choice alternatives with more than
two outcomes in natural settings, 1t seems advisable that researchers
should more routinely include higher-outcome alternatives in their
experiments and pay closer attention to possible strategy differences in
dealing with two-outcome versus higher-outcome alternatives

The CER model was developed as a descriptive model of risk. 1 ¢,
with the goal of providing a measure that would capture individual
differences as well as similarnities in people’s perception of risk Thus,
however, does not preclude 1ts use as a normative measure of nsk One
could 1magine a company establish a set of CER parameters that agree
with 1ts corporate goals and objectives and subsequently test 1ts em-
ployees to determuine the extent to which their risk perceptions deviate
from the corporate norm

Finally, the reader should take note of the limited domain of current
theories about nisk such as the CER model or theores by other
researchers such as Coombs, Fishburn, Lopes, and Payne These theo-
ries are designed to account for the perceived riskiness of choice
alternatives that can be descrnibed as probability distributions of uni-di-
mensional outcomes (e g ., monetary gambles) In natural settings, choice
alternatives more often than not are multidimensional To account for
perceptions of risk for such multidimensional alternatives. extensions
of current models of nisk (possibly along simular lines as those of
multiattribute utility theory) will be necessary, which constitutes a
non-trivial task If successful, such extensions will allow work on risk
measurement of the type described 1n this paper to make contact with
scaling studies (e g, Fischhoff et al 1982, Slovic et al 1984, Vlek and
Stallen 1981) designed to idenufy the psychological dimensions (e g .
degree of voluntariness, disaster potential) underlying people’s risk
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perception for social or technological choices Knowledge of the dimen-
sions (both physical and psvchological) that are salient and used in
Judgments of the niskiness of complex stimuli 1s crucial Equally im-
portant (and in many ways complementary) 1s knowledge of the way In
which particular values on these dimensions influence risk (as. for
example, the relative contributions and parucular functional combina-
ton of probability and outcome information in the CER function) or
of the way in which different risk dimensions (e g . number of fatalities
and voluntariness of exposure) combine into an overall index of
perceived riskiness
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