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Man is continually being confronted with situations in which he must 
make a decision, i.e. must choose between the alternatives present in 
a given situation. By the school of economists started by Jeremy Bentham 
in the second half of the 18th century the aim of all behaviour was 
stated to be the attainment of positive utility and the avoidance of 
negative uti!ity. This simplistic hedonism of the future can easily be 
translated in terms of a theory of choice. Of the various alternatives 
offered, man chooses the one that gives him a maximum of utility. The 
idea of ehoi~ being determined by utility is a fundamental conception 
of the theory of decision-making. 

Economists and statisticians distinguist~ between decision-making 
under risk and decision-making under uncertainty. The term decision- 
making under risk is used if one knows the probabilities of the possible 
,',vents. If the possibilities are not known the term used is taceision-making 
under uncertainty. 

The experiments discussed below deal with the theme of decision- 
making under r[sk. As is customary in this type of experiment, the Ss. 
must choose between two alternative bets, each in the form: probability 
p to win Dfl. A and probability l-p to loose Dfl. B. 

The first model of decision-making under risk to be known was, 
perhaps, the theory that one maximizes the expected ,value (EV) of the 
bets: i.e., choses the bet with the highest expected value. The expected 

value (EV) is defined as: 

EV -- ~ p~ v~ 

where p~ denotes the probability and v~ the value of the i th component 

of the bet. 
It appears, however, that man does not behave i~ acc,:rdance with 
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this "rational" theory. As early as 1738, Bernoulli pointed out that man 
does not choose according to the maximization of the objectively ex- 
pected value, but to that of the subjectively expected value or i~tility. 
According to Bernoulli, the utility of money is a non-linear function 
of the money value. The theory of the maximization of *.he utility was 
once more defended and formalized in 1960, by yon Neumann and 
Morgenstern (20) and since then has held an important place in decision- 
making theory. It very soon became apparent that this theory, too, 
could not expL, m th,e observed facts. An attempt was made to retain 
the model, but to in~troduce subjective instead of objective probabilities. 
In !948 Preston and Baratta (21) tried to measure the subjective proba~ 
bilities on the hypothesis that the utility of money is a linear function 
¢~f the objective value. In 1955 Ed~vards (13) proposed the SEU model, 
which implies that the choice is determined by the maximization of' the 
subjectively expected utility. The subjectively expected utility, SEU, is 
defined as: 

SEU = ~, P~ u~ 

where P~ d..~notes the subjective probability and ui the uqlity of the i th 
compoaent. 

Tt~e trouble with this model is that one is left with, virtually, an 
e:quation with two unknowns, P~ and u~. This being so, a separate meas- 
urement of the utility and the subjective probability is not possible 
unless one :~ucceeds in keeping one of the two variables constant. Various 
attempts have been made to measure the utility of money (7, 13, 18) 
and to determine the size of the subjective probabilities (13, 21). 

The state of affairs at present i: such that the SF.O model gives little 
satisfaction, and one wonders whether the model should not be revised, 
of even whether it should not be dropped altogether (5). It would seem 
reasonable to suppose that one chooses in such a way that the choice 
will result in the greatest advantage or the least loss. What e.~:~c~ly is 
maxinfized and which factors influe.nce the choice? 

There can be various reasons way the predictive value of the SEU 
model is not as good as one wo'ald wish. In the first place t.he model 
assumes independence of subjective probability and utility. This assump- 
tion cannot easily be ve~,fied. It is certain that the subjective probability 
is dependent on positive or negative utility (15, 17). The present writer 
(17) tins established that the: utility is dependent on the probab_i~. 

In publications on this subject, two other factors, namely probability 
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preference and variance preference are metitioned which influence the 
.0~ . -  

predictive value Of the SEU model in L, nfavourable way and which should 
they be relevant, are disastrous for the model. 

Probability preference denotes prefe~encc for playing under ~ert~ir~ 
probabilities. Edwards (8) noted that in bets with an EF  := O or with 
a positive EF  there was a preference for a gain probability of 4/8 and 
an avoidance of a gala probability of 6/8. Later he confirmed this result 
in various experiments (10, l l). Similarly Atkinson (2) and Littig (16) 
established a preference for certain probabilities. Since Edwards to6k 
no account of the difff.rence in variance of the bets, the specific probabili,y 
preference established by t~,n could possibly be !aterpreted as variance 
preference. This point was put forward by Coombs and Pruitt (5). 
These two writers themselves carried out an investigation on probability 
preference. Their interpretation of" the term, hov~cver differs liom that 
of Edwards. They take probability preference te mean preference for 
skewness, that is preference for playing with small probabiliti,;s of large 
gain or preference for playing with a large probability of small gain. 
Probability preference as preference for skewness could mean that the 
risk, too, has utility, and in this case the measured utility of money for 
a given person would certainly be dependent on the probabilities used. 

Coombs and PruitI take as their starting point the Unfolding Theory 
of Coombs (4). According to this theory each subjective probability c ~  
be locked upon as a point on a continuous probability scale. The scale 
of preferences for a given S is created by foidiag the common J-scale 
at the ideal point for the S. Obviously, with this model, the scale value 
of the second most prefi~rred probability must border on the scale value 
of the most preferred probabihty. Assuming that the sequence of the 
values on the J-scale corresponds wita the secluence of the objective 
va!ues of the probabilities, there is no place in this model for a specific 
probability preference, sucla as we found by Edwards. Indeed, it has not 
yet been proven whether it does exist or whether it is a result of the 
iaac, curate dzsign of Edwards' experiments. This point will be investigated 

in our own experiments. 
The second factor, namely the eoncep~ variance preference, is older. 

As early as 1906, Fisher (14) pointed out that decisions made were 
dependent not only on the expectation, but also on the distribution of 
the possible results. It was Allais (I) who first secured general acceptance 
of this concept in 1953, when he criticized the American school and 
drew attention to the importance of the variance. Edwards (12) established 
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that su,:h a factor as variance preference is present provided the El,' 
is kept comtant, but that its influence ~s of subordinate importance.. 
The conclusion of Myers and Sadier (19) was also that the variance 
prefereace played a secondary role. Littig (16), too, established the 
existence of variance preference, though he did not inve~tigate the degree 
of its -importance. 

In t aeir experiment mentioned above, Coombs arid Pruitt made a 
detailed investigation on variance preference. In their attempt to find 
an alternative possibility to the S E U  model, they point out that, instead 
of assuming a non-linea, utility curve for money, one can assume that 
the utility ;s linear with the amount of money but that the deviations 
measured are determined by variance preference. By applying the 
Unfc.iding Method i~ their investigation, ff, ey demonstrate that this 
hypothesis is indeed a possibility, though the investigation is not con- 
elusive enough to repudiate the theory of a non-linear utility curve. 

The variance of a bet is defined as follows" If a bet has two possible 
outcx~mes, probability p of gain A and prebability q of gain B, then the 
variance V is" 

V : pq  ( A - B )  ~'.. 

The skewness of the distribution is defined as 

l--2p 
S ._..._ ~ ° 

l/pq 

Our investigation is concerned with the following points" 

1. Should probability preference be interpreted, after Edwards, as 
speciiic preference for certain probabilities, or, after Coombs and 
P~uitt, as preference for skewness? 

2. Is variance preference really a significant factor, even when the EV 
of the bets is not constant? 

3. Is there an), relationship between probaaility preference and variance 
preference? 

METHOD 

The Ss received booldets in  which the bets were arranged in pairs. 
They had to smte which bet of each pair they preferred. The bets used 
ace described raore fully in the various experiments. 

77 students, divided into four groups:, took part in all the experiments. 
At each sessi,0,n all experiments were carried out in random sequence. 
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Each S took part 3 times in 3 repetition~ with a week's interval between. 
The experiments were carried out individue+lly or in small groups. No 
time limit was set and therefore everyone could work at his own pace. 

The Ss were informed about the general set-up and were asked to 
choose, in each case, the alternative they considered to be the most 
favourable. The S was warned to be careful about making his choice 
since it was possible that each choice woal~ later be played and the 
size of his gain was dependent not only on his lack, but also on whether 
he had always managed to choose the better alternative. After three 
sessions the gain or loss for each S was determined, based on the alter- 
natives chosen by the S of a +angora selection of 50 items. For each 
group of 19 (20) Ss, four prizes were awarded to ti~os~ with the largest 
nett gain (or the smallest nett loss). The prizes were Dfl. 10.--, Dfl. 7.50 
and two pocket books at choice. 

RESULTS 

Experiment I 

Probability Preference. An investigation o;~ probability preference was 
made in this experiment. The preference for playing with a given proba- 
bility was determined for the bets with gain probabilities of 0.| ,  0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9 witix an expected value of 0 and a 
constant variance. The probability preeerence was determined at two 
levels of variance, namely 0.25 and 100. Within each level of variance 
the bets were exhaustively paired, producing a total of 72 pairs. Together 
with the 30 pairs of exp. I[ these were presented in random sequence. 
Table 1 gives the bets used in this experiment. The variance of 100 is 
approached as closely as possible by an EV = O. 

Consistency. For each of the two conditions, low and high variance, 
the sequence of preference of the 9 probabilities was determined for 
each S. The first point of investigation was whether the preference of 
each S met the criterion of weak stochastic transitivity. The concept 
weak storhastic transitivity was defined by Davidson ar:d Marschak 

(6) as follows: 
if p(a, b) :~ 0.5 

and p(b,c) > 0.5 

then p(a, c) > 0.5 

If this condition is met, a sequence of p;eference for the stimuli can 
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T A e L e  1 

G a m b l e s  u s e d  f o r  d e t e r m i n a t i o n  o f  p r o b a b i l i t y  p r e f e r e n c e s  a t  t o w  (0 .25 )  a n d  h i g h  

(100)  v a r i a n c e s .  

E V  V a r i a n c e  

P r o b .  0 .1  t o  w i n  ft. 1 .50  a n d  p r o b .  0 . 9  t o  l o s e  ft. 0 . 1 7  

,, 0 . 2  ,, ,, fi. 1 .00  ,, ,, 0 . 8  ,,  ,, ft. 0 . 2 5  

, ,  0 .3  ,, ,, fl. 0 . 7 6  ,, ,, 0 . 7  ,, ,, ft. 0 . 3 3  

, ,  0 . 4 ,  ,, ft. 0 .61  ,, ,, 0 . 6  ,, ,, ft .  0 .41  

, ,  0 . 5  ,,  ,, ft. 0 . 5 0  ,, ,, 0 .5  , ,  , ,  ft .  0 . 5 0  

,, 0 . 6 ,  ,, ft. 0 .41  ,, , ,  0 . 4  ,,  , ,  ft. 0 .61  

,, {).7 ,, ,, ft. 0 . 3 3  ,, ,, 0 .3  ,,  , ,  ft .  0 . 7 6  

,, 0 .8  ,, ,, ft. 0 . 2 5  ,, ,, 0 . 2  ,, , ,  ft. 1 .00  

,, 0 . 9  :, ,, ft. 0 . 1 7  ,, ,, 0.1 ,, , ,  ft. 1 .50  

0 . 0 0  

0 . 0 0  

t~.00 

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 2 5  

0 . 2 5  

0 . 2 5  

0 . 2 5  

0 . 2 5  

0+25 

0 . 2 5  

0 . 2 5  

0 . 2 5  

P r o b .  0 . i  t o  w i n  ft. 3 0 . 0 0  a n d  pr~.,b. 0 .9  t o  l o s e  ft. 3 .33  

,, 0 . 2  ,, ,, fl. 2 0 . 0 0  ,, ,, 0 .8  ,, ,, ft. 5 . 0 0  

,, 0 . 3  , , ,  fl. 15 .40  ,, , 0 .7  ,, ,, ft. 6 . 6 0  

,, 0 . 4  , ,  ,, ft. 12 .30  ,, ., 0 . 6  ,, ,, ft. 8 . 20  

,, 0 . 5  ,, ,, f t . ! 0 . 0 0  ,, ,, 0 .5  ,, ,, fl. 10 .00  

,, 0 . 6  ,, ,, ft. 8 . 20  ,, ,, 0 . 4  ,,  ,, ft. 12 .30  

,, 0 .7  ,, ,, ft. 6 . 6 0  ,, ,,, 0 .~  ,, ,, fl. 15 .40  

,, 0 .8  ,, ,, ft. 5 . 0 0  ,, ,, 0 .2  ,, ,, It. 2 0 . 0 0  

,, 0 .9  ,, ,, ft. 3 . 3 3 "  ,, ,, 0.1: ,, ,, fl. 3 0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

0 . 0 0  

9 9 . 9 8  

:100.00 

I 0 1 . 6 4  

.... ~ 1 0 0 . 8 6  

I 0 0 . 0 0  

100 .86  

101 .~4  

100 .00  

9 9 . 9 8  

determined for a given S on the grounds of his preference in the paired 
comparisons of the sthnuli. 

The average uncertainty H observed over the number of pairs of 
alternatives was determined for each S. The statistic 2n (Hm~x-- H)/Id e 
has a :¢2-distributicn, where n is ;ne number of pairs of stimuli (36), of 
which the average is calculated. The level of significance chosen was 
the 1 %  level. Out of a total of 77 Ss the choices of 11 Ss. were not 
consistent in the case of low variance and the choices oi" 8 Ss in the case 
of high variance, according to this criterion. 

The uncertainty H is an index of the degree of consistency over all 
pairs of comparisc}ns of stimuli and can thus bc taken as an index for 
weak stochastic transitivity. 

Moreover, the coefficient of agreemet::t U of Kendall which is an index 
of the consistency of a S over a period of time was determined for each 
person. 

The results of the Ss who, according to both of these criteria, sb,wed 
no significant deglee of cor~sistency and these were all the Ss ~or whom 
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/-/was not significant will, in part, be mentioned separately in the further 
analy~!~. Table 2 gives the., average H and U for the total group, the 
inconsistent group, the group "purificated" fc~r inconsistency and the 
group with a common J-scale of Coombs. 

TABLE 2 

Mean un~rtainty H and coefficient of agreement U 

[ low variance i ~ high variance 
l 

i N 
I 

A. total group . . . . . . . .  i 77 
B. inconsistent-group . . . . .  ! 11 
C. group A - B  . . . . . . . .  ! 66 
D. group with scale o f  C o o m b s  i 15 

H t U I N  
0.3886 i 0.43 77 
0.6605 0.04 g 
0 . 3 5 6 7 ; 0 . 4 9 1  69 
0.2142 i 0.67 ! 24 

H U 

0.3794 0.45 
0.6782 0.01 
o.3312 0.50 
0.2394 0.65 

r =  -t-0.76 

The correlation between the uncertainties in the case of low and high 
variance amounts to r = + .76, a value which is highly significant. 
This indicates that the degree of consistency in probability preference 
is an rather constant characteristic in each indivio.ual. 

Prefcre:~ce for skewnessmUnfoiding analysis of the preferen:es. 
According to Coombs and Pruitt (5), probability preference must not 
be looked upon as a specific probability preference, but as preference 
/'or skewness, in which case the ordering of pre|~rences for the probabil- 
ities can be considered to be/-scales, obtained b?/folding the common 
J-scale at the ideal point of the S--i.e. at the value on the scale which 
the S considers the most ideal. This being so, we shall begin by testing 
this statement on' the basis of the results of our own Ss. Where there 
are 9 stimuli, there are 37 possible /-scales based on one common 
quantitative J-scale. 

Table 3 summarizes the results of those Ss who have an ordering of 
preferences of the prvbabilities which is possible with a common J-scale. 
In the case of low variance, only 15 of the 77 Ss have an/-scale based 
on a common quantitative J-scale; in the case of high variance there 
are only 23 Ss whose s~,q-.ence of preference leads to the assumption 
of a common quantitative J-scale, whilst there is one S for whom other 

metric relations exist. 
The number of Ss 'who can be said to have a preference for skewness 

is thus relatively small, much smaller than the number arrived at by 
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TAeLe 3 
/-scales for probabihty preferences at low and high variance 

variance 

low 
0.25 

/-scales 

123456789 
213456789 

.~64738291 

675894321 

786954321 
789654321 
879654321 
897654321 
98765432! 

total  

! 
I 

15 

l-sc~de~; 

high 
lO0.O0 

123456789 
213456789 
231456789 

435267189 

546372891 

564738291 

567489321 
5~¢~49321 

786594321 
786954321 
789654321 
879654321 
897654321 
987654321 

total 23 

765843291 

Coombs  and Pruitt.  For  the probabilities I/6, I/3, I/2, 2/3 and 5/6, 
these authors  noted  that  57 of  the 95 Ss in the case of  low variance 
(1.00) and 59 of  the 94 Ss in the case of high variance (25.00) had 
/-.,;tales based on a common J-scale. Of the remaining '73 scales, only 
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12 were intransitive. When the authors left the probability 1/2 out of 
eonsideration~a probability for which they established a specific proba- 
bility preferences82 of the 89 Ss had a prefecenee o:dering based on 
a common J-scale in the case of low variance and 73 of the 88 Ss in 
the ease of high variance. 

If we exclude the probability 0.5 from our experiment, then the 
number of/-scales which fit a J-sea|e is not much larger, namely 19 Ss 
for low variance, including 12 of the original 15 Ss., and 28 Ss for high 
variance, including 21 of the original 24 Ss. 

Specific Probability Preference. Edwards (8) note,] a preference for 
p = 4/8 and an avoidance ofp  = 6/8 in bets of which the expected value 
v~as positive or zero. In some of his later e×periments (10, l!) he also 
noted an avoidance of p = 3/8. Since Edwards did not keep the variance 
of the bets constant, the probability preference established by him could 
be partially interpreted as variance preference. The results of ~.:: own 
experimem will be used to determine to what degree the probability 
preference found by Edwards is a genuine phenomenon. 

TABLt" 4 

Relative probability preferences at low and high variance. A. for the total group; 
b B. for the group purificated for inconsistency; C. for t!~e group without Ss with a 

scale of Coombs 

vat. grouo I ~/ 0.1 0.2 0.3 0.4 0.5 ).6 07 0.8 0.9 total 

0.25 

I00 

A 
B 
C 

A 
B 
C 

77 

77 
69 
45 

9.37 
9.48 
9.24 

10.69 
10.91 
11.48 

9.95 
9.79 
9.35 

10.51 
10.52 
10.21 

9.31 
9.12 
8.57 

10.86 
10.82 
10.33 

10.47 
10.40 
10.15 

10.56 
10.74 
10.00 

14.09 
14.41 
14.98 

13.62 
13.74 
13.93 

L05 
1.94 
1.87 

11.26 
11.19 
~0.53 

12.38 
12.36 
12.51 

11.83 
11.74 
11.67 

12.36 
12.54 
13.04 

11.33 
11.33 
12.00 

10.02 
9.96 

10.29 

9.34 
9.02 
9.86 

100.00 
100.90 

f 100.~0 

100.00 
1(~0.00 
100.01 

Table 4 gives for both levels of variance tae relative fiequency with 
which each probability is prefi~rred to all other probabilities. The maxi- 
mum value is 22.22, which would be arrived e t if all Ss always preferred 

a given probability to all others. 
In the rows marked A the result~ of the entire group of 77 Ss are 

given. The results of the group without those Ss whose choices were 
so inconsistent that they could be considered to be at random are given 
in the roars marked B. For purposes of comparison the results obtained 
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without the group with a J-scale of Coombs, are given in the rows 
marked C. These have been added, because the specific preferences of 
the remaining Ss stand out more clearly if the probability preference 
of the group with a Coombs scale is interpreted as preference for skewness, 
i.e. utility for risk. 

Figure 1 presents a diagram of the last-mentioned results. 

Prob. pref. 
i~Olo 

1 5 -  / ~ ~ \  

1 2 -  

/,' " , "  'a 

13 - - - . - - - .  F, ow vor. 

'7 

I _ I 

.1 .2 
I _q..--.--..J.__._J_~ L [ 

• 3 .4 .5 .G .7 .G 

Fig. 1 

. . . .  high vQr. 

- .L 
• g pr,.~b, o~' gain 

From table 4 and Fig. 1 it appears, first of all, that there is a specific 
preference for p = 0.5 and for p -~ 0.8 both in the case of low and at" 
high variance. In both conditions of variance, p ~ 0.9 and p = 0.6 
are avoided and, in the case of low variance, p----0.3 is also avoided. 

Another remarkable fact is that there is more preference for the small 
gain probabilities ill ~ e  ~:ase of high variance than in that of low variance 
arid less pre, ference for the large gain probabilities. Probably the utility 
of the risk is of greater importance in the case of high variance than in 
that of  the very small variance (0.25) used here. 
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The pattern of preference occurr'r:g in both conditions of ~ariance 
is rather stable, in spite of the large differences in variance. Nevertheless, 
in the relative frequencies in which the probabilities are preferred in- 
fluence is exercised by the level of variance. Coombs and Pruitt estab- 
lished that, in the ease of variances of 1.00 and 25.00 and probabilities 
from 1/6 to 5/6 inclusive, the level of variance had n,~ influence on the 
probability prefbrenee. We find practically no influence of the level of 
variance on the specific probability preference but some influence on 
the preference for ~skewness. Because of the interaction between probabil- 

T A B L E  5 

Preference rankings of the probabilities expressed in number of Ss. Frequencies lower 
than 7 have been omitted. 

B 

low 
variance 

t pr. 

l 

- - m m ~ i  

ranking of preference 

I ,,_J I I t N 
1st [ 2 n d  

o.2 ! 
o.3 ¸ t 

i i i 

0.4 tl 1 
0 . 5 1  20 , 

o.~ I ! 
o.7 i Ii ! l,  
0.8 14 ~ 

0.9 ~ 

3rd 4th 8th I 9th I 5th 6th ', 7th 

13 ~ 20 7 

![ "ZEI ' ' - J  
I 

10 : 
I i , 

13 ' 8 i 

~ 7 7  

1| 77 

10 I 8 77 

77 

77 

77 

77 

77 

77 

high 
variance 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

t 

I 
i 

; 18 

i 

I i i 

13 

I 12 1 

7 ~ i 

t 

1 75 

75 

75 

75 

75 

75 

i75 
75 

t75 
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i~  preference and level of variance, it is difficult to check the difference 
between the two conditions with distribution-free tests. Assuming in- 
dependence, we find a Z 9 - :  28°085 for the entire group of 77 Ss, which 
with 8 degrees of freedom is significant at the 0.001 level. If we combine 
the lower 4 and the higher 4 probabilities, and we consider p-----0.5 as 
a seperate class, we arrive at a ~9. = 21.706 with 2 degrees of freedom. 
The conclusion would therefore appear justified that the pleference for 
skewness is dependent on the variance. Based on the preference sequences 
of the Ss, table 5 presents the number of Ss who gave each probability 
a certain ranking as regards preference. For the sake of lucidity, frequen- 
des smaller than 7 have been omitted. In the case of high variance, the 
results of 2 Ss for whom even a partial ordering was not possible have 
been omitted. 

The remarkable feature of this table is that most of the spaces filled 
are those lying along the diagonals. Two tendencies can ~hus be indicated 
for this group: a preference ordering from small to large and a preference 
ordering from large to small probabilities. 

In addition, the same specific probability preferences are also demon- 
strated in this way: preference for the probabilities ().5 and 0.~ and, to 
a slightly lesser degree, for 0.7. "l he least preferred of the large probabil- 
ities is p - - 0 . 9 .  Here'the avoidance of the probability 0.6 is less pro- 
nounced. Furthermore w~ find a tendency to avoid p ~- 0.3 in the case 
of low variance and of p := 0.4 in the case of high variance. Insofar 
as it is not accidental, this shift could be the result of the tendency to 
prefer small probabilities in the case of high variance rather than in 
that of low variance. 

Experiment H 

Variance Preference. In this experiment it was investigated whether 
a preference for variance existed in the case of an EV == 0 and a constant 
gain.probability. The variances were 0.25, 1.00, 6.25, 25.00 and 100.00. 
The variance preference was :!etermined by the gain probabilities 0.2, 

0.5 and 0.8. The various bets ~ie given in table 6. These were exhaustively 
paired within each level of probability, and thus there were 30 pairs 
of Mts. These were presented together with the 72 pairs of bets from 
the first e~:periment in random sequence, with this restriction that equal 
amounts did not occur in two consecutive pairs. A scale of preference 
based on weak: stoclhastic transitivity, was determined for each $, and 
thereafter the unfolding analysis of Coombs was applied. If there is a 
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TABLI~ 6 

G a m b l e s  u s e d  f o r  d e t e r m i n a t i o n  o f  v a r i a n c e  p r e f e r e n c e s .  

P r o b .  0 . 2  t o  w i n  ft.  1 . 0 0  a n d  p r o b .  0 . 8  t o  l o s e  ft.  0 . 2 5  

,, 0 . 2  , ,  , ,  ft .  2.00 ,, ,, 0 . ~  ,, , ,  ft .  0 . 5 0  

,, 0 . 2  ,, ,, ft. 5 . 0 0  ,, , ,  0 . 8  ,, ,, ft. 1 .25  

,, 0 . 2  , ,  ,, ft .  1 0 . 0 0  ,, , ,  0 . 8  ,, ,, ft .  2 . 5 0  

,, 0 . 2  ,,  , ,  ft .  2 0 . 0 0  ,, , ,  0 . 8  ,, ,, ft .  5 . 0 0  

P r o b .  0 . 5  t o  w i n  fl, 0 . 5 0  a n d  p r o b .  0 . 5  go l o s e  ft. 0 . 3 6  

,, 0 . 5  ,,  , ,  ft. 1 . 0 0  ,, ,, 0 . 5  ,, ,, ft. 1 . 0 0  

,, 0 . 5  ,,  ,, ft .  2 . 5 0  ,, ,, 0 . 5  ,, , ft. 2 . 5 0  

,, 0 . 5  ,, ,, ft .  5 . 0 0  ,, ,, 0 . 5  ,, ~, ft. 5 . 0 0  

,, 0 . 5  ,, ,, ft. 1 0 . 0 0  ,, ,, 0 . 5  ,, ,, fl .  l O . 0 0  

E V  V a r i a n , , e  

0 . 2 5  

1 .00  

6 .25  

2 5 . 0 0  

1 0 0 . 0 0  

0 . 2 5  

1 .00  

6 .25  

2 5 . 0 0  

P r o b .  0 . 8  tc0 w i n  ft .  0 . 2 5  a n d  p r o b .  0 . 2  t o  l o s e  ft.  1 . 0 0  0 0 . 2 5  

,, 0 . 8  ,~ ,, ft .  0 . 5 0  ,, ,, 0 . 2  ,, , ft .  2 . 0 0  0 1 .00  

,, 0 . 8  ,,  , ,  ft .  1 .25  ,, , ,  0 . 2  ,, , ,  ft .  5 . 0 0  [ 0 6 .25  
r 
I 

,, 0 . 8  ,, ,, ft. 2 . 5 0  ,, ,, 0 . 2  ,, , ft .  1 0 . 0 0  i 0 2 5 . 0 0  

,, 0 . 8  ,, ,, ft .  5 . 0 0  ,, ,, 0 . 2  ,, ,, ft. 2 0 . 0 0  : 0 1 0 0 . 0 0  

common quantitative J-scale of variances, there are 11 possible l-sc~les. 
The best fitting quantitative J-scale was constructed, i.e. a J-scak, in 
which as large a number of Ss as po~,,~ible could be included. Table 7 
gives the results for each of the three gain probabilities. 

The variances in this table are indicated by the letters A up to and 
including E, from low to high variance. 

The first column of table 7 give~ the number of the/-scale, numbered 
from low to high variance, and therefore indicates the number of the 
segment on the variance scale. The corresponding/-scales are given in 
the second column and the ~mmber of S~ along with the relevant/-scale 
in the third column. The fourth column lists the weakly ordered/-scales 
and the fifth column the number of Ss with these orderings. In the sixth 
column are given the /-scales which fall under the same qualitative 
J-scale but for which other metric relations are required. Their number 

is indicated in the seventh column. 
In all, therefore, if p = 0.2 there are 59 Ss; i i ' p - - 0 . 5  62 Ss and if' 

p = 0.8 60 Ss for whom a common quantitative d-scale can be con- 
strueted. The majority of the Ss occupy a po~Aon at one of the extremities 
of the variance scale. In the case of p -= 0.2 there is greater preference 
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TABLE 7 

/-scales for variance preferences at p = 0.2, p = 0.5, and p = 0.8. 

ordered /-scales 

0.2 

11 

total 

0.5 1 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
11 

total 

0 .8 ]  1 

i 2 
J 3 a 

4 
, 4 
t 

5 
6 

1 7 
! 8 
! 

' 1 0  

! l i  a 
1 

t total 

ordered /-scales 

sca~es 

ABCDE 
BACDE 
BCADE 
CBADE 
CBDAE 

Q . . .  i . .  

EDCBA 23 

24 
4 
2 

ABCDE 
BACDE 
BCADE 
CBADE 
CBDAE 
CDBAE 
CDBEA 
DCBEA 
DCEBA 
DECBA 
EDCBA 

E(DC)BA 

56 

11 
I 

q l 

2 
0 
1 

1 

1 

1 

3 
36 

58 

11 
4 
I 

1 

l 

3 
1 

1 

1 

3 
30 

57 

weakly 
ordered I-scales 

scales 

AB(CD)E 

C(BA)DE 

l-scate 
pr. number 

3 

I 
AB(CDE) t 1 

I 

I 

t 
D(CBE)A ~ l 

l 
i 
1 

E(DCB)A 1 

BA(CDE) 

E(DC)BA 
i 

l 

with a different 
metric 

scales 

BCDAE 
BCDEA 

E(DCB)A 

DCBAE 

ABCDE 
BACDE 
BCADE 
CBADE 
CBDAE 
CDBAE 
CDBEA 
CDEBA 
DCEBA 
DECBA 
EDCBA 
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for low variance than in the case of p := 0.5 and p -- 0.8. In the case 
of the last t w o  probability conditions, tiae preference for large variance 
preponderates. This result is in accordance with the results of Coombs 
and Pruitt at the probability levels 1[3, 1/2 and 2/3. 

TABLE 8 

Mean  uncer ta inty  H and coeff~hent of  agreement  U. 
m m 

Prob. 

0.2--0.8 

0.5--O5 

g r o u p  

tota l  . . . . . . . . . . . . .  

scale of  C o o m b s  . . . . . . . .  

total group  wi thout  Ss with scale 

o f  C o o m b s  . . . . . . . . .  

g r o u p  . . . . . . . . . . . . .  

scale of  C o o m b s  . . . . . . . .  

to ta l  g roup  wi thout  Ss with scale 

o f  C o o m b s  . . . . . . . . .  

N 

77 

61 

16 

H 

°3947 

.3231 

.6654 

77 

61 

16 

I 
.3038 

.2285 

.5911 

U 

.43 

.53 

.02 

.55 

.65 

.14 

0.8-0.2 total  . . . . . . . . . . . . .  

scale of  C o o m b s  . . . . . . . . .  

total  g roup  wi thout  ,% with scale 

o f  C o o m b s  . . . . . . . . .  

77 

61 

16 

.3579 

.3157 

.5736 

.48 

.56 

.17 

In table 8 a survey is given of the consistency of the Ss by means of 
the average uncertainty H and the coefficient of agreement U of Kendall. 
The correlations between the H's at different levels of probability are 
given in table 9. The correlations are low, and only the correlation 
between the uncertainties where p--= C.5 and p = 0.8 is significant at 
the 0.01 level. 

TAaLE 9 

ln tercorre la t ions  o f  H at different probabi l i ty  treatments~ 

0.2-0.8 ! 0.5-0.5 0.8-0.2 

0.5-O.5 .17 - -  

0.8--0.2 . 19 .43 

In all, only 5 of the 77 Ss have intransitive preference scales. As f,~r 
the remaining Ss, the failure to comply with a preference ordering ':n 
accordance with the J-scale is the result of inconsistency. 



246 H. C. VAN DER MEER 

The results of Coombs and Pruitt, who established that there w~.s a 
variance:: preference in the ease of EV = 0 and consent  gain probability, 
are thus confirmed. It is also confirmed that variance preference is 
dependent on the gain probability; if the gain probability is 0.5 or larger 
there is more preference for the large variances than if the gain probabil- 
ities ar,: small, when, relatively, there is more preference for the low 

variance. 

~ela,:ionship between Probability Preference and Variance Preference. 
Preference for playing with high variance is considered to indicate a 
higher utility for risk. A form of utility for risk can also be seen in the 
preference for sKewn,.ss. The risk that one prefers in the case of positive 
or negative skewness, however, is psychologically of a different nature. 
Atkinson (2) distinguished two t:cpes of subjects" those for whom the 
motivation to achieve success is exceeding the motivation to avoid 
failure, and those for whom the opposite prevails. He established that 
the first category prefers intermediate probabilities of success, the second 
category extreme (low or high) probabilities of success. This may be 
true. But one can hardly assume that the psychological structure of 
subjec~rs with a preference for a small probability of large gain and a 
large probability of a small loss is the same as that of subjects witl', a 

preference fnr a large probability of a small gain and a small probability 
of a large !o,.s. The first group are the gar.,Lbiers who are prepared to 
pay a small amount for a gamble on a large gain; the second group 
prefers to be almost certain of a small gain as against a small risk of 
a hrger  los'~. These two forms of risk are l~ot equivalent, and it is there- 
fore not likely that subjects who prefer small gain pr~babilities and 
subjects who prefer large gain probabilitiies will behave identically as 
regards their preference for high and low variance. 

One might expect that these Ss in order to obtain a sraall probability 
of lar:i;er gain (the gambilers) by accepting lhe risk of a small loss would 
prefe~ high variance within the limits of whilst is f0r them an acceptable 
loss it" there is a small probability of gain. When the probability of gain 
is large, it is more difficult to forecast their behaviour. 

If their love o1" gamblia-ag is motivated by utility for risk, then one 
wo~i,a exi~,ect in this case, too, a preference for larger risk, i.e. higher 
variance. If what appears to be a love of gambling is only the result of 
overestimating the: small probabilities, ~then this would be accompanied 
by !preference. for lower variances. 
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Regarding those who prefer the almost certainty of a small gain 
combined with the small risk of a large loss, one might expect that they 
would minin'Aze the size of an almost certain loss and would prefer 
lower variance if the probability of gain is small. If the probability of 
gain is large, they would presumable maximize the almost certainty of 
the small gain sum and would show preference for high variance. 

8s with preference for small probabilities will be taken to be those 
who, under both the variance conditions, had the probabilities 0.1~ 0.2 
and 0.3 in any sequence whatsoever in the first three places of preference; 
Ss with a preference for large probabilities are those Ss who had the 
probabilities 0.7, 0.8 and 0.9 in one sequence or another in the first 
three places of preference. Ss with a preference for low variance are 
those Ss who had the two lowest variances (0.25 and 1.00) in the first 
two places of preference, Ss with a preference for high variar;ce had the 
two lfighest variances (25 apd 100) in the f, rst two places of preference. 

Table 10 gives those Ss for whom there was a preference both for small 
or large probabilities and for high or low variance. 

probability preferences 

TABLE | 0  

Relationship between probability preferences and variance preferences. 
m '  r . . . .  

variance preferences 
. . . .  

p := 0.2 p -- 0.8 

low high low I high 

lOW . . . . . . . . .  

high . . . . . . . . .  
5 

22 
17 
4 

11 I l0 
4 I 23 

From table 10 it appears that in the case of a gain probability of 0.2, 
17 of the 22 Ss with a preference for small gain probabilities prefer high 
variances; 22 of the 26 Ss with a preference for large probabilities prefer 
low variances. Here we find an important positive correlation between 
the utifity for gambling and the utility for risk. q his correlatiop is signif- 
icant at the 0.00~ level (X ~ = 16.117 with continuity correction). 

When the gain probability is 0.8 we find an equal distribution of the 
preferences for low and high variance, for Ss who prefer small probabil- 
ities. The S~ who prefer large gain probabilities show a clear preference 
for high variance, namely 23 of the 27 Ss Here the correlation between 
utility for gambling and utility for risk is negative and significant at the 
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0.02 level (g9 = 6.109 with continuity correction). These results there- 
fore are ;~n accordance with our expectations. 

Experiment 111 

Variance as Variable in tk ~ case o f  Positive and Negative EV. From 
exp. Ill it appears that when the EV = 0 the variance exercises an in- 
fluen~ as a variable. Nothing at~out the relative importance of this' 
variable can be deduced from the mere fact that the variance is a variable 
which influences the behaviour of the Ss when all other conditions are 
constant. It is possible, as Edwards (12), for instance, assumes, that the 

TABLE | .I 

Gambles used for determination of the. strategy in decision making with probability 
0.2 to win and probability 0.8 to lose. 

i i 

I a. 1,20-O.20 
b. 2.00--0.50 
c. 2.08-0.42 
d. 1.12--028 

V a. 1.20-O.25 
b. 2.00--0.50 
c. 2.04--0.46 
d. 1.16-4).29 

IX a. 1.20-0.35 
b. 2,00--0.50 
c. 1,96--0.54 
d. 1.24--0.31 

II 1.60-0.30 III 2.40-0.50 IV 2.80-0.60 
2.00-0.50 2.00-0.50 2,00-0.50 
2.08-0.42 2.08-0.42 2,08--0.42 
1.52-0.38 2.32-0.58 2,72-0.68 

VI 

X 

1.60-0.35 VII 2.40--0.55 VIII 2.80-0.65 
2.00--0.50 2.00-0.50 2.00-0.50 
2.04-0.46 2.04-0.46 2.04-0.46 
1.56-0.39 2.36-0.59 2.36--0.69 

1.60-0.45 XI 2.40--0.65 XII 2.80--0.75 
2.00 ~,.50 2.00--0.50 2.00--0.50 
[ .96-0.54 1.96-0.54 1,96--0.54 
1.64-0,41 2.~4--0.61 2.84-O.71 

XIIi a. 1.20-0,40 XIV ~.60--0.50 XV 2.40-0.70 XVI 2,80-4).80 
b. 2.00-0.50 2.00-0.50 2.00-0.50 2.00-0.50 
c. 1.92--0.5g 1.92--0.58 1.92-0.58 1.92--0.58 

• d. 1.28-0.32 1.68-0.42 2.48-062 2.88--0.62 

EV 

+ 0.08 
0.00 

+ 0.08 
0.00 

+ 0,04 
0,00 

+ 0,04 
0.00 

m0.04  
0.00 

- -0 .04  
0.00 

- -  0.08 
0.00 

- -  0.08 
0.0L3 

influenc~ of the variance is negligible if there are other variables. In 
this experiment we shall investigate the extent to which a S continues 
to prefer a given level of variance even when this choice proves un- 
;avourable because of the E V  of the bet. In table l I the bets used in 
this experiment when the gain probability is 0.2 are given. Table 12 
sho~'s the bets used when the gain probability is 0.8. 

Table 13 gives ~he variances of the bets. 
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TABLE 12 

Gambles used for determination of the strategy in deci:fion making with probability 
0.8 to win and probability 0.2 to lose. 

I a. 0.20-1.20 11 0.30-1.60 Il l  0.50-2.40 IV 0.60-2.80 
b. 0.50-2.00 0.50-2.00 0.50-2.00 0.50-2.0(' 
c. 0.42-2.08 0.42-2.08 0.42-2.08 0.42-2.08 
d. 0 .28-I . |2  0.38-1.52 0.58-2.32 0.68-2.72 

V 

IX 

XIII 

a. 0.25-1.20 VI 0.35-1.60 VII 0.55-2.40 r i l l  0.65-2.80 
b. 0.50-2.00 0.50-).00 0.50-2.00 0.50-2.00 
c. 0.46-2.04 0.46-.  "4 0.46-2.04 0.46-2.04 
d. 0.29-1.16 0.39-1.56 0.59-2.36 0.69-2.76 

a. 0.35-1.20 X 0.45-1.60 XI 0.65-2.40 XII 0.75-2.80 
b. 0.50-2.00 0.50-2.00 0.50-2.00 0.50-2.00 
c. 0.54--1.96 0.54-1.96 0.54-1.96 0.54-1.96 
d. 0.31-1.24 0.42-1.64 0.61-2.44 0.71-2.84 

a. 0.40--1.20 XIV 0.50-1.60 XV 0.70-2.40 XVI 0.80-2.80 
b. 0.50-2.00 0 .50-2 .~  0.50-2.00 0.50-2.00 
c. 0.58-1.92 0.58-1.92 0.58-1.92 0.5g-1.92 
d. 0.32-1.28 0.42-1.68 0.62-2.48 0.72-2.88 

E V  

0.08 
0.00 
0.08 
0.00 

-- 0.04 
0.00 

w 0.04 
0.00 

+ 0.04 
0.00 

+ 0.04 
0.00 

+ 0.08 
0.00 

+ 0.08 
0.00 

TABLE 13 

Variances of the bets used as stimuli in the tables 11 and 12. 

Variances of the bets (b) and (c) are 1.0000 for all of the 16 blocks. 

ear. of (a) and (d) ]block ear. I block var. block ear. block var. 

: V 
IX 

I X I I I  

! 

0.3136 11 
0 .3364 '  VI 

L 

0.3844: X 
0.4O96 ~ XIV 

0.$776 
0.6084 
0.6724 
0.7056 

11I 
VII 
XI 

XV 

1.3456 
1.3924 
1.4884 
1.5376 

IV 
VIII 
XII 

XVI 

1.8496 
II.9321 
2.0164 
2.0i36 

Under each of t~e two conditions p - - 0 . 2  and p : 0,8 there are 
16 blocks, each with 4 bets. The 4 bells within e, ach block were combined 
in pairs. The expected values and the variances of the four bets within 
each block are always equal, two by two. The size of the expected value 
is given in the last column of table 11 and 12. 

It was possible to determine the strategy w~ch motivated the ¢ho~e 
of the S from the ordering of the preferences: whethe= the expected 
value and the variance exercised predor,finant or secondary influence 
on his choice. 
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For example, for block I the following strategies appeared from the 
ordering of preference in the case of a gain probability of 0.2 (in descend- 

ing or tier of preference): 

a c b d - -  the expected value determines the preference 
cadb - ti~e expected value determines the preference 
acdb - the E V  in the first place, the lowest variance in the second place 

determine the preference 
cabal .- t ~  E V  in the first place, the highest variance in th~ second place 

de:termine the preference 
adcb - the lowest variance in the first p la~ ,  the E V  in the second place 

determine the preference 
chad  - thv highest variance in the first place, the E V  in the second place 

de~Lermine the preference. 

Of the ~! possible orderings of preference only these 6 occurred. The 
following partial orderings occurred and were interpreted as follows: 

(a, C~ ( ~  d ) -  The E V  determines the preference 
(a, d) (b, c) - The lowest variance determines the preference 
(b, c) (a, d)  - The highest variance determines the preference 

All other partly! orderings were scored as indifferent. 
In table 14 mention is made of the relative frequency of the strategy 

TABLE 14 

g,elative frequencies of tbe strategies applied with gain probabilities of 0.2 and 0.8.* 

~ strategy P - .  [ 

0.2 . 1848 . 1609 . 1522 .2196 . 1986 . 0136 .0106  .0598 
0.8 . 1~53 . 1095 .2078 . 182|  . 2296  .009:;  .0ll7 .06~4 

Explar~ation: 
v: 

vff." 

Or: 

£v: 

strategy exclusively determined by the EV. 
strategy in the first place determined by the EV; in the ~econd 
place by preference for the lower variances. 
strategy in rite first place determined by the EV; in the second 
place by preference for the higher variances. 
the lower v~iances have the mc~t impo~ant influence on the 
strategy; the E V  ranks second. 
the higher variances have the most important influence on the 
strategy; the E V  ranks second. 
strategy exc!usively determined by variance preferences. 
no st~'ategy demonstrable. 
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applied by the Ss. ]n about 50 ~ the expected value influences the 
choice of the alternatives in the first place or exclusively, in about 44 
the vadance is more important than the expected value and in about 
6 ~ no consistent s~rategy can be discerned. 

As independent variables in this experiment are varied the probability 
of gain (0.2 and 0.8); the difference in expected value between the bets 
(4 and 8 cents); pos:ttive and negative expected value and the variance. 
In order to determiae the influence of the variance, the results of the 
blocks in the columns of table 13 were combined, hence producing 4 
levels o f  variance. 

These results were subjected to a multivariable zZ-analysis according 
to Suthcliffe (22), and the results of this analysis are summarized in 
table 15. The categories in which the preference for variance was of 
exclusive influence were, ~cause of their small frequencies, combined 
with the categories in which the variance preference was the prime factor. 

TABLE 15 

Multivafiable x~-analysis. 

SOUrCe 

S(tramgy) . . . . . . . . . .  
P(ro~mbility) . . . . . . . . .  
EV (expected value) . . . . .  

pN ~ . - ~ ' s .  EV) . . . . . .  
Vaffiance) . . . . . . . . . .  
5 X P  . . . . . . . . . . . .  

d/ g2  

J 

w 

91.3523 

S x  E V  . . . . . . . . . . .  

S X P N  . . . . . . . . . . .  

S x Far . . . . .  ' . . . . . .  

S x P X  E V  . . . . . . . . .  

S x P x P N  . . . . . . . . .  

SxPx F a r  . . . . . . . . .  

S x E V  × PN ........ 

S x EV x Far  . . . . . . . .  

$ x P N ' <  F a r  . . . . . . . .  

S x P x E V  x PN . . . . . .  

S x P x  E V x  Far  . . . . . .  

S x P x PN x F a r  . . . . . .  

$ X E V  x P N  x Far  . . . . .  

S x P x E V x P N x  F a r . . .  

5 
5 

15 
5 
5 

15 
5 

15 
15 
5 

15 
15 
15 
15 

t o t a l . .  • • 155  

99.8424 
24.9459 

144.1124 
60.0050 

4.2604 
42.3231 

0.8618 
64.4649 
52.9113 

0.9562 
33.0746 
76.5484 
51.2568 
62.1090 

809.0245 

0.001 
O.OOi 
O.OC, l 
O.O0| 
0.001 

0.001 

0.001 
0.001 

0.00.c; 
0.00~ 

0.00~ 

0.00~ 
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This table shows that the strategy is dependent on the prol;ability 
of g+~in. When p = 0.2 the prefelence for low variance is larger and the 
preference for high variance smaller than when p --- 0.8. This difference 
is feared both where the variance is the most important factor and where 
it ra:~ks second to the expected value. This agrees with exp. II, where 
there was also more preference for high variance when p = 0.8 than 
when p = 0.2. The difference in probability of gain does not influence 
the strategy, which is exclusively determined by the expected value, 
about 18.5 9/o in both cases. 

The strategy is dependent on the size of the EV. ~'hen the diffe~'ence 
in E V  between the bets amounts to 8 cents, the relative frequency of 
the strategy that is exclusively or primarily determined by the EV is 
larger than when the diffe~'en~:e in E V  amounts to 4 cents. Moreover, 
the number of inconsistent answers is larger in the latter case. 

When a choice must be made between alternatives with a positive 
£~>" and an E V - - 0  on +:he one hand and between a negative E V  and 
an E V - - 0  on the othe~', then, in the first case, the frequency of the 
strategy determined by the E~" as the most important factor and lowest 
variance as second factor is larger, and the frequency of the strategy 
determined by the E V  as first factor and highe+t variance as second factor 
smalle:r, than ir the second case. 

The level of variance also has great influence on the strategy. The 
differences in strategy between the lowest and the highest level of 
variances are slight, as are the differences between the second and third 
levels. In the case of the so.cond and third levels the strategy is determined 
much more by the E V  than in the case of the first (lowest) and fourth 
(highes0 level. At the first and fourth level of variance, the variance 
--both as preference for the lowest and as preference for the highest 
variance--is much more often the dominating factor than at the second 
and third level. 

Sin~m the first and fourth levels of variance accord in the respect that, 
with both, :he difference between the variances of alternatives from 
which a choice must be made is larger than at the second and third level, 
it would appear tha~ the dijference between the variances of the: l~airs 
of alternatives is of greater importance than the high or low v~,riance 
value in itself. On~: would have to investigate whether this also applies 
when the variances are greater than those used here. If so, then the 
preference for variance would be based more on the difference in 
variances of the alternatives than on pceference for a given variance value. 
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Furthermore, all interactions of a higher order are signit:cant, with 
exception of S × P × PN, S × EV × PN ~.nd S x P × EV × PN. 

The influence of the variable, i~ositive or negative EV, is slight as 
compared with the influence of the other variables, namely probability, 
expected value and variance. This, too, could be an indication that the 
differences be~,veen the variances of the bets play an important role in 
the decisions of the subjects. 

Consistency of  the Variance Preference in Exp. II :nd l lL Table 16 
gives the numbers of Ss. who prefer low and high variarces in both 
the experiments. The consistency for the 0.2 probability of gain is good; 
only 3 of the 65 Ss. show inconsistency in their preference in both 
experiments. For p = 0.8 the consistency is not quite so good, 9 of the 
71 Ss are inconsistent in their preference. 

TABLE 16 

Consistency in variance )references in Exp. II and Exp. III. 
w 

variance [references in 
exp. l l i  

p = 0.2 low 

variance preferences .~n exp. II 

~ow 

28 
2 

wedium high 

1 
26 

p =  0.8 |ow 16 
2 

7 
36 

This consistency in preference for either high or low variance occurs 
in spite of the fact that the "l~tigh '' variance category in exp. Ill is of 
the same order 'of magnitude as the "low" category in exp. II. 

Hence variance preference is apparently a relative conception and 
means pr,efer~:nce for either the lower or the higher variance that is 

used in v, given experiment. 

Relationship between Probability Preference and Variance Preference. 
In table 17, the number is given of the Ss who prefer the three smallest, 
the three intermediate and the three largest probabilities and their 
preferences for low or high variance in this experiment. 

In the case of p -- 0.2 (see table 10) a preference for small probabilities 
is accorapanied by a preference for high variance and a preference for 

large l~robabilities by a preference for low variance. 
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TABLE 17 

Relatk:aship betwe~m probability and variance prefi~rences in Exp. Ill. 

variance preferences in 
exp. III 

p - -  0.2 

p - -  0+8 

low 
high 

low 
high 

variance preferences 

low 

3 

20 

medium 

15 

11 

high 

24 
8 

7 
24 

As t~gards a probability of gain of  0.8, we find here, too, an opposite 
tendency, in which especially preference for large probabilities is accom- 
parried by preference for high variance, whereas, in the case of preference 
for small probabilities the preference for low and high variance is 
roughly equally distributed. 

DISCUSSION AND CONCLUSION 

It is clearly evident from exp. I that a specific probability preferenc£, 
such as was noted by Edwards in the case of inequal variances, also 
exists when the variance is kept constant. The specific probability 
preference noted by Edwards cannot, therefore, be attribated t~ diffe~ :nces 
in 'variance between the bets used by him. The specific probability 
pre~:rence appears to be highly independent of the l¢~,el of the varianees. 

In addition there is a probability preference that is preference for 
skewness. The number of Ss who conform to a J-scale of Coombs is 
not  nearly so large in our experiment as in that of Coombs and Pruitt. 
Tkis is due, in part, to a larger inconsister~cy of the Ss in the i,~lg~, 
number of probabilities used by us, but more especially it is due to 
intransitivity as a result of the specific probability preferences. Presu- 
mably the reason why Coombs and Pruitt found no specific probability 
preference excerpt for the probability 1[2 is tha~ they used a small numb< r 
of  probabilities. 

The preference for skewaess--conceived more broadly as pref~ renc¢ for the smaUesL 
,+he intermediate and the largest probabilities--could be based on two factors: the 
ufihty for risk, which means preference for the sort of risk that implies a certain 
probabifity, and ~ver-estimation of the proba.bilities of preference. 

Both factors probabl.v exercise an influence, and a reciprocal influence is not im- 
possible. It would be difficult to differentiate between the two. At any rate it is im- 
possible to determine the subjective probabilities in these experiments on the basis 
of the frequency estimations of the Ss or on the basis of theh" forecast of the events 
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of which the obje~ve probabilities are given. As soon as d~cisions are made that 
axe based on probabilities and values, the subjective probaL'~t~es change. 

The v ~ ,  too, is a variable that influences the decisions of the S. ~t is true 
that the variance is confounded with the utility of the mone~lry value of the outcomes, 
but, unless one accepts a utility cutw¢ with a great many points of inflection, the 
variance must be looked upon as a separate variable. In exp. IlI, therefore, the 
majority of the Ss r e c o ~  that the variance is a variable, namely in more than 
75 % of all the strategies, whilst in about 44 % the variance is more important than 
the eapected value of the bet. 

Although it has been demonstrated that the variance is a variable 
that influences the decision of the Ss ~nd Is more important than the 
expected value in many instances, it does not seem ~ikely that the variance, 

in its objective definition, is a psychological variable. The variance is 
alike in the case of the gain probabilities 0.2 and 0.8 if the pay-offs are 
the same, but the preference for a variance of a given degree is highly 

dependent on the gain probability and h e n ~  on ~he nature of the risk 
that is preferred. From a psychological viewpoint, the variance could 
be a risk variable that is highly dcpenden~ on the probability of gain 

or loss. 
The ~esults of exp. II could support the supposition that the variance 

prefereB~ is created by the application of the ~imple rules" always 
choose the bet with the largest gain or always choose the bet with tl~e 
sma|lest loss. If this line of conduct would be applied we would find 
that all Ss. occupied both the extreme intervals of the J-scale. We have 
seen in exp. I~ (table 7) that by far the greatest number of the Ss occupy 

place at one of the extremities of the scale and that positions between 

the extreme intervals are rather rare. In how far ~.s variance preference 
brought about simply by automatically applying one of the two rules? 

In exp. III the only strategies that comply with these rules are those in 

which the variance is the most important variab|e and the EV comes 

second, i.e. in 42 % of all the strategies. 
Altogether this strategy occurs to a considerable degree with 32 of 

the 77 Ss. Other strategies are also applied by most of these Ss and 
therefore there can be no question of an automatic application of the 

rules: choose the largest gain, er  :hoose the smallest loss. 

Of these 32 Ss ~ere are 2 Ss who prefer the lowest variance both when the gain 
plobability is 0,2 and when it is 0.8, i.e. their preference for the lowest amount of 
loss, is always ind~pendent of the probability. Both these two Ss. prefer the highest 
probabilities, in exp. II t ~  lowest variav/=e in the case of p--= {}.2 and the highest 
variance in the case ofp ----- 0.8. There is, t~lerefore, no question of a consistent applica- 
~o't~ of the rule ~bout lc~ under all circumstances. 
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4 ss prefer the highest varia~,ce under both conditions of probability, and thus 
their decision could be based on the highest amount of gain. All prefer the smallest 
probabilities and, in exp. II, always the highe,.~t variances. It is not possible to decide 
whether this group automatically reacted to the highest ~unount of gain or whether 
the group preferred the greatest risk under aU conditions. 

10 Ss prefer the highest variance (largest amount of gain) in the case of p = 0.2, 
and the lowest variance (smallest loss) in the ease of p--= 0.8. The strategy here, 
therefore, depends on the probability of gain. 9 S prefer the smallest probabilities, 
in exp. I1 all prefer the highest variance in the case ofp = 0.2; in the case ofp = 0.8, 
3 Ss prefer the lowest, 5 the middle and 2 the ~dghest variance. Deviations thus occur 
once more when the gain probability is 0.8. It would appear that in this category of 
t|:ose taking risks, the amounts that can be won when the probability is 0.8 must 
be of a certain size before the risk becomes attractive. In addition the overestimation 
of the probability 0.2 is possibly a point of consideration. 

16 Ss prefer the lowest va:iance (s~allest loss) when the probability is 0.2, the 
highest variance tthe largest gain) when it is 0.8. All Ss prefer the largest probabilitie.,,o 
In exp. II, 13 Ss prefer the lowest, 2 Ss the intermediate and i S prefers the highest 
variance in the case ofp = 0.2; in ~e case of a gain probability of 0.8 there are 15 Ss 
who prefer the highest and 1 S who prefers the lowest variance. Presumably the best 
explar~ation of the results of thi~; ~roup is an overestimation of the probability 0.8 
and an underestimation of the n~'~;bgt':l!" ," 0.2. 

These results are a0mittedly not  conclusive, but it would appear  

anlikely that the decisions made were to a considerable degree induced 

by the rules" always ch~.,ose the largest gain, or always cltoose the 

smallest loss. In that  event one would expect a greater degree of  consis- 

tency ir, the application of  one of  these rules than is the ease here. The 

most  obvious criteria that appear to have guided the decisions are the 

amount  of  risk that is ~_,,eeptable fo~" a given S and over- and under-  
estimation of  the p~obabilities. 

One remarkable result is that in only about  8 % the expected value 

of  the bet was not recognized as a variable. In about  50 ~ the expected 
value was the most impor"~ , ,,-nt variable that  determined the S's decisions. 
In these instances there was no question of  an application of the gain 
or loss :'ule. 

On the basis of  these investigations, it does not seem likely that the 

decisions made under risk can be forecast with any degree of  accuracy 

by means of a [brmal raodel that only takes account  of  mutually in- 

dependent  subjective probabilities and utility of the outcomes (SEU 
model). The nature of  the risk preferred by a S has an impor tant  in- 

fluence on his decision. The varianc/e is a risk varia01e which, however, 

cannot  be separated from the probabili ty of  gain or  loss, which is similarly 
a risk variable. 
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]If the values of  the subjective probabilities are determined and if a 
utility curve is then constructed on the basis of these values, the measured 
utility would not be a true determination of the utility of money values, 
but the resultant of utility of money, utility for risk and of utility for 
gambling and, in consequence, woula be dependent on the size of the 
gain and loss probabilities that determine the utility curve. Moreover 
it is apparent that the utility for risk and the utility for gambling also 
influence the measuri.,g of subjective probabilities in the case of decisions 
under risk, with the result that these are different when the element of 
risk is not present. 

If a reliable forecast is to be made of the deci3ions of a S, account 
must be taken of the nature of the risks preferred by that S, and an 
investigation into the psycho,ogical structure of the subjects who prefer 
the various forms of risk would appear to be necessary. 

SUMMARY 

L", three experiments, in which 77 Ss praticipated, an investigation was made into 
probability preference) variance preference and the relative importance of expected 
value and variance preference. 

Probability preference does not appear to be an unambiguous conception, but 
one which occurs in two forms: as specific probabilit/preference (a preference for 
certain probabilities and an avoidance of other probabilities) and as preference for 
skewness (preference for small, intermediate or large probabilities). 

A specific prefc~'ence was found for the probabilities 0.5, 0.8 and 0.7 and a relative 
avoidance of the probabilities 0.9 and 0.6 and, when the variance was low, 0.3. The 
pattern of the specific probability preference is to a high degree independent of the 

variance. 
The preference for skewness does appear to be dependent on the variance. If the 

variance is high, there appears to be more preference for the small probabilities and 
less preference for the large probabilities than in the case of low variance. 

The existence of variance preference could be demonstrated when the probabilities 
were 0.2, 0.5 arJ~ 0.8. The ordering of preference of 61 ¢)f the 77 Ss under the 3 condi- 
tions of probability conformed to a common ,/-scale of Coombs, with most of the 
Ss at one of the extremities of the scale. When the gain probability was 02 there 
Was more preference for low variance than when the gain probability was 0.5 or 0.8, 
in which cases the preference for high vari.ances prevailed. Variance preference is 

dependent on the probability of gain or loss. 
In the case of a gain probability of 0.2, the majority of the Ss who preferred positive 

skewness had a preference for high variances, Ss who preferred negative skewness 
had a preference for low variances. In the case of a gain probability 0.8, the majority 
of Ss who preferred a negative skewaess had a preference for high variance, whereas 
the Ss who preferred positive skewness were roughly equally divided as regards their 
preference for low and high variance. This relationship obtained for the variance 

preference in both exp. II and exp. III. 
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In the third experiment, be~*~ with inequai and equal variances and inequal and 
equal expected values were combined, so that from the ordering of preference it could 
be detetTnined for each S to what extent both the variables influenced the decisions 
made. In about 18.5 % only the expected value had an influence on the Ss's strategy, 
in about 31% the expected value wa~ more important than the variance--though the 
la~aer did influence the strategy Chosen--, in about 42% the variance was more im- 
portant than the expected value and in about 2 % the variance but not the expected 
value determined the strategy. 

The strategy of the Ss appeared to be dependent on the size of the probability of 
gain, on the expected value, on whether the ezpected value was negative or positive 
and on the difference in variances between the pairs of bet8 from whici, a choice had 
to be made. 

Although the "high" variances in exp. III were of the same ordel of magnitude 
as the "low" variances in exp. H, the Ss were to a high degree consistent in their 
preference for low and high variance. Only 3 of the 7! Ss were inconsistent in the case 
of p =~ 0.2 and 9 ~ the case of p ~= 0.8. This indicates that variance preference is 
a relative conception. 

Variance preference appears to be a variable of which account must be taken. 
Psychologically it can best be interpreted as a risk variable which, nevertheless, 
always faust be considered in connection with the gain or loss probability and with 
the nature of tJ~e risk accompanying a given probability. 

A model that takes no account of the utility for risk and of the utility for gambling 
would appear to have little chance of success. For the time being it would appear 
necessary to ob~min a better insight into the various forms of risk and the personality 
v,~riab!es that undefly the preference for difl~rent forms of risk. 
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