














where x, y, 2 and w are small amounts of money such that x>z > w> y.
.§_ was asked to pick an option, column A or column B, and was told that the
row value would be decided by!his tossing an unbiased die. On each side of
the die was a nonsense syllable instead of a number (to avoid tﬁe effect of
previously conceived preference for certain numbers), and S was asked to
agsign one row value to three sides of the die, the second row value being
then automatically assigned to the remaining three sides [1]. S8s were
agsured that they would not lose more than their SQ.OO credit during the
experiment, and they were told that the average profit in previous runs had
5een about S205O for the six sessions.i/ In order to save time B8s were
not allowed to toss for all offers presented In each session, but at the
end of a pefiod of play they were instructed to draw ten)numbers.at random
from an envelope containing as many numbers as thére were offers in thg
session and their wins were the results of these ten tosses.

Offers presented in the first two sessions coﬁsisted of various combinpa-
tions of the seven amounts: -39¢, -23¢, -10¢, 2¢, 13¢, 274, 424, such that

no option dominated, or was better in both values than its companion option.

i/ The experiment consisted of six sessions. The results of the second two
were used to obtain the utllity of gambling surfaces as above explained.
Data from the first two, for the sailors, were employed in another experi-

ment [4] designed 0 measure monetary utility. The results of both the
firat and last two sessions for both sets of Ss  were used for predic- -
tions. :




The eight sailors were given 42 offers, Qontaining seven repetitions, and no
"non-gambles”, or pairs of alternatives of the form (x,y) and (z,z). The
eight students were given 80 offers including all zlternatives given to the
sallors, plus 3 more repetitions and 35 non-gambles.

Offers yielding the values which were used in constructing the utility
of gambling surfaces descriﬁed earlier were combosed of 27 "true" options
consisting of various combinations of the 20 amounts: -48¢, -38¢, -3¢,
-31¢, -25¢, -19¢, -18¢, -124, -6¢,'1¢, L, 124, 14¢, 184, 214, 274, 334,
34d, hod, 464, coupled with sure-thing offers spproximately helf-way between
the two amounts of the "true" options, and varied until the point of indif-
ference was found, as explained earlier. More specifically, the amount =z
was found such that the "true" option ﬁas chosen over (z,z), bub
(z '+ 1¢,2 + 1¢) over the "true" option.

. The 70 offers of the last two sessions were composed of pairs of "true"
options neither of which dominated the other in both rows. The options
consisted of 90 amounts ranging in value from -46¢ to +50¢. Both the first

two and last two gessions were used for meking predictions.

Resglts

Predictions were made for the data in sessions one and two and five
and six on the bagis of the utility of gembling model explained above and
on the basis of an "actuarial" model, that is, the model consisting of the
hypothesis that 8s simply choose options so as to maximize expected monetary
outcome. _The predicfive results for the data of these sessions were classified

into 9 categories: (1) correct (winning) predictions for both actuarial and
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utility of gambling models (WW); {2) correct prediction for actuarial model,

tie for utility of gambling (WIL); (3) correct prediction for actuarial model,
wrong {losing) prediction for utility of gambling (WL); (4) tie for actuarial
model, win for gambling (TW); (5) tie for both models {TT); (6) tie for
actuarial model, wrong prediction for gambling (TL); (7) wrong prediction

for actuarial, right for gambling (LW); (8) wrong prediction for actuarial,
tie for gambling (LT); (9) wrong prediction for both models {LL). The summary

data comparing the actuarial and utility of gambling models for both sets of

'8s, sailors and Stanford students, are presented in Table I, sailors first

and students after. (Data for three of the students were omitted because
these Ss' choices were consistently actuarial.} Following Table I are two
typical utility of gambling surfaces, those of Ss H#1 and #H9.

Since no interesting conclusions about the two models can be drawn from

‘the gross resulits recorded in Table I, a more careful analysis of the data

seems to be suggested. The guestion we are essentially concerned with is
whether onelof the models has greater predictive worth than the other.

That is, we wish to test the null hypothesis that the two models (gambling
and actuarial) aré the same in predictive power. To do this we first
tabulate for each S the disagreements in predictions for the two models,.
then find, for each §, thg significance level for rejecting the null
hypothesis, and finally we combiﬁe these significance levels and apply

a X test. References for this type of statistleal analysis are Mosteller

and Bush [3] and Moses [2].




TABLE I

‘Predictive Comparison of Gambling and Actuarial Models

Subject | WW | Wr |wL |T™W |Tr | | w | Lr | LL | Totals
1 45 | 3 9 12 0 3 1 17 3 | 20 112
2 39 b 17 3 1 11 7 3 27 112
3 53 3 8 11 2 2 16 0 17 112
4 37 2 13 8 1 6 16 1 28 112
5 Lh 2 17 8 1 6 13 1 20 112
6 g 2 13 13 0 2 22 1 12 112
T b7 | 1 10 |10 0 5 | 2k o {15 112
8 35 1 18 4 2 9 14 3 26 112
9 82 2 16 7 0 5 14 2 22 150
10 7 | 2 19 7 0 5 A29 0 | 11 150
11 96 T 12 7 2 2 6 1 17 150
12 91 3 18 7 0 5 3 0 23 150
13 98 |2 9 5 0 7 7 0 | 22 150
‘otals 791 |34 179 102 9 68 188 15 |260. | 1646




Figure 1. Utility of Gambling Surface for Subject #1
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Figure 2. Utility of Gambling Surface for Subject #9
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The predictive disagreements were récofded in the following way. Offers
for which both models made the same prediction were ignored. Offers for whieh
the utility of gambling model predicted a correct choice, and the actuarial'
model predicted an incorrect choice or tie were given a plus (+). Anj offer
for which the gambling model predicted a tie and the actuarial model a.loés
was also assigned a plus. Offers for which, in the above description, the
roles of the gambling and actuarial models are reversed were assigned s | |
minus {-)., The data are recorded in Teble II, the eight sailors first, then .
the five students. Let p he the probability of a plus. The exact signifi-
cance level was found for the null hypothesis that p = .5 against'the alterna-
tive that p > .5. BSince a two-sided test would not properly account for the
varying directionality of results, a one-sided test was used to provide a -
clear basis for éombining significance levels. A similar oné—sided test was
made against the aiternative that »p < .5.

The 13 significance levels (for both sailors and studentﬁ) were then
combined, using, following the suggestion of Moses [2], the Lancaster corfec-

tion for continuity

| 13 p(X;) + p(X, + 1)

(1) > -2 log ( >

. 2
. i=1

for Figher's statistic
13

{2} S -2 log p(Xi)r
i=1 :

where P(Xi) ~is the significance level and X; ‘the observed number of pluses
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TABLE II

Predictive Disagreement of Gambling and Actuarial Models

‘ - Plus Minus T Number
Subject (Gambling) (Actuarial) of Runs
1 31 '15 26
2 12 32 18
3 28 12 18
Y 25 21 2e
5 22 | 25 é3
5 36 17 | _ 26
T 34' 16 : 18
8 22 28 27
9 23 23 30
10 36 26 32
11 1h 21 | 2k
12 10 26 .18
13 iz 18 18
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for the 1" subject. Statistic (1) has spproximately the X- distribu-
tion with 26 degrees of freedom, two for each component .

The XB results for the 13 §s together were X2 = b7.180 against
the hypothesis that p > .5, and x2 = 40.406 ageinst the hypothesis that
p < .5. The first value is significant, for a two-sided test at the .01
level, the second, significant at the .05 level. Both tests resultéd in a
~significance level < .05. Thus it seems advisable to partition'.§ﬁ into
the two'subgroups intb which they naturally fall (sailors and students) and
' apply the X2 test to each subgroup separately.

The. X§6 value for the sailors, against the hypothesis-tha£ P> ;5
is 40.630, which is significant for a tﬁo—éided test at the .002 level. The
Xio value for the Stanford students-against tﬁe-same hypothesis is 6.55,
which gives a slignificance levél greatér than .99, Testing the groups
individually agzinst the hypothesis that ﬁ < .5, the x2 values were
lQ.SOh for the sailors and 20.902 for the students, with reSpective'signi-
ficance levels for a two-sided test of .5 and .05. The.clear-cut characﬁer
of the statistical results for the szilors and students suggests that the
.development.of g well-defined utiiity of gambling varies conéiderably in
different cultural groups. |

It might be objected that §§' choices betweén the given pairs of
offers were probably not independent, and hence that the above-deScribed.
statistical analysis 1s not applicable. Hoﬁever, since almost all of the
offers, with the exception of seven repetitions for the sailors and ten
repetitions for the students in the firsf two sessions, were different, there

should have been no strong negative or positive recency effects. One partial
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check of independence is given by the following test on the number of runs .
of +'s and -'s. The basic idea is this, that if S has used some
systematic method of making choices, then the number of runs recorded
should be less than that expected on a random basis, For each subject

'we tested the null hypothesis that the +'s and -'s are randomly distri-
buted agsinst the alternative that there are too few runs. The obserfed
number of ‘runs for each subject is recorded in Table iI. The significance
levels obtained were combined using statistic (1) as explained above. The
result was XSG = lh.309, which for.a one~-sided test becomes significant at
the .97 level. Thug our hypothesis of independence is well supported.

For anpther test of the utility of gambiinglmodel we may compare its
predictive worth against that of the non~linear utility model presented in
Suppes and Walsh [4]. The first eight 8s, the sailors, were used in both
experiments. DPredictive disagreements between the two models were treated
in the same manner as predictive disagreements between the actuarial and
utility of g&mbling models described-above.f/ The 1ndividual significance
levels were found for each subject for the null hypothesis p = .5 first
against the hypothesis that p > .5 and second against the hypothesis that
p < .5. Statistic (1) was again used to combine the individual levels.
The Xié value against the first alternative, that p > .5, was 53.922,
which is significant (for a two-sided test) at beyond the .00l level.

Against the slternstive that p < .5, X§6 was 27.25 which is significant

*
_/ Pluses were assigned to correct predictions of the utility model, minuses
to correct predictions of the gembling model.
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at .05. 'Thus,'although both significance levels are < .03, the results.
favor the non«linear utility model.
Finally, there are some gualitative remarks which seem worth making

about the utility of gambling surfaces.

(i) Only two BSs, both students, had a surface which was everywhere
positive (for the range of options tested). The fact that none of the
elght sailors had such a surface is evidence against the popular conception

T

that serviece men will "gemble on anything." (Yet one sailor wag indifferent

between the options (-2¢, -2¢) and (+4f, - #5.00).) No 8, sailor or

student, had a surface which was always negative. These results suggest

that any simple categorization of 8s into the two classes: having a
taste for gambling, having a distaste for gambling, is bound to be grossly

distorting.

(ii) Six sailors and three students had a high positive utility of

. gambling for options with large négative means and medium standard devia-

tions. Four sailors and two students had a negative utility of gembling
for options with approximately zero means and large standard deviations.
Seven salilors and two students had noticeably stronger gradients in the

area defined by options with negative means than in the corresponding

‘positive area. The existence of these quasi-uniformities of behavior
‘should be useful in constructing a more complicated and sophisticated theory

" of cholce behavior.

(1i1) 1In constructing the individual utility of gamwbling surfaces (each
based on 27 observations), it was often difficult to draw contour lines

adequately accounting for each observation. It should be interesting to
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investigate what kind of results of the sort described in the preceding
‘paragraph would be obtained on the basis of a very large number of cbserva-
tiong with the contour lines drawn to fit "local" mean values of the observa-

tions,

Summary

This study reports experimental results for a utility of gambling model.
The model is designed to yield a direct measurement of utility of gambling. |
The behavioral postulate of the model is that Ss choose among options so
a8 to maximize thg sum of the expected monetary value and the utility of
gambling.

The 88 were eight sallors from Moffett Field Air Bage and eight
nndergraduate students at Stanford University. Each S participated in
six sessions, which primarily consisted of choosing between pairs of opticns
having small galns or losses of money as outcomgs, depending on the throw
of s die; For each S 27 subsets of offers yielded 27 observations used
to construct a utility of gambling surface.

The predictive worth of the utility of gambling model was compared with
the actuarial model (maximizetion of expected money value) and found to be
significantly better for the sailors and gignificantly worsge for students,

on the basls of a xa test which combined individual significance levels.
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