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The purpose of this study was to test Siegel's utility model of 

choice behavior under conditions of verbal reinforcement, in a nur- 

sery school population of both sexes. Two major hypotheses were 

tested: The ordinal hypothesis stated that under conditions of in- 

creased value of the payoff subjects' stable -state strategies will 

occur in increasing order from matching to pure strategies. The 

quantitative hypothesis stated that there is no difference between the 

predicted and observed stable -state strategies. 

In order to test the above mentioned hypotheses, thirty subjects 

were randomly chosen from a preschool population. These in turn, 

were assigned to the three payoff conditions; no payoff, payoff, 

payoff -loss. Each subject was observed under two different experi- 

ments which were identical with respect to all utility relevant fea- 

tures, but were different with respect to the proportion of the 



occurrence of the two events, Tr . values. In one experiment Tr 
1 

was 

set equal to .75 and in the other Tr was set equal to . 80. The ap- 

paratus used was Humphrey's (1939) modified, two -light situation. 

This apparatus had never been used before with a preschool popula- 

tion. The occurrence of the two lights was predetermined randomly 

and was held constant during the experiment. The order in which 

the two experiments were presented to each of the subjects was 

random so that not all subjects received the same Tr.. Reinforce- 

ment was given by the same individual in both the experiments. The 

most frequently occurring event was reversed for each of the sub- 

jects from the first to the second testing situation. Under the no 

payoff condition the subjects did not receive any extrinsic reinforce- 

ment. Under the payoff condition the subjects received positive 

reinforcement only for the correct choice. Under the payoff- loss 

condition the subjects were reinforced positively for the correct 

choice and reinforced negatively for the incorrect choice. The posi- 

tive verbal reinforcement used was, 'That's right, that's very good.' 

The negative verbal reinforcement used was, 'That's wrong, that's 

not very good. ' The data under both the experiments were in the 

form of p values, the proportion in which the subject chose the most 

frequently occurring event. 

Before testing for the overall ordinal hypothesis the data were 

tested for sex differences. It was found that there was a significant 

1 



difference between the stable -state strategies of boys and girls under 

the no payoff condition when Tr = . 80 and under the payoff condition 

when Tr = . 75. 

The ordinal hypothesis which predicted increase in stable -state 

strategy with increased payoff was considered untenable as a result 

of inspecting the data, the data were such as to suggest that the type 

of verbal reinforcement used, namely, a repetitive, simple, monoto- 

nous type, was an ineffective reinforcer. The data were further 

examined to see if these subjects had at least a rudimentary grasp of the 

concept of probability adequate to the task in the experiment. It 

was concluded that the sample of preschool children exhibited little, 

if any, understanding of the concept of probability. 

In testing the second hypothesis, the Siegel model was used to 

quantitatively predict the stable -state strategies of boys and girls 

from one experiment to the observed stable -state strategies in the 

other experiment. Similarly, the data from the second experiment 

was used to predict the stable -state strategies of boys and girls in 

the first experiment. It was concluded that the strategies predicted 

from the model for both boys or girls under the no payoff and payoff - 

loss condition did not differ significantly from their observed stable - 

state strategies. Under the payoff condition, the model predicted 

accurately for boys but not for girls. 

Heretofore, the Siegel model has been used to predict only with 



group data. But, since utility refers to subjective value, in this 

study the model was used to predict the stable -state strategies of 

individual boys and girls, from one condition to the other. It was 

concluded that in predicting the individual stable -state strategies the 

Siegel model does not predict for girls under conditions of the present 

study. 
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THE UTILITY OF A CORRECT CHOICE UNDER 
CONDITIONS OF VERBAL REINFORCEMENT 

I. INTRODUCTION 

Statement of the Problem 

In most laboratory nursery school setting, the use of positive 

verbal reinforcement is accepted as one of the major means of guid- 

ing children's behavior. Basic to this notion is the belief that, 

children under conditions of positive verbal reinforcement attempt to 

perform according to the adult's expectations at least to a certain 

extent. For example, it is believed that a child who receives verbal 

reinforcement (encouragement) as he moves along in the 'right' di- 

rection, learns much faster than one who does not. There is some 

evidence, that verbal reinforcement has a significant influence on the 

performance of younger children; children roughly from 3. 0 to 5. 0 

years of age, (McCullers and Stevenson, 1960; Gewirtz and Baer, 

1958). On this basis it can be assumed that a nursery school child 

faced with a choice situation would make that choice (decision) for 

which he expects to obtain positive,verbal reinforcement. Stated, in 

terms of decision theory,positive verbal reinforcement on the average 

has utility for children between 3. 0 to 5. 0 years of age. Here, 

utility is taken to mean the subjective value of a given outcome to a 

particular individual. Such a statement would mean simply that given 
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a choice between two alternative choices, one for which there is 

positive verbal reinforcement and one for which there is none, one 

would expect a child to act on (to make a decision in favor of) the one 

for which he would expect positive verbal reinforcement. 

While the concept of utility has been studied for many years by 

economists and philosophers, a relatively recent development has 

been its application to decision - making in a repetitive choice situa- 

tion, (Stigler 1950a, 1950b; Edwards 1954; Luce and Raiffa 1957). 

The typical repetitive- choice study involves the presentation of two 

events to the subject, the events occurring in fixed proportions, one 

at a time, with the order of presentation being predetermined by 

randomization. Typically, there has been a payoff of some kind for 

a particular choice in the form of money, tokens, trinkets and the 

like; the kind of payoff is dependent upon its appropriateness for the 

subjects and the particular experimental design. 

Utility, the subjective value. of ' an outcome, may differ from 

one individual to another and also from one situation to another for 

the same individual. Thus, a person faced with a choice situation 

makes that choice for which he expects maximum utility to obtain. 

This is referred to as the person having adopted a maximizing 

strategy with regard to his choice behavior. The term 'strategy' 

while used by several theorists, received greatest popularity in the 

context of the theory of games as developed by Von Neumann, and 
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Morgenstern in 1944 (Siegel 1964). For present purposes the term 

strategy will be used in the way it is used by Siegel ( 1964) to denote 

the selection of a probability distribution over events and the subse- 

quent use of this distribution at each trial in a series to determine 

the particular succession of choices to be made. For example, in 

a decision situation in which a child is asked to predict which of two 

lights will flash on on each trial over a series of trials, in which the 

occurrence of the events (flash of lights) has been predetermined by 

randomization to occur in fixed proportion (say, 75:25) , the child 

may adopt either of two strategies; he may use a pure strategy, in 

which case he will predict the more frequent event on every trial; or 

he may use a mixed strategy, in which case he would distribute his 

choices between the alternative events. The mixed strategy may be 

in the form of matching strategy in which case the frequency with 

which the subject predicts either event will tend to stabilize roughly 

in the proportions of their actual occurrence. 

It can be seen readily that the pure strategy is superior to the 

mixed strategy in the sense that it yields a higher expected propor- 

tion of correct choices. For example, let us denote Tr and Tr as 

the proportion in which the two events occur in successive trials. 

Let P1 and P2 denote the stable state proportions with which the sub- 

ject distributes his choices between the two events. Then the expected 

proportion of correct predictions over a series of trials is 
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E(c) = p 1r 
1 

+ 

E(c) pure strategy = 1. 0 (.75) + 0 (. 25) = . 75 

E(c) matching strategy = .75 (.75) + (. 25) . 25 = . 625 

E(c) mixed strategy = . 50 (.75) + . 50 (. 25) = . 50 

It is important to note that these proportions (p1 and p2) are the 

proportions with which the subject distributes his choices between 

the events after he has reached the stable- state. It has come to the 

attention of investigators over the years that as the experimental 

session progresses a subject tends to follow a systematic trend in 

his choice behavior. He might begin the experiment by dividing his 

choices equally between the two events but as he comes to realize 

that one light illuminates more frequently than the other, he may 

tend to stabilize at predicting the two events in about the proportions 

in which they occur. The point at which he no longer shifts the rela- 

tive proportions of his choices between the two events is called the 

stable -state or asymptotic behavior of the subject. In other words, 

the asymptotic distribution indicates that the subject has stabilized 

and is apparently no longer learning but performing on the basis of 

what he has learned. 

Conceivably, many different sources of satisfaction (utility) may 

inhere in a given choice (decision) situation. These would be 

p2 Tr 
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expected to influence the subject with regard to his strategy behavior. 

For example, in the two alternative choice situation an individual may 

derive some satisfaction from making correct predictions; if this 

were the only satisfaction available to him in a given situation, then 

a pure strategy would be the maximizing strategy. On the other 

hand, it is entirely possible that factors other than satisfaction de- 

rived from being correct might have a bearing on the subject's 

choice (decision). 1 He might grow weary of making the same choice 

over and over again; for him, there may be satisfaction inherent in 

varying his behavior so that he may adopt a mixed strategy in light 

of correct response through the value he places on varying his res- 

ponses. The utility associated with varying one's responses is re- 

ferred to by Siegel (1964) as utility of choice variability and is 

equivalent to the negative utility of boredom. That is, as an indivi- 

dual becomes bored at a given task he may derive some satisfaction 

from simply varying his choices. Siegel's model revolves around 

two major utilities, the utility of correct choice and the utility of 

choice variability. 

It is sometimes claimed that subjects who adopt a matching 

strategy are behaving 'irrationally' since they fail to maximize the 

expected frequency of correct predictions (Brunswick, 1939; Estes, 

1For this particular study the terms choice and decision are used 
synonymously, a practice which is in accord with that of Siegel 
(1964). 



1959; Bush and Estes 1959). Recall that utility is defined as the 

subjective value of the outcome to the individual. As referred to 

above, the subjective value of the outcome need not necessarily be 

that of making correct predictions, it could be that of varying one's 

choices, or some other subjective value. Hence, this argument of 

irrationality does not take into account utility factors as a basis for 

judging the degree to which behavior is irrational. 

In light of the previous discussion it is now possible to examine 

the hypothesis which is central to decision theory. It is stated as 

follows: 

A person faced with the necessity of making a choice 
among alternatives makes that choice for which the 
associated expected utility is maximal. 

(Siegel 1964, p. 11) 

In other words, a person faced with a (two) choice situation acts as 

if he has compared the expected utility of the (two) alternatives and 

has chosen the one having the larger expected utility for him. It 

can be seen that the notion of expected utility is central to this hy- 

pothesis. Such a notion is essential to situations in which the out- 

come is selected from a set of possible outcomes by a random 

mechanism with known probability distribution; the expected utility 

is the mathematical expectation of the utility of the outcome. 

n 

p. U. 

1=1 
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where U. is the utility of the ith possible outcome 

p, is the known probability that the random mechanism will 

select the ith possible outcome. 

n is the total number of possible outcomes. 

Siegel has developed a mathematical model for testing this hy- 

pothesis. The model yields predictions of stable -state choice be- 

havior, i.e. , of strategies adopted by individuals after learning has 

occurred. Siegel' s model in its simplest form is as follows: 

Pi 2k (k Tr. 

k 

j=1 

ai = 1, 2, . , k. 

where k number of alternatives with which the subject is confronted. 

Tri probability that a choice of ith alternative will be correct 

where i 1, 2, . . . , k. The set of values Tr Tr . Trk is 

fixed in any given choice situation to which the model applies. 

a. ai/bi 1, 2,. . .,k. 

Marginal utility of correct choice of ith alternative /Marginal 

utility of choice variability. 

P. Stable -state probability that the individual will choose the ith 

alternative. 

The value of Pi is estimated by the the proportion of choices of 

the ith alternative that the individual makes over the set of trial 

+ k 
. 
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blocks identified as representing the stable- state. It is the relation 

between 
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ai and P., which expresses the relation between utility and 

choice strategies. a. varies directly with k, and a . is independent 

of Tr.. i 
According to Siegel the model is general in several important 

ways: 

1. k may assume any positive integral value. That 
is, the model is not restricted to the two - 
alternative situation, but is applicable as well 
when the alternatives number more than two. 

2. Tr . may vary between 0, 1, and the sum of a given 
set of Tr .'s may may vary between 0 and k. That is, 
the model is not restricted to the case in which 
the various event probabilities sum to 1, but is 
applicable to any combination of event probabilities. 

3. a, may differ for the various events. That is, it 
is not assumed in the model that the utility of a 
correct choice of one alternative is the same as 
the utility of a correct choice of some other al- 
ternative. The utility of a correct choice may 
differ for each of the k alternatives and thus the 
model applies to situations in which the payoff dif- 
fers for the various alternatives. 

(Siegel 1964, p. 33) 

The experimental condition of repetitive choice for which the 

reward for correctness is the same for all the alternatives available 

to the subject is referred to as the equal - condition in terms of this 

theoretical model. If the event probabilities sum to one the model is 

simplified. 

Pi= 2k ( k . 1 ) + i= 1,2,. . .,k. 

1 1 

- k 

i 
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The experiments involved in testing this model require the sub- 

ject to respond in a probability situation. Piaget (1950) states that 

children under seven or eight are unable to utilize the concept of 

probability. In contrast, the studies done by Yost, Siegel and 

Andrews (1962) and one done by Siegel (1964) illustrate that children 

this age can make probability judgements in a situation involving 

reinforcement which is suitable to maintain motivation in the child- 

ren. The reinforcements used in both the above mentioned studies 

were trinkets, balloons, candies, crayons, and so on. It is en- 

tirely possible that reinforcements other than these are equally ef- 

fective in studying children's probability judgements. McCullers 

and Stevenson (1960) studied the differential effects of verbal rein- 

forcement in relation to chronological age. Their conclusions were 

in agreement with that of Gewirtz and Baer (1958) who found that 

subjects probability judgements improved as a function of social 

reinforcement. 

Siegel contends that his model provides a quantitative estimate 

of the influence of various types of reinforcers on a child's proba- 

bility judgements as they enter into the choices he makes in everyday 

situations. The model asserts that (all else being equal) the strategy 

one adopts in a choice situation varies with the utility of a correct 

choice in that situation. It is the aim of this study to apply Siegel's 

model to the choice behavior of nursery school children under 
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conditions of verbal reinforcement in an attempt to test this conten- 

tion. Since verbal reinforcement does constitute one of the most 

important forms of reinforcement offered in a 'typical' nursery 

school setting, this study may yield enlightening information on some 

of the theoretical and practical issues related to socialization prac- 

tices in the nursery school. 

Purpose of the Study 

The purpose of this study is to test Siegel's Utility model in a 

situation involving verbal reinforcement. The applicability of the 

model to a population of both sexes was also investigated. The study 

provides tests of both ordinal and quantitative predictions from the 

model. 

The specific objectives involved in testing the model are the 

following: 

1. To determine whether or not verbal reinforcement is an 

effective payoff for a population of preschool children of 

both sexes as measured by their stable -state choice behavior. 

2. To determine whether or not valid predictions can be made 

from the model under conditions of verbal reinforcement. 

3. To test the application of Siegel's theoretical model in a 

preschool population of both sexes. 

In order to test the objectives stated above the following 
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hypothesis were tested. 

Hypothesis I 

Subjects observed under conditions of increased payoff - 

corresponding to increased value of utility of a correct choice - 

will increasingly tend to adopt a pure strategy; that is, under condi- 

tions of increased value of the payoff subject's stable -state strategies 

will occur in increasing order from matching to pure strategies. 

Hypothesis II 

Stable -state strategies (p) of both boys and girls predicted from 

the model do not differ quantitatively from the observed stable -state 

strategies. 
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II. DESIGN: SUBJECTS AND PROCEDURE 

Subjects 

The sample was from a population of nursery school children 

ranging in age from 3. 3 to 5. 1 attending the two laboratory nursery 

schools at Oregon State University during the year 1967. Most of 

these children are the children of either the staff, faculty, or the 

students of Oregon State University. Fourteen subjects randomly 

sampled from the population were held in reserve as alternate sub- 

jects to replace any subject who would be dropped from the experi- 

ment unexpectedly. The remaining thirty subjects were used as the 

sample. A total of four children showing some indication of emotional 

or intellectual problems were eliminated from the sample. The 

decision to eliminate a subject was based on the information provided 

by the nursery school teachers who work continually with the children. 

In as much as the Oregon State Laboratory Nursery School children 

are typical of university nursery school children in general, the 

results of this study may be generalized to them. 

Procedure 

In order to test hypothesis I the thirty subjects were randomly 

assigned to three groups of equal size with the only restriction being 

that there be equal numbers of boys and girls in each group, each of 
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which involve different payoff conditions. The groups are described 

as follows. 

1. Ten subjects were observed under a no- payoff condition 

where there was no extrinsic reinforcement of any kind for 

either correct or incorrect response. 

2. Ten subjects were observed under a payoff condition. The 

positive verbal reinforcement used was, "That's right, that's 

very good ". 

3. Ten subjects were observed under a payoff -loss condition 

where the subjects received positive verbal reinforcement 

for a correct choice and negative verbal reinforcement for 

an incorrect choice. The positive verbal reinforcement 

used was, "That's right, that's very good". The negative 

verbal reinforcement used was 'That's wrong, that's not 

very good. ' 

In order to test hypothesis II subjects were observed under two 

conditions denoted as R and S. These are identical with respect to 

all factors relevant to utility but different with respect to the values 

of -rr. (reinforcement parameter). Under conditions R, K = 2, 

Tr = . 75 and Tr = . 25, whereas under conditions S, K = 2, it 80 

and IT = . 20. From the mean strategy observed under condition R, 

an estimate of a was calculated and was used to obtain a prediction 

of the mean strategy of the subjects observed independently under 

= . 
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condition S. Similarly, from the strategy behavior observed under 

condition S, an estimate of a was calculated and was used to obtain 

a prediction of the strategy behavior of the subjects under condition 

R. This yielded two independent sets of estimates of the same 

theoretical set of a . 
i 

According to Siegel (1964), to test the model 

without capitalizing on chance features of the data, it is appropriate 

to consider each experimental condition in turn as an estimation 

condition. 

In the studies done by Yost, Siegel and Andrews (1962), and 

Siegel (1964), variables such as IQ and motivation as well as utility 

factors which influence the probability judgements were assumed to 

be controlled through random selection and assignment of subjects. 

A similar assumption is made in this study. Selection and assign- 

ment therefore followed a random procedure. 

The apparatus (to be described later) was set up at the labora- 

tory nursery school. An effort was made to keep distractions at a 

minimum. Each child was seen individually. The testing procedure 

used with each child depended upon which group he was placed 

through random assignment. The instructions given to each individ- 

ual child was as follows: "I want you to play a game with me. Do 

you see these two lights? Only one of these two lights flashes on 

at one time. This red light tells you when to begin the game. 

Every time this red light comes on I want you to tell me which light 
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you think - this one or that one - is going to come on next. " The 

instructions were repeated when necessary. The first three trials 

for each child were used as practice trials. One child did not seem 

to understand the directions, and three more trials were used as 

practice trials; however, this subject later refused to complete the 

experiment. No distinction was made for S between these trials 

and the initiation of the experimental series. Each subject was ob- 

served for a total of 60 trials, each trial block consisting of 20 

trials. The final block of 20 trials was arbitrarily designated as 

the stable- state2 At the end of the experiment each child was given 

a trinket as a reward for having played the game. 

Apparatus 

The apparatus used consists of a plywood board about three feet 

high on which are mounted three lights - two 25 watt bulbs set 18 

inches apart and one 25 watt red light about 18 inches below the 

others and equidistant from them. The purpose of the red light is 

to indicate the onset of each trial. A trial in this case, the predic- 

tion by the child as to which light is going to flash on next followed 

by the actual flashing of the light which gives the child an opportunity 

2The point at which a person reaches stable -state varies from 
one individual to another. Since these children may not have actually 
reached the stable- state, this final block of twenty trials was arbi- 
trarily designated as the stable -state on the basis of the information 
received from a pilot study. 
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to see if his prediction is correct. The order in which the two lights 

illuminate from trial to trial is random, with two restrictions; 

1) in no instance does the more frequent light illuminate more than 

six times in succession, and 2) the Tr. proportions is maintained 

within each trial block. 

The subject was seated at a low table facing the lights. The 

experimenter was at right angles to the subject. In front of the ex- 

perimenter were two switches which were clearly marked as to left 

or right and which were used for the presentation of the lights to the 

subjects. The flashing of lights was independent of the subject's 

response and were changed once the experiment began. 

The experimenter initiated each trial by consulting his list of 

trials to determine which event would occur and operated a switch 

which illuminated the red signal light. The event light followed the 

red signal light by a three second interval within which time the sub- 

ject was expected to make his prediction. The experimenter recorded 

the subject's choices manually. 
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III. THE DATA AND THEIR TREATMENT 

Two hypotheses were tested in this study one ordinal and one 

quantitative. The ordinal hypothesis was designed to test the pro- 

position that under conditions of increased value of the payoff, verbal 

reinforcement, the subjects' stable -state strategies will occur in in- 

creasing order from matching to pure strategies, implying that 

stable -state strategy in a binary decision situation is a direct func- 

tion of amount of payoff. The quantitative hypothesis stated that 

stable -state strategies (P) predicted from the model for both boys 

and girls do not differ quantitatively from the observed stable -state 

strategies. The data under both hypotheses were in the form of p1 

values, where pl is the stable -state choice proportion with which 

the subject selects the most frequent event. 

Prior to testing the overall ordinal hypothesis, the data were 

examined separately for boys and for girls for the three different 

conditions, 'no payoff, "payoff, "payoff-loss, ' in order to test the 

hypothesis of no difference between boys' and girls' stable -state 

strategies. The following formula was used to test for the least 

significant difference between two treatment means at the five percent 

level of significance: 

Frl t .025 Nrs2(1 + 1 ) nl n2 

- 

- Y2] > 
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The quantity on the right -hand side of the above inequality is 

denoted as the least significant difference between two treatment 

means y1 and y2. A difference between two treatment means exceed- 

ing the quantity on the right is considered significant. The variance 

(s2) within each of the conditions was used as the error mean square. 

The numbers of observations in each of the conditions is denoted by 

n1 and n2; t, of course, represents the statistic used in assessing the 

difference between means. In this t -test, y1 represents the mean 

stable -state p1 value for boys and y2 represents the mean for girls. 

This test was applied to the mean response of fourteen boys and 

that of fifteen girls for the three payoff conditions under two different 

event probabilities. That is, the data were examined for the three 

payoff conditions under two experiments involving different proba- 

bilities of occurrence of the more frequent event. The proportion of 

events was set at Tr = . 75 and Tr = 25 in experiment R1 and Tr 
1 

= .80 

and Tr = . 20 in experiment S. Of these six tests, only two yielded 

significant differences at the five percent level of significance, 

namely, the Tr = . 80 in the no payoff condition and Tr = . 75 in the 

payoff condition. 

Of the four tests yielding non - significant differences the follow- 

ing results were obtained for the three conditions. In the no payoff 

condition, where Tr = . 75, the mean for boys was equal to 0. 620 and 

the mean for girls equal to 0. 580. The difference between the two 

l 

, 

l 
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treatment means was 0.080 which is less than the least significant 

difference of . 484. Similarly under the payoff condition when Tr = 

. 80 the mean for boys was . 663 and the mean for girls was . 690. 

The difference between the two treatment means is . 270 which is 

less than the least significant difference of . 319. Under the payoff- 

loss condition there was no significant difference between the boys' 

and girls' stable -state strategies under both Tri conditions. Where 

Tr = .75 the boys' mean was . 575 and the mean for girls was .620. 

The difference between the two treatment means is equal to . 045 

which is less than the least significant difference of .234. Similarly 

where Tr = . 80 the mean for boys was . 575 and the mean for girls 

was . 650. The difference between the two treatment means of . 075 

is less than the least significant difference of . 307. There is not 

sufficient evidence to reject the hypothesis of no difference between 

the boys' and girls' stable -state strategies under all the above tested 

conditions. That is boys and girls do not differ with regard to their 

stable -state strategies under either probability for the more frequent 

event for the payoff -loss condition or for Tr = .80 for the payoff con- 

dition or for Tr = . 75 for the no payoff condition. 

As mentioned above two of these six t -tests are significant. 

Under the no payoff condition, when Tr . 80, the mean for boys was 

equal to .750 and the mean for girls was equal to . 500. The dif- 

ference between the two treatment means was . 250 which is greater 

= 

1 

1 
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than the least significant difference of . 156. Similarly, under the 

payoff condition, when Tr = . 75, the mean for boys was . 625 and the 

mean for girls was . 380. The difference between the two treatment 

means is . 245 which is greater than the least significant difference 

of . 128. Hence, the null hypothesis of no difference between stable - 

state strategies of boys' and girls' is rejected for these two condi- 

tions. That is, boys' and girls' do differ significantly with regard 

to their stable -state strategies under the no payoff condition, where 

Tr = . 80, and under the payoff condition when Tr = . 75. Under both 

of these conditions the stable -state strategies of boys are higher 

than those of girls. 

In order to test the ordinal hypothesis from the model which 

states that the stable -state strategies increase directly with increased 

payoff, from matching to pure strategies, the Jonkheere test for in- 

dependent samples, (Jonkheere, 1954) which involves testing the al- 

ternative hypothesis that the array of averages will occur in an in- 

creasing order, would have been an appropriate test to apply. 

However, as can be seen from the data in Table I[ page 23, by inspec- 

tion alone, the hypothesis is untenable. Obviously, the means for 

the subjects under the three pay off conditions, when Tr = . 75, with 

p equal to . 580, .489, .600 respectively; and similarly, when 

Tr = . 80, with p equal to .625, . 677, .616 respectively, are not in 

an increasing order in relation to increase in payoff. The frequency 

l 

1 
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Table L Frequency with which Various Stable -State Strategies were 
Adopted by Subjects in Two Experiments. 

Condition 

P1 
No Payoff (n =10) 

/ 1 . = . 7 5 Tr = . 80 
Payoff (n =9) 

Tr = . 7 5 Tr = . 

Payoff -loss (n =9) 
80 Tr 1=. 7 5 Tr1=.80 

.05 - x 

. 10 - 

. 15 -- 

. 20 

. 25 

. 30 x x 

.35 x 

.40 x x xx x x 

.45 x xx xx - 

.50 xx x - x xxx x 

.55 x x x x 

. 60 x x x 

.65 x x - X 

.70 x x - xxx xx 

.75 x 

.80 x x x 

.85 x x -- x 

.90 x 

.95 x 

1.00 

-- 

xx 

xx 

x 

-- -- -- 

-- -_ - 

-- -- - 

-- 

-- - 

-- -- - 

-- -- - 
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with which various stable -state strategies were adopted by subjects 

in the two experiments is reported in Table I page 21. 

In view of the fact that the ordinal hypothesis was untenable the 

data were further examined to obtain answers to the following ques- 

tions: 

1. Do these subjects have at least a rudimentary grasp of the 

concept of probability adequate to the task in this situation? 

a. Do these subjects predict the more frequent event on 

50 percent or less of the trials which would be expected 

in a performance based on chance rather than on an 

understanding of the probability principle involved? 

b. For these subjects are the p values beyond a certain 

Tr. value dependent upon the Tr. values? In other words 

was the Tr . split of 80:20 sufficiently different from the 

75 :25 split for these subjects to detect a difference? 

That is, do the number of subjects whose p values in- 

crease from the Tr = . 75 condition to Tr = . 80 condition 

differ significantly from chance regardless of the order 

of the Tr. event to which the subject was exposed? i 
The normal approximation to the binomial distribution (Li 1964) , 

at the five percent level of significance was used to analyze the data 

in order to gain answers to these questions. These results are 

reported in Table II, page 23. 
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Table II. Various Stable -State Strategies Adopted by Subjects (in 
the Two Experiments) Under the Three Payoff Conditions. 

Experiment I (n = .75) Experiment II ( "i= . 80) 

No Payoff- No Payoff - 
Payoff Payoff loss Payoff Payoff loss 

Boys 

P1= .70 .45 .50 .90 .45 .55 
. 85 .95 .70 .80 1.00 65 
. 40 . 80 . 70 . 85 . 75 . 40 
. 50 .30 .40 .55 .45 .70 
. 65 . 65 

T1 = 3. 10 2.50 2.30 3.75 2.65 2.30 

= . 620 . 625 . 575 . 750 .663 . 575 

Girls 

Pl = .50 .40 .55 .60 .75 .95 
. 45 . 60 .70 . 50 . 60 .75 
. 40 . 05 . 50 . 40 . 80 . 50 
. 80 . 45 . 50 . 30 . 50 . 35 
. 55 . 40 . 85 . 70 . 80 . 70 

T2 = 2.70 1.90 3. 10 2. 50 3.45 3.25 

y2 = .540 . 380 . 620 . 500 . 690 . 650 

T = 5. 80 4.40 5.40 6. 25 6. 10 5. 55 

P1 = . 580 . 489 . 600 . 625 . 677 . 616 

yl -y2 
= . 080 . 245 . 045 . 250 . 027 . 075 

t.025 s2(1/n1 + 1/n2) 

. 484 . 128 . 234 . 156 . 319 . 307 

Significant at 5% level 

y1 

= 
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In order to see if the predictions made by these subjects could 

be accounted for by chance, the frequency with which the more fre- 

quent event was favored, was tested under both Tr. conditions. The 

assumption here, being that if the subjects favored the more fre- 

quent event more than 50 percent of the time, they must have some 

understanding of probability. It was found that when Trl = . 75, 13 

subjects favored the more frequent event. The statistic u is equal 

-. 555 which is not significantly different from chance. On the 

other hand when Trl = . 80, 20 subjects favored the more frequent 

event. The statistic u is equal to 2. 04 which is significantly dif- 

ferent from chance. Therefore, when Trl = .75 there is insufficient 

evidence to reject the null hypothesis, which states that the frequency 

of selecting the more frequent event does not differ from chance ex- 

pectation; on the other hand when îr 80 it is possible to reject the cull. 

To see if these children gained in their understanding of the 

principle of probability from their exposure to the first testing period 

as evidenced in stable -state strategies in the second testing period, 

the changes from the first to second experiment were tested. It 

was found that the number of children who improved, that is, whos 

p value increased, from the first to second experiment was eight, 

which is not significantly different from chance. On the other hand, 

the number of children whose p value decreased from the first to 

second experiment was 20, which is significantly different from 

to 
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chance. Hence, the notion of the children having gained in their 

understanding of the principle of probability from their exposure to 

the first testing period, was rejected. 

To see if the Tr. split of 80:20 was sufficiently different from the 

75:25 split for these subjects to detect a difference, the subjects 

whose p values increased from the Tr 
1 

= . 75 condition to the IT 
1 

= . 80 

condition was tested. It was found that 20 subjects out of a total of 

28 subjects either did not change or showed increase in their stable - 

state strategies from the Tr = . 75 condition to the Tr = . 80 condition, 

which is significantly different from chance. Hence, the notion of 

the p values being dependent upon the Tr . values, beyond a certain 

Tr. value, was not rejected. i 
In order to test hypothesis II, data was used from the two ex- 

periments (denoted as R and S) which, while identical with respect to 

all the utility - relevant features, differed for the values of Tr.. Ob- 
i 

servations of strategy behavior under each experimental condition 

were employed to obtain estimates of a , through use of the estima- 

tion procedure specified by Siegel (1964, p. 92). Using the estimate 

of a from one experimental condition, predictions were derived from 

the utility model (reported on p. 8 of this text) concerning strategy 

behavior in the other separate and independent experimental condition. 

The mean observed strategy in each experimental condition is com- 

pared with the mean strategy predicted from the model. The degree 
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of correspondence between the predicted and observed mean strate- 

gies was noted. This procedure follows that of Siegel (1964). 

The computation formula for the a parameter in the two experi- 

ments is the following: 

2(2p, - 1) 

Tr - Tr 

where a is the interaction among all the factors of a choice situation 

which are relevant to the utility associated with that situation. 

p. is the observed choice proportion in the final trial block 

representative of the stable- state. 

Tr and Tr denote the proportions in which the two events occur 

in successive trials. 

If for the ordinal hypothesis, increased choice of the more fre- 

quent event with increase in payoff, had obtained, it would have been 

sufficient to test the quantitative hypothesis only under the payoff- 

loss condition. Since it was not accepted, the data were examined 

further to see if the model predicted for the payoff and no payoff 

conditions. In other words, separate estimates of a were made for 

each of the three payoff conditions under both experiments. These 

results are reported in Table III, page 27. 

In experiment R where Trl = . 75 and Tr2 = . 25, a is estimated to 

be . 800 for both the boys and the girls under the payoff -loss condition. 

a 

i 
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Table III. Comparison Between Predicted Strategy (P1) and Ob- 
served Mean Strategy (pi) under the three payoff condi- 
tions. 

Alternative 
Condition Event Tr i a Pi Pi [ d] 

Payoff- 1 

loss 2 

1 

2 

Payoff 1 

2 

1 

2 

No Payoff 1 

2 

1 

2 

80 
. 20 

. 75 

. 25 

. 80 
20 

. 75 
25 

. 80 

. 20 

. 75 
. 25 

. 800 

. 773 

. 088 

. 118 

. 640 

1. 166 

. 620 . 616 .004 

. 380 . 384 .004 

. 597 .600 .003 

. 403 .400 .003 

. 513 . 677 .164 

. 487 . 323 . 164 

. 548 . 489 . 059 

.452 . 511 .059 

. 596 . 625 . 029 
. 404 . 375 . 029 

. 646 . 580 .066 
. 354 .420 066 

This value which is an estimate of the utility parameter associated 

with both alternatives in the K = 2 case, was used to obtain a numeri- 

cal prediction of the strategy that would be adopted by the subjects 

under condition S of the experiment for the payoff -loss condition. 

The predictions yielded by the model 

Pi 2 k (k Tr. - 1) + k (described in detail on page 8 of this 
text) . 

for condition S are P1 = . 620 and P2 380. On the basis of the 

estimate of a obtained from the data of condition R, it is predicted 

i 

= . 
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that when subjects are observed under condition S they will choose 

the more frequent event (Tr = . 80) on . 620 of the trials at the stable 

state, and the less frequent event (Tr 
2 

= . 20) on . 380 of the trials. 

As can be seen from the data on Table III, page 27, subjects under 

condition S chose the Tr event on . 616 of the trials and the Tr event 

on . 384 of the trials. The difference between the strategy predicted 

by the model and the observed strategy is . 004. Similarly for the 

second test of the model a was estimated to be . 867 from the ob- 

servations of mean strategy under condition S (Tr = . 80). This 

value which is an independent estimate of the utility parameter was 

employed in the theoretical model to obtain a numerical prediction of 

the strategy that would be adopted by the subjects under experiment 

R (Tr = . 75) in the payoff -loss condition. The predictions yielded 

by the model were P1 = . 597 and P2 = .403. On the basis of the 

estimate of a obtained from the data of condition S, it is predicted 

that when subjects are observed under condition R they will choose 

the more frequent event (Tr = . 75) on . 597 of the trials at the stable - 

state, and the less frequent event (n2 = . 25) on . 403 of the trials. 

As can be seen from the data on Table III, page 27, subjects under 

condition S chose the Tr event on . 600 of the trials and the n2 event 

on .400 of the trials. The discrepancy between the mean strategy 

predicted by the model and the observed mean strategy is . 003. 

Under the payoff conditions was estimated to be . 088 from the 

- 
l 

1 
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observations of mean strategy for boys and girls combined, under 

condition R. This value was employed to obtain a numerical predic- 

tion of the strategy that would be adopted by the subjects under ex- 

periment S of the payoff condition. The predictions yielded by the 

model were P1 = . 513 and P2 = . 487. On the basis of the estimate 

of a obtained from the data of condition R, it is predicted that when 

subjects are observed under the payoff condition of experiment S 

they will choose the more frequent event (Trl = . 80) on.513 of the 

trials and the less frequent event (Tr2 = . 20) on .487 of the trials. 

As can be seen from the data on Table III, page 27, subjects under 

condition S chose the n 
1 

event on . 677 of the trials and the Tr event 

on . 323 of the trials. The discrepancy between the mean strategy 

predicted by the model and the observed mean strategy is . 164. 

Similarly, for the second test of the model under the payoff condition 

a was estimated to be .118 from the observed mean strategy under 

experiment S of the payoff condition. This independent estimate of 

the utility parameter was used to obtain a numerical prediction of 

the mean strategy that would be adopted by the subjects under ex- 

periment R of the payoff condition. The predictions yielded by the 

model were P1 =.. 548 and P2 = .452. The observed mean stable- 

state strategy adopted by the subjects under experiment R of the 

payoff condition was pl = . 489 and p2 = . 511. The discrepancy be- 

tween the mean strategy predicted by the model and the observed 
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mean strategy is . 059. 

As will be recalled, under the payoff condition the stable -state 

strategies of boys and girls differed significantly when Tr = . 75. 

Hence, the data were examined further to see if the stable -state 

strategies of boys and of girls, could be predicted separately from 

the model. For girls under the payoff condition a was estimated to 

be . 960 from the observed mean stable -state strategy under experi- 

ment R. This value was used to obtain a numerical prediction of 

the strategy that would be adopted by the subjects under experiment 

S. The predictions yielded by the model were P1 = . 644 and P2 = 

. 356. It is predicted that when subjects are observed under condi- 

tion S they will choose the more frequent event (Tr _ . 80) on . 644 

of the trials and the less frequent event (Tr = . 20) on . 356 of the 

trials at stable- state. As can be seen from the data on Table III, 

page 27, subjects under condition S chose the Tr event on . 690 of the 

trials and the Tr event on . 310 of the trials at stable- state. The 

discrepancy between the mean strategy predicted by the model and 

the observed mean strategy is . 046. Similarly, for the second test 

of the model a was estimated to be 1. 26 using the mean observed 

strategy under experiment S of the payoff condition for girls. This 

independent estimate of the utility parameter was used to obtain a 

numerical prediction of the strategy that would be adopted by the 

subjects under experiment R. The predictions yielded by the model 

1 

1 
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are P1 = . 658 and P2 = .342. It is predicted that when girls are ob- 

served under experiment R of the payoff condition, they will choose 

the more frequent event (Tr = . 75) on . 658 of the trials and the less 

frequent event (Tr = . 25) on . 342 of the trials at the stable -state. 

The observed mean stable -state strategy of girls under experiment 

R of the payoff condition was pl = . 380 and P2 = . 620. The discre- 

pancy between the mean strategy predicted by the model and the ob- 

served mean strategy is . 278. 

For boys under experiment S of the payoff condition a was 

estimated to be 1.00 from the mean observed strategy under experi- 

ment R. This was used to numerically predict the strategy of boys 

under experiment S. The predictions yielded by the model were 

Pl = . 650 and P2 = . 350. As can be seen from the data on Table III, 

page 27, the boys under experiment S chose the Tr event on . 663 of 

the trials and Tr event on . 337 of the trials at stable - state. The 

difference between the predicted and observed stable -state strategy 

is . 013. Similarly, for the second test of the model, in experiment 

S where Tr1 = . 80 and Tr2 = . 20, a is estimated to be 1.087 under the 

payoff condition for the boys. This value was employed to obtain 

the mean predicted strategy under experiment R. The predictions 

yielded by the model were P1 = . 639 and P2 = . 361. The observed 

stable -state strategies of boys under experiment R was pi = . 625 

and p = . 375. The difference between the predicted and observed 

1 
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stable -state strategy is .014. 

Under the no payoff condition, a is estimated to be . 64 from the 

data obtained from experiment R. This value was used to predict 

a numerical value of P1= . 596 and P2 = 404 under experiment S. 

As can be seen from the data on Table III page 27 subjects under 

experiment S chose the Tr event on . 625 of the trials and the Tr 

event on . 375 of the trials at the stable- state. The discrepancy 

between the mean strategy predicted by the model and the observed 

mean strategy is . 029. Similarly, for the second test of the model, 

a was estimated to be 1. 166 from the mean observed strategy under 

experiment S of the no payoff condition. This independent estimate 

of the utility parameter was used to obtain a numerical prediction of 

the strategy that would be adopted by the subjects under experiment 

R. The predictions yielded by the model were P1 = 646 and 

P2 = . 354. The observed stable -state strategy under experiment R 

of the no payoff condition, was pl = . 580 and p2 = . 420. The dif- 

ference between the predicted and observed mean stable -state strat- 

egy is . 066. 

As will be recalled, under the no payoff condition the stable - 

state strategies of boys and girls differed significantly under experi- 

ment S (Tr = . 80). Hence, the data under this condition were further 

examined to see if the separate stable -state strategies of boys and 

girls could be predicted from the model. For girls under this 

- 
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condition Q, was estimated to be . 32 from the observed mean stable - 

state strategy under experiment R. This estimate was used to 

numerically predict the strategy that would be adopted by the girls under 

experiment S. The predictions yielded by the model were P1 = . 548 

and P2 = .452. As can be seen from the data on Table III page 27 the 

girls under this condition chose the Tr event on . 50 of the trials and 

Tr event on . 50 of the trials at stable- state. The discrepancy be- 

tween the mean strategy predicted by the model and the observed 

mean strategy is . 048. Similarly, for the second test of the model 

an estimate of 0 was obtained from experiment S. This was used to 

obtain a numerical prediction of the strategy that would be adopted 

by the subjects under experiment R. The predictions yielded by the 

model were P1 = . 500 and P2= . 500. The observed mean stable -state 

strategy for girls under this condition was pi. = . 540 and p2 = . 460. 

The difference between the predicted and the observed mean strategy 

is .040. 

For boys under the no payoff condition, a is estimated to be 

. 96 from the data obtained from experiment R. This independent 

estimate of the utility parameter was used to obtain a numerical 

prediction of the strategy that would be adopted by the subjects under 

experiment R. The predictions yielded by the model are p1 = . 644 

and P2 = . 356. As can be seen from the data on Table III page 27 

2 Tr the boys under experiment S chose the Tr 
1 

event on . 750 and event 

1 
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on . 250 of the trials at the stable- state. The discrepancy between 

the observed and predicted mean stable -state strategy is . 106. Simi- 

larly, for the second test of the model, a is estimated to be 1. 666 

from the mean observed strategy under experiment S. The predic- 

tions yielded by the model are P1 = . 604 and P2 = . 396. The ob- 

served stable -state strategy of boys under experiment R of the no 

payoff condition was p1 = . 620 and p2 = . 380. The discrepancy be- 

tween the mean strategy predicted by the model and observed mean 

strategy is . 016. 

Since the same individual was observed in two different condi- 

tions, individual values of the utility parameters, values unique to 

the single subject were estimated. The estimates obtained under 

one condition were then tested by using these estimates to obtain, 

from the model, a unique prediction of that individual's strategy 

behavior under the other condition. The deviation between predicted 

and observed strategy would indicate the quantitative validity of the 

model for the behavior of that subject. The variance of the utility 

parameter (Madansky, 1963)3 was estimated using the variance of 

the observed and predicted strategy and was compared with the 

standard normal table at the five percent level of significance. Under 

3The Madansky test was designed for testing the significant 
discrepancies between the predicted and observed mean stable -state 
strategies. For the purpose of this study, this test was adopted for 
testing the significant discrepancies between the predicted and ob- 
served individual stable -state strategies. 
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the no payoff condition from a total of ten subjects, eight subjects', 

four boys' and four girls') mean observed stable -state strategies 

( p = . 90, . 80, . 55, . 65, . 60, . 60, . 50, . 40, . 70) did not differ 

significantly from the respective mean strategy (P = . 740, . 920, 

. 500, . 680, . 500, . 400, 380, . 560) predicted by the model. For 

two subjects (one boy and one girl) there was not sufficient evidence 

to reject the hypothesis of no difference between predicted (P = . 380, 

. 860) and observed mean stable -state strategies (p = . 85, . 30). 

Under the payoff condition, from a total of nine subjects, six sub- 

jects' (four boys' and two girls') observed stable -state strategies 

(p = . 45, 1.00, . 75, .45, . 60, . 50) did not differ significantly from 

the respective predicted mean strategies (P = .44, . 95, . 86, . 26, 

. 62, .44) from the model. It was not possible to reject the hy- 

pothesis for the remaining three subjects (3 girls) whose observed 

mean stable -state strategies (p = . 75, . 05, . 80) differed significantly 

from the respective predicted mean strategies (P = . 38, -. 04, . 38). 

Similarly, under the payoff -loss condition, from a total of nine sub- 

jects seven subjects' (four boys' and three girls') stable -state 

strategies (p = . 65, .70, .75, . 50, . 35, 70, . 55) did not differ 

significantly from the mean strategies (P = 74, . 38, . 74, . 50, . 50, 

. 92, 70) predicted by the model. For two subjects (two girls) there 

was a significant difference between the predicted (P = . 74, . 56) and 

observed mean stable -state strategies (p = .40, . 95). From a total 
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of twenty -eight subjects under all three conditions, the observed 

stable -state strategy of twenty -one subjects (75 percent) did not dif- 

fer significantly from the mean strategy predicted by the model. 

On the other hand the stable -state strategy of seven subjects (25 per- 

cent) did differ significantly from the mean strategy predicted by 

the model. 

In order not to capitalize on chance features, a second estimate 

of a was obtained for each individual from the observed mean stable - 

state strategies under experiment S and was used to predict to ex- 

periment R. Under the no payoff condition from a total of ten subjects, 

eight subjects' mean observed stable -state strategies (p = . 70, . 85, 

. 50, . 65, . 50, . 45, . 40, . 55) did not differ significantly from the 

respective mean strategy predicted by the model. For two subjects 

it was not possible to reject the hypothesis of no difference between 

predicted (P = . 791, . 334) and respective observed mean stable -state 

strategy (p = .40, . 80). Under the payoff condition, from a total of 

nine subjects, six subjects' observed stable -state strategies (p = 

45, . 95, . 80, . 30, . 60, . 45,) did not differ significantly from the 

respective predicted mean strategies (P = .459, . 916, . 708, .459, 

. 58, . 50) from the model. It was not possible to reject the hypo- 

thesis for the remaining three subjects whose observed mean stable - 

state strategies (p = . 40, . 05, . 40) differed significantly from the 

respective predicted mean strategies (P = . 703, . 750, . 750). 
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Similarly, under the payoff -loss condition, from a total of nine sub- 

jects, seven subjects' stable -state strategies (p = . 70, . 70, . 50, . 50, 

. 85, . 50, .400 did not differ significantly from the respective mean 

strategies (P = . 625, . 708, . 500, . 375, . 666, . 542, . 666) predicted 

by the model. For two subjects there is a significant difference 

between the predicted (P = .420, . 875) and observed mean stable- 

state strategies (p = 70, . 55). From a total of twenty -eight subjects 

under all three conditions, the observed stable -state strategy of 

twenty -one subjects (75 percent) did not differ significantly from the 

mean strategy predicted by the model. On the other hand, the 

stable -state strategy of seven subjects (25 percent) did differ signifi- 

cantly from the mean strategy predicted by the model. These re- 

sults are reported in Table IV, page 38. It should be noted that the 

subjects for whom the model failed to predict were the same sub- 

jects under both conditions. 

. 



Table IV. Comparison Between Predicted Strategy (P.) and Observed Mean Strategy 
I.) 

Under the 
Three Payoff Conditions. 

Subject Condition Alternative TT , a . P. p. [d] Z 

1 No payoff 1 . 80 . 740 . 90 . 16 
2 . 20 

1. 600 
260 . 10 . 16 

1. 14 

1 . 75 . 834 . 70 . 134 
2 . 25 

2. 670 
166 . 30 . 134 

663 

2 1 .80 . 380 . 85 . 47 1 

2 . 20 
800 620 . 15 . 47 

3. 071 

1 .75 .791 .40 .391 1 

2 . 25 
2. 333 209 . 60 . 391 

3. 100 

3 1 . 80 
2. 800 920 . 80 . 120 

-. 923 
2 . 20 . 080 . 20 . 120 

2 . 25 
2. 000 

. 250 . 15 . 10 
1. 000 

4 1 . 80 . 500 . 55 . 05 
2 . 20 0 0 . 500 .45 . 05 

. 287 

1 

2 

. 75 
. 25 

, 333 . 542 
.458 

. 50 

. 50 
. 042 
. 042 

-. 300 

5 1 

2 

. 80 
. 20 

1. 200 
680 

. 320 
. 65 
. 35 

. 030 

. 030 
018 

1 .75 
1, 000 

625 . 65 . 025 
. 189 

2 . 25 . 375 . 35 .025 
'Significant at the 5 percent level of significance. 

1 .75 

. 

. 750 . 10 

-. 



Table IV. (cont. ) 

Subject Condition Alternative 11. a . P, 
1 P. [d] Z 

1 1 1 

6 No Payoff 1 . 80 
2 20 

1 

2 

.75 

.25 
7 1 . 80 

2 . 20 

1 

2 

.75 

.25 
8 1 .80 

2 . 20 

1 

2 

. 75 

. 25 

9 1 .80 
2 . 20 

1 

2 

. 75 
25 

10 1 . 80 
2 . 20 

1 

2 

. 75 

. 25 

0. 0 

. 666 

-.4 

0. 0 

-. 8 

-. 666 

2. 400 

-1. 333 

. 400 

1. 333 

. 500 . 60 .100 

. 500 . 40 . 100 

. 580 . 50 . 080 
. 420 . 50 . 080 

. 440 . 50 . 060 

. 560 . 50 . 060 

. 500 .45 . 050 

. 500 . 55 . 050 

. 380 . 40 . 020 

. 620 . 60 . 020 

. 420 . 40 . 020 

. 580 . 60 .020 

. 060 

. 570 

. 451 

-. 357 

. 117 

-. 143 

. 860 .30 .56 -3.51 

. 140 . 70 . 56 

. 334 . 80 .466 1 

. 666 .20 .466 3.819 

. 560 . 70 . 14 .767 
. 440 .30 .14 

. 666 . 55 .116 

. 334 .45 .116 -. 847 

1Significant at the 5 percent level of significance. 

. 



Table IV. (cont.) 

Subject Condition Alternative Tr . a. P. 
1 1 1 Pi 

[ d] 

11 Payoff 1 .80 
2 .20 

1 .75 
2 . 25 

12 1 .80 
2 .20 

1 .75 
2 .25 

13 1 . 80 
2 . 20 

1 .75 
2 . 25 

14 1 .80 
2 .20 
1 .75 
2 25 

15 1 . 80 
2 . 20 

1 

2 

75 
25 

-. 400 

-. 333 

3. 600 

3. 333 

2. 400 

1. 666 

-1. 600 

-. 333 

-. 800 

1. 666 

. 440 .45 .010 

. 560 . 55 . 010 

. 459 .45 . 009 
. 541 . 55 . 009 

. 940 1.00 .06 
. 060 0.0 .06 

. 916 .95 .034 
. 084 .95 .034 

. 860 .75 .110 

. 140 .25 .110 

. 708 . 80 . 092 

. 292 . 20 . 092 

. 260 .45 . 190 
. 740 .55 . 190 

. 459 . 30 . 159 

. 541 .70 .159 

. 380 . 75 . 370 
. 620 . 25 . 370 

. 708 . 40 . 308 

. 292 .60 .308 

Z 

. 057 

-. 643 

. 261 

. 755 

-. 75 

. 779 

1. 180 

-1. 188 

2. 3101 

2. 298 

1Significant at the 5 percent level of significance. ° 

. 



Table IV. (cont.) 

Subject Condition Alternative Tr, a . P. p. [d] Z 

16 

17 

18 

19 

20 

Payoff 

Payoff -loss 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

.80 

. 20 

.75 

.25 
80 

.20 

.75 

. 25 

.80 

. 20 

. 75 

.25 

. 80 

.20 

. 75 

.25 

.80 

.20 

.75 

.25 

800 

666 

_3. 6002 

2. 000 

-. 800 

2. 000 

400 

1. 600 

1. 000 

. 620 

.380 

580 
.420 

.750 
, 250 

.380 

.620 

750 
.250 

. 440 

. 560 

. 500 
.500 

.740 

. 260 

. 625 

.375 

. 60 

.40 

. 60 

. 60 

.05 
.95 
.80 
.20 
.40 
.60 

. 50 

. 50 

.45 

.55 

.65 

.35 

.70 

.30 

. 020 

.020 

. 020 

. 020 

.70 

.70 

.42 

.42 

.35 

.35 

. 060 

.060 

. 050 

.050 

.090 

.090 

.075 

.075 

-.117 

.142 

1 

'8. 75 

81 2. 8 

-2. 6921 

.451 

357 -. 

562 

, 559 

¡Significant at the 5 percent level of significance. 
¿P cannot be predicted since the value of a is negative and high. 

i i i i 

-. 

0. 0 



Table IV. (cont. ) 

Subject Condition Alternative Tri a . 
P. 

21 

22 

23 

24 

25 

Payoff -loss 1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

.80 

. 20 

. 7 5 

25 

. 80 

. 20 

.75 

.25 

. 80 

. 20 

. 75 

.25 

. 80 
20 

.75 

.25 

. 80 
: 20 

75 
. 25 

1. 600 

-. 666 

. 800 

1. 333 

400 , 

3. 000 

1. 600 

1. 666 

0. 0 

0. 0 

. 260 

. 420 

. 580 

. 380 

. 620 

. 666 
334 

560 
. 440 

875 
.125 
.740 
. 260 

.708 

.292 

. 500 

. 500 

. 500 

. 500 

. 60 

. 70 
. 30 

. 70 

. 30 

.40 
. 60 

. 95 

. 05 

. 55 

.45 

.75 

. 25 

.70 

.30 
. 500 
. 500 

. 500 

. 500 

. 340 

. 280 

. 280 

. 320 

. 320 

.266 

. 266 

. 390 

. 390 

. 325 

.325 

.010 

. 010 

.008 

.008 

0. 0 
0. 0 

0. 0 

0. 0 

-2. 1251 

1 2. 09 

1. 88 

1. 94 

2. 781 

3. 251 

. 066 

-. 066 

0. 0 

0. 0 

1Significant at the 5 percent level of significance. N 

pi 
[al Z 

.740 .60 .340 



Table IV. (cont. ) 

Subject Condition Alternative rr. 
i 

a. 
i 

P. 
i 

p. 
i 

[d] Z 

26 

27 

28 

Payoff -loss 1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

.80 

. 20 

.75 

. 25 

. 80 

. 20 

.75 

. 25 

. 80 

. 20 

. 75 

. 25 

0.0 

-1.000 

2. 800 

1.333 

0. 
0 

.333 

.500 

. 500 

.315 
685 

. 920 
. 080 

.666 
334 

. 500 

. 500 

. 542 

.458 

.35 

. 65 

.50 

. 50 

. 70 

. 30 

.85 
, 15 

. 55 

. 45 

. 50 

. 50 

.150 

. 150 

.125 

. 125 

. 220 

. 220 

. 184 

. 184 

. 050 

. 050 

. 042 

. 042 

-1. 15 

893 

-1.3 

1. 672 

287 

_, 300 

'Significant at the 5 percent level of significance. 

. 

. 
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IV. DISCUSSION AND CONCLUSIONS 

The main interest of this study was to test Siegel's utility model 

in a population of both boys and girls under three different conditions 

of verbal reinforcement. In testing the application of the model to 

children's decision -making Siegel used 4 year -old boys as his sub- 

jects. As a result of his study he concluded that four year old 

children have some rudimentary grasp of the notion of probability 

and that children in this age group can make probability judgements 

in a suitable situation. The findings of these studies were in contrast 

to those of Piaget (1950) which state that children younger than seven 

or eight are unable to function in terms of any notion of probability. 

The results of the present study support the Piaget position. 

Since only boys were used as subjects in both the Siegel and 

Yost studies mentioned above, in the present study testing for dif- 

ferences between boys' and girls' stable -state strategies were re- 

garded as important under all three payoff conditions in the two ex- 

periments. From a total of six t -tests performed to detect sex 

difference, only two were significant, Tr = 80 under the no payoff 

condition and Tr = . 75 under the payoff condition. In both tests, the 

difference is in the direction of higher stable -state strategies for 

boys. Under no payoff when Tr = . 80, the difference in favor of 

boys could not be accounted for on the basis of any obvious reasons. 

. 
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However, under the payoff condition when Tr = . 75 one girl showed, 

what appeared to be, an extreme position preference. In order to 

see if this girl's stable -state strategy alone could account for the 

difference between boys' and girls' strategies under this condition, 

the p value was recalculated for the rest of the subjects, eliminating 

this particular subject. Interestingly enough, the mean stable -state 

strategy of boys and girls in this condition were also significantly 

different. Further, it is important to note that it was under this 

condition (the payoff condition) that four subjects had to be replaced 

due to the fact that they refused to continue in the experiment. All 

of the subjects who dropped in this condition were boys, each of 

which dropped between the twentieth and fortieth trials. Here, it 

seems appropriate to raise questions such as, do boys expect, or 

perhaps even prefer to be reinforced verbally for both their correct 

and incorrect choices? That is, do boys become threatened when 

the adult in this situation does not respond verbally (supply feedback 

on performance) on every trial. Questions of this sort, of course, 

cannot be answered on the basis of this study and, it is entirely 

possible that some other unaccounted for factor is operating here. 

The children under this condition were prone to make comments such 

as: "That one light keeps going; one of the lights is almost out; this 

game is too tricky;" which suggests that the subject may have felt 

that the experimenter was tricking him or changing the experiment 
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as it developed. It is indeed possible that under this condition, the 

subjects may have found the situation threatening; the children's 

anxiety seemed to mount as the experiment progressed. It is en- 

tirely possible that boys found this situation, in which there was no 

verbal feed -back around errors, too threatening and that their 

anxiety reached its peak in the second block of trials at which point 

they found it necessary to withdraw from the task. With regard to 

girl subjects' performance, there was no detectable difference, 

neither in level of discomfort nor willingness to perform; not one 

girl subject dropped from the entire study. From a developmental 

point of view one may speculate that it is at this age level that child- 

ren seek corroboration oflow they see the world, particularly from 

the adults in the situation, and that this tendency may be more pro- 

nounced for boys than girls. This may have been the case for this 

sample even if not for children in general. This viewpoint is offered 

more as an empirical question rather than as an interpretation sup- 

ported by evidence from this study. The difference found between 

boys and girls in favor of boys may be accounted for, by the notion 

that anxiety and performance are related, with low performance 

scores being associated with high and low anxiety and high perfor- 

mance scores being associated with some optimal anxiety level. 

With regard to the ordinal hypothesis set down in this study, 

inspection of the mean stable -state strategies made it unnecessary 
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to test the hypothesis that increased stable -state strategies are 

associated with increased payoff. It was found that subject's p 

values under conditions of no payoff differed very slightly from those 

under payoff -loss. Thep values for the payoff condition are lower 

than the no payoff and payoff -loss conditions when Tr = . 75 and 

higher than the other two conditions when Tr = . 80. Hence, it can 

be seen from inspection alone that in neither of the two Tr. conditions 

was the hypothesis of increased values of utility of a correct choice 

supported. On the face of it, these results taken alone, indicate 

that verbal reinforcement is not an effective payoff for these subjects. 

Of course, one cannot conclude on the basis of this study alone 

that verbal reinforcement is ineffective, particularly in light of the 

findings of studies such as McCuller and Stevenson (1960) which 

draws the opposite conclusion; however, one can call into question 

the type of verbal reinforcement used in this study. The unchanging 

repetitive nature of reinforcement, of the sort used, that is, 'That's 

right, that's very good; that's wrong, that's not very good" over a 

series of sixty trials, could undoubtedly be regarded as introducing 

a high degree of monotony and even boredom into the situation. This 

would surely reduce the utility of a correct choice and it should be 

noted that the prediction from the model which takes into account 

would be (since utility is a function of the desire to be correct in 

conjunction with the desire to vary one's responses) that the p values 
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be low across all three conditions. In addition, the verbal reinforce- 

ment seemed to interfere with the subject's train of thought; it 

appeared that, the subjects under the no payoff condition seemed to 

concentrate better than the subjects under the payoff or payoff -loss 

condition. Since the subjects were randomly assigned to the three 

conditions to control for variation due to individual differences, this 

effect is assumed to arise in the reinforcement. 

In order to see whether or not these subjects have at least a 

rudimentary grasp of the concept of probability adequate to the task 

in this situation, three additional tests were run. In testing against 

chance the number of subjects who predicted the more frequent event 

on more than 50 percent of the trials, it was found that under the 

Tr = . 75 condition the number of subjects who did so was not signifi- 

cantly different from chance; whereas, under the Tr = . 80 condition 

the number was significantly different from chance. This would 

suggest that these subjects have some understanding of probability 

when Tr 

1 
= . 80 but not when Tr 

1 
= . 75. However, this interpretation 

of the results can be questioned on the basis that the Tr split of 

80:20 could have been regarded as a Tri split of 1:0 by these subjects. 

That is, the subject may have arrived at the conclusion that one light 

is coming on all the time and the other is off. This falls short, it 

would seem, of reflecting understanding of probability. The second 

test was performed to see if the children gained in their understanding 

1 
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of probability from their exposure to the first testing period, ir- 

respective of the Tri condition to which the subject was first exposed, 

as evidenced in stable -state strategies in the second testing period. 

It was found that the number of children whose p values increased 

from the first testing period to the second was not significantly dif- 

ferent from chance; whereas, the number of subjects whose p values 

decreased from the first period to the second was significantly dif- 

ferent from chance. This would suggest that there was some aspect 

of the experimental situation as such, that was affecting the subjects. 

Here, it can be recalled that the reinforcement was held constant 

and the order of events was randomized so that not all subjects re- 

ceived the same Tr. condition during the first testing period; but to 

control for position preference the most frequently occurring event 

was reversed for every subject from the first testing period to the 

second. That is, if a subject received the left light as the most 

frequently occurring event during the first testing period, he re- 

ceived the right light as the most frequently occurring event during 

the second testing period. The time gap between the two testing 

periods was only ten days. If the impact the first testing situation 

had on the children was strong enough to have allowed memory of 

which light was the most frequently occurring, in conjunction with 

the adult reinforcement, then they may have persisted in selecting 

in the second testing period, the light that was occurring most 

i 

- 
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frequently in the first testing situation, thereby introducing inter- 

ference in any response tendency based on the actual occurrence of 

the lights. Assuming that such was the case the confusion of the two 

response tendencies may have even produced anxiety in the child that 

could have reduced his stable -state strategy even further. It could 

not be concluded under these circumstances that the child did not 

understand the notion of probability in the second testing but merely 

that there was nothing in his performance in the second testing period 

to suggest that he had and that in all likelihood he had not gained any 

insight from the first to second experience. In addition, these re- 

sults raise the question as to whether or not the child became bored 

with the task on the second occasion. If the apparatus and payoff 

used have a low interest value for children on an initial run through 

the experiment, it could surely become boring on a second occasion. 

The Siegel model states that as utility of varying ones responses 

increases, the utility of a correct choice drops and is reflected in a 

lower stable -state strategy. Increased variability in the second 

situation could account for the drop in p values in the event that any 

of these conditions prevailed. The third test performed was to test 

the number of subjects whose p values increased from Tr l = . 75 

condition to the Tr =. 80 condition, irrespective of the order in which 

the conditions were presented to the subject, in order to see if the 

Tri split of 80:20 was sufficiently different from the Tri split of 75:25 
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for these subjects to detect a difference. It was found that the num- 

ber of subjects whose p values either increased or remained stable 

from one Tr. . condition to the other was significantly different from 

the number that would be expected by chance. This suggests that 

when the tr. split is 80:20 it is easier for these subjects to realize 
i 

that one event occurs more frequently than the other; whereas they 

do not detect this when the Tr. split is 75:25. As a result of these 

three tests, it is concluded that there is relatively little evidence, 

if any, to suggest that these subjects have even a rudimentary grasp grasp 

of the concept of probability. 

The second hypothesis of no difference between the predicted 

and observed stable -state strategies was designed to make a quanti- 

tative test of the model. It was used to test for the difference be 

tween the group predicted and observed means and for the predicted 

and observed individual mean stable - state strategies under all three 

payoff conditions in two different experiments. For the group com- 

parison, the mean stable -state strategy for each condition was ob- 

tained by averaging the performance of all the subjects under the 

given payoff condition over the final block of 20 trials. Under the 

payoff -loss condition the data were combined since no significant 

difference was found between the boys' and girls' mean stable -state 

strategies. But for the payoff and no payoff condition the boys' and 

girls' mean stable -state strategies were analyzed separately. It 

t 
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was found that the model predicted the mean stable -state strategies 

of boys' and girls' separately under the no payoff condition and for 

boys and girls as a group under the payoff -loss condition; whereas, 

under the payoff condition the model predicted for boys but did not 

predict for girls. This was true even when a subject, who appeared 

to have extreme position preference, was eliminated. As can be re- 

called, for each of these quantitative tests, prediction was made 

from the results obtained from one experiment and compared with the 

observations made under the second experiment. Similarly, the 

prediction from the second experiment was compared with the ob- 

servations from the first experiment. The results mentioned above 

held for both of these sets of comparisons between the predicted 

and the observed mean stable -state strategies. The results obtained 

for girls may be explained on the basis that the Siegel model had not 

previously been tested for girls and that it for some reason does not 

apply to the performance of girls. It is indeed possible that since 

boys' and girls' stable -state strategies are significantly different 

from each other, both cannot be predicted from the same model or 

at least that some modification must be made in the present model to 

accomodate the performance of girls. From a socialization point of 

view, it might be argued that girls, being more socialized at this 

age than are boys, do not feel free enough to drop out of an adult 

controlled situation no matter how unsuccessful their performance or 
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how boring the task; while boys either drop out or if they do perform, 

do so well enough to regard their performance as adequate. 

Since the term utility refers to subjective value of outcome to 

the person, it seems most appropriate to test the Siegel utility model 

using the stable -state strategies of each individual separately. It 

was found that the model predicted for 75 percent of the individual 

subjects and did not predict for the remaining 25 percent of them. 

Under the no payoff condition, from a total of ten subjects, the model 

predicted for eight (4 boys and 4 girls) and did not predict for the 

remaining two (1 boy and 1 girl). Under the payoff condition, from 

a total of nine subjects the model predicted for six (4 boys and 2 girl 

and did not predict for the remaining three (3 girls). Under the 

payoff -loss condition, from a total of nine subjects, the model pre- 

dicted for seven (3 boys and 4 girls) and did not predict for the re- 

maining two subjects (1 boy and 1 girl). Out of the total of 13 boys, 

the model predicted for 11. From these results it can be concluded 

that the model predicts for boys under the three conditions of verbal 

reinforcement. On the other hand, out of the total of 15 girls, the 

model predicted for only ten. Hence, it seems necessary to con- 

clude that the model does not predict the performance of girls under 

any of the payoff conditions. 

In the study, four findings in particular strongly indicate the 

need for further research: 1) the inability of the model to predict 
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for girl subjects and 2) the tendency of boys to drop out under a 

payoff condition and the tendency of girls to perform poorly under 

that same condition. 3) The appropriateness of this apparatus for 

subjects of different age levels. 4) Appropriateness of verbal rein- 

forcement other than the kind used in this study. 

Conclusions 

The ordinal hypothesis of increase in the utility of a correct 

choice corresponding to the increase is payoff, when the payoff is in 

the form of verbal reinforcement, was rejected. It is concluded 

that verbal reinforcement of the form used in this study, a repeti- 

tive, simple monotonous type, was ineffective. 

Since the ordinal hypothesis failed to be supported, three ques- 

tions were raised to determine whether or not the subjects used in 

this study had any grasp of the concept of probability. The first 

question was raised to see if these subjects have some understanding 

of probability when Tr = . 80 as compared to when Tr = . 75, as evi- 

denced in their predictions of the most frequently occurring event 

on more than 50 percent of the trials. It was concluded that the 

number of subjects who predicted the most frequently occurring event 

when Tr = 80 was significantly different from chance; whereas the 

number was not significantly different from chance when Tr 
1 

= . 75. 

This would suggest that these subjects have some understanding of 

. 



55 

probability when Tr = . 80 but not when Tr = . 75. However, this 

interpretation of the results can be questioned, on the basis that the 

children might have arrived at the conclusion that one light keeps 

coming on and the other is off. The second question raised was to 

see if the children gained in their understanding of probability by 

their first exposure to the testing situation, as evidenced in their 

stable -state strategies in the second testing period. It was found 

that the number of children whose p values increased from the first 

testing period to the second was not significantly different from 

chance; whereas, the number of subjects whose p values decreased 

was significantly different from chance. It was concluded that since 

the most frequently occurring event was reversed from the first 

testing period to the second for each subject, the impact of the first 

testing situation had on the children was strong enough for them to 

have persisted in selecting in the second testing period, the light 

that was occurring most frequently in the first testing situation. 

This might have been controlled if the time gap between the two ex- 

periments was larger. The third question raised was to see if the 

number of subjects whose p values increased from the Tr = . 75 con- 

dition to the Tr 80 condition was significantly different from chance, 

in order to see if the Tr. split of 80:20 is significantly different from 

the Tri split of 75:25 for these subjects to detect a difference. It was 

concluded that the Tr, split of 80:20 was significantly different from 

1 

1 
=. 

i 

i 
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the Tr. split of 75:25 for these subjects to detect a difference. In 

other words, when the Tr. split is 80:20 it is easier for these subjects 

to realize that one event occurs more frequently than the other; where- 

as, they do not detect this effect when the Tr. 
s 

split is 75:25. In sum- 

marizing the answers obtained to all three questions, it was con- 

cluded that these subjects did not exhibit any evidence of even a 

minimal grasp of the concept of probability. The results of this study 

agree with the Piaget (1950) finding that subjects this age do not 

grasp the concept of probability which is in direct contrast with the 

conclusions of the Siegel (1964) and Yost (1962) . studies. 

The quantitative hypothesis of no difference between the pre- 

dicted and observed stable -state strategies of boys and girls was 

tested first for the group means and then for individuals using the 

data from both the experiments. For the comparison of group means, 

the model predicted under the no payoff and the payoff -loss condition 

for both boys and girls; whereas, under the payoff condition, the 

model predicted for boys and not for girls. 

Similarly, in comparing the predicted and observed strategies 

for individuals, it was found that the model predicted for boys but 

not for girls under all of the three payoff conditions. 

In as much as this study was designed to test Siegel's utility 

theory under conditions of verbal reinforcement, there are some 

weaknesses in the study to which some of the results could be 
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attributed. The Siegel subjects were tested for 100 trials. It was 

quite obvious that 60 trials did not allow the strategies to reach a 

stable -state in the direct sense of the term. Also, this apparatus 

had never been used before with a preschool population and the pilot 

data may have been misleading, in the sense that the pilot subjects 

appeared to have reached a stable -state in 60 trials. Although there 

was no indication anywhere during the experiment that the type of 

apparatus used was detracting or inappropriate question, could be 

raised as to whether or not the light task has appeal for children of 

this age. Also, just from observation, it seemed as though the ver- 

bal reinforcement itself or the way in which it fit into the procedure 

was interfering with the subject's train of thought. 

Although in this study the subject was exposed to the same rein- 

forcing agent under both the experiments, it would be interesting to 

see if different reinforcing agents produce a difference in the sub- 

ject's stable -state strategy. Further, only female reinforcing 

agents were used in this study, research is needed to determine if 

sex of reinforcing agent has any effect with this age group. This 

study also suggests that 60 trials are too few to allow the subjects 

to reach stable- state. 
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V. SUMMARY 

The purpose of this study was to test Siegel's utility model in a 

preschool population of both boys and girls under three different 

conditions of verbal reinforcement. 

Testing the Siegel model involved, testing two major hypotheses, 

one ordinal and one quantitative. The ordinal hypothesis tested the 

increase in the utility of a correct choice with increase in payoff. 

The quantitative hypothesis tested the difference between the ob- 

served and the predicted, mean and the individual, stable -state 

strategies of both boys and girls. 

A sample of 30 subjects was randomly chosen from a nursery 

school population. These in turn, were randomly assigned to the 

three reinforcement conditions, no payoff, payoff, and payoff- loss. 

Each subject was observed in two different experiments. These 

experiments were identical, with respect to all utility relevant fea- 

tures, except for the values of ni . Each subject was observed for 

60 trials. Under no payoff the subject was not reinforced verbally. 

Under payoff the subject was given positive, verbal reinforcement 

for a correct choice and no reinforcement, positive or negative, for 

an incorrect response. Under payoff -loss the subject was given 

positive, verbal reinforcement for a correct choice and negative, 

verbal reinforcement for an incorrect choice. The positive verbal 

i 
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reinforcement used was, "That's right, that's very good." The nega- 

tive verbal reinforcement used was, "That's wrong, that's not very 

good. " The apparatus used in this study was a modified form of 

Humphrey's two -light situation. 

On the basis of inspection alone, the ordinal hypothesis was de- 

clared untenable. Since this was the case, question was raised as 

to whether the subjects of the study had at least a rudimentary grasp 

of the concept of probability adequate to the task in the experiment. 

Three additional tests were carried out to examine this notion. It 

was concluded that the subjects exhibited little if any evidence of hav- 

ing applied the principle of probability in their choices. 

The quantitative hypothesis of no difference between the pre- 

dicted and the observed, group and individual, stable -state strate- 

gies of boys and girls was rejected for boys as a group and girls as 

a group under the payoff condition, and for the individual stable - 

state strategies of girls under all the three payoff conditions. There 

was not sufficient evidence to reject the hypothesis for boys and 

girls as a group under the no payoff and payoff -loss conditions, nor 

for the predicted and the observed individual stable -state strategies 

of boys, under all the three payoff conditions. 

This study points up the usefulness of the Siegel model in testing 

different types of reinforcers with preschool children. It dictates 

the need for further research to examine differences in choice 
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behavior of preschoolers due to sex differences, types of verbal 

reinforcement, and types of experimental apparatus. 
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