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Risk Aversion and I ncentive Effects

Abstract: A menu of paired lottery choicesis structured so that the crossover point to the high-risk lottery
can be used to infer the degree of risk averson. With “norma” |aboratory payoffs of severa dollars, most
subjectsarerisk averseand few arerisk loving. Scaing up dl payoffsby factorsof twenty, fifty, and ninety
makes little difference when the high payoffs are hypothetical. In contrast, subjects become sharply more
risk averse when the high payoffsare actually paidin cash. A hybrid “power/expo” utility function with
increasing relative and decreasing absol uterisk aversion nicely replicatesthe datapatternsover thisrange
of payoffs from several dollarsto several hundred dollars.

Although risk aversion is afundamenta element in standard theories of lottery choice, asset
vauation, contracts, and insurance (e.g. Daniel Bernoulli, 1738; John Pratt, 1964; Kenneth Arrow, 1965),
experimental research has provided little guidance asto how risk aversion should be modeled. To date,
there have been severa approaches used to assess the importance and nature of risk aversion. Using
|ottery choice data from afield experiment, Hans Binswanger (1980) concluded that most farmers exhibit
asignificant amount of risk aversionthat tendsto increase as payoffsareincreased. Alternatively, risk
aversion can be inferred from bidding and pricing tasks. In auctions, overbidding relative to Nash
predictions has been attributed to risk averson by some and to noisy decison-making by others, sncethe
payoff consequences of such overbidding tend to be small (Glenn Harrison, 1989). Vernon Smith and
James Walker (1993) assess the effects of noise and decision cost by dramatically scaling up auction
payoffs. They find little support for the noise hypothesis, reporting that thereisan indggnificant increasein
overbidding in private value auctions as payoffs are scaled up by factorsof 5, 10, and 20. Another way
toinfer risk aversonistodicit buying and/or saling pricesfor smplelotteries. Steven Kachemeier and
Mohamed Shehata (1992) report asignificant increasein risk aversion (or, more precisely, adecreasein
risk seeking behavior) asthe prize vaueisincreased. However, they also obtain dramatically different
results depending on whether the choice task involves buying or selling, since subjectstend to put ahigh

selling price on something they “own” and alower buying price on something they do not, whichimplies



risk seeking behavior in one case and risk aversion in the other.* Independent of the method used to dlicit
ameasure of risk aversion, thereiswidespread belief (with some theoretica support discussed below) that
the degree of risk aversion needed to explain behavior in low-payoff settingswould imply absurd levels of
risk aversion in high-payoff settings. The upshot of thisisthat risk aversion effectsare controversia and
often ignored in the analysis of laboratory data. This general approach has not caused much concern
because most theoristsare used to bypassing risk aversion issues by assuming that the payoffsfor agame
are already measured as utilities.

The nature of risk aversion (to what extent it exists, and how it depends on the size of the stake)
isultimately an empirica issue, and additional laboratory experiments can produce useful evidence that
complementsfield observationsby providing careful controls of probabilitiesand payoffs. However, even
many of those economists who admit that risk aversion may be important have asserted that decision
makers should be gpproximately risk neutral for thelow-payoff decisions (involving severa dollars) that
aretypically encountered in the laboratory. The implication, that low laboratory incentives may be
somewhat unredlistic and therefore not useful in measuring attitudestoward “ real-world” risks, isechoed

by Daniel Kahneman and Amos Tversky (1979), who suggest an aternative:

Experimental studiestypically involve contrived gamblesfor small stakes, and alarge
number of repetitionsof very similar problems. Thesefeaturesof laboratory gambling
complicatetheinterpretation of theresultsand restrict their generdlity. By default, the
method of hypothetical choices emerges as the ssmplest procedure by which alarge
number of theoretical questions can beinvestigated. Theuse of the method relies of the
assumption that people often know how they would behavein actud Situations of choice,
and on the further assumption that the subjectshaveno specia reasonto disguisetheir true
preferences. (Kahneman and Tversky, 1979, p. 265)

In this paper, we directly address these issues by presenting subjects with smple choice tasks that

! Thisisand ogous to the well-known “willingness to pay/willingness to accept bias.” Asking for a high selling price
implies apreference for the risk inherent in the lottery, and offering alow purchase price implies an aversion to the risk
inthe lottery. Thusthe way that the pricing task is framed can alter the implied risk attitudes in a dramatic manner. The
issue is whether seemingly inconsistent estimates are due to a problem with the way risk aversion is conceptualized, or
to a behaviora bias that is activated by the experimental design. We chose to avoid this possible complication by
framing the decisions in terms of choices, not purchases and sales.
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maly be used to estimate the degree of risk averson aswell as specific functiona forms. We uselottery
choicesthat involve large cash prizesthat are actually to be paid. To addressthevalidity of using high
hypothetical payoffs, we conducted this experiment under both real and hypothetical conditions. Wewere
intrigued by experiments in which increases in payoff levels seem to increase risk aversion, e.g.
Binswanger’ s (1980) experiments with low-income farmersin Bangladesh, Hal Arkes, LisaHerren and
Alice lsen (1988) with hypothetical payoffs, and Antoni Bosch-Domenech and Joaguim Silvestre (1999),
who report that willingnessto purchase actuarialy fair insurance againgt lossesisincreasing in the scale of
theloss. Thereforewe elicit choicesunder both low and high money payoffs, increasing the scale by 20,
50, and finally 90 times the low payoff level.

In our experiment we present subjectswith amenu of choicesthat permits measurement of the
degree of risk aversion, and aso estimation of itsfunctiona form. We are able to compare behavior under
redl and hypothetica incentives, for lotteries that range from severd dollars up to severa hundred dollars.
Thewiderange of payoffsdlows usto specify and estimate ahybrid utility function that permits both the
typeof increasing relativerisk aversion reported by Binswanger and decreasing absolute risk aversion
needed to avoid “absurd” predictionsfor the high-payoff treatments. The proceduresare explainedin
Section |, the effects of incentives on risk attitudes are described in Section 11, and our hybrid utility model
is presented in Section I11.

|. Procedures

The low-payoff treatment i s based on ten choi ces between the paired lotteriesin Table 1. Notice
that the payoffsfor Option A, $2.00 or $1.60, areless variable than the potentid payoffs of $3.85 or $0.10
inthe"risky" option B. Inthefirst decision, the probability of the high payoff for both optionsis 1/10, so
only an extreme risk seeker would choose Option B. Ascan be seenin thefar right column of thetable,
the expected payoff incentive to choose Option A is$1.17.2 When the probability of the high payoff

outcomeincreases enough (moving down thetable), aperson should crossover to Option B. For example,

2 Expected payoffs were not provided in the instructions to subjects, which are available on the web at

http://www.gsu.edu/~ecoskl/research.htm. The probabilities were explained in terms of throws of aten-sided die.
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arisk neutral personwould choose A four timesbefore switching to B. Eventhe most risk averse person
should switch over by Decision 10 in the bottom row, since option B yieldsasure payoff of $3.85in that

case.

Tablel. The Ten Paired Lottery-Choice Decisions with Low Payoffs

Option A Option B Expected
Payoff Difference
1/10 of $2.00, 9/10 of $1.60 1/10 of $3.85, 9/10 of $0.10 $1.17
2/10 of $2.00, 8/10 of $1.60 2/10 of $3.85, 8/10 of $0.10 $0.83
3/10 of $2.00, 7/10 of $1.60 3/10 of $3.85, 7/10 of $0.10 $0.50
4/10 of $2.00, 6/10 of $1.60 4/10 of $3.85, 6/10 of $0.10 $0.16
5/10 of $2.00, 5/10 of $1.60 5/10 of $3.85, 5/10 of $0.10 -$0.18
6/10 of $2.00, 4/10 of $1.60 6/10 of $3.85, 4/10 of $0.10 -$0.51
7/10 of $2.00, 3/10 of $1.60 7/10 of $3.85, 3/10 of $0.10 -$0.85
8/10 of $2.00, 2/10 of $1.60 8/10 of $3.85, 2/10 of $0.10 -$1.18
9/10 of $2.00, 1/10 of $1.60 9/10 of $3.85, 1/10 of $0.10 -$1.52
10/10 of $2.00, 0/10 of $1.60 10/10 of $3.85, 0/10 of $0.10 -$1.85

Theliterature on auctions commonly assumes congtant relative risk aversion for its computationa
convenienceand itsimplicationsfor bid function linearity with uniformly distributed private values. With
constant relative risk aversion for money x, the utility functionis u(x) = x*" for x> 0. This specification
impliesrisk preferenceforr <0, risk neutrality forr = 0, and risk aversionfor r > 0.2 The payoffsfor the
lottery choicesin the experiment were selected so that the crossover point would provide an interval
estimate of asubject's coefficient of relativerisk averson. We chosethe payoff numbersfor thelotteries
so that therisk neutral choice pattern (four safe choicesfollowed by six risky choices) was optimal for
congtant relativerisk aversonintheinterva (-0.15, 0.15). The payoff numberswere dso sdected to make
the choice pattern of six safe choicesfollowed by four risky choices optimal for an interva (0.41, 0.68),
which isapproximately symmetric around a coefficient of 0.5 (square root utility) that has been reported
in econometric analysis of auction datacited below. For our analysis, we do not assumethat individuas

exhibit constant relativerisk aversion; these calculationswill providethe basisfor anull hypothesisto be

3 Whenr = 1, the natural logarithm is used; division by (1-r) is necessary for increasing utility whenr > 1.
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tested. Inparticular, if dl payoffsare scded up by acongtant, k, then this constant factors out of the power
function that has constant relative risk aversion. In this case, the number of safe choices would be
unaffected by changesin payoff scale. A changein choice patterns as payoffs are scaled up would be
incons stent with congtant relativerisk aversion. Inthiscase, we can usethe number of safe choicesinesch
payoff condition to obtain risk aversion estimates for other functional forms.

Inour initial sessions, subjects began by indicating a preference, Option A or Option B, for each
of theten paired lottery choicesin Table 1, with the understanding that one of these choices would be
selected at random ex post and played to determine the earnings for the option selected. The second
decision task involved the sameten decisions, but with hypothetica payoffsat 20 timesthelevelsshown
inTable 1 ($40 or $32for Option A, and $77 or $2 for Option B). Thethird task was a so a high-payoff
task, but the payoffswere paid in cash. Thefinal task wasa"return to basgline” treatment with the low
money payoffsshownin Tablel. The outcome of each task was determined before the next task began.
Incentives are likely diluted by the random selection of asingle decision for each of the trestments, which
isonemoativation for running the high-payoff condition. Subjectsdid seemtotakethelow-payoff condition
serioudy, often beginning with the easier choicesat thetop and bottom of the table, with choices near their
switch point more likely to be crossed out and changed.

To control for wealth effects between the high and low real-payoff treatments, subjects were
required to give up what they had earned in thefirst low-payoff task in order to participatein the high-
payoff decision. They were asked to initial a statement accepting this condition, with the warning:

Even though the earningsfrom this next choice may bevery large, they may dso be smdl,
and differences between people may belarge, dueto choice and chance. Thusweredize
that some people may prefer not to participate, and if so, just indicate this at the top of the
sheet.... Let mereiterate, even though some of the payoffsare quite large, thereisno catch
or chance that you will lose any money that you happen to earn in this part. We are
prepared to pay you what you earn. Are there any questions?

Nobody declined to participate, so thereis no selection bias. For comparability, subjectsin the high-
hypothetica treatment wererequiredto initial a statement acknowledging that earningsfor that decision



would not be paid. The hypothetical choice does not ater wealth, but the high real payoffs atered the
wedlth positionsalot for most subjects, so the final low-payoff task was used to determine whether risk
attitudes are affected by large changesin accumulated earnings. Comparing choicesinthefina low-payoff
task with the first may aso be used to assess whether any behaviora changesin the high-payoff condition

were due to changesin risk attitude or from more careful consideration of the choice problem.

Table2. Summary of Lottery Choice Treatments

Treatment Number of Average Minimum Maximum
Subjects Earnings Earnings Earnings
20x Hypothetical Only 25 $25.74 $19.40 $40.04
20x Real Only 57 $67.99 $20.30 $116.48
20x Hypothetical and Real 93 $68.32 $11.50 $105.70
50x Hypothetical and Real 19 $131.39 $111.30 $240.59
90x Hypothetical and Real 18 $226.34 $45.06 $391.65

All together, we conducted theinitial sessions (with low and 20x payoffs) using 175 subjects, in
groups of 9-16 participants per session, at three universities (two at Georgia State University, four at the
University of Miami, and six at the University of Central Florida). About half of the students were
undergraduates, onethird were M.B.A. students, and 17 percent were business school faculty. Table2
presents asummary of our experimental trestments. In these sessions, thelow payoff tasks were dways
done, but the high payoff condition wasfor hypothetical payoffsin some sessons, for real money in others,
and in about half of the sessionswe did both in order to obtain awithin-subjectscomparison. Doing the
high hypothetical choicetask before high red alowsusto hold wealth constant and to eval uate the effect
of using redl incentives. For our purposes, it would not have made senseto do the high real treatment firdt,
sincethe careful thinking would biasthe high hypothetical decisions.* We can compare choicesinthehigh

4 Of course, the order that we did use could bias the high real decision toward what is chosen under hypothetical
conditions, but a comparison with sessions using one high-payoff treatment or the other indicates no such bias.
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redl payoff treetment with either thefirst or last low payoff task to aleviate concernsthat learning occurred
as subjects worked through these decisions.

Inorder to exploretheeffect of even larger increasesin payoffswe next ran somevery expensive
sessionsin which the 20x payoffs were replaced with 50x payoffs and 90x payoffs. In the two 50x
sessions (19 subjects), the“ safe” payoffswere $100 and $80, whilethe“risky” payoffswere $192.50 and
$5. Inthe 90x sessions (18 subjects) the safe and risky payoffs were ($180, $144) and ($346.50, $9),
respectively. All of these sessionswere conducted at Georgia State University. Thenumber of subjects
in these treatmentswas necessarily much smdler dueto thelargeincreasein payments required to conduct
them. All subjectswere presented with both real and hypothetica choicesinthesetwo treatments, alowing
for awithin-subjects comparison. Average earnings were about $70 in the 20x sessions using real
payments, $130in the 50x sessions, and $225 in the 90x sessions.® All individual lottery choice decisions,
earnings, and responses to fifteen demographic questions (given to subjects at the conclusion of the

experiment) can be found on the web at http://www.gsu.edu/~ecoskl/research.htm.

Il. Incentive Effects

Inal of our treatments, the majority of subjects chose the safe option when the probability of the
higher payoff was small, and then crossed over to option B without ever going back tooption A. Inall
sessions, only 28 of 212 subjects ever switched back from B to A in thefirst low-payoff decision, and only
14 switched back inthe fina low-payoff choice. Fewer than 1/4 of these subjects switched back from B
to A morethan once. Thenumber of such switcheswaseven lower for the high payoff choices, dthough
thisdifferenceissmall (6.6 percent of choicesin thelast low-payoff task, compared with about 5.5 percent
inthe 50x and 90x real payoff treatments). More subjects switched back in the hypothetica treatments:

5 All of the lottery choice tasks reported in this paper were preceded by an unrelated experiment. Those sessions
conducted at the Universities of Miami and Central Florida followed a repeated individual decision (tax compliance) task
conducted by a colleague, for which earnings averaged about $18. The lottery choice sessions conducted at Georgia
State university followed a different set of (individual choice) tasks for which average earnings were a somewhat higher
(about $27). We conclude that these differences are probably not relevant; in the 20x payoff sessions, including Georgia
State data does not alter the means, medians, or modes of the number of safe choices in any of the treatments by more
than 0.05.



between 8 and 10 percent.

Even for those who switched back and forth, there istypically aclear division point between
clustersof A and B choices, with few "errors' on each side. Therefore, the total number of “safe” A
choiceswill be used as an indicator of risk aversion.® Figure 1 displaysthe proportion of A choicesfor
each of theten decisons (aslistedin Table 1). The horizonta axisisthe decision number, and the dashed
line showsthe predictions under an assumption of risk neutrality, i.e. the probability that the safe option
A ischosenis for thefirgt four decisions, and then this probability dropsto O for al remaining decisions.
Thethick linewith dots shows the observed frequency of Option A choicesin each of theten decisonsin
thelow-real-payoff (1x) treatment.” Thisseriesof choicefrequencieslies tothe right of therisk neutral
prediction, showing atendency toward risk averse behavior among these subjects. Thethinlinesin the
figure show the observed choice frequenciesfor the hypothetical (20x, 50x, and 90x) treatments; these are
quite similar to one another and are dso very closeto the line for the low real payoff condition. Actua
choicefrequenciesfor theinitial (20x payoff) sessons, along withtheimplied risk aversonintervals, are
showninthe“low red” and “20x hypothetical” columnsof Table3. Evenfor low payoff levels, thereis
consderablerisk aversion, with about two thirds of subjects choosing more than the four safe choicesthat
would be predicted by risk neutrdity. However, thereisno significant difference between behavior inthe
low real and high (20x, 50x, or 90x) hypothetical payoff treatments.

® The analysis reported in this paper changes very little if we instead drop those subjects who switch from B back to
A. The average number of safe choices increases dightly in some treatments when we restrict our attention to those
who never switch back, but typically by lessthan 0.2 choices.

" For thisfigure, and other frequencies reported below, the full sample of available observations was used. For example,
in Figure 1, the choices of al 212 subjects are reported in the low payoff series. Thisincludes those in the 20x, 50x, and
90x sessions. Similarly, when choicesinvolving 20x payoffs are reported, we do not limit our attention to the 93 subjects
who made choices under real and hypothetical conditions. A Kolmogorov-Smirnov test fails to reject the null hypothesis
of no difference in the distribution of the number of safe choices between the full sample and the relevant restricted
sample for any of our comparisons. Moreover, the actual differencein distributionsisvery small in all cases.
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Table 3. Risk Aversion Classifications Based on Lottery Choices

Number Range of Proportion of Choices
of Relative Risk Aversion Risk Preference
Safe Choices for U(x) = x'/(1-r) Classification Low real® 20x 20x resl
hypothetical

0-1 r <-0.95 highly risk loving .01 .03 .01
2 -0.95< r<-0.49 very risk loving .01 .04 .01
3 -0.49<r<-0.15 risk loving .06 .08 .04
4 -0.15<r<0.15 risk neutral .26 .29 13
5 0.15<r<041 dightly risk averse .26 .16 19
6 0.41<r<0.68 risk averse .23 .25 .23
7 0.68<r<0.97 very risk averse A3 .09 22
8 0.97<r<137 highly risk averse .03 .03 A1

9-10 137<r stay in bed .01 .03 .06

& Average over first and second decisions.

Figure 2 showsthe results of the 20x real payoff treatments (the solid line with squares). The
increasein payoffs by afactor of 20 shiftsthe locus of choice frequenciesto the right in the figure, with
morethan 80 percent of choicesin therisk averse category (see Table 3). Of the 150 subjectswho faced
the 20x red payoff choice, 84 showed an increasein risk aversion over the low payoff trestment. Only
20 subjects showed a decrease (the others showed no change). This differenceis significant at any
standard leve of confidenceusing aWilcoxon test of the null hypothesisthat thereisno change® Therisk
aversion categoriesin Table 3 were used to design the menu of | ottery choices, but theclear increaseinrisk
averson asdl payoffsare scaled upisincons stent with constant relativerisk averson. Onenotablefeature

of thefrequenciesin Table 3isthat nearly 40 percent of the choice patternsin the 20x real payoff condition

8 Following Sydney Siegel (1956), observations with no change were not used. In addition, a one-tailed Kolmogorov-

Smirnov test applied to the aggregate cumulative frequencies, based on all observations, alows rejection of the null
hypothesis that the choice distributions are the same between the low (either first or last) and 20x real payoff treatments
(p<0.01).

10



involve 7 or more safe choices, whichindicatesavery highleve of risk averson for thoseindividuas. The
overal messageisthat thereisalot of risk aversion, centered around the 0.3-0.5 range, which isroughly
consistent with estimatesimplied by behavior in games, auctions, and other decisiontasks.® Both Table
3 and thetreatment averagesdisplayed in Table 4 show how risk aversionincreases asreal payoffsare
scaled up.

Table4. Average Number of Safe Choices by Treatment

Number of First High High Second
Treatment
Subjects Low Real Hypothetical Real Low Real
20x All 175 5.2 4.9° 6.0° 53
20x Hypothetical and Real 93 5.0 4.8 5.8 5.2
50x Hypothetical and Real 19 53 51 6.8 55
90x Hypothetical and Real 18 53 53 7.2 55

8 N=118; ® N=150.

Giventheincreasein risk aversion observed when payoffsare scaed up by afactor of 20, wewere
curious asto how afurther increasein payoffswould affect choices. Theincreasein payoffsfrom their
origina levels(shownin Table 1) by factors of 50 and 90, produced even more dramétic shiftstoward the
safeoption. Inthelatter treatment, the safe option provideseither $144 or $180, whereastherisky option
provides $346.50 or $9. One-third of subjects who faced this choice (6 out of 18) avoided any chance
of the $9 payoff, only switching to therisky option in decision 10 where the high payoff outcome was

% Inaclassic study, Binswanger (1980) finds moderate to high levels of constant relative risk aversion (above 0.32),

especialy for high stakes gambles (increasing relative risk aversion). Some recent estimates for relative risk aversion
are: r =0.67, 0.52 and 0.48 for private-value auctions (James Cox and Ronald Oaxaca, 1996; Jacob Goeree, Charles Holt,
and Thomas Palfrey, 1999; and Kay-Y ut Chen and Charles Plott, 1998, respectively), r = 0.44 for several asymmetric
matching pennies games (Goeree, Holt, and Palfrey, 2000), r = 0.45 for 27 one-shot matrix games (Goeree and Holt, 2000).
Sandra Campo, Isabelle Perrigne, and Quang Vuong (2000) estimater = 0.56 for field data from timber auctions. Onething
to note is that risk aversion estimates can be quite unstable when inferred from willingness-to-pay prices as compared
with much higher willingness-to-accept prices that subjects place on the same lottery (Steven Kachelmeier and Mohamed
Shehata, 1992, R. Mark Isaac and Duncan James, 1999). The low willingness-to-pay pricesimply risk aversion, whereas
the high willingness-to-accept pricesimply risk neutraity or risk seeking. Oneimportant implication of this measurement
effect is that the same instrument should be used in making a comparison, as is the case for the comparison of risk
attitudes of individuals and groups conducted by Robert Shupp and Arlington Williams (2000).
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certain. Thereisanincreasein theaverage number of safe choices (shown in Table4) and acorresponding
rightward shift in thedistribution of safe choices (shown by thediamondsand trianglesin Figure 2). The
increasein the number of safe choicesisaso reflected by the median and moda choices. For payoff scaes
of 20x, 50x, and 90x the mediansare, respectively, (6.0, 7.0, 7.5) and themodesare (6.0, 7.0, and 9.0).
Thisincreased tendency to choosethe safe option when payoffsare scaled up isincong stent with the notion
of congtant relativerisk averson (when utility iswritten asafunction of income, not wealth). Thisincrease
inrisk aversonisqualitatively smilar to Smith and Walker' s(1993) results. However, unlikethe subjects
intheir auction experiments, our subjects exhibit much larger (and significant) changesin behavior as
payoffsarescaled up. Kachelmeier and Shehata (1992) also observed asignificant changein behavior
when the payoff scalewasincreased, dthough their subjects (who demanded ardatively high pricein order
to sl thelottery) appeared to berisk preferring in their basaline treatment. Asnoted earlier, our design
avoids any potentia willingnessto accept bias by framing the question in aneutral choice setting. To
summarize: increasesin al prize amounts by factors of 20, 50, and 90 cause sharp increasesin the
frequencies of safe choices, and hence, in the implied levels of risk aversion.

In contrast, successiveincreasesin the stakes do not ater behavior very much in the hypothetical
payoff trestments. Subjectsaremuch morerisk aversewith high rea payoff levels(20x, 50x, and 90x) than
with comparable hypothetical payoffs. The clear treatment effect suggested by Figure 2 is supported by
thewithin-subjectsanalysis. Of the 93 people who made both redl and hypothetical decisionsat the 20x
level, 44 showed morerisk averson in the red-payoff condition, 42 showed no change, and 7 showed less
risk averson. The pogtive effect of red payoffson the number of safe choicesissgnificant usng either a
Wilcoxon test or a Kolmogorov-Smirnov test (p < 0.01). However, there is more risk seeking behavior
(15 percent) in the 20x hypothetical-payoff condition than isthe casein the other treatments (6-8 percent).
A Kolmogorv-Smirnov test on the change in hypothetical distributions shows no change as payoffs are
scaed up from 20x to 50x to 90x. Behavior isalittle more erratic with hypothetical payoffs; for example,
one person chose option A indl ten decisions, including the sure hypothetical $40 over the hypothetica
$77indecison 10. Theonly other case of option A being selected in decision 10 aso occurred in the 20x
hypothetical treatment.
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Thisresult raises questions about the vdidity Kahneman and Tversky’ ssuggested technique of using
hypothetical questionnairesto addressissuesthat involvevery high stakes. In particular, it castsdoubt on
their assumption that * people often know how they would behavein actua stuations of choice” (Kahneman
and Tversky, 1979, p. 265).

We can dso addresswhether facing the high payoff treatment affected subsequent choices under
low payoffs. Looking at Table4, the roughly comparable choicefrequenciesfor the"before and "after"
low-payoff conditions (an average of 5.2 versus 5.3 safe choices for 20x payoffs, and 5.3 versus 5.5 for
the 50x and 90x treatments) suggeststhat theleve of risk aversionisnot affected by high earningsinthe
intermediate high-payoff condition that most subjects experienced. Thisinvarianceis supported by asmple
regression inwhich the changein the number of safe choicesbetween thefirst and last |ow-payoff decisons
isregressed on earningsin the highreal payoff condition that were obtained in between. The coefficient
onearningsisnear zero andinsignificant. If we only consder the subset who won the $77 prize, 21 people
did not change their number of safe choices, 11 increased, and 14 decreased. We observe Smilar patterns
inthe higher payoff treatments. Inthe 50x treatment, only one subject won the $192.50 prize, and this
person increased the number of safe choices (from threeto four). 1n the 90x payoff treatment, four
subjects won the $346.50 prize. Three of these subjects did not change their decision in the last choice
from thefirgt, and the remaining subject decreased the number of safe choicesfromfivetofour. Thushigh
unanticipated earnings gppear to havelittleor no effect on risk preferencesinthiscontext. Thisobservation
would be consistent with constant absoluterisk aversion, but we arguein section |11 below that constant
absoluterisk aversion cannot come close to explaining the effects of increasing the stakes on observed
choicebehavior. Alternaively, thelack of astrong correl ation between earningsin the high-payoff lottery
and subsequent lottery choices could be due to an "isolation effect” or tendency to focus on the status quo
and consider risksof payoff changes, i.e. changesinincomeinstead of final wealth. Infact, thereisno
experimenta evidencethat weknow of which supportsthe™asset integration” hypothesisthat wedth affects
risk attitudes (see Cox and Sadirgj, 2001).

It also appears unlikely that exposure to the high payoff choice task affected choicesin the
subsequent low payoff decision. Almost haf of al subjectswho face oneof our high rea payoff treatments
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choose the same number of safe choicesin thefirst and last low payoff task. About the same number of
subjects change the number of safe choices by one (these are almost equally divided between increasing
and decreasing by one choice). Very few individuas change the number of safe choices by morethan one
between the first and last decision tasks.

We distributed a post-experiment questionnaire to collect information about demographics and
academic background. Whilethe study was not designed to address demographic effectson risk averson,
the subject pool shows awide variation inincome and education, and some interesting patterns do appear
inour data. Using the any of the real-payoff decisionsto measurerisk aversion, income hasamildly
negative effect on risk aversion (p < 0.06). Other variables (mgjor, MBA, faculty, age, etc.) were not
sgnificant. Using thelow-payoff decisionsonly, wefind that men aredightly lessrisk averse (p < 0.05),
making about 0.5 fewer safe choices. Thisiscongstent with findingsreported by Eckel, Grossman, Lutz,
and Padmanabhan (1998). The surprising result for our dataisthat this gender effect disappearsinthe
threehigh-payoff treatments. Finally, athough thewhite/non-whitevariableisnot significant, in our 20x
payoff sessonsthe Hispanic variableis; thiseffect iseven stronger at the 20x level than at thelow payoff
level. Therewere amost no Hispanic subjectsin our 50x and 90x sessions and so we cannot estimate a

model including this variable for these sessions.*®

I11. Payoff Scale Effects and Risk Aversion

The increased tendency to choose the safe option as the stakes are raised isaclear indication of
increasing relativerisk aversion, which could be cons stent with awide range of utility functions, including
thosewith constant absoluterisk aversion, i.e. u(x) = -exp(-ax). The problem with constant absolute risk
aversonisindicated by Figure 3, where an absolute risk aversion coefficient of a= 0.2 predictsfive safe
(Option A) choices under low payoff conditions, as shown by the thick dashed line with dotsjust to the
right of the thin dashed linefor risk neutrality. This prediction isapproximately correct for the low rea
payoff treatment, which produces atreatment average of about 5.2 safe choices. But notice the dashed

10 This Hispanic effect may be due to the narrow geographic basis of the sample. Most of the Hispanic subjects were
students at the University of Miami, however we did not obtain information about their ancestry or where they were
raised.
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linewith squareson thefar right Sde of Figure 3; thisisthe corresponding prediction of 9 safe choicesfor
a=0.2inthe 20x payoff treatment. Thisisfar morethan the trestment average of 6.0 safe choices. The
intuition for this“absurd” amount of predicted risk aversion can be seen by reconsidering the utility when
payoffs, X, are scaled up by 20 under constant absolute risk aversion: u(x) = -exp(-a20x). Since the
baseline payoff, x, and the risk aversion parameter enter multiplicatively, scaling up payoffsby 20is
equivaent to having 20timesasmuchrisk aversonfor theorigind payoffs. Thisisour interpretation of the
“Rabincritique’ that therisk aversion needed to explain behavior inlow stakes situationsimpliesan absurd
amount of risk aversion in high stakes|otteries (Rabin, 2000). This observation raisestheissue of whether
any utility function will be consistent with observed behavior over awide range of payoff stakes.™
Obvioudy, such afunctionwill have to exhibit decreasing absolute risk averson, dthough congtant absolute
risk aversion (with the right constant) may yield good predictions for some particular level of stakes.
Firgt, notice that the locus of actud frequenciesisnot as“abrupt” asthe dashed line predictionsin
Figure 3, which indicates the need to add some “noise” to the model. This noise may reflect actual
decision-making errorsor unmodeled heterogeneity, among other factors. Thisadditionisalso essentid
if wewant to be able to determine whether the gpparent increasein risk aversion with high stakesismerely
due to diminished noise. We do so by introducing a probabilistic choice function. The simplest rule
specifiesthe probability of choosing option A asthe associated expected payoff, U, divided by the sum
of the expected payoffs, U, and Ug, for thetwo options. Following Luce (1959), weintroduce anoise
parameter, |, that capturestheinsenstivity of choice probabilitiesto payoffs viathe probabilistic choice

rule:

1/u
A

Pr(choose Option A) = ——~ |
UAl/u % UBl/u

1)
where the denominator smply ensures that the probabilities of each choice sum to one. Notice that the
choice probabilities convergeto one-half as 1 becomeslarge, and it is straightforward to show that the

probability of choosing the option with the higher expected payoff goesto 1 aspt goes to 0. Figure4

1 For acritical discussion of the Rabin critique, see Cox and Sadirgj (2001).
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shows how adding someerror in thismanner (1 = 0.1, asan example) causesthe dashed line predictions
under risk neutrality to exhibit a smoother transition, i.e. there is some curvature at the corners.

Obvioudly, we must add some risk aversion to explain the observed preference for the safe
optionin decisons5 and 6. Asafirst step, we keep the noise parameter fixed at 0.1 and add an amount
of constant relativerisk aversion of r = 0.3, which yields predictions shown by the dashed linesin Figure
5. Thedashed linesfor the three treatments cannot be distinguished, which is not surprising given the fact
that payoff scale changesdo not affect the predictions under constant relativerisk aversion. However,
under one specific payoff scale, constant relative risk aversion can provide an excellent fit for the data
patterns. Given this, we see why thismode has been useful in explaining laboratory datafor “normal”
payoff levels (see Goeree, Holt, and Palfrey, 1999, 2000).

The next step isto introduce afunctional form that permits the type of increasing relative risk
aversion seeninour data, but avoidsthe absurd predictions of the constant absol uterisk aversion model.
This can be done with ahybrid “power-expo” function (Saha, 1993) that includes congtant relative risk

aversion and constant absolute risk aversion as special cases:

1& exp(&ax¥")
a )

Ux) "

(2)

which has been normalized to ensure that utility becomeslinear in xinthelimit asagoesto 0. Itis
straightforward to show that the Arrow-Pratt index of relativerisk aversion is:
ax . r % a(l&r)x &, ©)
u(x)
which reducesto constant relativerisk aversion of r whena = 0, and to constant abosol ute risk aversion of
awhenr =0. For intermediate cases (both parameters positive), the utility function exhibitsincreasing
relative risk aversion and decreasing absolute risk aversion (Abdellaoui, Barrios, and Wakker, 2000).
Using the proportion of safe choicesin each of the 10 decisonsin thefour red payoff treatments,

we obtained maximum likelihood parameter estimatesfor this“power-expo” utility function: p=.134
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(.0046), r = .269 (.017), and a = .029 (.0025), with alog-likelihood of  -315.68.1? These parameter
vaueswere used to plot the theoreticd predictionsfor the four treatments shown in Figure 6. Thismode
fits most of the aggregate data averages quite closaly, The amount of risk aversion needed to explain
behavior in the low-stakes treatment does not imply absurd predictionsin the extremely high stakes
treatment. Thelargest predictionerrorsare for the 50x treatment, which is more erratic given the low
number of observations used to generate each of the 10 choice frequenciesfor that trestment. Note that
the model dightly under-predictsthe extreme degree of risk aversion for decision 9in the 90x treatment.
Still, thisthree-parameter model doesaremarkable job of predicting behavior over a payoff range from

several dollarsto several hundred dollars.

V. Conclusion

This paper presentsthe results of asmplelottery choice experiment that allows us to measure the
degree of risk aversion over awide range of payoffs, ranging from several dollarsto several hundred
dollars. In addition, we compare behavior under hypothetical and real incentives.

Although behavior isdightly more erratic under the high hypothetical treatments, the primary
incentive effect isin levels (measured asthe number of safelottery choicesin each treetment). Evenat the
low payoff level, when al prizesare below $4.00, about two-thirds of the subjects exhibit risk aversion.
Withred payoffs, risk averson increases sharply when payoffsare scaled up by factorsof 20, 50, and 90.
Thisresultisqualitatively similar to that reported by Kachelmeier and Shehata (1992) and Smith and
Walker (1993) in different choice environments. In contrast, behavior is largely unaffected when
hypothetica payoffsarescaed up. Thispaper presentsestimates of ahybrid “ power-expo” utility function
that exhibits: 1) increasing relativerisk aversion, which capturesthe effects of payoff scaeonthefrequency
of safe choices, and 2) decreasing absolute risk aversion, which avoids absurd amounts of risk aversion
for high sakes gambles. Behavior acrossdl trestments conforms closely to the predictions of thismodd.

Oneimplication of theseresultsisthat, contrary to Kahneman and Tversky’ ssupposition, subjects

121 we restrict our attention to those subjects who never switch back to Option A after choosing Option B, the noise

parameter is smaller, and both risk aversion parameters are larger. The estimates (and standard errors) from this sample
are u=0.110 (.0041), r=0.293 (.017), and a=.032 (.003), with alog-likelihood of -247.8.
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facing hypothetical choices cannot imagine how they would actudly behave under high incentive conditions.
Moreover, these differences are not symmetric: subjectstypicaly under-estimate the extent to which they
will avoidrisk. Second, the clear evidencefor risk aversion, even with low stakes, suggeststhe potentia

danger of analyzing behavior under the simplifying assumption of risk neutrality.
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Figure 1. Proportion of Safe Choicesin Each Decision: Data Averages and Predictions.
Key: Data Averages for Low Real Payoffs (Solid Line with Dots), 20x, 50x, and 90x Hypothetical Payoffs (Thin Lines), and
Risk Neutral Prediction (Dashed Line).
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Figure 2. Proportion of Safe Choicesin Each Decision: Data Averages and Predictions.
Key: Data Averages for Low Real Payoffs (Solid Line with Dots), 20x Real (Squares), 50x Real (Diamonds), 90x Real Payoffs
(Triangles), and Risk Neutral Prediction (Dashed Line).
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Figure 3. Proportion of Safe Choices in Each Decision: Data Averages and Predictions
Key: Data Averages for Low Rea Payoffs (Solid Line with Dots) and 20x Rea Payoffs (Squares), with Corresponding
Predictions for Constant Absolute Risk Aversion with a = 0.2 (Thick Dashed Lines) and Risk Neutrality (Thin Dashed Line)
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Figure 4. Proportion of Safe Choices in Each Decision: Data Averages and Predictions
Key: Data Averages for Low Real Payoffs (Solid Line with Dots) and 20x Real Payoffs (Squares), with Predictions for Risk
Neutrality (Thin Dashed Line) and Noise Parameter of 0.1 (Thick Dashed Line)
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Figure 5. Proportion of Safe Choices in Each Decision: Data Averages and Predictions
Key: Data Averages for Low Real Payoffs (Solid Line with Dots) and 20x Real Payoffs (Squares), with Predictions for Risk
Neutrality (Thin Dashed Line) and a Noise Parameter of 0.1 with Constant Relative Risk Aversion of 0.3 (Thick Dashed Line)
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