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Sessions

I II III

Number o~ cards with
wagers o~ di~~erent

actuarial value 1241 1598 1394

Number o~ actuarial
choices 810 1106 979

(Percentage) (65-3 %) (69·2 %) (70.2% )

Number o~ triples 748 952 884

Number o~ non-cyclical
observations 648 845 819

(Percentage) (86.6 %) (89·5 %) (92·6 %)

The increase in the proportion of actuarial choices was statistiCally

Signi~icant (p < .05) ~rom Session I to Session II and de~initely not

signi~icant (P> .50) ~rom Session II to Session III. On the other hand,

the proportion o~ non-cyclical observations increased highly signi~icantly

(p < .01) ~romSession II to Session III, although it did not increase

signi~icantly (p> .2) ~rom Session I to Session II. This suggests that,

to the extent to which there was an increase in non-cyclical observations it

should not be explained by the increase in actuarial choices. However, a

more detailed analysis would be necessary to clari~y this point,

In the table just given, the proportion o~ non-cyclical observations to

the total number o~ triples o~ cards is, in each o~ the three sessions,



consistently higher than the proportion of actuarial choices to the total

number of cards. A formal test shows the difference between the proportions

to be statistically highly significant. Thus, considering all subjects to

belong to the same population, the probability that a subject's response to

a triad of cards will be non-cyclical is higher than the probability that

his response to a single card will be actuarial.

Broadly speaking the present experiment shows that in its context

ilecisions are better explained by certain implications of a stochastic

decision theory than by the assumption that choices are made at random.

The interest of this result would be impugned if the same data could be as

well or better explained by alternative hypotheses. For this reason we

have been considering the plausibility of the claim that, to the extent that

subjects avoided cyclical triads of responses (and hence tended to verify

the hypotheses under test), this was due to the more or less consistent

employment of actuarial, venturesome or conservative policies by the subjects"

In Table 7 we attempt a direct comparison of three alternative theories as

predictors of certain observed choices.

Assume that a related triple of cards was always arranged in the "normal

form" shown in Table 1 and that the three cards were presented to the SUbject

in order from left to right. If a subject chose one left and one right

column for the first two cards, the hypotheses H (or H )w s
as well as Ho

would predict equal probabilities of choice for each wager on the third card.

The interesting cases arise when the left column or the right column is

chosen on both the first two cards; then the hypotheses H and H will
w s

give the h~gher probability of choice to the opposite column on the third
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card (for example, if column A is chosen on each of the first two cards,

column B is more apt to be chosen on the third card if the hypotheses are

true) .

The first two columns of figures in Table 7 show how often the subject

chose the more probable wager on the third card for those cases where both

of the first two choices were wager A or wager B. The th;.rd and. fourth

columns show how often, for the. same cards for which results are given in

the first two columns, the subject chose the wager with the higher actuarial

value. The total number of predictions is lower because some cards had two

wagers with equal actuarial values. The last two columns show, for the same

cards again, how often the subject chose in accord with his gene~al tendency

to favo~ low or high dispersion wagers, This tendency was determined from

the figures in Table 5 showing how often the counter-actua~ial responses of

the subject favored low or high dispersion.

At the bottom of Table 7 the three theories are compared with respect

t.o the percentage of correct predictions. The expected utility theory is

superior to the other two with 81.6% correct predictions; the actuarial

theory is slightly better than the dispersion theory with 72.2~ correct

predictions as compared to 69.0% correct predictions. Each of the differences

between these proportions (taken pairwise) is statistically significant

(p < .01). It is also worth noting that for every individual subject the

expected utility theory predicted better than the dispersion theory; however

the actuarial theory was very slightly superior to the expected utility

theory for two subjects (SUbjects C and J).



A remark is called for concerning the marked decrease in the proportion

of cyClical observations from session to session. It seems attractive to

call this a learning ;phenomenon. However, what was learned was certainly

not connected with specific cards, wagers, money amounts, or triples of

cards, for none of these was repeated in two sess.ions (specific cards and

triples were not repeated even in the same session), The evidence indicates

that the subjective probability of the chanCe events was firmly established

from the start. We may say that the subject learned transitive behavior or

that he learned to maximize expected utility (at least in the sense of our

stochastic definitions of these terms). There is also evidence that some

subjects learned to make actuarial choices. The matter seems worthy of

fuller studYj both theoretical and experimental.

VIII. SUMMARY

The experiment was designed to test whether certain conditions hold

which are necessary for the existence of a utility function over the set of

money wagers as well as over the set of money amounts. Seventeen subjects

were tested individually in three sessions each. Every choice involved a

risk since subjects did not know in advance which choices would be played

off, that is, would result in actually paying (or receiving) money. The

main results may be summarized as follows:

1. For all subjects, the number of intransitive triads of responses

(called 'cyclical observations') was, as required by the hypotheses, less

than the number expected by chance.
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2, A statistical test, based on responses to non-repeated choice

situations, indicates the acceptance, for all subjects, of the hypotheses

of weak stochastic transitivity of alternatives and weak stochastic

transitivity of utility intervals.

3, For fifteen subjects in each case, the acceptance of the hypotheses

of strong stochastic transitivity of alternatives and of intervals is

indicated.

4. Both in testing the transitivity of alternatives and the transitiv­

ity of intervals, there was a systematic decrease in the number of cyclical

responses from session to session.,;,

5. A comparison shows the superior accuracy of a stochastic theory

of decision in predicting certain choices as compared to two alternative

theories. On the whole the evidence does not appear to support the claim

that the low number of cyclical obsel"Vations can be wholly explained by

simple policies based on the actuarial values of wagers, or on the degree of

risk (dispersion).



TABLE 1

Specimen Stimulus-Cards

For testing transitivity of alternatives:

A B

ZOJ -51:- +361:-

ZEJ ~211:- -381:-

A B

QUG +361:- -541:-

QUJ -381:- +221:-

A B

WUH -541:- -51:-1

XEQ; +221:- -2l~

For testing transitivity of utility intervals:

A B

ZOJ - 61:- + 51:-

ZEJ +241:- +131:-

A B

QUG +381:- +3l¢

QUJ +131:- +24¢

A B

WUH +311:- +381:-

XEQ + 51:- _ 61:-



-52-

TABLE 2

Money Amounts (Wins and Losses) Used in

Constructing Stimulus-Cards

Sequence a b c d e f g

1 -17 -12 - 5 + 2 + 8 +17 +21

2 -20 -16 -11 - 4 + 3 +10 +15

3 -12 - 5 + 2 + 9 +14 +19 +23

4 ~22 -18 -14 - 9 - 2 + 5 +12

5 -14 - 8 - 4 + 5 +13 +20 +26

6 -36 -17 - 8 -} 2 +10 +21 +27

7 -13 - 8 - 5 - 1 + 4 + 7 +12

8 -35 ~28 -22 -15 - 8 - 2 + 6

9 -27 -16 - 4 + 7 +21 +34 +47

10 - 6 + 1 + 8 +15 +22 +30 +34

11 -39 ~25 - 9 + 6 +23 +40 +56

12 -37 -22 - 6 + 5 +21 +38 +54

13 - 7
_ 4 - 1 + 3 + 6 + 8 +11

14 -14 - 9 - 6 - 2 + 3 + 6 +11

15 - 6 + 2 +12 +21 +29 +36 +42

16 -24 ~20 -14 - 7 + 1 + 8 +13

17 -31 -17 - 5 + 8 +21 +33 +46

18 -11 - 3 + 4 +12 +19 +24 +28

19 -17 - 6 + 5 +13 +24 +31 +38
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TABLE 3

Number of Cyclical Observations for each Subject

Testing Transitivity Testing Transitivity
of Alternatives of Intervals

Sessions: I II III Total I II III Total

Number of triples
offered 22 28 26 76 22 28 26 76

Expected number Number of Cyclical Observations
under uniform
distribution over·
the region of:

unit cube 5·50 7·00 6.50 19·00 5·50 7·00 6.50 19·00

weak transitivity 4.13 5·25 4.88 14.25 4.13 5.25 4.88 14.25

strong transitivity 3.03 3.85 3.58 10.45 3·03 3.85 3.58 10.45

Subject

A 4 0 0 4 0 0 1 1
B 3 5 2 10 1 6 3 10
C 5 3 3 11 6 5 5 16
D 4 7 0 11 4 5 2 11
E 1 0 0 1 0 3 3 6
F 3 6 0 9 5 10 2 17
G 2 1 2 5 3 0 0 3
H 2 1 1 4 4 2 1 7
I 1 2 1 4 3 3 0 6
J 2 9 5 16 3 3 6 12
K 4 2 2 8 3 5 3 11
L 1 1 0 2 1 1 0 2
M 2 2 1 5 7 5 1 13
N 6 3 7 16 2 0 3 5
0 4 2 1 7 3 2 0 5
p 1 3 3 7 2 1 3 6
Q, 7 5 2 14 1 4 2 7

Average no. of 3.06 3.06 1.76 7·88 2.82 3.24 2.06 8.12
cyclical
observations:

Percentage of 13·9 10·9 6.8 10.4 12.8 11.6 7·9 10·7
cyclical
observations:



TABLE 4

All Sessions (76 Triads); Distribution of Subjects by the Number of Cyclical

Observations. (Correlation Coefficient = .49)

No. of cyclical No. of
observations for No. of cyclical observations for intervals: subjects:
options:

1 . 2 • 3 . 4 • 5 . 6 . 7 . 8 . 9 . 10 . 11 . 12 . 13 • 14 . 15 . 16 . 17
1 E 1.
2 L 1

3 0

4 A I H 3

5 G M 2 ~~
(1) ()

6 0 ~()

8~
7 0 P 2 §~.
8 K 1 til 'i I

f-'o 0
~<+1:'

9 F 1 "!-'.oq I
<j

10 B 1 ~§
'<j p,

11 D C 2

12 0

13 0

14 Q 1

08~

15 0 ::s lil.l

I-' § "'<j (1)

16 N JO 2 0>'0
f-'o <+
<+

17 0 f-'o ~
<j (1)

~~
'<j

No. of 1 1 1 0 2 3 2 0 0 1 2 1 ; 10 0 1 1L

sub-
~cceptWeak Transitivity Onlyjects: Accept Strong and Weak Transitivity
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TABLE 5

Responses for each Subject According to

Actuarial Value and Dispersion

(Total number of wagers ~ 304)

Subject Pairs of wagers of unequal Pairs of wagers All pairs
actuarial value of equal of wagers

actuarial value

Actuarial Counter-actuarial
responses responses

Dispersion Total Dispersion Dispersion
chosen chosen chosen

High Low High Low High Low

A 227 10 12 22 11 44
1

134 170

B 14 9 75 25 100 41 14

I:~~
91

C
I

162 54 33 87 37 18 120

D 165 75 9 84 43 12 i 234 70
1 168E

I
174 45 30 75 29 26

I
, 135

F

I
161 73 15 88 41 14 223 81

!

G 149 79 21 100 43 12 225 79

H 175 65 9 74 46 9 .225 79

36 49 34
!

I 200 13 21 i 181 123I
J 162 50 37 87 27 28 1 164 140

K 167 54 28 82 34 21 184 120,
L 182 15 52 67 18 37

,
103 201

M 136 49 64 113 28 27 137 167

N 160 53 36 89 37 18 177 127

0 216 12 21 33 12 43 127 177

P 165 23 61 84 18 37 104 200

Q 145 58 46 104 34 21 169 135
,
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TABLE 6

Actuarial Characteristics of Triples Offered
and the Fre~uency of Cyclical Observations

Character of triples offered Number of observations

(d = difference between the Percentage
actuarial values of the two Non'- of cyclical
wagers on a card.) Total Cyclical cyclical in total

A. d = o on all three cards 102 17 85 16.7

B. o < d ::: 1/21- on all three 272 59 213 21. 7
cards

(A,B) . o ::: d ::: 1/21- on all three (374) ( 76) (298 ) (20.3 )
cards

C. d ~ 11- on all three cards 442 49 393 11.1

D. All other triples 1768 147 1621 8.3

(C ,D) • d > 1/21- on at least one (2210) (196 ) (2014 ) (9·3)
of the three cards

TOTAL 2584 272 2312 10·5

Variation of frequency between

groups P Significant?

A against B 1.3 > .25 No

C against D 3·2 > .05 Hardly

(A,B) against C 13·7 < .005 Yes

(A,B) against (C,D) 43 < .005 Yes
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TABLE 7

Comparison of Expected-Utility, Actuarial, and

Dispersion Theories as Predictors

Subject
,

Expected Utility Actuarial Theory Dispersion Theory
Theory

Correct Incorrect Correct Incorrect Correct Incorrect
predic-
tions

A 84 5 74 5 56 33
B 63 20 39 29 60 23

46 42 I 44C 27 20 29
D 86 22 69 24 84 24

E 76 7 56 19 50 I 33
F 80 26 68 28 74 I 32
G 86 8 47 33 80 14

H 100 11 74 22 92 19
I 71 10 66 8 50 31
J 49 28 43 25 42 j 35
K 52 20 43 17 48 I 25I,

rL 83 4 60 17 64 23
j

M 57 18 43 25 50 I 25
N 63 21 53 22 59 i 25
0 76 12 69 8 57 ! 31
P 70 13 52 24 68

)
15

i
Q 70 21 41 35 48 i 43

Totals 1213 273 939 361 i 1026 460

Percentage I
,

Correct I
81.6 72.2 I 69·0
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