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Abstract approved 

The behavior of individuals in decision making under risk was 

investigated using choice structures of greater complexity than the 

types examined in previous studies. The experiment performed con- 

sisted of two phases. In Phase I a basic utility function for money 

was derived for each subject using lotteries with two equally likely 

outcomes- -the type considered most conducive for determining 

one's true preferences. In Phase II each subject responded to 

lotteries with three, four, and five outcomes. The probability dis- 

tributions used for the complex choice structures corresponded to 

even -odds," "long- shots," and "almost- sure -thing" risk patterns. 

In order to induce realistic responses, one lottery was selected at 

random by each subject and played using real money. 

The complex lotteries for the experiment were generated by a 

computer program based on a "steepest descent" type of algorithm. 

Such lotteries were designed to have specified expected value, 

variance, skewness, and number of outcomes. 



The effects of lottery size and skewness as measured by the 

deviations from the basic utility function were studied by an analysis 

of variance. For this purpose a 3 x 3 random block factorial design 

was set up with four replications. For subjects with significant ef- 

fects, Scheffe's method was employed for a study of simple con- 

trasts. 

The evaluation of the results based on deviations from the basic 

utility function showed that in the face of increased complexity and 

uncertainty all subjects tended to become more extravagant. This 

strongly suggests a rise in the aspiration level as the choice struc- 

ture is made more complicated. Further experimentation appears to 

be warranted to define more clearly an individual's reaction to in- 

creasing complexity in the decision environment. 

It was also found that skewness was a significant source of 

variation. A cautious interpretation of the results suggests that the 

deviations from the basic utility function become larger as the type 

of odds changes from the most preferred to the least preferred pat- 

tern for a given type of decision maker. Lottery size was judged to 

be a significant source of variation, but only for a small number of 

participants. At the levels specified for lottery size and skewness, 

it was concluded that these factors do not interact. 

The results obtained from this experiment appear in agreement 

with the findings from previous experiments with much simpler choice 



structures. It is also worth noting that the conclusions from the sta- 

tistical analysis of the deviations were generally supported by each 

subject's personal evaluation of the importance of the factors studied, 

thus suggesting an awareness of the dominant factors in the decision 

environment. 

In conclusion, the findings of this research provide additional 

support to the argument that modern utility theory, particularly the 

von Neumann -Morgenstern model, is more valuable as a prescriptive 

rather than as a predictive or descriptive "tool" for human decision 

making. As such, its most promising role seems to be that of inte- 

grating the subjective inputs to a decision problem. In this role, 

utility theory will perform three crucial functions. First, it will 

provide a sound basis for formulating decision rules consistent with 

the overall objectives of a system. Second, it will serve as a means 

for communicating desired attitudes to key decision centers. Finally, 

it will enable the design of control systems that induce behavior con- 

sistent with overall objectives rather than dependent on personal 

idiosyncracies. 
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AN INVESTIGATION OF THE INFLUENCE OF CHOICE 
STRUCTURE ON DECISION MAKING BEHAVIOR 

CHAPTER I 

INTRODUCTION 

This thesis is concerned with the study of human decision mak- 

ing in situations involving risk. More specifically, it is a report of 

an experiment designed to measure in a restricted sense, a person's 

utility or subjective value of money with a variety of choice struc- 

tures. 

Structure of a Decision Problem 

Basically, the experiment deals with a decision problem. This 

is a situation characterized by the following elements: 

1. Decision -Maker: The individual whose behavior we wish 

to study. In the experiment this was a single person called 

a subject (often abbreviated as S). In real life the decision - 

maker might be an executive of a business firm, a surgeon 

in the operating room, or a general in the battlefield. 

Z. Decision Environment: The set of circumstances con- 

fronting the decision maker. The decision environment 

can be specified more precisely in terms of the: 

a. Action space: A {al, a2, . , am} 
m 

. This is the = 
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set of alternatives or terminal acts at the disposal 

of the decision maker. We assume thus freedom of 

action on the part of the decision maker, since in the 

absence of alternatives, there would not exist a 

decision problem as defined here. 

b. State space: E _ {el, e2, . . , eN }. This is the set 

of future conditions or occurrences determined by 

chance events. The elements of E are also known 

as "states of nature. " Although they are beyond the 

decision -maker's control, they influence the outcome 

of his decisions. 

c. Probability distribution over the state space: P= {p(e) }. 

This specifies the chance mechanism that determines 

the frequency with which a particular state of nature 

occurs. 

d. Consequences: S2 =:{x, y, . . . }. This is the set 

specifying the event that is obtained when a certain 

alternative is chosen, given the state of nature. It is 

the importance of these events to the decision maker 

that we wish to determine. 

3. Decision -Maker's Objective(s): In selecting one of the al- 

ternatives available to him, the decision -maker (we as- 

sume) acts with a purpose. Although this purpose may be 
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multifold in nature, it is essential that it is recognized 

and identified. 

In real life, the identification of one's objective(s) is very 

elusive due to two fundamental reasons. First, it is often difficult 

for the decision maker himself to make his objectives explicit, let 

alone for another wishing to study the former's behavior. Second, 

objectives are not static in character. Their identity is constantly 

changing as a result of the continuous interaction of the decision 

maker's external and internal environment (Fishburn, 1964, p. 20). 

In view of such difficulties, it is necessary to make a number 

of simplifying assumptions in order to study decision behavior in a 

systematic and meaningful fashion. These assumptions will be stated 

in a later chapter. 

In this experiment, it was postulated that the decision -maker's 

objective was to maximize expected utility. The term "utility" is 

used here in the same sense as in game theory and statistical deci- 

sion theory. Although a more precise definition will be given in 

Chapter II, it may suffice at this point to quote this description of 

utility: 

. . . The notion of utility is roughly this: Individuals 
behave as if they had a subjective scale of values for 
assessing the worth to them of different amounts of 
commodities, and this scale is not necessarily merely 
a stretching or a translation of the "physical" scale 
in use in the market place. (Mosteller and Nogee, 1951, p. 371) 
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Motivation 

This study is motivated by the desire to investigate experi- 

mentally how subjects behave when confronted with choice situations 

resembling real -life problems. 

Most of the laboratory experiments performed so far have been 

concerned with fairly unrealistic situations. Specifically, S's utility 

function was derived using lotteries with only two outcomes (states of 

nature), especially for the case where both were equally likely. 1 In 

addition, the lotteries were constructed with payoffs involving 

literally pennies and covering only a small range (Mosteller and 

Nogee, 1951; Davidson, et al. , 1957; Coombs and Pruitt, 1960). 

To compensate for these limitations, a number of field studies 

were made attempting to measure utility in more realistic settings 

(Grayson, 1960; Green, 1963; and Swaim, 1966). Their purpose was 

to derive utility functions for executives using hypothetical situations 

of capital allocation. From a behavioral standpoint, the use of hypo- 

thetical choice situations raises doubts on the reliability of the re- 

sponses obtained. For after all, it is difficult to speculate about 

one's behavior when he is not affected by the consequences of his de- 

cisions and actions. 

1 Lotteries with two equally likely outcomes are also referred 
to as standard (binary) lotteries. 
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It appears that in both laboratory and field studies, additional 

valuable knowledge can be obtained by extending the experimental 

work to cover more complex hence more realistic choice structures. 

Complexity can be introduced by constructing lotteries with 

more than two outcomes (states of nature). At the same time, it may 

be useful to vary the probability distribution over the outcomes for 

the more complex structures. One can then investigate whether S 

tends to change his behavior pattern in the face of increased com- 

plexity in the decision environment. For example, S may become 

more conservative (risk -averse) in his decisions, more adven- 

turous (risk -taker); or simply haphazard. 

It is believed that such knowledge will prove helpful in under- 

standing the decision behavior of business executives and others. It 

may also suggest how far it may be advisable to go in using accepted 

utility theories, particularly the von Neumann -Morgenstern model, 

in either describing or predicting choice behavior. 

Significance of Utility Theory 
to Industrial Engineering 

The last three decades have witnessed a rapid expansion in the 

boundaries of the field known as industrial engineering and a revolu- 

tionary change in the role industrial engineers are to play in the 

future. Basically, however, they are and will be concerned with the 
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design of systems2, including the aspects of planning, evaluation, 

and control. Throughout the design cycle, it is necessary to make 

numerous decisions about the objectives, the structure and function(s) 

of the system. Following traditional practice in decision theory, it 

is convenient to classify such decisions in terms of the state of 

knowledge about the significant factors involved. First, we have de- 

cisions under certainty when we know exactly all we need to know 

about the problem. Second, our knowledge of some factors is in the 

form of probability distributions, hence decisions with respect to 

these factors are made under conditions of risk. Third, we may be 

completely ignorant of the behavior of some significant factor in the 

problem, in which case decisions are made under uncertainty. Com- 

plete ignorance is probably as rare as complete certainty. As a 

result, most of the decisions that have to be made in the planning, 

evaluation, and control of a system are the type made under condi- 

tions of risk. 

As an example, we might consider the design of a production 

system for the manufacture of a new product. Decisions involving 

risk have to be made at several points. First, there is the decision 

about the level of capacity for the production system. The proper 

2The term "system" is used here to refer to a purposeful col- 
lection of objects with specified attributes and interrelationships. 
For additional definitions see Chestnut: 1963, Hall, 1962; Inoue, 
1967. 
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level is not known with certainty, since the demand for the new 

product is not known. However, experience with similar products 

might provide information in the form of a probability distribution for 

future demand. Decisions on the amount of capital to be invested for 

production capacity (plant and equipment) are thus decisions under 

risk and the large amount of funds usually involved might be so cru- 

cial to the future of the company that dollar values or expected dollar 

values simply do not offer a sound basis for arriving at a satisfactory 

decision. Here utility theory offers a more desirable approach for 

decision making by taking into account explicitly management's atti- 

tude toward possible profits or losses as well as their subjective 

evaluation of the risks involved. 

An additional example with reference to the same problem is 

provided in the design of the inventory system. Here a policy has to 

be formulated regarding shortages. Deciding not to have any short- 

ages might be too costly due to excessive carrying costs for large 

inventory stocks. Incurring too many shortages, on the other hand, 

might damage the company's image in terms of its good -will that 

substantial losses of customers might result in failure. Intangibles, 

then, such as good -will damage from shortages, might be so impor- 

tant that decisions with respect to them in situations involving risk 

might best be handled via a measure, other than dollars, i. e. utility 

which best reflects the company's attitude toward risk, and that 
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particular intangible. 

Utility theory can become a useful approach for solving a large 

number of problems confronting an industrial or systems engineer 

and for the managers in charge of implementing these decisions. The 

question arising at this point is whether utility theory ought to be used 

as a prescriptive vs. descriptive approach to decision- making. 

The prescriptive or normative approach is interested in how 

an individual ought to make a decision. Statisticians and management 

scientists are the main proponents of the prescriptive use of utility 

theory. Psychologists, on the other hand, view utility theory as a 

"tool" for prediction of actual choice behavior. Economists employ 

utility theory for both prediction and prescription. 

The arguments advanced by both schools are convincing and 

lengthy. However, their discussion is beyond the scope of this study. 

The interested reader might consult the articles in the literature 

(Raiffa, 1961a; Ellsberg, 1961; Swalm, 1966). 

In the opinion of this writer, utility theory may serve primarily 

as a prescriptive approach and secondarily as a predictive one. As 

a prescriptive tool, utility theory has the following purposes 

(Fishburn, 1968): 

1. It serves the decision maker as a normative guide in 

helping him codify his preferences. In this form, it can 

help remove inconsistencies. 
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Z. It aims to help the decision maker to select a course of 

action when confronted with complex alternatives. 

3. It provides a basis for deriving a numerical utility function 

from the decision -maker's preferences that can be used 

in an optimization algorithm. In other words, it offers 

evaluations of quantities involved in complex mathematical 

expressions that enable one to select the optimal course of 

action. 

In view of the advantages inherent in the use of utility theory, 

industrial engineers like management scientists can contribute by 

offering to management a more realistic basis for decision making. 

In this manner, utility theory can become a natural continuation of 

typical evaluation procedures (capital budgeting, production planning, 

etc. ) extended to treat customized opinion. 

Objectives 

Despite the recognition of the importance of utility theory as 

an aid to decision making evidenced by the plethora of articles ap- 

pearing in the literature, a great gap seems to exist between theory 

and practice. The present study's main purpose is a contribution to 

bridging this gap. 

Specifically, the experiment was conducted with the following 

objectives: 
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1. To derive for each subject a utility function expressing his 

attitude toward risk and monetary gains and losses. This 

part was carried out under conditions most conducive for 

obtaining behaviorally reliable responses of S's true 

preferences. 

2. To investigate the extent, significance and pattern, if any, 

of deviations from such a utility function for more complex 

choice structures. Complexity was introduced by varying: 

a. The number of outcomes (or states of nature) in the 

risky alternative. 

b. The probability distribution over these outcomes. 

On the basis of the experimental results, answers were sought 

to the following questions: 

1. In situations involving risk, are the decision -maker's 

responses affected by the number of possible outcomes? 

If yes, what is the extent and pattern of deviations from 

his utility curve? 

2. In situations involving risk, are the decision -maker's re- 

sponses affected by the type of odds confronting him, i. e. , 

whether or not he deals with "even-odds", "long-shots", 

or "sure- thing" type of choice structures? If yes, what 

is the extent and pattern of deviations from his utility 

curve? 
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3. Do the responses of the decision -maker suggest inter- 

actions of lottery size and type of odds involved in the 

choice situation? 

4. Can the effects of the size of the lottery as measured by 

the number of possible outcomes and those of the different 

odds configurations be related to the type of decision - 

maker as specified by his utility function. In other words, 

are the observed deviations connected in any way with the 

fact that the decision maker is a risk -taker (gambler),a 

conservative, or an averages -player. 

Scope 

The utility function for each subject was derived using lotteries 

with two equally likely outcomes (or states of nature). Then more 

complex choice structures were constructed using three, four, and 

five states of nature. 

The probability distribution was varied so that lotteries could 

be constructed with positive, zero, and negative skewness. Here 

skewness was assumed to be an accurate index of the symmetry of 

the distribution. Symmetry in turn might be used to suggest whether 

the choice situation is one involving a "long -shot, " "even -odds, " or 

an "almost sure thing" type of risk. 

Even though previous experiments have used lotteries with 
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non - symmetrical distributions, they were restricted to two outcomes 

only (Coombs and Pruitt, 1960). Hence, the effect of symmetry in 

more complex structures was not ascertained. 

Organization 

Having stated the objectives of this study, the reasons that 

motivated it, and the scope of the experiment, a few words are in 

order concerning the organization of this thesis. 

Chapter II traces briefly the theoretical developments that have 

produced today's accepted theories on utility. Further, this chapter 

includes the system of axioms and theorems that comprise utility 

theory as developed by von Neumann and Morgenstern. This will 

serve as the theoretical background for the present study. 

In Chapter III some of the literature on experimental work in 

utility is reviewed. This includes both laboratory and field studies 

on utility theory that are relevant to this thesis. The writer did not 

hesitate to use some of the procedural features that proved effective 

in running those experiments and he tried to benefit from both their 

insights and admitted mistakes. 

Next, in Chapter IV, the experimental procedure employed in 

this study is explained in detail. It covers the techniques used for 

deriving utility functions for the subjects and their deviations for the 

more complex choice structures. Chapter V presents the results of 
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the experiment for individual subjects and analyzes the observed 

deviations using a two -factor analysis of variance based on a fixed - 

effects model. 

In Chapter VI, the discussion is concerned with the actual con- 

duct of the experiment and the possible criticisms one might level at 

the procedure used. The assumptions made are then discussed and 

commented upon. Finally, Chapter VII presents in summary form 

the significant findings of the experiment and tentative conclusions 

that may be drawn from their evaluation. In addition some sugges- 

tions are given regarding possible paths to be explored in any future 

research along the same lines. 
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CHAPTER II 

THEORETICAL BACKGROUND OF UTILITY 

Origins of Utility Theories 

The subject of how people actually make decisions and the way 

they ought to make them has attracted the attention of economists, 

statisticians, psychologists and sociologists for many years. 

Utility theories represent the efforts of these disciplines for 

dealing with the phenomenon of human preference in a systematic and 

quantitative fashion. Preference is basically a part of motivation, 

one of the major areas into which experimental psychology has been 

partitioned. However, in contrast with other motivational concepts 

such as drive, or incentive for which no satisfactory formal theory 

is available, preference theories have been developed with consider- 

able mathematical elegance ( Luce and Suppes, 1965, p. 252). 

This chapter attempts to trace briefly the historical develop- 

ment of utility theories, in order to place in proper perspective the 

main theme of this thesis. The interested reader will find more de- 

tailed accounts in several excellent surveys published in recent years. 

In particular, those with a statistical background will find Savage's, 

The Foundation of Statistics (1954) or Fishburn's, Decision and Value 

Theory (1964) especially interesting. Economists and psychologists, 
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on the other hand, might prefer to read the survey articles by Arrow 

(1951, 1964) or Edwards (1954, 1961). 

Jeremy Bentham 

Aside from philosophical or ethical studies of preference in 

human behavior, the first frontal attack on how people ought to make 

decisions was made by Jeremy Bentham in the eighteenth century. 

In his famous The Principles of Morals published in 1789 he gave the 

following definition of utility: 

By utility is meant the property in any object, whereby 
it tends to produce benefit, advantage, pleasure, good 
or happiness (all this in the present case comes to the 
same thing), or (what comes again to the same thing) to 
prevent the happening of mischief, pain, evil, or un- 
happiness to the party whose interest is considered: if 
that party be the community in general, then the happiness 
of the community; if a particular individual, then the 
happiness of that individual. (Quoted in Luce and Suppes, 
1965, p. 258) 

Bentham by his maxim "the greatest good for the greatest number" 

essentially suggested that man's goal should be to maximize utility. 

His main objective in formulating a theory for measuring utility by 

measuring quantities of pleasure and pain was the development of a 

system of civil and criminal law. In this context the term utility in 

addition to the motivational connotation assumed in this thesis also 

had a moral one. Bentham went into considerable length to develop 

a methodology for utility measurement. 
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Classical Economists 

The Cardinal Utility School. During the nineteenth century the 

thinking of economists concerned with consumer behavior was domi- 

nated by theories ascribing cardinal properties to the concept of 

utility. The proponents of cardinal utility were W. Stanley Jevons 

and Alfred Marshall in England, Leon Walras in France, and Carl 

Menger in Germany. To them utility like weight was measurable and 

theoretical attempts were made to express the consequences of utility 

measurement in the concept of marginal utility (Halter, 1956). Thus, 

given the prices of various commodities and the postulate of ration- 

ality, a consumer (as a decision maker) acted in a manner that maxi- 

mized his utility from purchased goods. 

The Ordinal Utility School. It was around the turn of the cen- 

tury (1905), when Vilfredo Pareto showed that the assumptions on 

which cardinal utility was based were very restrictive. As one of 

his accomplishments, Pareto proved that along with the postulate of 

rationality, it was necessary to assume that consumers possess only 

an ordinal utility measure. 

Whereas cardinal utility required the assumption of additivity, 

or if not that, at least uniqueness of numerical assignment up to a 

linear transformation, ordinal utility required that the consumer be 

able to rank commodities in order of his preference. 
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It was thus easy to visualize a consumer with a list of com- 

modities in decreasing order of desirability. Upon receipt of his 

income he could then start purchasing by going down the list until his 

income was exhausted. By assuming the consumer capable of ranking 

his preferences consistently, the classical economists of this school 

were able to study consumer behavior based on a person's indifference 

map (Henderson and Quandt, 1958, p. 6). 

von Neumann - Morgenstern Theory of Games 

Ordinal utility theory as formulated by Pareto occupied a cen- 

tral position in economics until 1944. This was the year when the 

now monumental treatise by von Neumann and Morgenstern Theory of 

Games and Economic Behavior was published. 

Offering a fresh point of view for economists, von Neumann and 

Morgenstern developed game theory for dealing with economic be- 

havior in situations involving conflict and risk. 

By challenging the assumption that a consumer in choosing 

among alternatives has no uncertainty about the resulting conse- 

quences, the very foundation of Pareto's theory was destroyed. For 

when uncertainty is introduced in the outcomes of a selected course 

of action, ordinal measures of utility fail to provide a satisfactory 

theory of choice. The familiar decisions of how much coverage to 

take on an insurance policy or how much to gamble should serve -- 
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with a little thought- -to illustrate why ordinal measures offer no 

basis for solving such problems. 

The structure of game theory was founded on the assumption 

that a decision maker who acts rationally, i. e, one who is consistent 

in his choices, will maximize expected utility. This is essentially a 

restatement of the expected utility hypothesis as formulated by Daniel 

Bernoulli in 1738. It is perhaps the most important approach that 

has been advanced for making decisions under uncertainty (Luce and 

Suppes, 1965, p. 282). 

Roughly it goes as follows: A decision -maker is confronted 

with several courses of action among which he has to select one. 

Each course of action may result in one of various consequences. 

However, which one of all possible consequences will actually ma- 

terialize is partially determined by chance events in the external 

environment. It is assumed that an individual has (1) A utility func- 

tion on the possible consequences (2) A probability function on the 

possible states of nature. The expected utility hypothesis simply 

suggests that the individual will select the course of action which 

maximizes his expectation. 

The main problem in the development of a prescriptive (norma- 

tive) or descriptive theory of utility is to state axioms on behavior 

that allow numerical representation of utility and probability. Only 

then it is possible to apply the expected utility hypothesis in order to 
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make decisions. 

One of the contributions of von Neumann and Morgenstern was 

the formulation of such an axiom system which permitted the use of 

the expected utility hypothesis by measuring utility on an interval 

scale. This system of axioms has been modified by a number of in- 

vestigators (Luce and Suppes, 1965) in order to relax some of the 

assumptions considered restrictive. However, the basic structure 

(to be discussed shortly) is still the foundation for much of the theo- 

retical and experimental work in utility theory. 

Statisticians and Utility Theory 

Along with economists, statisticians were among the first that 

showed interest in the concept of utility. In 1950, Abraham Wald re- 

cast statistics as the science of decision making under uncertainty 

(Wald, 1950). In formulating statistical. decision theory the need 

arose for evaluating the consequences of various courses of action 

(or strategies) for different states of nature. Here again utility 

found a useful application as it did in game theory by measuring the 

decision -maker's "profits" or "losses" via his utility function. 

It would be misleading, however, to stress unduly the impor- 

tance of utility theory to both economists and statisticians. There 

are considerable differences in the approaches of the two disciplines 

they represent. Among other things, the measurement of utility is 
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only a part in the statistical decision model. Economists, on the 

other hand, feel that their theory of marginal analysis provides the 

model and the last component needed to predict behavior is the meas- 

urement of utility (Halter, 1956, p. 11). 

Psychologists and Utility Theory 

The last to enter the arena for theorizing on decision behavior 

are the psychologists. The strictly theoretical approach of econo- 

mists and statisticians seemed to have initially offended them. 

Psychologists sometimes seem slightly naive in their 
reverence for what are held to be pure empirical facts, 
when actually most experimental inferences depend on 
some more or less implicit theoretical position, often 
partially embodied in a statistical model. (Luce and Suppes, 
1965, p. 253). 

Nevertheless, a number of psychologists began to take an active in- 

terest in decision behavior bringing with them the experimental ap- 

proach for research in this area. Their purpose so far has been two- 

fold. First, to examine whether prescriptive theories are adequate 

for the description of behavior in the laboratory. Second, to attempt 

to construct new theories that might explain more aptly what is ob- 

served in controlled experiments. 

For the most part, the efforts of psychologists have been en- 

couraging, although not totally successful. In their attempt to build 

better descriptive theories they developed probabilistic models for 
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describing human preference. However, the experimental verifica- 

tion of these models leaves much to be desired (Luce and Suppes, 

1965, p. 377). 

In the next section utility theories will be classified in a way 

suggested by Luce and Suppes (1965, p. 255). It will then be easier 

to compare the various models proposed by the disciplines mentioned 

above. 

Classification of Utility Theories 

General Remarks 

The majority of both theoretical and experimental work on 

preference has so far focused on equilibrium or steady -state be- 

havior. Hence, the theories developed are static in character. Their 

purpose is to explain a subject's cognitive or rational analysis of a 

choice problem. 

More recently, it has been possible to construct models for 

well- specified stochastic learning processes. From these one can 

proceed to derive asymptotic mean predictions. The asymptotic 

learning theories encompass the adjustments made by subjects due 

to their recent experiences. However, the complicated nature of 

behavioral transients has restricted such theories to extremely 

simple cases. Our scheme of classifying utility theories applies only 
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to models for the steady state. 

Algebraic vs. Probabilistic Theories of Utility 

This distinction is based on the responses made by a subject to 

stimulus presentations. If the responses are governed by a proba- 

bilistic mechanism the theory is formulated as an algebraic one if 

all such probabilities are 0, 1/2, or 1 and probabilistic otherwise. 

Algebraic theories are not special cases of the probabilistic 

type. They rely on mathematical techniques algebraic in nature that 

are different from those used in probabilistic theories. They owe 

their development to economists and statisticians. 

Probabilistic theories are the product of psychologists. Their 

development was due to experimental data. Luce and Suppes point 

out that it is incorrect to call these theories stochastic despite the 

trend to do so. A stochastic process is one governed by probabilities 

with a discrete or continuous time parameter. Although it may aptly 

describe a learning experiment, it does not apply to a theory which 

simply postulates a probabilistic choice mechanism without a time 

parameter (Luce and Suppes, 1965, p. 256). 

Certain vs. Uncertain Outcome Theories 

The distinction between certain and uncertain outcomes is 

basically an experimental one. If the probabilities of outcomes as 
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a result of choosing a course of action are 0 or 1 then the experiment 

involves certain outcomes. Otherwise, the outcomes are uncertain. 

Statisticians find it helpful to draw some further distinctions. 

Thus, in a choice situation where the probability distribution over the 

outcomes is known, we say that the decision is made under risk. The 

term "uncertain" is reserved for the case where the subject has 

neither a knowledge of the probability distribution nor is he certain 

about the outcomes. 

Simple Choice vs. Ranking Experiments 

The task of the subject may be to select one among several al- 

ternatives or to rank them according to the order of his preference. 

Ranking theories attempt to describe the relation, if any, that may 

exist in the subject's responses when participating in the same ex- 

periment with the same outcomes repeatedly. 

von Neumann - Morgenstern Utility Model 

The experiment undertaken in this thesis was addressed to the 

problem of deriving a subject's utility function for money using bi- 

nary choice situations. Next, subjects were presented with more 

complex choice structures and the deviations from their utility func- 

tion were measured. 

The emphasis throughout was on equilibrium behavior. On the 
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basis of the previous classification of utility theories, the study was 

based on the testing of an algebraic theory in a single choice experi- 

ment with uncertain outcomes. 

As a theoretical background, the study implicitly assumes the 

von Neumann - Morgenstern system of axioms and theorems for the 

measurement of utility. Recognizing clearly the restrictive nature 

of certain axioms, it became necessary to sacrifice complete con- 

formance to the theoretical model in order to attain experimental 

feasibility. Despite some recent modifications of the von Neumann - 

Morgenstern axioms to remove some of the restrictions they place 

on behavior, theirs still remains the basic framework for most 

utility studies. (Edwards, 1954d). 

With minor changes the presentation of the axioms and their 

interpretations follows closely that given by Fishburn (1964, p. 7). 

Primitive Notions of the Axioms 

1. SZ = a set of elements (or events) x, y,, w, . . . 

2. II= a set of all real numbers a, ß, . strictly between 

0 and 1(0 <a <1) 

3. A binary relation > over S2 

4. An operation (a, x ; 1 - a, y) such that (a, x; 1- a,y) E SZ 

if and only if x, y S2 and cLE II 
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Interpretation of Primitive Notions. 

1. The elements of SZ are entities the worth (or subjective 

value) of which to the decision -maker we wish to measure 

2. The elements of II are probabilities 

3. The binary relation > is read as follows: 

x > y : y is not preferred to x 

x > y : x is preferred to y 

x = y : x and y are equally desirable (or undesirable); 

hence, the decision -maker is indifferent between 

x and y 

4. The operation (a, x ; 1 - a, y) refers to the combination 

of x with probability a and y with probability 1 - a; 

equivalently, the gamble of x with probability a, and y 

with probability 1 - a . It must be noted that these are 

mutually exclusive events. 

von Neumann - Morgenstern Axioms 

1. For any two x, y, one and only one of the following holds: 

x >y, y> x, x 

2. If x > w and w > y, then x > y 

3. If x > y, then x > (a, x ; 1 - a, y) for any a 

4. If x < y then x < (a ; x ; 1 - a, y) for any a 

=y 
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5. If x > w > y, then there is an a such that (a, x; 1-a, y) > w 

6. If x< w < y, then there is an a such that (a, x ; 1 - a, 

< w 

7. ( a, x ; 1 - a, y) = (1 - a, y ; a, x) 

8. (a, (p, x ; 1 - a, y) ; 1 - a, y) = (aß, x ; 1 - an, y) 

9. If x = y, then (a, x ; 1 - a, w) _ (a, y ; 1 - a, w) for 

any a and w 

Interpretations of Axioms 

1. Any two elements of SZ can be directly compared. Either 

one is preferred to the other, or they are both equally 

desirable (or undesirable). 

2. The preference relation ( >) is transitive. This means that 

if one prefers steak to lobster and lobster to pheasant, he 

prefers steak to pheasant. 

3. If x is preferred over y, then x is preferred over any 

gamble involving x and y. If one prefers $10 to $5, then 

he prefers the certain option of receiving $10 to any gamble 

that yields $10 or $5 (but not both). 

4. This is the dual of (3). 

5. If x is preferred to w and w is preferred to y, then 

there is some gamble involving x and y that is preferable 

to w. 

y) 
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6. This is the dual of (5). 

7. The arrangement of alternatives in a gamble is irrelevant, 

or the order in which the alternatives in a gamble are 

named or presented is irrelevant. 

8. Compound gambles can be decomposed by the rules of 

probability without affecting their preferability. 

9. If x appears in any gamble and y is indifferent to x, 

then the gamble obtained from the original gamble by sub- 

stituting y in the place of x is indifferent to the original 

gamble. 

Theorem 1. The set of axioms stated above are sufficient to 

guarantee the existence of a real -valued function ) defined on S2 

such that 

(1) x > y if and only if U (x) > U (y) 

(2) U(a, x ; 1 - a, y) U (x) + (1 - a) U (y) 

Relationships (1) and (2) are known as the utility function properties. 

Theorem 2. If U ( ) and V (° ) are two functions over S2 

that satisfy (1) and (2) then they are related as follows: 

U (x) = a V (x) + b , a > 0 for all x ES2 

The proofs for Theorems 1 and 2 are extremely lengthy and 

are not included here. The interested reader will find them in von 

Neumann and Morgenstern's Game Theory and Economic Behavior 

(1964). 

U(. 

= 
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Interpretation of Theorems on Utility Function 

1. Utility function property (1) suggests that the utility func- 

tion is monotonically increasing with preferability or de- 

sirability (undesirability). If x is preferred to y(x > y), 

then the utility of x exceeds that of y (U (x) > U (y)). 

2. Utility function property (2) states that utilities combine 

with probabilities according to rules of mathematical ex- 

pectation. Equivalently, the utility of a gamble equals the 

expected utility of that gamble. 

This property can be generalized for the case of a 

composite gamble 

(a1' x1 ; a2, x2; . ; anxn) 

where 

0 < a, < 1 and i 

Thus, 

U (al, xl ; . 

n 

i=1 

= 1 for i = 1, 2,. . . , n 

; an, xn) = al U(x 1) + . . . + anU(xn) 

n 

i=1 

ai U(xi) 

3. Theorem 2 states that a utility function (in the von Neumann 

--, 

ai 

. . 
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Morgenstern sense) is unique up to a positive linear 

transformation. This means that utility measurements 

are similar to temperature measurements in that the 

scales used in their determination have an arbitrary origin 

and unit measure. 
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CHAPTER III 

RELEVANT EXPERIMENTAL STUDIES 

Laboratory Studies of Utility Theory 

Mosteller and Nogeets Experiment 

Even though utility theories of one sort or another existed since 

1789, the first experimental attempt to measure utility took place in 

1951 by Mosteller and Nogee. Their objective in designing the ex- 

periment was to test the validity of the von Neumann -Morgenstern 

axioms. The procedure employed risky choice situations with small 

amounts of real money. 

More specifically, a choice situation consisted of two alterna- 

tives. The first was a lottery involving a gain of $x with probability 

p or a loss of $. 05 with probability 1 - p. The second alternative 

was the rejection of the bet enabling the subject to maintain the 

status quo. 

If the subject rejected the bet no money changed hands. If he 

accepted, the lottery was actually played and he either lost $. 05 or 

gained an amount $x. The size of the gain depended on the odds of 

the bet determined by the chance mechanism of poker hands from 

poker dice. 

The aim of the procedure was to fix the value of $x for which 
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S became indifferent between accepting or rejecting a lottery. It was 

accomplished as follows: For the same value of p a lottery would 

be offered several times with different amounts of x. As might be 

expected S would accept the gamble for some values of x and reject 

it for others. It was assumed that the indifference point was located 

at the 50 percent acceptance level. In other words, S was indifferent 

between the two options for the value of x = x0 for which the bet was 

accepted approximately half the time (see Figure III- 1). 

A1 A2 

p $x 
0 

1-p -$. 05 

100% 

Acceptance 
Level 50% 

x 
o 

Figure III -1. Mosteller and Nogee Procedure 

At the point of indifference (it was assumed) the subject at- 

tached equal utilities to the consequences of accepting or rejecting 

the bet. The utilities of the outcomes were then determined from 

the equation. 

U ( 0) = p U (xo) + (1 m p) U ( - S. 05) 

By assigning utility values of -1 and 0 to the amounts of - $. 05 

and 0 respectively, the utility of x 
0 

was calculated as 

1 

w 
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1 p 
U (x ) - 

o p 

Using poker hands with various p values (known to the subjects) 

Mosteller and Nogee determined seven utility points for each S 

ranging from - 1 to 101. 

The utility function constructed from these points was subse- 

quently used to predict choices in more complicated gambles called 

"doublets. " Here S was presented with two poker hands. If he beat 

the low hand he received a reward; if he beat the second hand also he 

received a still higher reward. Failure to win any of the two hands 

resulted in a loss of $. 05. 

The experiment was run with 14 subjects divided in two groups 

(nine Ss) of Harvard University students and a third group (5 Ss) from 

the Massachusetts National Guard. The reader is referred to the 

article by Mosteller and Nogee for many interesting details regarding 

Ss' behavior, experimental procedure and results that cannot be in- 

cluded here for lack of space. 

It will suffice for our purposes to state the conclusions on the 

experiment: 

1. It is feasible to measure utility. 

2. The notion that people behave in such a way as to maxi- 
mize their expected utility is not unreasonable. 

3. On the basis of empirical curves it is possible to estimate 
future behavior in comparable but more complicated risk - 
taking behavior. (Mosteller and Nogee, 1951, p. 403) 
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Davidson, Suppes, and Siegel Experiment 

In order to meet some of the criticisms leveled at the experi- 

ment by Mosteller and Nogee, Davidson et al. followed an approach 

developed by Ramsey (Ramsey, 1931) for measuring utility and sub- 

jective probability. 

Essentially, Ramsey's idea was to find a chance event with a 

subjective probability of one -half and use it to determine the utilities 

of outcomes. The event that had a subjective probability of approxi- 

mately one -half was produced in this experiment by a specially made 

die. This die had the nonsense syllable ZOJ engraved on three faces 

and ZEJ on the the other three. Two more similar dice were used 

with the syllables W UH and XEQ in one, and QUG and QUJ in the 

other. According to Glaze and others, all the syllables used had no 

associative value (Glaze, 1928). This feature of the experiment 

avoided the assumption that objective probabilities equal subjective 

probabilities made by von Neumann and Morgenstern in their formu- 

lation of utility theory and by Mosteller and Nogee in their experi- 

ment. 

The assumption that the utility of gambling is negligible was 

eliminated in the experiment by constructing choice situations with 

two risky options as shown in Figure 111- 2. 
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E= ZOJ 

E''` = Z E J 

Option 1 Option 2 

a c 

b d 

Figure III- 2. Choice situation in Davidson et al. experiment. 

The method of determining utility points was based on specifying 

payoffs a, b, c, and d that satisfied the following equation. 

.,, 

S (E) U (a) + S (E'') U (b) = S (E) U (c) + S (E',,, ) U (d) 

where, 

E = event with subjective probability of 1/2, i. e. , the 
occurrence of ZOJ face coming up 

E = the complement of E, i. e. , the occurrence of ZEJ face 
coming up 

S(. ) = the subjective probability function of the decision -maker 

U(. ) = the utility function of the decision -maker 

Ramsey's approach assumes that subjective probabilities obey 

the familiar probability axioms. Edward's experimental work, how- 

ever, has shown that this is not necessarily the case (Edwards, 1954a). 

At any rate, Davidson et al. by the method of utility differences for 

measuring utility determined upper and lower bounds for points 

equally spaced on the utility function scale. The precise nature of 

this approach is not relevant to this thesis. For a thorough discus- 

sion the reader is referred to the book by Davidson et al. , 

Y,< 
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Decision Making (1957). 

The experiment was conducted using 15 male Stanford Uni- 

versity students. They were all interviewed individually in one two - 

hour session. Eight of these students were rerun twice after periods 

ranging from a few days to a few weeks. The similarity of remeas- 

ured utility curves provides encouragement (as did the one by 

Mosteller and Nogee) for assuming temporal stability of one's utility 

function. 

Although the approach used by Davidson et al. differed in a 

number of respects from that of Mosteller and Nogee it was interest- 

ing to note a strong similarity in the shape of utility curves obtained 

and the quality of predictions made. 

This experiment is regarded as one of the most elegant ones 

performed in measuring utility. It served as a valuable reference in 

the design of the present study. Nevertheless, it can be criticized 

on two counts. First, the method of determining utility points is re- 

stricted to objects that are equally spaced in utility. This feature 

severely restricts the application of the approach used (Davidson, 

et al. 1957, p. 78). Second, the method of approximation is very 

cumbersome, thus unsatisfactory when a large number of points is 

needed for plotting a utility function (Davidson, et al. 1957, p. 79). 

The width of the bounds for these points tends to increase with the 

number of points desired. Davidson, et al. computed bounds for 
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four points only. 

Other Laboratory Studies 

In addition to the experiments by Mosteller and Nogee, and 

Davidson, et al. discussed above, there have been a number of other 

studies designed to measure utilities. Since they are not quite as 

relevant for this experiment they will be covered very briefly. 

Davidson, et al. in attempting to meet the criticisms addressed 

to their first experiment proceeded to carry out another in which they 

used a linear programming model to measure utility. Essentially, 

the idea was to derive a number of inequalities from responses to 

choice situations similar to the ones used previously. Linear pro- 

gramming was then employed to minimize a quantity A thought of 

as the threshold of preference subject to the inequalities obtained 

from S's responses. The utility function obtained is not unique. For 

details in the procedure and results the reader is referred to the 

book by the same authors cited above. 

In another experiment, T. F. Dolbear (1963) extended 

the linear programming model of Davidson, et al. and combined it 

with a probabilistic model of utility (a strong Fechnerian expected 

utility model) to measure utility using a maximum -likelihood esti- 

mation procedure. Again, description of this experiment is beyond 

the scope of this thesis and the reader is referred to Dolbear's 
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article for details. 

It will suffice to say that this model compared favorably in 

predictive ability to the actuarial model (maximing expected mone- 

tary value) and the minimax rule. 

It must be stressed that there have been models that depend on 

concepts other than utility in order to predict choice behavior. 

Representative among these is the one by Coombs and Pruitt (Coombs 

and Pruitt, 1960). They have proposed that instead of expected 

utility, a risky alternative (gamble) be characterized by the moments 

of the probability distribution over the payoffs. In essence, the 

notion of utility is replaced by that of variance preference. This 

study was helpful in suggesting skewness as a means of describing 

the type of risk involved in a gamble. Prior to this, it was felt that 

the entropy of a gamble might be used to describe more aptly the un- 

certainty in a risky alternative. 

Pruitt extended the model of variance preference and developed 

the PLR (Pattern and Level of Risk) model (Pruitt, 1962). In this 

formulation the level of risk of a bet is the sum of its negative pay- 

offs weighted by their respective probability. Two bets have the 

same pattern if the payoffs of one are obtained from the other by 

multiplication through a constant. For a bet A, Pruitt defined its 

utility as 

U (A) = r (A) p (A) + g (A) 
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where, 

U (A) = utility of bet A 

r (A) = level of risk of A 

p (A) = utility of pattern of A 

g (A) = utility of risk of A 

This is an arbitrary definition with no relationship to any simple 

behavioral assumptions (Luce and Suppes, 1965, p. 329). The above 

model suffers from a rather serious limitation of being unable to 

predict for lotteries that have no negative payoffs, i. e. , gambles that 

involve no losses, where r (A) equals zero. In any event, although 

not relevant to the present experiment, Pruitt's approach and article 

provided useful insights and interesting observations on choice be- 

havior. 

Field Studies of Utility Theory 

In order to explore the usefulness of modern utility theory in 

more realistic situations, a number of field studies have been con- 

ducted with subjects from the business world. Invariably all of them 

have been concerned with decision - making in resource allocation. 

In addition, it is worth noting that all the field studies have employed 

the von Neumann -Morgenstern utility model. 
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Halter's Study3 

In what might be considered the first field application of modern 

utility theory Halter derived utility functions for 67 percent of 529 

farmers interviewed in 1954. These were among the 1, 057 farm 

managers from seven middle -western states that participated in a 

survey aimed at gaining a better understanding of their decision - 

making behavior. 

During the interview each farm manager was asked to respond 

to hypothetical situations involving gains and losses of the following 

type: 

Gain Situation. If you knew that one person out of a group of 

1, 400 would get a piece of property worth $15, 000, at no further cost 

to him, would you be willing to pay $1 5 out of your present income 

to become a member of that group? Yes No 

Loss Situation., If you were in a group of 1, 500 people in which 

you knew one person would have to bear a loss of $10, 000 would you 

be willing to pay $10 in order to get out of the group and thus avoid 

the risk of having to bear the loss? Yes 

Utility points were determined for various levels of gains and 

losses by manipulating the odds until a point of indifference was 

3An unpublished Ph. D. dissertation submitted to Michigan State 
University in 1956. 

No 
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reached by each subject. 

One of the interesting results of this study was the correlation 

of the shape of the utility function with various types of individual be- 

havior. In particular, the marginal utility for gains and losses was 

related to such variables as the amount of debt and type of farming 

(general vs. cash crops) representing the type of risk taken by the 

farmer. 

Grayson's Study4 

This was an attempt to derive utility functions for nine inde- 

pendent operators in oil and gas drilling. Subjects were interviewed 

individually. The procedure called for each operator to fix the odds 

that would make him indifferent between accepting or rejecting a deal 

for finding oil. Given, of course, were the amount of investment 

required and the payoff if oil were to be found. Utility points were 

then plotted in the familiar way. 

Despite certain experimental difficulties such as the inability 

of some operators to comprehend probabilities and the usual incon- 

sistencies, Grayson considered the results encouraging. He felt that 

the expected utility approach can be useful to a firm, since in 

decision -making: 

4A D. B. A. thesis submitted to Harvard University in 1958. 
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1. The utility function demonstrates in a graphic way the 

varying risk taking preferences of indifferent individuals 

in a firm. 

2. These differences create opportunities for inconsistent 

action if the decision - making authority is divided. . 

3. If so, two adjustments can be made. One, a composite 

utility function might be adopted so that the firm will take 

consistent action. Or, one function might be selected to 

guide the firm's actions. (Grayson, 1960, p. 307) 

It is worth noting that the operator's reaction to the utility concept 

was favorable and several ways were discussed for possible imple- 

mentation within the firm studied. 

Green's Study 

Examination of the several techniques used to evaluate capital 

investments such as the accounting methods, payout time, or dis- 

counted cash flow, suggests that they all fail to make explicit a 

manager's attitude toward risk. Green conducted an experiment in 

order to show that utility functions can be valuable in supplementing 

the analysis by the traditional methods. 

The subjects of this experiment were 16 members of the middle 

management group of a large chemical firm. These represented four 

different functions, i. e. , production, sales, finance and research. 

. 
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The results obtained from individual interviews indicated that 

utility is not linear with the rate of return on investment used as the 

independent variable. In addition, it was shown that the risk attitudes 

reflected in one's utility function were markedly influenced by the 

corporate goal rate of return. 

An interesting feature of this study was the use of additional 

choice structures in which the two alternatives were represented by 

continuous probability distributions over the rate of return axis. 

One alternative had a fixed distribution specified by a control curve. 

The other consisted of experimental curves representing distributions 

with different mean, variance and symmetry. In this manner, it was 

possible to observe a manager's reaction to various types of risk. 

An analysis of variance disclosed significant differences in the 

responses for various distribution types. However, no significant 

difference was noted among the job functions. This was explained by 

the fact that job rotation was practiced in this firm. 

Green's conclusion was that despite the difficulties inherent in 

utility measurement and subsequent application of utility functions, 

the capital budget analyst must supplement his analysis with informa- 

tion reflecting the risk aspects of a proposed investment (Green, 

1963). 
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Swaim 's Study 

In a survey of executives that covered more than one industry, 

Swaim derived utility curves for about 100 individuals. The objective 

of his study was to determine the utility functions displayed by execu- 

tives in making corporate rather than private decisions. 

Each participant was interviewed individually in a session of 

approximately one to two hours. After explaining the nature of the 

experiment, each subject was asked to specify the maximum single 

amount that he might recommend be spent in a given year in his ca- 

pacity as a company executive. This amount was doubled and used as 

the subject's planning horizon, in order to establish a range of 

meaningful sums of money. The utility curves were then derived 

using hypothetical business situations, primarily capital allocation 

involving risk. All choices were made with alternatives involving a 

50 -50 chance, which although easily understood were objected to by 

some executives who considered these unrealistic odds for their types 

of problems. 

The results of the study were startling. First, it was observed 

that the utility functions of the men interviewed were related more 

closely to the amounts which they dealt with as individuals rather than 

the financial position of the company. As a result, different indi- 

viduals within the same company displayed different attitudes toward 
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risk, gains or losses independent of any overall company philosophy 

or policy towards risky ventures. Second, there was a consistent 

pattern of sharp slopes found in the negative quadrants. This meant 

that the executives interviewed were not the risk -takers that have 

formed the image of the aggressive American businessman. In terms 

of their utility curves, these executives displayed an unwillingness to 

take risks, which from a company point of view were quite desirable. 

Swaim attributes the conservative attitudes toward losses to 

the types of control and reporting procedures that induce managers 

to avoid decisions leading to possible losses even though the potential 

profits and odds are very attractive. This theory was somewhat sup- 

ported from the remarks of several participants admitting that their 

choices were made on the basis of their personal best interests as 

aspiring executives rather than the company's interest (Swaim, 1966). 



CHAPTER IV 

EXPERIMENTAL PROCEDURE 

Phase I 
Derivation of Basic Utility Function (BUF) 

Objective 
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It was the purpose of Phase I to produce for each subject, S, 

a graph of his utility function for monetary payoffs. This profile of 

an individual's attitudes toward risk, gains, and losses was deter- 

mined under conditions that have been shown to result in minimum 

distortion of the subject's true preferences. 

Methodology 

The technique employed for measuring S's utility for money is 

based on the principle that a response of indifference between two al- 

ternatives in a choice situation implies that the two alternatives have 

equal (expected) utility. More precisely, in order to determine a 

profile of one's attitudes toward risk we made use of two empirical 

relationships: 

1. Preference among events. 

2. Indifference between combinations of events with stated 

probabilities. 
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Thus, suppose S has a utility function U ( ) and is confronted 

with a choice situation A consisting of alternatives Al and A2. 

Al here represents a risky alternative (or a lottery) and A2 is a 

certain option, i. e. , A2, if chosen, can result in only one outcome 

with probability equal to one. If S is asked to select a course of 

action he may respond in one of two ways: 

1. He may prefer one alternative to the other, say Al to 

A2, which suggests that 

or 

U (Ai) > U (A2) 

2. He may express indifference between Al and A2 in 

which case 

U (Ai) = U (A2) 

Choice situations were presented to S in a simplifed form 

as shown in Figure IV-2a. 

State of 
Nature 

Al 
AZ 

(Certain Option) Prob. . Payoff 

el pl = 50 xi 

y 

e 

z 

p2 = . 50 x2 

Figure IV -1. Choice situation for Phase I 
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For specific values of xi, x2, and y the subject was asked 

to express his preference for (or indifference between) Al and A2. 

If he chose Al (the gamble), the value of y was increased. If his 

choice then switched to A2 (the certain payoff) the value of y was 

next decreased. This procedure was continued until a value or re- 

gion for y was reached for which S became indifferent between Al 

and AZ (See Figure IV- 2b). 

Al A2 

P1=.50 xl 

Y 

P2' .50 x2 

(a) 

Offer 

'SO) 

Prefer A2 

Indifference 
Point 

Prefer A 

Trial 

(b) 

Figure IV-Z. Method for converging on indifference point. 

During the pilot study, it was observed that upon presentation 

of a lottery Ss responded with difficulty when by chance the value 

specified for y was close to their indifference point, or cash equiva- 

lent for the lottery. To facilitate eliciting initial responses, it was 

decided to assign values to y near xl, or x2 thus making the 

choice of the preferred alternative a trivial one. 

As an illustration, suppose S was presented with the choice 

situation shown in Figure IV - 3a . If A2 was selected the value of y 

2 3 4 5 6 

2 
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was changed from $8. 00 to $2. 00. Now, if a switch was made from 

A2 to Al, the value of y was increased to $6. 00. This "hunting 

process" was continued until S expressed indifference between Al 
r 

and A2, say at y =$4. 005(see Figure IV-3b). 

Subjects were asked to specify their indifference point within 

plus or minus a nickel. Although a few found it difficult to discrimi- 

nate with such precision, the majority of participants felt it was pos- 

sible. Support for this claim was offered by the switches in choices 

made by the later group whenever y would be incremented by this 

amount. 

Al A2 

P1=.50 xi =$10.00 
y=$8.00 

P2=.50 x2=0 

(a) 

Indifference 

1 2 3 4 

Trial 
(h) 

5 

Figure IV -3. An illustration of eliciting indifference 

6 

For the value of y which results in indifference between the 

risky alternative Al and the certain one A2, the following rela- 

tionship holds true: 

U(A1) U(A2) 

5The amount of the certain offer for which S is indifferent be- 
tween the two options is also called the cash equivalent for the lottery 
L (or risky alternative A1) denoted by CE(L) or CE(A1). 

1 

10 

u 

Point 
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P1 U (x1) + P2 U (x2) = U (y) (4-1) 

Since S's utility function is unique up to a positive linear trans- 

formation we can assign utility values arbitrarily to two payoffs and 

compute the utility for the third one using equation (4 -1). Thus, if 

we let 

U ($10. 00) = 100 utiles 

U (0) = 0 utiles 

by substituting these values in equation (4 -1) we have, 

and 

(. 50) (100) + (. 50) (0) = U (y) 

U (y) = 50 utiles 

This calculation provides a third point for S's utility vs. money 

function which can now be plotted at x= = $4. 00 and U(x) = 50 utiles for 

the indifference point in the example (see Figure IV-4 . 

Utility 
(utiles) 

100 

80 

60 

40 

20 

, Legend: 

arbitrarily defined 

o computed 

8 10 12 14 

Money ($) 

Figure IV-4. Plotting utility vs. money function. 

- - - - - - - - - - - - - - 
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The conclusion to be drawn from S's responses so far is this: 

On his utility scale the distance corresponding to the interval from 

0 to $4. 00 is equal to the distance from $4. 00 to $1 0. 00, It is defi- 

nitely misleading, however, to say that S's utility for $1 0. 00 is twice 

that of $4. 00 due to the arbitrary selection of the utility scale origin 

and unit measure. One could have defined U ($1 O. 00) = 1 00 utiles 

and U (0) = 80 utiles thus obtaining from equation (4 -1) 

U ($4. 00) = 90. Along S's utility scale U($4. 00) would still be half- 

way between U($10. 00) and U(0), but 90 utiles could hardly be thought 

of as one -half of 100 utiles. 

Using the same computational scheme, it was next necessary 

to plot additional points for S's utility function in order to provide a 

more complete description of his attitudes toward risks, gains, and 

losses. By presenting him with choice situations in which two of the 

values of xi, x2, and y were known, the third one could be com- 

puted using equation 4-1. 

For example, to measure S's utility for losses use was made 

of lotteries of the type shown in Figure IV-5. 

By trial and error, as before, a value for x2 was found for 

which S became indifferent between At and A2. At this point, 

say x2 = - $2. 50, 

U (A1) = U (A2) 
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(. 50) U ($4. 00) + (. 50) U (- $2. 50) = U (0) = 0 

U (- $2. 50) = a U ($4. 00) = - 50 utiles 

In this fashion, it was possible to determine as many points as 

desired. It was felt that 14 points were enough to specify S's utility 

function adequately. Compared with similar experiments we note 

that this is more than the number of utility points obtained by 

Mosteller and Nogee, Davidson, et al. , and others. 

A A 

p1 -= .50 xl _$4.00 
y=0 

p2=.50 x2=? 

(a) 

(s) -6 

x2 

-4 

-2 

0 

Prefer A 
1 

Indifference 
Point 

Prefer A2 

1 2 3 4 
Trial 

(b) 

5 6 

Fivure IV -5. Lottery type for measuring utility for losses 

Before proceeding to connect the points of S's utility function 

it was important to check the validity of these points by testing for 

consistency in S's responses (see Appendix III for details). 

Phase II 
Decision Behavior with Complex Choice Structures 

Objective 

In Phase II the purpose was to investigate the extent and 
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significance of deviations from S's basic utility function (abbreviated 

as BUF), when the choice structure was made more complex. 

Complexity in the choice structure was introduced by (1) al- 

lowing more than two states of nature in the risky alternative Al 

and (2) by changing the skewness of the probability distribution over 

the states of nature. 

Methodology 

In Phase II S's experimental task was basically the same as 

that for Phase I. That is, a choice situation was presented consisting 

of a risky alternative Al and a certain alternative A2. 

However, the lottery in Phase II was different from the type 

used in Phase I in two respects. First, the number of states of 

nature, N, was greater than two; in particular, lotteries were used 

with three, four, and five outcomes. Second, the outcomes in almost 

all cases were not equally likely; the symmetry of the probability 

distribution as measured by its skewness was used to reflect the 

type of risk involved. Positive skewness was used to suggest "long - 

shot" gambles, zero skewness for "even odds, " and negative skew- 

ness for the "almost sure -thing" bets. 

The general form of choice situations used is shown in Figure 

IV -6. However, in the actual conduct of the experiment they ap- 

peared in a simplified form as shown in Figure IV -7 (for N = 3). 
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State of 
Nature Prob. Payoff 

A2 
2 

11191.1e 

e 

e2 

1 

2 

eN 

P 

P 

1 

2 

PN 

x 
1 

x2 

xN 

Y 

Figure IV -6. Choice situation for Phase II. 

The value of y in the certain alternative A2 was again manipu- 

lated, as in Phase I, in order to converge on a sum of money for 

which S became indifferent between Al and A2. This is shown in 

Figure IV -7b for the case where N = 3. 

Al A2 

pl X1 

P2 X2 Y 

p3 X3 

(a) 

Y 

( s) 

Prefer A2 

Indifference 
Point 

Prefer A 
1 

Trial 
(b) 

Figure IV -7. Simplified choice situation and procedure for 
eliciting responses in Phase II. 

A 1 

. 

4E- - 

1 2 3 4 5 6 7 
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Suppose that a value of y was found for which S was indif- 

ferent between Al and A2. According to our hypothesis, indif- 

ference implies equality of the two options. Thus, 

U (A 1) = U (A 2) = U (y) 

By referring to S's BUF, however, we can estimate the utility of the 

amount y from his graph or from a least- squares equation fit to the 

data obtained in Phase I. This quantity we define as the perceived 

utility of the lottery 

Al = (p1, x1; p2, x2 ; p3, x3). 

Thus, 

Perceived lottery utility = U (y) = U' (A1) = U (A2) 

The "true "expected utility of the lottery can also be computed 

from the expression 

U (A1) = p1 
) +p2U(x2) +p3U(x3) (Fishburn, 1964, p. 8) 

Theoretically then the perceived utility of the lottery, U (y), 

and the computed expected utility as defined above should be equal. 

This is the straightforward interpretation of the principle that a 

decision maker acts as if he maximizes expected utility. 

Since the values for p1, p2, and p3 are specified a priori and 

we know the amounts of the payoffs we can refer to S's BUF to 
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estimate U (x1), U (x2) and U (x3). Thus, we can evaluate U (A1) 

independently of U (y), as shown in Figure IV -8. 

Utility 
(utiles) 

Figure IV -8. Method for estimation of perceived and expected 
utility. 

A comparison can now be made between the perceived utility 

of the lottery U' (A1) = U (y) and the "true "expected utility of the 

lottery, U (A1), where 

U (A1) = 

By computing the difference 

oU=U'(A1)- U (A1) 

= U (y) 

i=1 

- 

1 

pi U (xi) 

pi U (xi) 
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we can study the effect of choice structure on S's decision behavior. 

Experimental Design 

Design of Choice Structures for Phase I 

With the method of eliciting responses agreed upon there still . . 

remained a number of practical issues to be resolved. 

At first it was necessary to decide whether the experiment 

should be conducted with hypothetical versus real money lotteries. 

Both types have been tried in previous studies with advantages and 

disadvantages present in each approach. 

Hypothetical lotteries enable the experimenter to cover a wider, 

hence more representative, range of the subject's responses. Having 

no budget constraint to meet, it is possible to explore how S might 

respond to risky situations with high gains and/or losses. In addition, 

it is possible to cast a decision problem in terms that relate more 

easily to S's day to day activities. 

However, the reliability of the responses obtained with hypo- 

thetical lotteries is somewhat dubious. When S does not have to 

face the consequences of his decisions, it is questionable whether his 

responses can be truly behavioral (Davidson et al. , 1957). 

In the past, most of the field studies on utility theory employed 

hypothetical decision situations (Grayson, 1960; Green, 1963; Halter, 
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1956; Swalm, 1966). The laboratory experiments of utility measure- 

ment tend to favor the use of real money lotteries. 

It is generally felt that real money lotteries enable the experi- 

menter to approximate more precisely S's "true" behavior. His de- 

cisions in this case affect him personally and directly. This writer 

also agrees that, in terms of S's motivation for making choices that 

genuinely reflect his preferences, the real money choice situation is 

the most effective one to use. 

However, the increased reliability of S's responses is achieved 

at the expense of covering a more limited range of his behavior. In 

view of the budget constraints that must be met in order to make the 

experiment feasible, the magnitude of gains or losses that may be 

used is limited to small amounts of money. 

The experiments by Mosteller and Nogee, Davidson, et al. , and 

others were conducted using real money lotteries. One of the criti- 

cisms leveled at them was the overly small amounts used for payoffs 

(most of them were under one dollar). 

The approach used here attempts to meet the main criticisms 

against both types of lotteries by the following scheme. The choice 

situations presented to S involved real money, thus assuring in- 

creased reliability of responses from a behavioral standpoint. How- 

ever, to overcome the objection raised against the use of very small . 

amounts for payoffs, it was possible to make a compromise. Instead 
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of playing all lotteries as in the experiments by Mosteller and Nogee, 

and Davidson, et al. , it was decided to extend the range of payoffs 

using larger amounts and play only one lottery selected by S at ran- 

dom from those presented to him previously (Dolbear, 1963). 

It was also felt desirable to construct the lotteries using, as 

much as possible, payoffs in round numbers. This was particularly 

true in Phase I during which S's BUF was derived. In Phase II the 

necessity to meet three constraints (expectation, variance and sym- 

metry) made the task of using realistic numbers for payoffs con- 

siderably more difficult. 

In order to derive S's utility function over a fairly representa- 

tive range of money, the payoffs were varied with gains up to $10. 00 

and losses determined individually by S. Most Ss kept their maximum 

possible losses close to their budget of 5. However, a considerable 

number of them indicated a willingness to absorb greater losses the 

maximum being $11. 50, Negative amounts were included to check 

certain claims from previous studies about S's markedly conserva- 

tive behavior in situations involving losses. 

All lotteries in Phase I, as mentioned earlier, were set up with 

two payoffs and equal (1/2) probabilities. This particular type of 

risk was selected for two main reasons. First, bets involving a 50- 

50 chance are easily understood - -S can readily see their equivalence 

to a flip of a (fair) coin. Second, previous studies have strongly 
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indicated that working with 1/2 probabilities minimizes subjective 

probability distortion (Edwards, 1953; 1954 a, b). This consideration 

was of primary concern in the present study given that utility func- 

tions derived in Phase I were used as a reference for estimating 

utilities in more complex situations. 

Design of Choice Structures for Phase II 

In order to investigate S's behavior in complex situations in- 

volving risk, it became necessary to arrive at a description of a 

risky alternative (also referred to as a lottery) that would include 

factors the values of which might serve as measures of complexity. 

A lottery can be adequately specified in terms of the following 

factors: 

1. The number of possible outcomes (or states of nature), N. 

2. The lottery expected (or actuarial) value, 6 E(x) where, 

E(x) = 

N 

i=1 

3. The lottery variance, V(x) where, 

6 

N 

V(x) = p.[xi - E(x)] 2 and pi [xi 

i=1 

The expected monetary (or actuarial) value of a lottery L is 
also denoted by EMV(L). 

1 



4. The lottery skewness, S(x) where, 

N 

[ E( x)] 
3 

i=1 
S(x) _ 

[V(x)] 
32 
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The number of possible outcomes in the lottery, N, is a direct 

measure of the complexity of the decision environment, since it re- 

quires greater concentration on S's part to comprehend the total 

picture and establish the importance of the individual outcomes. The 

expected value of the lottery, E(x), provides a measure of whether 

the lottery is relatively favorable or unfavorable in the sense that S 

will gain or lose if he is to play that lottery a large number of times. 

The variance of lottery, V(x), appears to be an accurate reflection 

of the risk involved (Coombs and Pruitt, 1960). Finally, the skewness 

of the lottery, S(x), provides a measure of the type of odds confront- 

ing the decision maker. 

Since it was desired to analyze S's deviations from his BUF 

in terms of the lottery size, N, and symmetry, S(x), the experiment 

was set up with these factors fixed at three different levels. Of the 

remaining factors, the expected value of each lottery was held con- 

stant, and the variance was varied at random in order to "sample" 

from the total range of payoffs used with each subject. 

pi ° 
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In Phase II the problems of constructing lotteries proved much 

more difficult due to the additional contraints that had to be satisfied. 

The number of possible outcomes in the lottery, N, was re- 

stricted to values of 3, 4, and 5 on the assumption that in most prob- 

lems a decision maker usually allows for as many states of nature to 

be included as covered by this range. For example, a decision on a 

capital investment for equipment is made by considering three states 

for the economy, boom, normal, or recession. Another considera- 

tion for selecting these levels for N was the computational diffi- 

culties and computer expense involved, since the computer CPU time 

increased with N. 

The skewness was fixed at a negative, zero, and a positive level 

to represent odds for "almost- sure - thing ", "even- odds ", and "long - 

shot" types of choice situations. In a lottery of the "almost -sure 

thing" type the payoffs with the highest probabilities would be favor- 

able, i, e. , non -negative, but there existed a small probability, say 

ten percent, of suffering a considerable loss. Lotteries with "even - 

odds" were constructed by using a symmetrical probability distribu- 

tion over the payoffs so that S had the same chances of making more 

or less than the expected value of the lottery. Since the latter had a 

positive value for all lotteries, the term "even- odds" is used some- 

what loosely. In the strict sense of the term, it would refer to situa- 

tions where S would have the same probability of losing as much as 
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he could win, which was clearly not the case in this experiment. In 

a lottery of the "long- shot" type the payoffs with the highest proba- 

bility were relatively small gains and /or losses, but there existed a 

small probability of winning a large amount. Figure IV -9 illustrates 

examples of the types of lotteries used for N = 3, 4, and 5. 

Al JAJ 
pl = . 40 x1 = $3. 20 

p2=.50 x2=$1.00 y 

p3 = . 10 x3=-$2.60 

pl = . 20 x 
1 

= $4. 35 

p2=.30 x2=$3.70 

p3 = . 30 x3 = -$. 70 
y 

p4 = . 20 x4 = °$1. 35 

p1 = . 1 5 xl = $4. 90 

p2=.20 x2=$2.65 

p3 = . 30 x3 = $ . 65 y 

p4=.20 x4=$ .15 

p5 = . 15 x5 = --$. 25 

p3 

i I 

ó1 

-.2 -1 o 2 3 4 5 6 7 

(a) N = 3, S(x) = -1. 00 

p3 p2 

p4 pl 

-3 -2 -1 0 ' 2 3 4 5 6 7 

(b) N = 4, S(x) = 0 

p3 

P4 P2 pl 
p5Q 

-3 -2 -1 0 1 2 3 4 5 6 7 

(c) N = 5, S(x) = 1. 00 

Figure IV -9. Examples of lotteries used in Phase II. 

2 

, 

1 

Pa 

i I 

-3 
i 

1 i i 
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After preliminary experimentations during the pilot study, the 

specific values of - 1. 00, 0, and 1. 00 were selected for skewness in 

order to keep the payoffs of complex lotteries within the range 

established in Phase I. 

The expected value for each lottery used in Phase II was set at 

$1. 50 in order to make it favorable for S. This fact was not known 

to S although the ones that performed written calculations concluded 

that the lotteries had a positive actuarial. value. 

For each factor combination, four lotteries were constructed 

with variance values selected at random from a list of values deter- 

mined by the lotteries used for S in Phase I. 
7 The computational 

method for generating these lotteries was based on the method of 

steepest descent (Chestnut, 1965; Hadley, 1964). For each complex 

lottery the input data included the specification of N, E (x), V(x), S(x) 

and a discrete probability distribution p1, p2, . . . , pN over an 

initial set of payoff values. The computer program (run on the GE 

Time Sharing System) produced values for the payoffs that satisfied 

the E(x), V(x), and S(x) constraints within ± . 05 (see Appendix IV-B). 

It was felt that for this tolerance level the results were satisfactory, 

7It was found necessary to exclude some large variance values 
that for all discrete probability distributions used resulted in payoffs 
outside the range covered in Phase I. For most subjects this 
amounted to omitting one such value from the list and randomly se- 
lecting from the rest. 
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given that most subjects had difficulty discriminating payoffs differ- 

ing by less than five cents. 

Complex lotteries were constructed using mainly unimodal 

probability distributions over the payoffs. These distributions pro- 

vided the means for "rough" approximation in generating lotteries 

with specified properties, while the computer program served for 

"fine tuning", in computing payoffs within the required tolerances. 

A few examples of such lotteries are given in Figure IV -9. 

Lotteries were presented to S in forms as the ones included 

in Appendix IV -D. After trying a variety of formats for presenting 

information and recording responses this design proved 

superior in minimizing errors in the interpretation of lotteries and 

the time required to obtain and record S's responses. 

Procedure for Play 

In the Mosteller and Nogee experiment all lotteries a subject 

chose to play were actually played immediately and money changed 

hands with no delay. However, it was felt that the change in S's 

wealth introduced distortions in the responses elicited by affecting 

the shape of S's utility function. It is within reason that the same 

person's attitudes toward risk will change according to whether his 

financial position is strengthened or weakened in the course of actual 

play. 
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Although the effect of one's budget constraint on his utility func- 

tion appears significant, its investigation would complicate unduly any 

attempt to derive a utility function in a static sense. 

In this study the effect of S's changing wealth was minimized by 

postponing the actual play of the lottery chosen at random until the 

end of the session for Phase II. A similar procedure in the experi- 

ments by Davidson, et al. and Dolbear resulted in no discernible 

change in S's motivation or other aspects of his behavior during the 

experiment (Davidson, et al. 1957; Dolbear, 1963). 

It is also important to minimize the effect of boredom that may 

set in due to prolonged sessions for obtaining responses. Boredom 

effects tend to create distortions in S's true preferences because S 

becomes either careless or develops pattern(s) for making choices 

that reduce the effort to be consistent. 

A previous study by T. F. Dolbear suggested an upper limit of 

100 responses per session to avoid boredom effects (Dolbear, 1967). 

This served as a guideline in the design of this experiment, even 

though other experimenters required more responses per session 

than this "limit" (Coombs and Pruitt, 1960). 

Another aspect of the procedure forced by the method of deriv- 

ing utility points was the interviewing of subjects individually. Al- 

though this is more time - consuming than working with groups, it 

helped reduce any distortions that might result from the interaction 
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of individuals in the same group. This was observed by Mosteller 

and Nogee in their experiment and corrected for in most of the subse- 

quent studies in both laboratory and field experiments. 

The actual play of a single lottery for S is explained in detail 

in Appendix I-B. 

Subjects for Experiment 

The subjects that participated in this project were solicited in 

the following way. An announcement explaining the purpose of the 

experiment, the time it required, and the fee paid for participation 

was read in several classes of the School of Business of Portland 

State College. The same announcement was posted on the bulletin 

boards of the College Computer Center and departments in the School 

of Business. The announcements were accompanied with sign-up 

sheets for those interested in taking part. 

The number of those that volunteered to participate reached 30. 

The group included 19 undergraduate students, nine graduates and 

two members from the staff of the college. All with the exception of 

one undergraduate student and one staff member were from the 

School of Business. Contact was subsequently made with each volun- 

teer to agree on a schedule for two two -hour sessions spaced approxi- 

mately one week apart. As a result of conflicts in the academic and 

work schedules, two undergraduate students were unable to 
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participate. Thus, the experiment was carried out with 28 subjects 

of which 27 completed both phases. The sessions were held from 

January 20, 1968 to March 16, 1968. 

At the beginning of the first session time was spent with each 

subject to explain the experimental task, the objectives of the experi- 

ment, and the importance of being consistent. A set of detailed in- 

structions had been prepared in advance (see Appendix I -A) and each 

subject was asked to read them carefully. Questions were encour- 

aged at this point to make sure the procedure was clearly understood. 

Examples of inconsistent responses were explained and discussed 

with each subject (see Appendix II -A). 

In order to provide some practice in the type of lotteries used 

in the main experiment a set of hypothetical choice situations were 

given to each subject. The same set of lotteries was also used as a 

preliminary screening device for detecting subjects who were either 

highly inconsistent or simply did not understand the procedure (see 

Appendix II A). The cutoff point was arbitrarily set at a consistency 

level of 70 percent. In retrospect, this was somewhat low since the 

majority of the participants scored above 80 percent in this screening 

test. 8 
(See Appendix II B for method used to compute S's con- 

sistency level). 

8 Bone subject who scored slightly below the cut -off point was al- 
lowed to continue after admitting he misunderstood the instructions. 
He displayed consistency in all lotteries of Phase I and was allowed 
to complete the experiment. 
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Upon completion of the set of hypothetical choice situations, S 

was told that the main experiment was to start emphasizing to him the 

importance of viewing each lottery as if it were the only one to be 

played and the fact that one lottery selected by him at random would 

be played for real money. In addition, S was reminded that his 

"budget" for the whole experiment was five dollars. That amount 

could be used to pay for losses up to five dollars any excess above 

that sum to be paid by him. 

The sequence of lotteries offered to all Ss for Phase I was the 

same (see Appendix TTT.C). However, the specific payoffs involved were 

determined by S's previous responses. One third of the lotteries 

were used for consistency checks. The rationale for the procedure 

used to check relative consistency is based on the assumption of 

transitivity for a rational decision maker (for details see Appendix 

ILI-D). All but four subjects exhibited relative consistency in Phase L 

Three of these subjects displayed only one inconsistency in unfavor- 

able lotteries (all -payoffs were non positive). Once these incon- 

sistencies were pointed out, they were readily understood and upon 

further questioning of S corrected for. For one subject, however, 

inconsistencies were indicated by all checkpoints. After explaining 

to him the implications of his responses he admitted being incon- 

sistent. However, he very strongly felt that he could not change 

them even if he were to face the same situations over again. He was 



69 

subsequently excused from Phase II of the experiment. 

The second session was held exactly one week after the first 

for all but three subjects with academic or work schedule conflicts. 

It served to obtain responses with complex choice situations. At the 

beginning of the session; S was told about the similarities and dif- 

ferences in the lotteries of the two sessions. He then proceeded to 

respond to each lottery being reminded again that each lottery ought 

to be viewed as if it were the only one to be played. S was told that 

there was no time limit in responding to a lottery and that he was 

free to perform any calculations he desired before each decision. 

Scratch paper, graph paper and pencils were made available for 

those wishing to use them. At the halfway point, i. e. , after the 

first 18 lotteries, S was asked if he preferred to take a three to five 

minute break or go on until finished. About fifty percent chose to 

continue, while the others -- particularly the ones performing written 

calculations -- preferred to get up to stretch or have a drink of water. 

Upon completion of all 36 lotteries in Phase II, S proceeded to 

select one of the 48 lotteries played in both sessions for play with 

real money. The random selection was made using a pair of 20 -faced 

dice, each die bearing the digits from 0 to 9 twice. The lottery se- 

lected was then played according to the procedure explained in the 

INSTRUCTIONS FOR PARTICIPANTS (see Appendix I -A). 

The payment of the fee of five dollars for participation plus 
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(minus) the amount won (lost) in the actual play was made by check 

from the Engineering Experiment Station at Oregon State University. 

Analysis of Variance 

The desire to investigate the effects of lottery size and lottery 

symmetry on S's response along with possible interactions suggested 

the use of a factorial design for the experiment. With each of the 

factors fixed at three levels the next step was to arrive at a satis- 

factory number of replications. On one hand, statistical considera- 

tions indicated that the larger the number of replications the more 

powerful the analysis would be. On the other hand, however, as the 

number of replications for the nine factor combinations increased the 

session for Phase II of the experiment became excessively long, re- 

sulting in undesirable psychological reactions (boredom, impatience, 

etc. ) on the part of S. Thus, the value of more observations was 

greatly diminished by the fact that they were not quite reliable. Dur- 

ing the pilot study, it was observed that four replications proved to 

be the most satisfactory compromise. It called for 36 lotteries in 

Phase II presented according to a random block design. Under these 

conditions the duration of the second session ranged from one to two 

hours, with most subjects taking one hour and 45 minutes to complete 

it. 

For each complex lottery presented to S an indifference point 
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CF(A1) was determined according to the procedure described pre- 

viously. Then the difference AU between perceived and expected 

utility was computed to measure S's deviations from his BUF. These 

deviations constituted the "observations" for the analysis of variance 

in order to ascertain the effects of lottery size and skewness. 

The AU's were computed for a sample of seven subjects by 

estimating the utility of payoffs in two different ways. One method 

consisted of plotting the points (from Phase I) of S's utility function 

on graph paper and connecting them with straight lines. Utilities 

were then estimated from the broken -line curve for S's utility func- 

tion. The second method, which was finally adopted for the results of 

all subjects, consisted of fitting one least- squares polynomial to the 

negative portion of the utility curve and one to the positive for each 

S. Equations with satisfactory fits were obtained for all Ss using 

primarily first and second degree polynomials. The index of deter- 

mination for all Ss was above . 97 with 90 percent above . 99. This 

method also provided a measure of the standard error of the estimate 

of utilities not available by the other methods. The results of the 

analysis of variance for the sample of seven were the same regard- 

less of the method of estimating the utilities of payoffs in Phase II. 

In the present experiment the analysis of variance of S's devia- 

tions from this BUF was undertaken in order to test the following 

hypotheses: 



1. 

2, 

H01: al =a2=a3= 0 (or µ1, µ2. p3.) 
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i. e. , the true effects for factor S(x) (= lottery skewness) 

are zero. 

H02:ß1=ß2=ß3=0 (or 1=µ.2=a3) 

i. e. , the true effects for factor N (= lottery size) are 

equal to zero. 

3. H03: a1(31 =aí(32 =. . . = n3ß3 =0 

i. e. , the true interaction effects for lottery size and 

lottery skewness are equal to zero. 

Since the factors were arbitrarily fixed at the levels discussed 

previously, the analysis was made using a fixed - effects model. 
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CHAPTER V 

ANALYSIS OF RESULTS 

Phase I: Utility Functions 

Typical Utility Curves 

On the basis of Sts responses to a set of lotteries with two 

equally likely outcomes, one may plot a utility curve representing his 

decision making profile. Despite the subjective nature of such a 

curve, past experimental work suggests that most decision makers 

fall in one of the categories illustrated in Figure V -1 (Mosteller and 

Nogee, 1951; Swalm, 1966). 

Utility 
(util es ) 

Risk -Taker 
(R -T) verages -Player (A -P) 

isk-Averter (R-A) 

Money ($) 

Figure V-1. Typical utility curves. 
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Risk-Averter. The utility function for a person with a con- 

servative attitude toward risk is represented by a curve which is 

concave when viewed from below. A real- valued function U (' ) of 

a real argument x is called concave, if for all xl, x2 and p where 

o< p< 1 

U[px1 + (1 -- p)x7] ? p1 U(xl) + (1 - p) U(x2) 

U (° ) is said to be strictly concave if the above holds with > instead 

of > (Pratt, et al. , 1965, Chapter IV, p. 10). More precisely, S 

is averse to risk if there is no lottery L he considers more de- 

sirable than its expected monetary value, EMV (L), i. e. 

Let, 

CE (L) < EMV (L) for all L 

EMV (L) ü, CE (L) = risk premium for L 

Then, a risk -averter (abbreviated as R -A) attaches a positive risk 

premium to all lotteries. When the lottery is unfavorable (EMV (L) 

< 0), the risk -averter is willing to pay an insurance premium at least 

equal to -EMV (L) to avoid playing the lottery. 

In real life situations, conservatism of various degrees toward 

risk reflects the predominant attitude of most decision makers, par- 

ticularly in business. 

Averages -Player. The utility function for a person who 
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evaluates a lottery strictly on the basis of its expected monetary 

value is a straight line (see Figure V-1). This type of decision 

maker plays the long -run averages. In the range of payoffs covered 

the averages -player, also known as a linear utility man, places zero 

for risk premium on every lottery, i. e. 

CE (L) = EMV (L) for all L 

It is not unusual for S to display a linear utility function, 

especially when the size of payoffs involved is small compared to his 

asset position. Under these conditions it is unnecessary to deter- 

mine S's utility function in order to study decision making behavior 

in situations involving risk. An averages -player (abbreviated as 

A -P) will arrive at decisions reflecting his true attitudes by simply 

using mathematical expectations. 

Risk-Taker. For an individual who prefers to play the lottery 

unless the certain amount offered is greater than EMV (L), the 

utility function can be represented by a curve that is convex when 

viewed from below. Such a curve is appropriate for describing the 

behavior of a gambler. A decision maker with a convex utility curve 

is extravagant, for he is willing to give his opponent (or nature) the 

mathematically better side of a gamble. In other words he asso- 

ciates a negative risk premium with all lotteries, i. e. 

CE (L) > EMV (L) for all L 
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This type is unusual in practice. The main reason being that 

a risk -taker (abbreviated as R- T) who bets sufficiently often will 

eventually run out of money or other resources at stake. The impli- 

cations for executives hardly need further elaboration. 

Mixed (or Composite) Type. The utility function for a con- 

siderable number of people may not be adequately described by the 

types discussed previously. It is possible and entirely "normal" that 

a person might feel conservative over one region and extravagant 

over another. For example, one may act conservatively when con- 

fronted with unfavorable lotteries and be extravagant with favorable 

lotteries. Another possibility is the display of a conservative attitude 

when payoffs are large, i. e. , the stakes are high relative to one's 

asset position, and be somewhat of a gambler when the payoffs are 

small. Such behavior is consistent with the principle of maximizing 

expected utility. Theoretical justification for the existence of mixed 

or composite utility curves is given by Friedman and Savage (1952). 

Swalm's study indicated that a considerable number of the executives 

interviewed displayed this composite type of utility curves. 

Classification of Participants 

In the present experiment Ss displayed a variety of attitudes 

toward risk. To provide a complete profile of these attitudes the 

basic types of utility curves shown in Figure V-1 were employed 
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separately for positive and negative payoffs. This approach made it 

possible to describe the mixed or composite types more precisely. 

With three classifications applied to each half of S's utility curve nine 

categories were established for classifying the participants of the 

experiment (see Figure V -2). 

100 

U(x) 

50 - 

-$10 -$5 

Losses 
x $5x = 

Gains max 

- 50 

- 100 

Attitude for 

Type Gains Losses 

1 R-T R-T 
2 R-T A-P 
3 R-T R-A 
4 A-P R-T 
5 A-P A-P 

$10.00 x 
6 A-P R-A 
7 R-A R-T 
8 R-A A-P 
9 R-A R-A 

Figure V-2. Method for classifying participants. 

Types 1, 5, and 9 are respectively those of the "pure" risk - 

taker, averages -player, and risk -averter. The remaining ones 

serve to describe the composite types. 

A sample of actual utility curves obtained for Ss of this experi- 

ment is given in Figure V-3. 

Even though the points do not all lie exactly on a smooth curve, 

the pattern for each subject can be readily related to the types of 

decision makers discussed previously. In Figure V -3, the utility 

curve for S #7 represents the "pure" risk taker while S #4 typifies 
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Utility 
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- 100 

$5 $10 
Money 
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Figure V-3. A sample of actual utility curves. 
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Type Utility Curve Shape Number Percent 

1 

R - T 

R - T 

( 2 7. 4 

I 

2 

R - T 

A - P 
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o 0 
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3 

R - T 

R - A 
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---- 
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5 

:1: 

A 

13 48.2 

v___ 
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I L- 3 11. 1 
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I 
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8 

R - A 

A - P 

I 

2 7. 4 
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R - A 

R - A 

2 7. 4 

I 

Figure V -4. Classification of subjects. 
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the "pure" risk -averter. The curve for S #2 is that of an averages - 

player, the type most frequently encountered in this experiment, 

while S #15 displays a composite utility curve indicating a gambler's 

attitude toward favorable lotteries and conservatism with unfavorable 

lotteries. It is worth noting that the utility curves in Figure V -3 and 

those of most Ss supported the claim usually made (Swaim, 1966) that 

decision makers tend to be more conservative when a risky situation 

involves possible losses. The effect is not as pronounced here due 

to the limited range of payoffs involved. 

A complete summary of the classification of all subjects with 

the number of Ss in each category is given in Figure V -4. Despite 

the limited range of payoffs covered, it is interesting to observe that 

almost all types were represented. The majority of Ss (48. 2 %) dis- 

played a linear utility function, as might be expected in view of the 

rather small sums involved. The second biggest group (14. 8Vr,) 

sisted of Ss that were risk -takers in the positive quadrant and ri sk 

averters in the negative quadrant. The third largest group consisted 

of Ss that were average -players with favorable lotteries and con- 

servative with unfavorable lotteries. The only types not encountered 

were 2 and 7. 

From responses to a questionnaire (see Appendix III -E) filled 

by each S to obtain routine personal information and some indication 

of attitudes toward risk, it was possible to classify Ss by age, 

cc ". -. 
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gambling experience, aspiration level, etc. Examination of Tables 

III -1 and III-2 (all tables referred to in this section are in Appendix 

III -F) indicates that the shape of S's utility curve is not related to 

age or marital status. In addition, Ss were classified by their level 

of personal income at the time of the interview. The first group in- 

cluded those employed full -time and the second one those that were 

full -time students although some were employed part -time. Even 

though the $5. 00 fee for participation served to equalize all partici- 

pants, Table III -3 seems to suggest the present income might have 

had some effect on S's attitude toward risk. The reader will note that 

most of those inclined toward risk -aversion were in the group of un- 

employed while most of the ones inclined to take risks were in the 

group of those employed full -time. 

It was also observed that gambling experience did not seem to 

affect S's utility curve shape (Table III -4). However, S's attitude 

toward risk as expressed by his utility curve seems to be supported 

by his answers to questions. "Do you enjoy gambling? Yes 

No , " or "Would you be interested in going into business for 

yourself ? Yes No Maybe . " Table III-5 seems to indi- 

cate that risk -takers expressed a positive attitude toward risk while 

the risk -averters admitted they did not enjoy gambling. 

In order to get some idea of S's aspiration level participants 

were asked? "What do you expect your annual income to be by the 



82 

time you are 40 years old? Check one: (a) Less than 10, 000 dol- 

lars, (b) Between 10, 000 and 20, 000 dollars, (c) Over 20, 000 

dollars." The aspiration level was considered low if their projected 

income was less than $10, 000, average for incomes $10, 000 to 

$20, 000, and high for $20, 000 or over. It is interesting to note that 

participants with high aspiration levels tended to be more inclined to 

take risks than the group with an average aspiration level (see Table 

III -6). None of the subjects displayed a low aspiration level which is 

to be expected for individuals that (expect to) work with college 

degrees. 

Finally, the consistency level for S did not seem to be related 

to S's utility curve as evidenced by inspection of Table III -7: 

Phase II 

Decision Behavior with Complex Choice Structures 

Interpretation of Deviations from BUF 

Suppose that after confronting S with the choice situation in 

Figure V -5, we determine that for a certain sum y = $2. 60 he is 

indifferent between taking a gamble (alternative Al) and the certain 

offer (alternative A2). As explained previously (see Chapter IV), for 

a decision maker of the von Neumann -Morgenstern type the utility of 

Al must equal that of A2. Having derived S's utility function for 
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money, it is possible to determine the utility of each option sepa- 

rately, and then compute the deviation from S's BUF. 

A 
A A2 Prob. Payoff 

pl = . 30 x1 = $5.60 

p2=.40 x2=$1.50 y=$2.60 

p3 = .30 x3 = -$2.70 

Figure V-5. Type of lottery used for determining deviations from 
BUF (S #15). 

Here, for S # 15 (for details see Appendix V -A) 

U(A1) = p1 U(xi) + p2U(x2) + p3 U(x3) 

= (. 30) U($5. 60) + (. 40) U($1. 50) + (.30)U(-$2.70) 

= (. 30)(43. 55) + (. 40)(8. 71) + (. 30)(- 26. 32) = 8.65 utiles 

and 

U(A2) = U(y) = U($2. 60) = 16. 29 utiles 

The difference between U(A2) and U(A1) was defined as S's devia- 

tion from his basic utility function (BUF) derived in Phase I. Thus, 

LU = U(A2) - U(Ai) 

N 

= U(y) - U(xi ) = 16. 29 - 8. 65 = 7. 63 utiles 

1 

2 

i=1 



where, 

U(y) = the "perceived" utility of alternative Al 

N 

U (xi) = the "true" expected utility of alterantive Al 

i =1 
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The sign of the deviation, AU, serves to indicate whether S under- 

estimates or overestimates the "true" utility of the risky alternative. 

Our purpose here is to see whether deviations can be attributed to 

some characteristic of the choice structure such as lottery size or 

skewness,or the type of decision maker. 

Case 1 -- Overestimation of Lottery's Utility. When the 

"perceived" utility of a lottery L is greater than its "true" expected 

utility we say that S has overestimated L by an amount equal to 

AU. In other words, S has assigned a higher cash equivalent to L 

as a "package" than he would have by considering the subjective value 

of the individual payoffs of L and then weighing them by their re- 

spective probabilities (see Figure V -6.). 

Overestimation of L is indicated whenever AU has a positive 

sign. The magnitude of AU might serve as an index of S's tendency 

to become more of a risk -taker in the face of situations more complex 

than the standard lotteries of Phase I. By asking a higher price, y, 

for L than that associated with its expected utility, y', S in effect 

assigns a positive amount of utility to complexity inthe choice situation 

pi 
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U(y) 
I 

-= Lottery Overestimation 
Utility I 

N I 

Yp.U(x 1 

i=' I 

I 

I 

I 

I 

I 

I 

y 
Money ($) 

Figure V-6. Overestimation of lottery L. 

Case 2- Underestimation of Lottery's Utility. When the "per- 

ceived" utility of L is smaller than its "true" expected utility we say 

that S has underestimated L by an amount equal to U. As a 

"package" the lottery has less value to S than the sum of its com- 

ponent parts estimated individually (see Figure V-7). 

Underestimation of L is indicated whenever AU has a nega- 

tive sign. By demanding a lower price y than that associated with 

the lottery's expected utility, y', the magnitude of S's deviation 

serves as an index of his tendency to become conservative when con- 

fronted with complex risky alternatives. A set of actual deviations 

AU 

Y' 



for a sample of Ss is given in Appendix V -B. 

N 

pi i U(x ) 

i=1 

U(y) 

Utility 
(utiles) 
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AU = Lottery Underestimation 

Y Y' 
Money ($) 

Figure V -- 7. Underestimation of lottery L. 

Analysis of Observed Deviations from BUF 

In the absence of experimental evidence, intuition might sug- 

gest that as the decision environment becomes more complicated the 

decision maker would tend to behave more conservatively. Examina- 

tion of Table VI -1 in Appendix VI -C reveals the rather unexpected 

phenomenon of all Ss displaying a tendency to become more extrava- 

gant in the face of increased complexity. Table VI -1 shows that the 

overall deviation from the BUF was positive for all Ss. 

If S is a risk -taker or a risk -averter, it is difficult to tell 
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a priori what form of behavior he will exhibit in complex risky situa- 

tions. However, for an averages-player whose attitude toward risk 

is neutral, one may assume that for the lotteries of Phase II devia- 

tions from his BUF are random and equally likely to be positive or 

negative. Hence, we may test the null hypothesis that the probability 

is one -half (p = 0.50) that the overall deviation for an averages - 

player will be positive, against the one-sided alternative p > 50, i, e. 

Ho p 7: 0.50 

H1 p > 0. 50 

Having expressed the null hypothesis in these terms we can now 

test it using standard methods (or the sign test). For n = 13 (the 

number of Ss with a linear utility function) and p = . 50, the mean and 

the standard deviation of the corresponding binomial distribution are 

and 

np = 13 (O. 50) 7-- 6.50 

2 
cr np(1 p) = 13(0. 50)(0. 50) = 3. 25 

0- 25 = 1.80 

The test can be based on the normal approximation to the binomial 

distribution. Given that all 13 Ss displayed positive deviations, we 

get 
13 - 6. 5 

z 
8 

3. 6 I 

. 

- - 

r 

W = 
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Since the computed z -value exceeds z = 1. 64 (the critical value 

for a one sided test with a five percent level of significance), we 

reject the null hypothesis and favor the alternative. Because n is 

rather small we could have used the binomial distribution directly. 

Accordingly, the probability that out of 13 Ss all will exhibit positive 

deviations when p = 0. 50 is 

13 
0 

13 
(0.50) (0. 50) _ 

1 

5, 632. 0 
0.000178 

One must, therefore, conclude that the tendency of Ss to be- 

come extravagant in Phase II was significant, particularly for the 

averages -player type. 

The positive overall deviations from the BUF for all Ss might 

be explained in terms of the following. During the interview for 

Phase II, it became apparent that when confronted with complex lot- 

teries Ss appeared to be influenced more by the gains than by the 

losses in the choice structure. When discussing the procedure used 

to arrive at their indifference point, the majority of Ss indicated that 

when confronted with a lottery, they would roughly estimate its ex- 

pected value and then adjust it upward to bring it closer to the higher 

payoffs in the choice structure, unless the possible losses were close 

to or larger than their "budget" of five dollars. Some of them in- 

stead of figuring an expected value would consider the most probable 

- 
13 
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payoff (usually a gain) and then set their indifference point either 

above or below this payoffs, depending on the possible losses and 

their probabilities. 

Although this is a speculation, it is believed that in the face of 

increased complexity and uncertainty S's "aspiration level" was 

raised and induced the extravagant behavior suggested by the positive 

deviations from the BUF. The presence of high payoffs often ap- 

peared to dominate S's responses even when high losses were pos- 

sible causing him to increase his "perceived" utility of the lottery 

and demand a higher price than would be expected using his BUF. 

Similar behavior is not uncommon in real life. In auctions the bid- 

ding price for the prize in a closed box is generally higher than for 

other prizes involving less uncertainty. Here, the anticipation of an 

unusually high -valued prize although very uncertain seems to induce 

people to raise their bid in the hope it will materialize. 

One might partly attribute the observed deviations to the ex- 

perimental procedure employed. In particular, it may be argued that 

since the participation fee of $5. 00 was not paid until the experiment 

was completed, S did not consider it seriously as a genuine part of 

his assets. As a result, in making his responses he was not too con- 

cerned about its possible loss and chose instead to concentrate on the 

gains of each lottery. Another feature of the experimental design that 

could have resulted in biased responses might be the nature of the 
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choice structures themselves. Since the possible gains or losses 

were rather small, it is conceivable that Ss tended to gamble more 

so than if the stakes were higher. Although other reasons might 

exist for explaining the observed positive deviations from the BUF, 

it is felt that the first one given above was the most important, the 

remaining playing a minor role. 

In considering the magnitude of the overall deviation from the 

BUF, examination of Table V-1 in Appendix V -C suggests that the 

largest deviations occurred for Ss that were averages -players and 

risk -averters (or Ss so inclined). This might be explained as fol- 

lows. While with standard lotteries it was relatively easy to deter- 

mine the expected value of the gamble and set the indifference point 

accordingly, with the complex lotteries Ss tended to be influenced 

mainly by the gains or high payoffs. For averages -players and risk - 

averters this change constituted a departure from their behavior in 

Phase I. The effect for risk -takers was less pronounced, since this 

group was influenced by the presence of high payoffs from the be- 

ginning and this was reflected in their BUF. 

Although there is no apparent relationship between the magni- 

tude of the overall deviation and S's consistency level (see Table V -2 

in Appendix V -C) the amount of written calculations performed by S 

during Phase II seems to have had a discernible effect. Inspection 

of Table V -2 in Appendix V -C shows that for Ss who performed 
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calculations for 50% or more of the lotteries in Phase II, the overall 

deviations were smaller in magnitude than for those who responded 

with few (25%) or no calculations. 

While the evaluation of deviations in terms of their direction is 

meaningful, a similar evaluation of the significance of the magnitude 

of these deviations is difficult to perform and more difficult to in- 

terpret. The computational problem arises from the lack of an ap- 

propriate measure for the variability of such deviations. The prob- 

lem of interpretation is imbedded in the definition of utility as a 

quantity measured on an interval scale. In measuring temperature 

one can say whether a given reading is above or below the freezing 

point for water. However, a temperature of 70 F -- thought of as a 

deviation from the freezing point - -can hardly be interpreted as twice 

as warm as a temperature of 35 F. Similarly, it is not meaningful 

to argue that a deviation from the BUF of 10 utiles is twice as 

serious as one of 5 utiles. A more effective procedure for investi- 

gating the nature of such deviations is by performing an analysis of 

variance which is discussed in the section that follows. 

Analysis of Variance Results 

In order to assess the influence of skewness and lottery size 

on decision making behavior, a 3 x 3 factorial random block design 

was employed for the statistical analysis of S's deviations from his 
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BUF. A replication in this design consisted of one deviation meas- 

urement for each of the nine possible factor combinations 

(S(x) = -1. 00, 0, 1. 00 ; N = 3, 4, 5). The results analyzed included 

27 Ss that completed both phases of the experiment. This section 

focuses attention on the general findings of the experiment. Details 

on the mean deviations observed and their statistical analysis are 

given in Appendix VI. 

Effects of Lottery Skewness 

Upon performing an analysis of variance on the deviations of 

each S individually, it was found that the null hypothesis was re- 

jected for 11 of the 27 Ss at the five percent (a . 05) significance 

level. In other words, for 41% of those tested skewness was judged 

a significant source of variation. For this factor of the decision 

environment to be significant, the F value had to exceed 3. 35. At 

the five percent level the F value would exceed 3. 35 by chance only 

1 in 20. Thus, the results of the present experiment agree with the 

findings of Edwards (1953) and those of Coombs and Pruitt (1960) con- 

cerning the dominant role of skewness observed in decision making 

with simpler structures. Edwards attributes this to the existence of 

probability preferences among Ss. 

From the utility curves derived in Phase I and responses to a 

questionnaire (see Appendix N -E), it was possible to classify Ss for 

= 
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which skewness was a significant source of variation on the basis of 

decision maker type, their personal evaluation of its importance, 

their consistency level and the amount of written calculations per- 

formed during Phase II. 

Examination ofTable IV-1 (all tables referred to in this and the 

next section are given in Appendix IV-F) suggests that skewness was 

more influential for Ss that reacted to risk favorably or adversely 

than for averages -players. In other words, an individual who has a 

linear utility function appears to be less sensitive to the type of odds 

confronting him as compared to risk -takers (or gamblers) and risk - 

averters. One might arrive at the same conclusion intuitively and 

the experimental results seem to confirm it. 

Next, a check was made to see whether the analysis of the re- 

sults verified or contradicted S's own evaluation of skewness. Ss 

were asked to rate this and other factors as "most important, " "quite 

important, " or "least important" in affecting their decisions during 

Phase II. Inspection of Table IV -2 indicates that for the group with 

significant skewness effects the ratings were primarily "most 

important" (63. 6°7) and "quite important" (36. 4%). 

In considering the relationship of S's consistency level and the 

presence of significant skewness effects, it was found that 72.7% of 

the Ss belonged to the top consistency bracket (91- 100 %). This is a 

larger proportion than might be expected given that only 52. 0% of all 
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Ss fall in the above consistency bracket (see Table N -4). If S's con- 

sistency level is viewed as a measure of his discriminating power, 

then it is reasonable to assume that Ss with high scores were more 

sensitive to the various types of odds. 

Examination of Table IV. 3 revealed no apparent relationship 

between Ss with significant skewness effects and the amount of calcu- 

lations performed during Phase II. 

Effects of Lottery Size 

The analysis of variance showed that in regard to lottery size, 

the null hypothesis was rejected for three of the 27 Ss at the five 

percent (a = . 05) significance level. In other words, lottery size as 

measured by the number of possible outcomes in the risky alternative, 

was judged a significant source of variation for 11% of those tested. 

As with skewness, this factor was considered significant when the 

F value exceeded 3. 35. At the specified significance level the F value 

would exceed 3. 35 by chance only 1 in 20. 

Examination of Table IV -5 shows that the Ss for which lottery 

size was a significant source of variation were averages -players or 

so inclined. The sample size, however, is not sufficient to allow 

making any generalizations. 

Perhaps, the most revealing information is provided by Table 

IV-6. In this we see that the majority of Ss (51. 9 %) considered the 
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lottery size, N, as "least important" in making decisions. From this 

group only one S was significantly influenced by N. One -third of all 

Ss considered N "quite important, " but only one was significantly 

affected. Four Ss (14. 8%) considered N "most important" and from 

this group only one displayed significant effects. 

For this small number of Ss with significant deviations due to 

lottery size, it is difficult to draw any meaningful conclusions about 

the role of S's consistency or the amount of written calculations per- 

formed. 

The lack of significant lottery size effects for 89% of all Ss 

bears an interesting relationship to Miller's "magic number 7 ± 2. " 

Miller argues that when viewed as a communication channel man has 

a span of absolute judgement and a span of immediate memory which 

impose severe limitations on the amount of information that can be 

received, processed, and remembered. The "channel capacity" 

limit for unidimensional judgements corresponds to seven (plus or 

minus two) distinguishable alternatives. For multidimensional 

judgements the "channel capacity" limit is increased as everyday ex- 

perience shows when distinguishing accurately one among hundreds 

of faces, or thousands of words (Miller, 1956). 

Looking at a choice structure in this light, one might argue that 

S's judgement involves at least two basic dimensions, i. e. payoffs 

and their probabilities. For lotteries, then, with five or fewer 
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outcomes we are dealing with structures which in terms of their com- 

plexity are well within the capacity limit of the decision maker as a 

"communication- channel. " Hence, S's evaluation of lottery size as 

not being a very important factor appears to be justified, and the 

results of the experiment seem to provide further support to Miller's 

position concerning man's capacity as an information system. 

Lottery Size and Skewness Interaction 

In evaluating the results for possible interaction between lot- 

tery size and skewness, it was found that only one S displayed signifi- 

cant interaction effects. At the five percent (a = . 05) level of signifi- 

cance, the F value is considered to be significantly different when it 

exceeds 2. 73. Since this might happen by chance 1 time out of 20, 

it was assumed that the single interaction out of 27 that proved sta- 

tistically significant might be attributed to chance. 

On the basis of the above results, it is justifiable to conclude 

that in decision making behavior lottery size and skewness (at the 

levels specified in this experiment) do not interact. 

Study of Contrasts 

In the cases where the null hypothesis was rejected in the 

analysis of variance, Scheffe's method (S- method) was employed for 

making comparisons of the mean deviations for the various factor 
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combinations. The S- method was selected to test contrasts, because 

it is known to be affected very little when the assumptions of 

normality and equal variances are not satisfied (Guenther, 1964, 

p. 58). All comparisons were made using a 95% confidence level. 

Before proceeding with the analysis of contrasts and their in- 

terpretation, it will be helpful to repeat some remarks made in 

Chapter IV about the types of lotteries used in Phase II. For a lot- 

tery of the "almost -sure- thing" type the payoffs with the highest 

probabilities were favorable, i. e. non -negative, but there existed a 

small probability, say 10 or 15 %, of suffering a considerable loss. 

Lotteries with "even- odds" were constructed using symmetrical 

probability distributions over the payoffs, thus giving S an equal 

chance of making more or less than the expected value. "Even- odds" 

cases also involved considerable and /or medium losses although not 

as large as for S(x) = -1. 00 due to the centering of the distributions 

at x = $1. 50. In lotteries of the "long- shot" type the payoffs with the 

highest probabilities were mainly small and medium gains and /or 

losses, but there existed a small probability, say 10 %, of winning a 

large amount. 

Contrasts for Ss with Significant Skewness Effects. Table VI -6 

(all tables referred to in this section are in Appendix VI -C) sum- 

marizes the simple contrasts that were tested and the results for Ss 

significantly influenced by skewness. Ss were grouped according to 
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decision maker type. The reader will note that the mean deviations 

for S(x) = -1. 00 ("almost-sure-thing" type of odds) and S(x) 

("even-odds") are not significantly different for all Ss except one. 

However, the mean deviation for S(x) = -1. 00 is significantly differed 

than the mean deviation for S(x) 1. 00 ( "long- shot" type of odds) for 

all Ss except four. Finally, the mean deviation for S(x) = 0 was sig- 

nificantly smaller than the mean deviation for S(x) 1. 00 for six Ss 

and equal for the remaining five Ss. 

The above results may be interpreted as follows. In situations 

with the "almost-sure-thing" type of odds or "even- odds" the pres- 

ence of considerable losses caused larger mean deviations from S's 

BUF than was the case with the "long- shot" situations where the pos- 

sible losses were generally small and few if any. 

In considering the relationship of mean deviations with the 

various decision maker types, it is seen that for risk -takers (or Ss 

so inclined) and averages- players the deviations were largest for 

5(x) = -1. 00, intermediate for S(x) = 0 and smallest for S(x) = 1. 00. 

A cautious interpretation of these results is the following. As a 

situation deviates from the type of odds a decision- maker prefers 

the most- -this would be the "long-shot" type for a risk- taker -his 

deviations from his BUF become increasingly larger. Such an in- 

terpretation seems in agreement with Edward's findings concerning 

the existence of probability preferences and the association of a 

= 0 

= 

= 
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positive or negative utility for certain types of odds (Edwards, 1954d). 

For risk -averters (or Ss so inclined) there is no conclusive 

evidence to support the above remarks due to the small number from 

this group that displayed significant skewness effects. 

Subjects with Significant Lottery Size Effects. The small num- 

ber of Ss significantly affected by lottery size makes it somewhat 

dangerous to generalize from the results of the analysis of simple 

contrasts. 

Examination of Table VI-6 indicates that the mean deviation 

for the larger size lotteries (N = 4, 5) was greater than for lotteries 

with N = 3. This statement is also supported by intuition, but the 

evidence cannot be considered conclusive. 
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CHAPTER VI 

DISCUSSION OF EXPERIMENT 

The previous chapter covered the analysis of experimental re- 

sults and attempted to explain the findings in terms of psychological 

and /or economic considerations. Basically, the results obtained for 

the complicated choice structures of Phase II were in agreement with 

the findings of previous research with similar but much simpler 

structures (Edwards, 1954a; Green, 1963). At this point, it is ap- 

propriate to consider in more detail the assumptions made and dis- 

cuss their validity. In addition, certain remarks will be made con- 

cerning the experimental procedure used and changes that might help 

improve the experimental design in future applications. 

Assumptions 

In the conduct of the present experiment it was assumed that 

man is a rational being possessing a free will and motivated by a 

desire to maximize utility - -a measure of the subjective value he at- 

taches to different objects, in this case money. It was also assumed 

that utility is a measurable quantity and that there exists a technique 

for its measurement. It is generally admitted that the experimental 

procedures available for measuring a person's utility are far from 

perfect (Grayson, 1963; Pruitt, 1962). A number of approaches have 
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been suggested and some of them have been tested with limited suc- 

cess. As a generalization, one may say that each experimenter in 

attempting to remove or reduce weaknesses in the technique of 

another did so at the expense of introducing new ones. New weak- 

nesses usually took the form of different assumptions, or limited 

applicability of the results obtainable. 

Although some individual aspects of the experimental design de- 

veloped for this study have been tried elsewhere, they were com- 

bined here in a different manner to provide a more complete and co- 

ordinated experimental procedure. The conceptual framework used 

rests on the von Neumann -Morgenstern structure. Although their 

set of axioms has been criticized and modified by some, theirs still 

remains the best (Edwards, 1954d). The experimental technique used 

drew from the field study of Swaim (1966) and suggestions made by 

Pratt, et al. (1965), Dolbear (1963), and others. Certain features 

that proved effective in previous laboratory or field studies were in- 

corporated to streamline the conduct of the experiment. The spe- 

cific assumptions made in using the technique for utility measure- 

ment are given below. 

Utility of Gambling 

The method of eliciting responses in this study assumed that 

S's utility for gambling does not introduce any distortion in selecting 
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between the risk option Al and the certain one, A2. This assumption 

has received some criticism from Davidson, et al. , Dolbear and 

others who avoided it in their experiments by presenting S with two 

risky options at a time. In this manner, it was argued that S's 

(dis)utility for gambling would cancel out, since he would have to take 

a risk whether he chose Al or A2. The assumption was thus re- 

moved, but only at the cost of using an unwieldy method restricted 

to binary (two -outcome) choice structures (Davidson, et al. , 1957). 

The choice of the method employed here was heavily influenced 

by four factors. First, it appears that a host of real -life problems 

can be reduced to a decision problem involving one risky alternative 

and a certain one. An individual can invest his savings in stocks (a 

risky option) or put them in the bank (a certain option). A company's 

problem may reduce to marketing a new product or investing in bonds 

or some job improvement program. Second, if the willingness to 

gamble or utility for taking a risk is significant, it may be preferable 

to treat it as a suppressed variable helpful in explaining differences 

among individual subjects (Thrall, et al. , 1954, p. 255). Third, 

the technique can be extended to handle choice structures with more 

than two states of nature. Methods like the ones used by Davidson, 

et al. , Dolbear and others that depend on utility differences cannot 

be generalized beyond binary choice situations (Davidson, et al. , 

1957). Fourth, a number of both laboratory and field studies such as 
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the ones by Mosteller and Nogee, Swaim, and other have made the 

same assumption and produced interesting results that have rein- 

forced our faith in utility theory and its value in explaining decision 

behavior. 

Subjective and Objective Probabilities 

Another assumption made in this experiment is that the ob- 

jective (numerical) probabilities specified for the various states of 

nature (or outcomes) are equal to the subjective probabilities the 

decision -maker attaches to these outcomes. 

Although experimental work by Edwards (1954 a, b) and by 

Preston and Barrata ( 1948) has suggested that the two types of proba- 

bilities are different, they obtained their results by assuming that 

S's utility for money is linear, a very unrealistic basis indeed. 

For Phase I where this assumption is most important in de- 

riving S's basic utility function, the lotteries were designed with a 

50 -50 chance on binary outcomes. This probability assignment has 

proved to be the most easily understood by subjects and the least 

distorted (Dolbear, 1966; Edwards, 1953, 1954a, b). 

It must be noted, that the assumption that objective probabilities 

equal subjective probabilities is part of the modern utility theory de- 

veloped by von Neumann and Morgenstern and was incorporated in the 

experimental studies of Mosteller and Nogee, Coombs and Pruitt, 
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Dolbear, and many others. 

Independence of Observations on Utility Function 

More subtle than the previous ones is the assumption that the 

observations (responses) for determining points on (or deviations 

from) S's utility function are independent in nature. 

Great care was exercised when instructing each individual to 

consider each lottery as a decision to be made only once and then 

forgotten (see Instructions to Participants, Appendix I -A). Two 

reasons exist for assuming that responses were actually made inde- 

pendently. First, the relatively large number of lotteries offered 

made it difficult for Ss to recall previous choices. Most of them 

willingly stated they could not remember previous choices and this 

caused them some concern about being inconsistent. Second, the 

procedure of playing only one lottery for real money upon completion 

of both sessions further induced Ss to respond to each lottery indi- 

vidually given that there was no advantage in being a "risk- taker" 

sometimes and a risk -averter in others in the hope it will average - 

out. 

It is conceivable and very likely that most Ss did develop a 

"pattern" or decision rule. This writer, however, doubts that any 

such rule was used for sequences of lotteries in a dynamic sense. 
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Temporal Stability of S's Utility Function 

It has been argued by some that a person's utility function 

changes with time. For the purposes of this experiment, it was as- 

sumed that S's utility function remained stable in the time interval 

that elapsed between the two sessions. The experiment by Mosteller 

and Nogee (1953) conducted over a period of several months indi- 

cated that there is no reason to assume temporal instabilities. Much 

encouragement along the same line was also provided by the experi- 

ment of Davidson, et al. (1957). They tested their subjects over a 

period of several weeks and noticed the same similarity in the shape 

of S's utility curve. In view of the short interval of one week between 

the two sessions of the present experiment and the limited range of 

payoffs involved, the validity of assuming temporal stability of S's 

utility function appears justified. 

Discussion of Experiment 

Upon completing the present experiment this writer was con- 

vinced of the truth in the statements often made by other experi- 

menters concerning the measurement difficulties involved in utility 

theory and the elusive nature of the subject. Yet, one cannot help but 

feel the vast richness of this field with all its complexity and derive 

a great deal of satisfaction along with frustration stemming from 
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failure to tie the results into a neat package that can be presented to 

the world as a "universal truth. " Unlike the physical scientists, in- 

dustrial engineers, management scientists, and others must be will- 

ing to settle for less than the "perfectly controlled experiment" when 

concerned with the study of systems in which humans play a dominant 

role. 

Although every attempt was made to control carefully the most 

significant factors of this experiment, it is felt that there is still 

room for improvements in the experimental procedure used. The 

rather sizeable experimental error for most Ss might be possibly 

reduced, but as long as one deals with human behavior, large varia- 

bility in responses will remain a difficult factor to cope with. One 

basic reason is the fact that Ss exhibit not only a preference for out- 

comes, but also a preference for responses which further compli- 

cates the problem of measuring utility (Luce and Suppes, 1965). 

It seems reasonable to attribute the existence of the experi- 

mental error to certain aspects of the personality of the decision 

maker and to some features in the experimental design. Since the 

former is too complex a subject to investigate here on the basis of 

the sample size studied and the amount of information collected for 

each participant, the emphasis is placed instead on certain aspects 

of the experimental procedure used. For some ideas on the correla- 

tion of decision making behavior under risk with some personality 
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aspects, the interested reader is referred to the article by Scodel, 

et al. (1959). 

To begin with, it is felt that skewness plays a much more im- 

portant role than the results of this experiment suggest. The sensi- 

tivity of the experimental design could have been greatly improved 

had it been possible to use larger payoffs for both gains and losses. 

The typical range of money covered here (from - $8. 00 to $10. 00) is 

still narrow and most people are so familiar in dealing with such 

amounts that the effects of different odds - configurations and lottery 

sizes could only be limited. Most Ss when asked about whether the 

size of payoffs was enough to induce realistic responses answered in 

the affirmative; however, all of them invariably felt that their sensi- 

tivity would be greater had the payoffs ranged between - -$50 (or 

-$100) to $100 (or $200). However, for such sums it will be difficult 

to make such a project financially feasible, if lotteries are to be 

played with real money. On the other hand, if Ss are to pay for 

losses with their own money the extent of participation will probably 

drop to zero unless one recruits participants in Las Vegas or Monte 

Carlo. One possibility might be to study decision making with com- 

plex choice structures using hypothetical lotteries. Reliability of re- 

sponses then becomes the familiar problem discussed in Chapter IV. 

In short, certain trade -offs must take place in order to arrive at an 

experimental design that is feasible financially and elicits realistic 
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responses on the basis of the size of payoffs involved. In terms of 

the funds available the experimental design used here seems to be 

the best compromise. 

Another consideration has to do with the sample size. No one 

will argue that results on 27 Ss are sufficient to allow making any 

sweeping statements about human behavior in decision making under 

risk. Yet, unless a method is devised other than interviewing Ss in- 

dividually, experiments in this area will have to be made with this 

relative magnitude of sample size. Since the lotteries for Phase II 

are unique for each S based on his responses from Phase I,the only 

alternative for obtaining larger sample sizes would be to use two or 

more interviewers. This in turn creates problems due to differences 

among interviewers (see Halter, 1956). 

It is believed that the method for generating lotteries for Phase 

II was adequate although it is possible that improvements in the al- 

gorithm used or its programming might increase both its accuracy 

and precision. To avoid excessive distortion of numerical probabili- 

ties all probability distributions involved values for probabilities that 

were multiples of . 05, the smallest values being . 10 or . 15. Since 

it would be unrealistic to expect S to discriminate differences smaller 

than a nickel, all payoffs in lotteries for Phase II were rounded off to 

the nearest nickel. This was also the maximum possible variation 

for E(x) and V(x) from their specified values. 
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Within the financial limits imposed from the project funds 

available and the constraints of the experimental procedure for elicit- 

ing responses, the following, in retrospect, appear to be changes that 

might help conduct similar experiments more effectively. 

For the experiment as a whole it would be desirable to screen 

Ss more carefully by increasing the number of lotteries in Phase I and 

grouping them in two categories, one for estimating points on S's 

utility function and another for assessing the reliability of this func- 

tion in predicting choices. The procedure used did not provide a 

means for checking one's BUF for reliability thoroughly although the 

use of check points served to insure S's relative consistency. Ac-. 

cording to this scheme Ss would be screened using the practice set 

(see Appendix II -A), check points in estimating the utility function, 

and some measure of BUF's reliability, say the percent of choices 

accurately predicted. The usual difficulty, of course, is securing 

enough Ss so that screening is possible. Some sort of financial re- 

numeration is thus desirable. The $5. 00 fee used here was intended 

to provide reasonable compensation for approximately four hours of 

S's time. 

In Phase II it would be desirable to check whether the tendency 

to be extravagant was genuine or attributable to biases built in the 

experimental design. To do so all lotteries must be set with a zero 

expected value, i. e. EMV(L) = 0. Since this would likely increase 
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the range of payoffs for all skewness levels, particularly the ones 

when S(x) = -1. 00, it would be desirable to increase the participation 

fee from $5. 00 to $10. 00or$15. 00 so that Ss can absorb the larger 

possible losses. It is doubtful whether enough Ss would volunteer, if 

losses are to be paid from their own personal funds, although it would 

be interesting to compare the results under these two arrangements. 

Assuming a participation fee is used it is preferable to place it 

in front of S (in cash!) during the play. This approach would induce 

him to consider it more seriously as part of his own assets as com- 

pared to the procedure used here wherein S never saw the money 

during the experiment. 

If a larger number of Ss can be obtained it might be worthwhile 

to give each subject a battery of tests in order to investigate whether 

deviations are related to some personality aspects such as intelli- 

gence, motivation for success, fear of failure, or others (see Scodel, 

et al. , 1959). 
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CHAPTER VII 

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH 

Conclusions 

It was the purpose of this study to investigate decision making 

behavior under risk, particularly when the choice situation confront- 

ing a subject is more complicated than the type represented by a 

standard lottery with two (usually equiprobable) outcomes. In re- 

sponse to the specific questions posed at the beginning of this thesis, 

the following answers appear justified. 

1. On the basis of the overall observed deviations from the 

basic utility function, it was found that all subjects in the face of in- 

creased complexity displayed a tendency to become more extravagant. 

This strongly suggests a rise in one's aspiration level when uncer- 

tainty in the choice situation is increased thus inducing behavior more 

extravagant than the type observed with simpler choice structures. 

However, it might be also argued that its occurrence could possibly 

be accounted by some built -in bias in the experimental design. 

Further experimentation appears to be warranted to define more 

clearly an individuals reaction to increased complexity in the decision 

environment. 

2. Lottery skewness, as an index of the type of odds confronting 
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the decision maker, was a significant source of variation. Variation 

in the present context was determined by measuring deviations from 

S's basic utility function, the latter derived under conditions most 

conducive for determining his true preferences. Cautious interpre- 

tation of the results also suggests that deviations become larger as 

the odds facing the decision maker change from the most preferred 

to the least preferred configurations. The importance of skewness 

was also recognized by most participants in terms of the weights 

given to various lottery factors. The results of this experiment seem 

to agree with previous research addressed to much simpler choice 

structures. 

3. Lottery size, as specified by the number of possible out- 

comes in a risky alternative, was also judged to be a significant 

source of variation, but only for a small number of participants. Its 

limited effect was also acknowledged by most participants in terms 

of the low rating it received for its role in influencing decision making 

behavior. 

If the decision maker is viewed as a "communication channel, " 

then Miller's magic number "7 ± 2" as the capacity limit for the 

"channel" in handling unidimensional judgements seems to be further 

supported by the experimental results and S's own evaluation of 

lottery size. Since a lottery has at least two "dimensions, " i. e. , the 

payoffs and their probabilities, and the "channel" capacity limit 
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increases with the number of dimensions in a judgement, at the levels 

of lottery size specified, the complexity of the choice situation is well 

within the capacity of the decision maker for processing and storing 

information. 

4. The presence of only one interaction out of 27 can be ex- 

plained as a chance event at the five percent significance level, since 

1 out of 20 could be "expected to be significant" by chance. Thus, at 

the levels specified for skewness and lottery size, it is reasonable 

to conclude that these factors do not interact. 

Although in the conduct of the experiment, routine personal in- 

formation was obtained for each subject, it is not possible to relate 

conclusively the observed deviations and significant effects to age, 

income, degree of consistency or consistency or type of attitude 

toward risk. For the range of payoffs covered the majority of parti- 

cipants were averages -players as might be expected given that the 

sums risked were a small portion of one's asset. It was interesting, 

however, to discover that practically all types of decision makers 

were represented from the "pure" risk -takers (or gamblers) to the 

"pure" risk -averters (or conservatives). 

Suggestions for Future Research 

The field of human decision making offers experimenters in- 

numerable avenues to explore of both theoretical and practical 
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natures. So far, as one might suspect, the theoretical investigations 

run far ahead of work being done that is of practical value in the de- 

sign, evaluation, and control of man - machine systems, particularly 

in the realm of decision making in the typical business environment. 

As immediate extensions of the study reported here, it would 

be desirable to conduct further experiments within the same frame- 

work of objectives, but with progressively larger ranges for payoffs 

in order to increase the sensitivity in detecting the effects of various 

lottery factors such as skewness, lottery size, expected value, or 

other. Since the results reported in this thesis apply only for the 

levels of the factors specified, it would be interesting to compare 

decision making behavior at different factor levels. 

In view of the appeal of casting risky alternatives in forms corn - 

monly encountered in business situations, it would be worthwhile to 

compare the results obtained using complex hypothetical choice 

structures. Here the payoffs would be realistic, although it would be 

impossible to assess the reliability of responses given that partici- 

pants would not be directly affected by their decisions. However, 

such a study might provide unusual insights about executive behavior. 

A different problem in need of study using a similar approach 

as the one followed in this experiment would be to consider decision 

making under risk in the presence of various constraints. First, one 

might investigate the effect of making decisions under risk for various 
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budget levels using both simple and complex lotteries. Another pos- 

sibility would be the study of the effects of various levels of time 

pressure for arriving at a decision again both for simple and complex 

lotteries. The effect of the time variable might also be investigated 

by the design of choice structures where payoffs are deferred. 

A more intrigueing problem is that of deriving utility functions 

for non -monetary "payoffs" such as different safety levels, reliability, 

levels, different deadlines, or other criteria useful for evaluating per- 

formance in industrial or business settings. A systematic attack on 

these problems might offer insights that would be invaluable in un- 

derstanding executive behavior and would provide more realistic 

bases for formulating decision rules for action rather than as aca- 

demic exercises. 

Implications and the Future 

The results obtained from this experiment provide, in the 

opinion of this writer, additional support to the argument that the von 

Neumann -Morgenstern utility model is most valuable as a prescrip- 

tive rather than a descriptive "tool" for human decision making. It 

appears that as a choice structure becomes more complex, the 

theory's predictive power is diminished. This is to be expected since 

inconsistencies are known to be common when people do what comes 

naturally. In Howard Raiffa's words utility theory 
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. . is a theory which purports to advise any one of its 
believers how he should behave in complicated situations, 
provided he can make choices in coherent manner in rela- 
tively simple, uncomplicated situations. (Raiffa, 1961, p. 690) 

It is, therefore, difficult to accept the position that is advanced 

by Swalm (1966), and Bierman, et al. (1965) concerning the future of 

utility theory as a descriptive or predictive model. It is felt that its 

importance to executives and systems designers will continue to in- 

crease as it is introduced as a part of formal mathematical models, 

thus bridging the gap between theory and practice. However, its 

raison d' etre will not be that of a crystal ball useful in predicting 

what others will do. Instead, utility theory seems destined to become 

a powerful tool for the integration of subjective inputs to decision 

problems. In this role, it will perform three crucial functions. . 

First, it will offer a sound basis for formulating decision rules that 

are consistent with a system's objectives. Second, it will serve as a 

vehicle for communicating effectively desired attitudes to all the key 

decision centers within a system. Finally, it will enable the design 

of controls systems that induce behavior consistent with the overall 

objectives of the system, rather than dependent on the idiosyncrasies 

or personal objectives of individual decision makers. 

. 



117 

BIBLIOGRAPHY 

Ackoff, R. L. 1962. Scientific method: optimizing applied research 
decisions. New York, Wiley. 464 p. 

Allen, R. G. D. 1963. Mathematical economics. 2d ed. New York, 
MacMillan. 812 p. 

Arrow, K. J. 1951. Social choice and individual values. New York, 
Wiley. 99 p. 

Arrow, K. J. 1958. Utilities, attitudes, and choices: A review note. 
Econometrica 26:1 -23. 

Becker, G. et al. 1963. Stochastic models of choice behavior. 
Behavioral Science 8:41 -55. 

Beer, S. 1965. Decisions and control. New York, Wiley. 556 p. 

Bierman, H. et al. 1965. Quantitative analysis for business deci- 
sions. 2d ed. Homewood, Ill. , Richard D. Irwin. 456 p. 

Blackwell, D. and M. Girshick. 1954. Theory of games and sta- 
tistical decisions. New York, Wiley. 353 p. 

Chernoff, H.. and L.Moses. 1959. Elementary decision theory. New 
York, Wiley. 364 p. 

Chestnut, H. 1965. Systems engineering tools. New York, Wiley. 
646 p. 

Churchman, C. W. 1961. Prediction and optimal decision. 
Englewood- Cliffs, N. J. , Prentice-Hall. 394 p. 

Cochran, W. G. and G. M. Cox. 1957. Experimental designs. 2d ed. 
New York, Wiley. 611 p. 

References listed in this bibliography include those consulted 
or referred to in this thesis. More extensive bibliographies on 
utility theory are given in Fishburn (1968) and Luce and Suppes (1965). 



118 

Coombs, C. H. and S. S. Komorita. 1958. Measuring utility of 
money through decisions. American Journal of Psychology 
71:383-389. 

Coombs, C. H. and D. G. Pruitt. 1960. Components of risk and 
decision making: probability and variance preferences. 
Journal of Experimental Psychology 60 :265 -277. 

Davidson, D. , P. Suppes and S. Siegel. 1957. Decision -making: 
an experimental approach. Stanford, Stanford University. 
1 21 p. 

DeGroot, M. H. 1963. Some comments on the experimental measure- 
ment of utility. Behavioral Science 8 :146 -149. 

Dolbear, T. F. 1963. Individual choice under uncertainty - -an 
experimental study. Yale Economic Essays 3 :419 -470. 

Dolbear, T. F. and L. B. Lave. 1967. Inconsistent behavior in 
lottery choice experiment. Behavioral Science 12 :14 -23. 

Edwards, E. 1953. Probability -preferences in gambling. American 
Journal of Psychology 66:349-364. 

1954a. Probability -preferences among bets with 
different expected values. American Journal of Psychology 
67 :56 -67. 

1954b. The reliability of probability preferences. 
American Journal of Psychology 67 :68 -95. 

1954c. The theory of decision making. Psychology 
Bulletin 51 :380 -417. 

1954d. Variance preferences in gambling. 
American Journal of Psychology 67 :441 -452. 

1961. Behavioral decision theory. In: Annual 
review of psychology, ed. by P. P. Farnsworth, et al. 
Annual Reviews. p. 473 -498. 

Ellsberg, D. 1961. Risk, ambiguity, and the Savage axioms. 
Quarterly Journal of Economics 75 :643 -669. 



119 

Fellner, R. 1965. Probability and profit. Homewood, Ill. , Richard 
D. Irwin. 239 p. 

Fishburn, P. C. 1964, Decision and value theory, New York, Wiley. 
451 p. 

1967. Method of estimating additive utilities. 
Management Science 13 :435 -453. 

1968. Utility theory. Management Science 14 :335- 
378. 

Forester, J. 1968. Statistical selection of business strategies. 
Homewood, Illinois, Richard D. Irwin, 215 p. 

Friedman, M. and L. J. Savage, 1952. The expected utility hy- 
pothesis and measuring of utility. Journal of Political Economy 
60 :463 -474. 

Glaze, J. A, 1928, The association value of nonsense syllables. 
Journal of Genetic Psychology 35:255-267, 

Grayson, G. J. , Jr. 1960. Decisions under uncertainty. Cambridge, 
Mass. , Harvard Business School, Division of Research. 402 p. 

Green, P. E. 1963. Risk attitudes and chemical investment deci- 
sions. Chemical Engineering Progress 59:35 -40. 

Guenther, W. C. 1964. Analysis of variance. Englewood -Cliffs, 
N. J. , Prentice -Hall. 199 p. 

Hadley, G. 1964. Nonlinear and dynamic programming, Reading, 
Penn. , Addison -Wesley. 484 p. 

1967. Introduction to probability and statistical de- 
cision theory. San Francisco, Holden -Day. 580 p. 

Hall, A. D. 1962. A methodology for systems engineering. Prince- 
ton, N. J. , D. Van Nostrand. 478 p. 

Halter, A. 1956. Measuring utility of wealth among farm managers. 
Ph. D. thesis. East Lansing, Michigan State University. 
195 numb. leaves, 



120 

Hammond, J. S. 1967. Better decisions with preference theory. 
Harvard Business Review 45(6) :123 -141. 

Henderson, J. M. and R. E. Quandt. 1958. Microeconomic theory. 
New York, McGraw -Hill. 291 p. 

Hooke, R. 1963. Introduction to scientific inference. San Francisco, 
Holden -Day. 101 p. 

Inoue, M. S. 1967. Systems tableau - -an integrated approach to 

systems theory. Ph. D. thesis. Corvallis, Oregon State 
University. 315 numb. leaves. 

Kaufman, G. M. 1963. Statistical decision and related techniques in 

oil and gas explosion. Englewood - Cliffs, N. J. , Prentice - 
Hall. 307 p. 

Luce, R. D. 1959. Individual choice -behavior - -a theoretical analysis 
New York, Wiley. 153 p. 

Luce, R. D. and H. Raiffa. 1957. Games and decisions-- introduc- 
tion and critical survey. New York, Wiley. 509 p. 

Luce, R. D. and P. Suppes. 1965. Preference, utility, and subjec- 
tive probability. In: Handbook of mathematical psychology, ed. 

by R. D. Luce, R. R. Bush and E. Galanter. Vol. 3. New York, 
Wiley. p. 252-410. 

Marschak, J. 1950. Rational behavior, uncertain prospects, and 
measurable utility. Econometrica 18 :111 -141. 

1964. Actual versus consistent decision behavior. 
Behavioral Science 9:103-110. 

Miller, D. W. and M. L. Starr. 1960. Executive decisions and 
operations research. Englewood - Cliffs, N. J. , Prentice -Hall. 
446 p. 

Miller, G. 1956. The magical number seven, plus or minus two: 
some limits on our capacity for processing information. The 

Psychological Review 63:81 -97. 

Mood, A. and G. Graybill. 1963. Introduction to the theory of 

statistics. New York, McGraw -Hill. 443 p. 



121 

Morris, W. T. 1967. The capacity decision system. Homewood, 
Ill. , Richard D. Irwin. 124 p. 

Mosteller, F. and P. Nogee. 1951. An experimental measurement 
of utility. Journal of Political Economics 59:371 -404. 

Papandreou, A. G. 1953. An experimental test of an axiom in the 
theory of choice. (Abstract) Econometrica 21 :447. 

Pratt, J. W. et al. 1965. Introduction to statistical decision theory. 
Prel. ed. New York, McGraw -Hill. Various paging. 

Preston, M. L. and G. Barratta. 1948. An experimental study of 
the auction value of an uncertain outcome. American Journal 
of Psychology 61 :183 -193. 

Pruitt, D. G. 1962. Pattern and level of risk in gambling decisions. 
Psychology Review 69:187 -201. 

Raiffa, H. 1961. Risk, ambiguity and the Savage axioms: comment. 
Quarterly Journal of Economics 75:690 -694. 

Raiffa, H. and R. Schlaifer. 1961. Applied statistical decision 
theory. Boston, Harvard University Division of Research. 
356 p. 

Ramsey, F. P. 1931. The foundations of mathematics and other 
logical essays. New York, Harcourt, Brace. 292 p. 

Riggs, J. L. 1963. Influence of environmental factors on human 
mental and motor performance in console operations. Ph. D. 

thesis. Corvallis, Oregon State University. 88 numb. leaves. 

1968. Economic decision models. New York, 
McGraw -Hill. 401 p. 

Savage, L. T. 1954. The foundations of statistics. New York, 
Wiley. 294 p. 

Samuelson, P.A. 1952. Probability, utility, and the independence 
axiom. Econometrica 20 :670 -678. 

1965. Foundations of economic analysis. New 

York, Atheneum. 447 p. 



122 

Scodel, A. et al. 1959. Some personality correlates of decision 
making under conditions of risk. Behavioral Science 4:19-27. 

Siegel, S. 1956. Nonparametric statistics for the behavioral 
sciences. New York, McGraw -Hill. 31 2 p. 

1957. Level of aspiration and decision making. 
Psychology Review 64:253,262. 

Simon, H. A. 1955. A behavioral model of rational choice. 
Quarterly Journal of Experimental Psychology 69:99 -118. 

1956. Rational choice and the structure of the en- 
vironment. Psychology Review 63 :129 -138. 

1959. Theories of decision making in economics 
and behavioral science. American Economic Review 49 :253- 
283. 

Suppes, P. 1961. Behavioristic foundations of utility. Econo- 
metrica 29:186-202. 

Swalm, R. O. 1966. Utility theory -- insignts into risk taking. 
Harvard Business Review 46(6) :1 23 -136. 

Thrall, R. M. et al. 1954. Decision processes. New York, Wiley, 
332 p. 

von Neumann, J. and O. Morgenstern. 1964. Theory of games and 
economic behavior. Science ed. New York, Wiley. 641 p. 

Wald, A. 1950. Statistical decision functions. New York, Wiley, 
179 p. 

Wine, R. L. 1964. Introduction to statistical inference. Englewood - 
Cliffs, N. J. , Prentice -Hall. 671 p. 



APPENDICES 



APPENDIX I 123 

FLOW DIAGRAM FOR EXPERIMENTAL PROCEDURE 

I Start with Instructions to Participants 
and answer question (if any) 

Explain meaning of consistency; have 
S go through Practice Set, Determine 
S's consistency level 

l 

Run S through Phase I 

Determine S's eligibility for Phase II 
Have S fill out questionnaire 

1 

Prepare lotteries Phase II 

Run S through Phase II 

Ask S to evaluate lottery factors 

Have S select one lottery for play 
with real money 

Determine S: s deviations from his 
T; F and results 

Details given in: 

Appendices I -A, B, 

Appendices II -A, B 

Appendices III -A, B, 
C,D,E,F 

Appendices IV -A, 
B, C, D 

Appendices IV -D, E 

Appendix I -B 

Appendices III -F, 
IV-F, V -A, B, C, 
VI 

:1 ;r 

1 

l 

anal 
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APPENDIX I -A 

INSTRUCTIONS TO PARTICIPANTS 

General Remarks 

Your are about to participate in a series of experiments on decision 
making. Each time you will be asked to make a choice in a situation 
involving risk. 

More specifically, in each experiment you will be faced with a situa- 
in which you will have to express either: 

1. A preference for one of two alternatives, or 
2. Indifference between the same two alternatives. 

The first alternative, denoted by Al, will always involve a lottery L 
with two or more outcomes. For every lottery you will be given the 
probability of each outcome and the payoff (gain or loss) associated 
with that outcome. 

The second alternative, denoted by A2, will always consist of a 
certain payoff of known amount. 

In each choice situation you will be asked to choose either Al or A2, 
or express indifference between the two. Indifference in this case 
would be equivalent to letting someone else make the choice for you. 

The alternatives in question will be mutually exclusive. In other 
words, choosing Al prevents you from receiving the payoff asso- 
ciated with A2 and vice versa. 

Example 

As an illustration, consider the choice situation shown in matrix form. 
elow 

Al A2 

el p1=.50 x1=$10.00 

y=$4. 00 
e2 p2-.50 x2=0 

a. Choice Situation b. Random Mechanism 
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In words, the table suggests that you must choose between the follow- 
ing two courses of action. The first alternative, A1, has a 50 -50 
chance of bringing you ten dollars or nothing. The second alternative, 
A2, will bring you four dollars for certain. 

If you choose A2 you get the four dollars; if you choose A1, however, 
spinning the pointer of the disk (or flipping a fair coin) will determine 
whether you get ten dollars (the pointer stops at E1) or nothing (the 
pointer stops at E2). 

For a given lottery, the amount of the certain offer (like the four 
dollars of A2) will be changed until a point is reached when you be- 
come indifferent between taking the gamble, A1, or the certain 
amount, A2. You will be asked to fix the value of the certain offer 
that makes you indifferent between Al and A2. This value is called 
the cash equivalent of the lottery L, CE(L). 

Types of Lotteries 

The lotteries used in the experiment may be favorable or un- 
favorable. It is helpful to think that you have the lottery- of Al in your 
possession. 

If L is a favorable lottery, its cash equivalent CE(L) will be a posi- 
tive amount. It may help to think of CE(L) as the selling price of the 

lottery. 

If, however, the lottery is unfavorable, say one involving consider- 
able possible losses, then it's cash equivalent will be a negative 
amount, since most likely you would prefer not to have the lottery. 
It is helpful in this case to think of the lottery as an obligation and 
its CE(L) is the amount you would be willing to pay to relieve your- 
self of such an obligation. For an unfavorable lottery L, its cash 
equivalent is called the insurance premium for L. 

Objectives 

Throughout the experiment it is important to respond in a way that 
reflects your true preferences. There are no correct or wrong 
answers in making choices. So, we want to know what you would 
actually do, not what you feel you should do, or what someone else 
might expect you to do. 
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Look at each lottery as a decision you might have to make only once. 
Here it will help if you do not try to remember your decisions with 
previous lotteries. 

Experimental Procedure 

Preliminary Session: Before the conduct of the main experi- 
ment, a preliminary session will be held to explain the pro- 
cedure and answer questions you may have. Feel free to ask 
them if something is not clear. 

At this time we would like to ask you a few questions too. You 
will be given a questionnaire to fill out, and your cooperation 
in providing us with some routine personal information will be 
most helpful. The analysis of results will be made by assign- 
ing to each participant an identification number. In this manner 
the contents of the completed questionnaire will be kept strictly 
confidential! 

The only requirement for participation in the experiment is 
consistency in your responses when confronted with decisions 
under risk. During the preliminary session you will be given 
a number of choice situations similar to the one in the previous 
example to make sure you understand the procedure. Let us 
repeat again that this is the time to ask any questions you may 
have. 

Session I: The first session of the experiment will be carried 
out using lotteries with two outcomes with a 50 -50 chance, i. e. , 

with equal probability, and a certain sum. Each lottery will be 
similar to the one explained in the example. 

Session II. The second session will involve lotteries with more 
than two outcomes which may or may not have the same proba- 
bility of occurrence. 

Your responses in both sessions are made in exactly the same 
manner. That is, you choose Al or A2 or express indifference 
between the two (response I). 

Procedure for Play 

In order to make you responses as realistic as possible, upon 
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completion of the entire experiment you will select one lottery at 
random (from choices that represented your indifference between 
A1 and A2) to be played by you using real money! 

The actual play of a lottery will be made using a set of high precision, 
twenty -faced dice that can generate outcomes with any desired 
probability distribution. 

Almost all lotteries used will have a positive expected value. Thus 
the odds favor your making a profit from participation in the experi- 
ment. In the event you lose in the actual play of the lottery, you will 
pay for losses up to five dollars from a fee of $ 5 which you 

will receive for your participation upon completion of the experiment, 
the balance to be made up from your own funds. 
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APPENDIX I -B 

ACTUAL PLAY OF LOTTERIES 

The actual play of lotteries upon completion of the second ses- 

sion was as follows. S rolled a pair of twenty -faced dice the out- 

come of which determined which one of the 48 lotteries used in both 

sessions would be selected to be played with real money. Once this 

lottery was identified S rolled the dice for a second time. Since at 

the point of indifference options Al and A2 for that lottery were 

equally attractive or unattractive to S, it was equivalent to delegate 

the decision to a third party, in this case nature - -its decisions mani- 

fested by the outcome of the roll of dice. If the second roll produced 

an even number S received the certain payoff in A2. If the outcome 

was an odd number S proceeded to play Al. The final selection of the 

payoff was then determined by a S rolling the dice for the third time. 

The discrete probability distribution over the payoffs was simulated 

by assigning a number of random numbers to each payoff equal to the 

probability of this payoff. 

Manufactured by the Japanese Standards Association for 
generating random numbers in applications of quality control, 
queueing simulation and other problems in which it is desired to 

simulate random events. 
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APPENDIX II -A 

PRACTICE SET (HYPOTHETICAL LOTTERIES) 

The next few pages contain a set of hypothetical situations similar to 

the ones used in the main part of the experiment. You are to indicate 
your choice by circling A1, I, or A2 for each lottery on the answer 
sheet. 

As with the lotteries from which you will select one for actual play, 
there are no right or wrong answers. You simply state the option 
you prefer or express indifference. 

The important requirement is that your responses are consistent. The 

following example illustrates the meaning of inconsistency. 

Example: Case I 
Al A2 

p1=.50 x =$7 
1 

p2=.50 x2=$2 
y=$4 

Al I A2 

Case II 
Al A2 

p1=.50 x1=$7 
y=$4 

p2=.50 

Al I A2 

Suppose you are confronted with Case I and your response is Al 
(take the gamble). If in the course of a session you are later pre- 
sented Case II and your response is A2 (take the certain amount), 
this would be an example of inconsistency. 

Case II contains a more attractive gamble than Case I (same maxi- 
mum payoff of $7, but a larger minimum payoff of $3). If you pre- 
ferred Al in Case I, there is a stronger reason for choosing the 
same option in Case II. Hence, selection of A2 for Case II would be 

inconsistent with the previous choice. 

Each situation must be viewed individually. In other words, your 
responses in previous instances should not influence your decision 
for a particular case. Here, it will help if you try to forget previous 
answers and attempt to look at each lottery as a decision you would 

have to face only once. 

x2$3 
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HYPOTHETICAL LOTTERIES USED FOR DETERMING 

(Subset of reference lootteriees from LEVEL set of 35) 

Lottery 
Number 

Al A2 Response 

pl =. 50 xl =$ 4. 00 

1 
y=$2.00 Al IA2 

pl = . 50 x2 = 0 

1 3 1 = . 5 0 X = 0 

2 y=-2. 00 Al I A2 

p2 = . 50 x2 = -5. 00 

- - - - - - - - - - - - - - - - - - - - - 

p1=.50 xl= 9.00 

3 y= 6.00 Al IA2 

p2=.50 x2= 3.00 

- - - - - - - - - - - - - - - - - - - - - 

p = . 50 xl= 5. 00 
1 

4 y= 0 Al IA2 

p2=.50 x2 = -2.00 

p1=.50 x1 =-1.00 

5 y = -2. 50 Al I A2 

p2 = . 50 x2 = -4. 00 

- - - 

- - - 

- 

a 
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DETERMINATION OF CONSISTENCY LEVEL 

In order to determine S's consistency level the lotteries in the 

practice set were constructed as follows. Five reference lotteries 

were specified similar to the ones used in Phase I. This subset in- 

cluded two lotteries with non -negative payoffs, two lotteries with non - 

positive payoffs, and one lottery with both negative and positive pay- 

offs. Use was made of a 50 -50 chance risk type to minimize proba- 

bility distortions. The value of y (for the certain option) was set at 

or near the expected monetary value of the lottery. From each refer- 

ence lottery six others were generated by adding or subtracting an 

increment ($. 50) from one of the payoffs (x1, x2, y) at a time. Thus, 

the practice set consisted of five reference lotteries and thirty deriva- 

tive ones which were presented to S in a random block design to 

minimize learning effects. 

The consistency level for S was determined by comparing his 

responses to the derivative lotteries with those for the reference lot- 

teries. For example, if the certain offer in A2 was increased in a 

derivative lottery and the risky option Al remained the same as in the 

reference lottery, a preference of A on the derivative lottery would 

be judged inconsistent if S had chosen A2( or expressed indifference) 

in the reference lottery. The percent consistency level was deter- 

mined by taking for each S the proportion of responses in the deriva- 

tive subset that were consistent with responses in the reference subset. 
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APPRENDIX III -A 

FORM USED FOR ELICITING RESPONSES IN PHASE I 

Decision Theory Project 
DATA SHEET 
Form N2 

Al A2 

. 50 x1=6.00 

p2-_.50 x2=0 

y=2.00 

5. 00 

2. 50 

4. 00 

3. 00 

3. 50 

3.75 

3. 60 

Page: 3 

Subject: John Doe 
Id. No. : 15 

Date: 2/22/68 
CE(L3) = $3. 60 

Response 
Al I A2 

x 

x 

x 

x 

x 

x 

x 

X 
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APPENDIX III -B 

SUMMARY OF UTILITY VERSUS MONEY DATA (PHASE I) 

Ss Utility vs. Money 

100.0 75. 0 62. 5 50.0 37. 5 25. 0 12. 5 0 -25. 0 -37. 5 -50. 0 -62. 5 -75. 0 -100.00 

Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles Utiles 

Subject 

1 $10.00 $ 7. 45 $ 5. 95 $5. 70 $3. 70 $3. 15 $ 2. 25 0 $ -1. 80 $ -2. 90 $ -3. 85 $ -3. 50 $ -4. 50 $ - 5. 10 

2 10, 00 7. 50 6, 00 5. 00 3, 80 2. 50 1. 20 0 -1.65 -1. 80 -3. 05 -3. 65 -3. 80 5, 70 

3 10.00 7.45 6.45 4.90 3.65 2.65 1.50 0 - .85 -1.75 -1.90 -2.75 -3.35 - 5.05 

4 10, 00 5. 85 5. 80 4. 25 2.75 2. 25 1, 75 0 -1. 90 -2. 30 -2. 80 -3. 35 -3. 90 - 4. 40 

5 10, 00 8. 60 8.00 6. 50 5. 75 4, 25 3. 00 0 -3. 40 -4. 50 -6. 50 -7. 50 -8. 80 -11. 50 

6 10, 00 7. 55 7. 00 5. 00 4. 00 2, 75 1. 60 0 -1. 10 -1. 50 -2. 50 -2. 70 -3. 00 - 4. 00 

7 10, 00 7. 95 7. 50 6. 95 4. 95 4. 80 3. 45 0 -1. 50 -1. 80 -3. 50 -3. 75 -4.00 -, 8.00 

8 10, 00 7. 85 6. 50 5. 60 3, 75 2. 30 1. 20 0 -1. 70 -2. 10 -2. 70 -3. 20 -3. 50 - 4. 60 

9 10.00 7. 50 6.30 5, 00 3, 90 2. SO 1. 25 0 -2, 35 -3, 65 -5. 00 -6, 50 -7, 75 -11. 00 

10 10.00 6. 75 6. 25 5, 00 4, 00 1.75 . 90 0 -1. 30 -2. 75 -3. 00 -3. 50 -4. 40 - 6.00 

11 10.00 7.30 5.30 4.50 4.30 2.15 1.30 0 -2.20 -4. 10 -5.20 -5.25 -7. 10 - 8.25 

12 10.00 8.60 7.25 6.00 4.75 3.50 1.80 0 -2.50 -4.40 -5.50 -6.50 -7.80 - 9.00 

13 10.00 7. 00 6, 50 4. 50 3, 50 2. 80 1. 40 0 -1. 80 -3, 00 -4. 00 -5. 00 -6. 00 8.00 

14 10.00 6.95 5.55 4.75 4.50 2.75 1.75 0 -1.95 -2.75 -4.00 -4.75 -5.60 -.7.75 

15 10.00 8.00 7.25 6.00 5.50 3.60 1.90 0 -2.75 -3.30 -4.75 -5.50 -6.25 7.75 

16 10, 00 7. 50 6. 75 5. 00 4, 75 2. 50 1. 45 0 -1. 50 -2. 25 -3. 00 -3. 50 -4. 00 - 5. 50 

17 10.00 6.60 6.25 5.50 3.50 2.75 1.50 0 -3.00 -3.75 -5.00 -6.30 -7.50 -10.00 

- 

- 

- 



100. 0 75. 0 62. 5 50.0 
Utiles Utiles Utiles Utiles 

37. 5 

Utiles 
25.0 

Ss Utility vs. Money Data 
12. 5 

Utiles Utiles 
0 

Utiles 
-100.00 

Utiles Utiles Utiles Utiles Util,. s Utiles 
-25.0 -37. 5 -50.0 -62. 5 -75. 0 

Subject 

18 $10. 00 $7. 50 $6.25 $5.00 $3.75 $ 2. 50 $1.25 0 $ -2. 50 $ -3. 75 $-S. 00 $ -6. 25 $ -7. 50 $ -10. 00 

19 10.00 7.25 6.25 5.40 4.75 3.55 2.25 0 -2.40 -2.55 -3.50 -3.55 -4.40 S. 25 

20 10.00 7.00 6.25 5.50 3.50 2.75 1.50 0 -1.50 -2.25 -3.00 -3.70 -4. 50 - 6.00 

21 10, 00 7. 50 5. 75 4. 80 4. 00 2. 40 1. 50 0 - . 80 -1. 75 -2, 00 -2. 50 -3. 50 - 4. 40 

22 10.00 7.75 5.90 5.00 3.60 2.45 1.80 0 -2.80 -3.60 -4.95 -5.40 -6.10 7.60 

23 10.00 8.55 6.55 6.50 5.25 3.00 1.75 0 -2.75 -3.45 -5.05 -5.20 -5.75 7.50 

24 10.00 7.50 6.25 5.00 3.75 2.50 1.25 0 ..2.50 -3.75 -5.00 -6.25 -7.50 -10.00 

25 10.00 7. 50 6. 25 5. 00 3. 75 2. SO 1. 25 0 -2. 50 -3. 75 -5. 00 -6. 75 -7. 50 -10.00 

26 10.00 5. 75 4.45 3.75 3.30 1.75 1.40 0 -2.00 -2.80 -3.75 -3.95 -4.80 - 6.75 

27 10.00 7.50 6.25 5.00 3.75 2.50 1.25 0 -2.50 -3.75 -5.00 -6.25 -7.50 -10.00 

. 

- 

- 

- 
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APPENDIX III -C 

SPECIFICATION AND SEQUENCE OF LOTTERIES USED IN PHASE I 

Lotter 
ordery 

A1 (Risky Option) A2 (Certain Option) 

Utility 
Assignment 

Payoff x1 Payoff x2 

(pl . SO) (p =. 
2 

50) 

Payoff y 

1p(y)=1. 001 
. 

L1 $10. 00 0. 00 y=CE(L1)=? U($10)=100. 0; 

U(o)=0. 0 

U CE(L1) =50.0 

L2 CE(L 1) x2=? y=0. 00 U(x2)=-50. 0 

L3 CE(L 1) 0. 00 y=CE(L3)=? U [ CE(L3 =25. 0 

L4 0. 00 x2=? y=x2 U(x2)=-100. 0 

L5 $10. 00 CE(L1) y=CE(L5)=? U [CE(L5)] =75. 0 

L6 0. 00 x2 y=CE(L6)=? U CE(L6) L =-25. 0 

L7 CE(L3) O. 00 y=CE(L7)=? U [CE(L7)] =12. 5 

L8 x2 x2 y=CE(L8)=? U [ CE(L$)] =-75 

L9 CE(L5) 0. 00 y=CE(L9)=? U [ CE(L9)] =37. 5 

L10 0. 00 CE(L8) y=CE(L10)=? U [CE(L10)] =-37. 5 

L11 $10.00 CE(L3) y=CE(L11)=? U[ CE(L11)] =62, 5 

L12 CE(L6) x2 y=CE(L12)=? U[ CE(L12)] =-62. 5 

Lotteries used for consistency checks. 
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CONSISTENCY CHECK POINTS FOR PHASE I 

136 

In eliciting responses for estimating S's utility function, the 
axiom of transitivity was employed as a basis for checking S's rela- 
tive consistency (See Chapter II for definitions). 

Suppose S had responded to the lotteries L1, L2, and L3 shown 
below 

Al A2 

p1=. 50 xi 

y=CE(L1) 

p2=.50 x2 

L1 

Al A2 

p1=.50 xi 

y'=CE(L2) 

p2=.50 x2 

If the lotteries were constructed so that 

and 

Then, 

xi < xi' < x1 

x =x' =x" 
2 2 2 

A1 A2 

,, 

p1=.50 x 
y"=CE(L3) 

p2=. 50 x2 

CE(L2) < CE(L3) < CE(L1) for S to be consistent 

In words, the selling price for L3, CE(L3), at which S is indifferent 

between Al and A2 must be bounded by CE(L1) and CE(L2), since the 

maximum payoff in L3 is smaller than that in L1 and greater than the 

maximum payoff in L2, while the minimum payoff is the same for all 

lotteries. In Phase I four lotteries were used to check for con- 

sistency; two of these were in the positive quadrant and two in the 

negative one. 

. 

L2 L3 
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QUESTIONNAIRE 

I. Personal Data Date: 

1. Name: 

Id. No. 

2. Address: 
(Last) (First) 

3. Telephone: (Business or Home): 

4. Marital Status: Single Maried Other Age: 
(Circle One) 

5. Year in College: 1 2 3 4 5 Major: 
(Circle One) 

IL Miscellaneous 

Sex: 

1. To what extent do you (or did you) support yourself while in 
college? 

0 20% 40% 60% 80% 100% 

2. What do you expect your annual income to be by the time you 
are 40 years old? 

Check One: a. Less than 10, 000 dollars 
b. Between 10, 000 and 20, 000 dollars 
c. Over 20, 000 dollars 

3, Would you be interested in going into business for yourself? 

Yes No Maybe 

4. Have you had a course in probability and /or statistics within 
the last 2-3 years? 

Yes No 

5. Have you had any experience in gambling? 

Considerable Some None 

6. Do you find gambling enjoyable? 

Yes No 

7. Which of the following games of chance would you prefer to 
play if given the opportunity? 

Bingo Roulette Draw Poker 
Dice(Craps) Slot Machine Stud Poker 
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CLASSIFICATION OF Ss FROM PHASE I 

Table III -1. Attitudes toward risk for various age groups. 
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Age 

Utility Curve. Types 
Total R-T R-T 

R -T A -P 
R-T 
R -A 

A -P 
R -T 

A -P 
A -P 

A -P R -A 
R -A R -T 

R -A 
A -P 

R -A 
R -A 

20 or under 1 

21 -25 2 10 2 2 1 17 

26-30 1 2 3 

31 -35 1 1 2 

35 or over 1 2 1 4 

Table III-2. Attitudes toward risk for single and married Ss. 

Marital 
Status . 

Utility Curve Types 
Total R-T 

R-T 
R-T 
A -P 

R-T 
R -A 

A -P 
R-T 

A -P 
A -P 

A -P 
R -A 

R -A 
R-T 

R -A 
A -P 

R -A 
R -A 

Single 

Married 2 

1 

3 1 

6 

7 

1 

2 

2 1 

1 

11 

16 

Table III -3. Attitudes toward risk and consistency level. 

Consistency 
Level 

Utility Curve Types 
Total R -T R -T 

R -T A -P 
R -T 
R -A 

A -P 
R -T 

A -P 
A -P 

A -P R -A 
R -A R -T 

R -A 
A -P 

R -A 
R -A 

91 -100 

81- 90 

71- 80 

70 -or less 

2 2 

2 

1 6 

5 

1 

1 

1 

2 

1 

1 

1 

1 

14 

11 

1 

1 
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Table III -4. Attitudes toward risk and present income. 

Employ -. 
ment 
Status 

Utility Curve Types 
Total R-T 

R-T 
R-T 
A -P 

R-T 
R -A 

A -P 
R-T 

A -P 
A -P 

A -P 
R -A 

R -A 
R-T 

R -A 
A -P 

R -A 
R -A 

Employed 

Unemployed 

2 1 

3 

1 5 

7 

1 

2 2 2 

10 

17 

Table III -5. Attitudes toward risk and gambling experience. 

Gambling 
Experience 

Utility Curve Types 
Total R-T 

R-T 
R-T 
A -P 

R-T 
R -A 

A -P 
R-T 

A -P 
A -P 

A -P 
R -A 

R -A 
R-T 

R -A 
A -P 

R -A 
R -A 

Considerable 

Some 

None 

2 

2 

2 

1 

1 

10 

2 

3 1 

1 

2 

3 

20 

4 

Table III -6. Attitudes toward risk and aspiration level. 

Aspiration 
Level 

Utility Curve Types 
Total R -T 

R -T 
R -T 
A -P 

R -T 
R -A 

A -P 
R -T 

A -P 
A -P 

A -P 
R -A 

R -A 
R -T 

R -A 
A -P 

R -A 
R -A 

High 

Ave. 

Low 

2 2 

2 1 

7 

6 3 

1 

1 

1 

1 

13 

14 
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Table III -7. Attitudes toward risk and gambling. 

Attitude 
toward 

Gambling 

Utility Curve Types 
Total R-T 

R-T 
R-T 
A -P 

R-T 
R -A 

A -P 
R-T 

A -P 
A -P 

A -P 
R -A 

R -A 
R-T 

R -A 
A -P 

R -A 
R -A 

Positive 
Negative 

2 4 

1 

8 

5 

3 

2 

1 

1 

19 

8 

Table III -8. Attitudes toward risk and self - support in college. 

Amount of 
self-support 
in college 

Utility Curve Types 
Total R-T 

R-T 
R-T 
A -P 

R-T 
R -A 

A -P 
R-T 

A -P 
A -P 

A -P 
R -A 

R -A 
R-T 

R -A 
A -P 

R -A 
R -A 

Under 30% 

30 -70% 

Over 70% 

2 

2 

2 

1 

1 

6 

6 

2 

1 

1 

1 

1 

1 

3 

13 

11 
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FORM USED FOR SPECIFICATION OF PHASE II LOTTERIES 

Decision Theory Project 
LOTTERY SPECIFICATION SHEET 
Form LS 

L = 111 

N - 3 

pl = . 30 p2 = . 50 p3 = . 20 

xl = 4. 5 x2 = 1. 8 x3 = -4. 2 

E= 1.5 V= 9.00 

L = N - 4 

P 
1 

= . 20 p2 = . 30 p3 = . 30 

xl = 3.7 x2= 3.3 x3 = -.21 

E = 1. 5 V= 3. 24 

L - N = 5 

pl = . 10 p 2 
= . 20 p3 = . 30 

= xl 6. 8 x2=2.7 x3 = 1. 9 

E = 1. 5 V = 5. 65 

Note: 

141 

Page: 1 

Subject: John Doe 
Id. No.: 
Date (1): 
Date II: 

p4 = p5 = 

x4 x5 = 

S= -1.0 

p4 = . 20 p5 
x4= -. 73 x5 

S- 0 

p4 = . 20 p5 = . 20 

x4 ° .18 x5=-1. 
S = 1. 00 

The required input data for generating complex lotteries with 
the computer program described in Appendices IV -B, C included 
specification of: 

1. The discrete probability distribution, p , pz . . . , p 

over the payoffs; all probability values were multiples of 
. 05, the smallest value possible being . 10. 

2. Initial values for payoffs x1, x , . . . , xN in the range 
covered for each S in Phase 

3. Values for the desired levels of the lottery size, skewness, 
expected value, and variance. The variance value was 
selected at random from a list of values computed for 
S's lotteries of Phase I. 

- =- 
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FLOW DIAGRAM FOR LOTTERY GENERATOR COMPUTER PROGRAM 

START 

DELTA = 0, 02 

READ: N, 

Probabilities 
Payoffs, 

E, V, &S 

=1 

CALL 

FCT 

X(I)=X(I)- 
(F2-F1)2 + (F3-F1)2-+ (F4 - F1) 2 

X(I) = TEMPX 

I=1 

YES 

NP 

(FI +1 - F2) F1" DELTA 
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J =I +1 
TEMPX = X(I) 

X(I) =X(I)+ Delta 

T 

CALL 

FCT DELTA = DELTA/ 2 

Ng) 

4 

I = I + 1 

1 

J 

r 

i 
(. j 

-o 
Cì 



SUBROUTINE FCT 

START 

M= 

Expected Value = B1 = pixi + p2x2 + 

2 2 2 
B2 = p1x1 + p2x2 + + pNxi\1 

B = p1x1 
+ 

p2x2 x... + . + o- x3 - 

Variance = VX = B2 - Bi 

+ PNXN 
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2 + 3/2 BI ) /VX Skewness = SX = (B3 - 3B.ß (VX; -ß_.B1) 

Is 

V -VX ( O. 05 

YES 

Print: B1, VX, 

Differences 
& Adj. Pay- 

!:11 fs 

F(J) = (E-B 
1 
)2 + (V-VX) 

2 
+ (S--SX) 

2 

M=1 

RETURN 
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LOTTERY GENERATOR COMPUTER PROGRAM 

010 SUBROUTINE FCT 
020 DIMENSION 9(5), X(5), B(3), D(3), F(6), TEMP(5) 
030 COMMON Q, E, V, S, M, F, X, IM, NPX 
040 M =Q 

100 D240 I =1, NPX 
110 240 TEMP(I) =Q(I) 
120 DO 700 N =1.3 
130 B(N) =0 

140 DO 700 I =1, NPX 
150 TEMP(I)= TEMP(I) *X(I) 
160 700 B(N) =B(N) +TEMP(I) 
210 VX= B(2)- B(1) * *2 
220 SX=(B(3-3. 0*B(1)*(VX+B( 1)**2)+2. 0*B(1)**3)/(VX**(3/2)) 
280 D(1)= B(1) -E 
90 D(2) =VX -V 
300 D(3) =SX -S 
10 IF(ABSF(D (1))- 0.05)100, 100, 200 
320 100 IF(ABSF(D(2))-0. 05)101, 101, 200 
330 101 IF(ABSF(D(3)) -0.05)102, 102, 200 
380 102 PRINT 230, B(1), VX, SX, (D(K), K=1,3) 
390 230 FORMAT(/ 1X, 3H E=F10. 4, 2X, 2HV =F10. 4, 2X, 2HS =F10. 4/3F14. 4/) 
400 PRINT 231, (I, Q(I), I, X(I), I =1, NPX) 

410 231 FORMAT (2HP(I2, 3H) = F4. 2, 7X, 2HX(I2, 3H) =F8. 4/) 
420 M =1 

430 GO TO 201 

440 200 F(IM)= D(1) * *2 +D(2) * *2 +D(3) * *2 

450 201 RETURN 
499 END 

510 DIMENSION Q(5), X(5), F(6) 
520 COMMONQ, E, V, S, M, F, X, IM, NPX 

530 50 CONTINUE 
31 COUNT =1 

590 DELTA=0. 02 

640 READ, NPX, (Q(I), 1 =1, NPX), (X(J), J =1, NPX), E, V, S 

650 PRINT i 
651 1 FORMAT (// 15HNEW SET OF DATA) 
660 40 CONTINUE 
661 COUNT = COUNT +1. (' 
670 IM =1 

710 CALL FCT 

720 IF (M -1)44, 50, 44 
770 44 DO 301 JK =1, NPX 

780 TEMPX =X(JK) 

790 X(JK) =X(JK) +DELTA 

80C IM =JK +1 

810 CALL FCT 

820 IF (M- 1)300, 50, 300 
30 300 X(JK) =TEMPX 

840 301 CONTINUE 

144 
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890 DC=( F( 2)- F( 1))** 2 +(F(3)- F(1)) * *2 +(F(4)- F(1)) * *2 

900 DO 305 JK =1P 

10 DA =((F(JK +1)- F(1)) *F(1) *DELTA) /DC 

920 305 X(JK)= X(JK) -DA 

921 IF (COUNT-500. 0) 800, 800, 900 

922 900 PRINT 901, NPX, (Q(IK), IK =1, NPX), (X(IK), IK =1, NPX) 

923 901 FORMAT (12, 10F7. 2) 

924 GO TO 50 
970 800 IF (DELTA -0. 005) 40, 40, 306 

980 306 DELTA = DELTA 

990 GO TO 40 
999 END 

1000 DATA 
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FORM FOR ELICITING RESPONSES IN PHASE II (N =3) 

Decision Theory Project 
DATA SHEET 
Form N3 

A 
1 

A 
2 

pl = . 30 

p2=.50 

=.20 

1 
$4. 45 

X2 = 1.90 

x3 = -4. 15 

y = $1. 00 

3. 00 

2.00 

2. 50 

2.25 

Page: 17(5) 
Subject: John Doe 
Id. No: 15 
Date: 2/29/68 
Lottery No: 111 
CE(L17) = $2. 25 

Response 
Al I A2 

x 

x 

x 

x 

x 

p3 

= 

1 



147 

FORM FOR ELICITING RESPONSES IN PHASE II (N =4) 

Page 25(13) 

Decision Theory Project Subject: John Doe 

DATA SHEET Id. No. : 15 

Form N4 Date: 2/29/68 
Lottery No. : 224 
CE(L25) _ $1. 70 

A 
1 

A2 

pl =.20 

= . 30 

p3=.30 

p4 = . 20 

xi =$3.55 

x2 = 3. 15 

x3 = -. 05 

x4 = -. 60 

y =$1. 25 

3. 00 

2. 00 

1. 50 

1. 80 

1. 60 

1. 70 

Response 
Al I A2 

x 

x 

X 

x 

x 

X 

x 

p2 



FORM FOR ELICITING RESPONSES IN PHASE II (N =5) 

Decision Theory Project 
DATA SHEET 

Al A2 

pl =.10 

p2=.20 

p3=.30 

p4=.20 

p5=.20 

xi =$7. 20 

x2 = 2. 70 

x3 = 1. 80 

x4= - .05 

x5 = -1. 35 

y =$1. 00 

4. 00 

2.50 

3. 00 

Page: 37(25) 
Subject: John Doe 
Id. No. : 15 

Date: 2/22/68 
Lottery No: 333 
CE(L37) = $3. 00 

Response 
1 I 

A2 

X 

x 

x 

X 

148 
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FORM FOR S's EVALUATION OF LOTTERY FACTORS 

I. Significance of Lottery Properties 

149 

In making your decisions in Session II, what were the factors 
about each lottery that influenced your responses? 

In the blank next to each factor, give a rating according to the 
following scheme: 

(1) Most important 
(2) Quite important According to your point of view 
(3) Least important 

a. Maximum gain in lottery 
b. Maximum loss in lottery 
c. Range of payoffs in lottery (a. and b. ) 

d. Type of odds involved, i. e. , "sure things" vs. "long shots" 
e. Expected money value of lottery 
f. Number of possible outcomes (lottery size) 
g. Spread of payoffs (variance of probability distribution) 
h. 
i. 

Comments: 

II. Please give a brief explanation of how you proceeded to fix your 
indifference point in Phase II. 

III, Procedure for Playing Lotteries 

1. Did you find that the method of playing a lottery selected at 
random for real money? 

Helped elicit realistic responses? 
Had some effect? 
Had no effect? 

2. Do you consider the size of the payoffs (gains or losses) 
satisfactory for eliciting realistic responses? yes no: 

What range of payoffs do you feel would be most appropriate? 
Gains up to Losses up to 

Other comment(s): 

3, Do you feel your responses would be different if you were 
playing with your own money (no fee for participation) ? 

yes no 
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APPENDIX IV -F 

CLASSIFICATION OF Ss FROM PHASE II 

Table IV -1. Classification of S's influenced by skewness. 

Number influenced 
by S(x) 2 

Percent 100% 75% 

Decision Maker Type 

R-T R-T R-T A-P A-P A-P R-A R-A R-A 

R-T A-P R-A R-T A-P R-A R-T A-P R-A 

Total Number 
in Classification 2 4 1 13 3 2 2 

3 3 1 1 1 

23% 30% 50% 50% 

Table IV -2. Subject's personal evaluation of skewness. 

Factor 
Rating 

Total 
Number Percent 

Group with Significant 
S(x) Effects 

Group with Non - 
significant S(x) Effects 

Number Percent Number Percent 

Most Important 

Quite Important 

Least Important 

Total 

13 

13 

1 

27 

48. 15 

48. 15 

3, 7 

7 

4 

0 

11 

63.6 

36.4 

0 

6 

9 

1 

16 

37. 5 

56. 3 

6. 2 

100.0 100.0 100.0 

Table IV -3. Significant skewness effects and amount of calculations. 

Amount of Group with Significant 

Written 
Calculations 

75% 

50% 

25% 

0 "!, 

Total Group 

Number Percent 

6 22. 2 

4 14. 8 

8 29, 6 

9 33. 4 

S(x) Effects 
Number Percent 

2 18.2 

3 27.2 

4 36.4 

2 18.2 

-_ 
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Table IV -4. Significant skewness effect and consistency level. 

r;t:etp.,y 
Group with Significant 

Lc veal 

Pet', et?t, 

Total Group S(x) Effects 

Number Percent Number Percent 

-100 14 52.0 8 72. 7 

81- 90 11 40. 6 2 18.2 

71- 80 1 3, 7 

70 or less 1 3, 7 1 9. 1 

Table IV -5. Classification of Ss influences by lottery size. 

Decision Maker Type 

R-T R-T R-T A-P A-P A-P R-A R-A R-A 

_ R-T .. A-P -. .. R-A - R-T A-P R-A R-T A-P R-A 

Total Number 
in Classification 2 

Number influenced 
by S(x) 0 

Percent 

4 l 13 3 

2 1 

0% 0% 0% 15.8% 38.3% 

Table IV -6. Subject's personal evaluation of lottery size. 

2 2 

Factor 
Rati.n 

Total 
Number Percent 

Group with Significant 
, N Effects,, 

Group with Non - 
significant N Effects 

Number Percent Number Percent 

Most. Important 4 14. 8 1 33.3 . 3 12. 5 

Quite Important 9 33.3 1 33.3 8 33. 3 

least Important 14 51.9 1 33.3 13 48.2 

Total 27 100.0 3 100.0 24 100.0 

- 

0% 0% 

ic, 

-- -- 

- 
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APPENDIX V-A 

DETERMINATION OF DEVIATIONS FROM BUF 

From S's responses to the standard lotteries of Phase I (see 

Appendix I -C for their specification), it was possible to determine 

his utility function for money. The estimation of the utility of each 

of the payoffs for lotteries used in Phase II was accomplished by the 

use of least squares polynomials fit to the data from Phase I. 

Prior to the final decision for using this method, attempts were 

made to fit other functional forms (exponential, power, etc. ) over the 

whole range or for positive and negative payoffs separately. The only 

type that could be used was a least squares polynomials for positive 

and negative payoffs, since most Ss displayed more conservative be- 

havior in the negative quadrant. 

For a sample of seven Ss the deviations were computed and 

analyzed using both a graph (broken -line curve) and the polynomial 

equations for S's utility function. The results were similar for both 

methods. 

The method of estimating deviations from the BUF using least 

squares polynomials applied separately to negative and positive pay- 

offs was selected for four reasons. First, it allowed for quantita- 

tive representation of a smooth curve through the points specifying 

S's utility function., which was preferable over the broken -line curve 
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obtained by connecting the same points. Second, it provided a meas- 

ure of the "goodness" of fit obtained in terms of the index of deter- 

mination (ID). For all Ss this index was greater than . 97 and for 

68% of them above . 99. Third, it provided a measure of the accuracy 

possible in estimating utilities in the form of the standard error of the 

estimate (S ). The latter ranged from zero to 7. 03, the majority of 
Y 

cases being in the neighborhood of 2, 0. Finally, using least squares 

polynomials minimized the computational errors by allowing the use 

of a computer in determining the deviations. 

As an illustration, consider the complex lottery given in 

Chapter V, p. , shown below. For S #15 the least squares poly- 

nomials used were 

U(x) = 0. 208 + 7. 981x - . 626x2 for x < 0(I. D. _. 996; Sy=2. 568) 

U(x) = . 472 + 4. 691 + . 536 for x > 0(I. D. _. 995; S =2. 813) 
x x2 Y 

Al A2 
p = . 30 x 1= $5. 60 

p2=,40 x2 = $1.50 y = $2. 60 

p3 = . 30 x3=4Z.70 
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Using the above equations the estimated utilities for the payoffs 

were 

U( $5. 60) = 43. 55 utiles 

U( $2. 60) = 16. 29 utiles 

U( $1. 50) = 8. 71 utiles 

U( -$2. 70) _- 26. 32 utiles 

The deviation from the BUF was then computed as 

AU = U(y) - 

N 

U(xi ) 

i =1 

=16. 29 - 8. 65 = 7. 63 utiles 

Since for this lottery S ##15's "perceived" utility, U(y), was 

higher than the "true" expected utility 

N=3 

Pi U(xi) 

i=1 

it follows that he overestimated its value and demanded a higher cash 

equivalent than would be appropriate on the basis of his BUF. 

/ 
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A SAMPLE OF ACTUAL DEVIATIONS FROM BUF 

Subject Replication 

Factor Levels 

N =3 

S=-1.00 
3 

0 
3 

1.00 
4 

-1.00 
4 
0 

4 

1.00 
5 

-1.00 
5 

0 

5 

1.00 

1 2.93 3.57 1.17 3.51 . 06 -3. S9 4. 53 4. 31 -1. 32 

5 2 2. 98 . 01 - . 49 6. 35 2. 79 -1. 64 4.06 3. 06 -1. 06 

R -T 3 5.48 4.61 -1.52 2.97 1.30 -2.22 3.49 3.46 3.04 

(R -T) 4 5.32 3.34 2.41 2.62 1.73 2.58 2.93 - .67 -2.09 

1 13.83 11.17 3.40 7.45 -2.77 7.15 7.50 18.29 33.24 

11 2 18.11 2.50 9.96 -9.68 27.86 -3.60 7.91 8.04 -9.45 

R -A 3 3.83 6.01 3.73 7.64 2. 57 8.96 2.36 - . 82 5.63 

(R -A) 4 3.51 8.56 17.97 7.39 3.48 -6.73 1.05 8.27 -4.52 

1 7.31 4. 60 1. 23 11. 05 1. 85 . 95 -6. 74 -5. 60 -1. 81 

15 2 7.94 7.63 5.57 -1.27 .27 - .25 1.50 3.91 3.46 

R -T 3 3.64 1.93 1.49 -12.28 4.40 - .66 1.54 2.08 9. 10 

(R -A) 4 16.66 1.87 5.36 .58 17.09 3.06 .34 1.80 2.91 

1 20.00 10.00 10.05 4.90 15.05 13.00 12.60 7.10 12.20 

27 2 2. 95 12. 75 -3. 45 5. 35 7. 50 4.60 17. 20 15. 20 -15. 52 

A -P 3 15.00 10.00 1.55 7.95 5.10 -6.10 12.60 12.70 7.20 

(A -P) 4 9, 70 12. 75 2. 55 3. 45 10. 10 -1.70 3. 15 7.65 7. 20 

J 
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APPENDIX V -C 

CLASSIFICATION OF Ss BASED ON DEVIATIONS 

Table V -1. Subjects classified by decision maker type. 

Overall 
Deviation 

Type of Decision Maker 
Total R -T R -T 

R -T A -P 
R -T 

R -A 
A -P 
R -T 

A -P 
A -P 

A -P 
R -A 

R -A R -A 
R -T A -P 

R -A 
R -A 

0, 00 -1,99 1 1 1 1 4 

2. 00 -3. 99 2 6 1 9 

4.00 -5. 99 1 1 2 

6. 00 -7. 99 1 1 1 1 4 

8.00 -9. 99 1 1 2 

10. 00 -11. 99 1 1 

12. 00 -13. 99 2 1 1 4 

14. 00 -15. 99 1 1 

Table V -2. Subjects classified by consistency and amount of calculations. 

Overall 
Deviation 

Consistency Level Amount of Written Calculations 
Total 60 

or less 61 -70 71 -80 81 -90 91 -100 0% 25% 50% 75% 

0. 00-1. 99 2 2 1 2 1 4 

2.00 -3.99 1 3 5 1 3 1 4 9 

4. 00-5. 99 2 1 1 2 

6.00 -7.99 2 3 3 2 5 

8.00 -9.99 2 1 1 2 

10.00 -11.99 1 1 1 

12.00 -13.99 2 1 1 2 3 

14. 00 -15. 99 1 1 1 

_ 



APPENDIX VI 

RESULTS FROM ANALYSIS OF VARIANCE 

Table VI--1. Sample of an analysis of variance tab] . 

Source of Variation 
Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Square F Value 

Critical F 
value at 5% 
significance 

level 

Lottery Size 126.894 2 63. 447 2. 288 3. 354 

Lottery Skewness 7. 335 2 3. 668 0. 132 3. 354 

Interation 193. 997 4 48. 499 1. 749 2. 728 

Experimental Error 748. 690 27 27. 729 

Total 1076. 917 35 



Table VI -2. Summary of mean squares and F values. 

Subject 

Mean Square F Value 

Lottery 
Size 

Lottery 
Skewness Interaction 

Within 
Error 

Lottery 
Size 

Lottery 
Skewness Interaction 

1 62. 652 138. 188 71.205 29. 824 2. 1007 4.6334 
* 

2. 3875 

2 18. 413 15. 976 2. 891 11. 425 1. 6116 1. 3983 0. 2530 

3 74.627 20. 614 87. 191 42. 485 1.7565 0.4852 2. 0522 

4 0. 809 49. 787 13. 301 10. 628 0.0761 4. 6845 1. 2515 

5 3. 723 57.237 0.619 3. 433 1.0844 16. 6725* 0. 1803 

6 1. 601 12. 582 3.456 8. 836 0. 1811 1. 4239 0. 3911 

7 117. 870 452. 559 20.607 39. 840 2. 9585 11. 3594 
* 

0. 5172 

8 40.227 197. 836 37.008 84. 069 0. 4784 2. 3532 0.4402 

9 72.677 15. 219 19.610 116. 522 0.6237 0. 1306 0. 1682 

10 148.349 518. 700 181. 791 107. 350 1. 3819 4. 8318* 1. 6934 

11 61.790 15, 722 19. 926 102. 030 0. 6056 0. 1540 0. 1952 

12 0. 587 70. 116 4. 840 13.739 0.0427 5. 1034 
* 

0. 3522 

* 
13 280. 190 343. 340 87. 83 87.832 70. 788 3. 9581 4. 8502* 1. 2407 

14 17.416 5. 143 39.385 23.944 0.7273 0. 2147 1. 6448 

15 63. 447 3. 668 48.499 27.729 2.2881 0. 1322 1. 7490 

16 70. 333 253.505 19. 155 112. 797 0.6235 2. 2474 0. 1698 



Table VI -2. Continued. 
Mean Square F Value* 

Subject 
Lottery 

Size 

Lottery 
Skewness Interaction 

Within 
Error 

Lottery 
Size 

Lottery 
Skewness Interaction 

17 78. 499 24. 019 41.002 56. 554 1.3880 0. 4247 0. 7250 

18 22. 135 0. 866 18. 105 9. 096 2. 4334 0.0952 1. 9904 

19 35. 585 319, 074 26.016 60. 184 0. 5912 5. 3016 0. 4322 

20 83. 250 95. 157 12. 365 26. 591 3. 1307 3. 5785* 0. 4650 

21 1. 482 21. 283 14. 341 16. 836 0.0880 1. 2641 0. 8518 
* * 

22 398.717 13. 167 102. 829 34, 920 11. 4180 0. 3770 2. 9447 
* 

23 6. 148 147. 735 12. 876 10. 521 0. 5843 14.0419 1. 2238 

24 33. 560 3. 471 25. 26 5 13. 257 2. 5314 0. 2618 1. 9057 
* 

25 185. 443 8. 374 10. 564 46. 115 4.0213 0. 1815 0. 2290 

26 4. 528 107. 321 10. 145 40. 210 0. 1126 2.6690 0. 2523 

27 29.478 221. 806 13.310 42. 418 0.6 949 5. 2290 
* 

0. 3137 

F values with an asterisk are critical at the five percent significance level. 



Table V1 -3; Summary of mean deviations. 

Average Deviations Average Deviations Overall 

Due to Skewness Due to Lottery Size Average Deviation DM 

Subject 
ul u2 u3 u1 u2 u3 ú Type 

1 4. 936 8.00 11.712 L0.328 8.530 5.790 8.216 A-P(R-A) 

2 4.727 4.467 2.612 4.183 2.592 5.032 3.936 A-P(A-P) 

3 6.344 7.700 5.079 6.677 8.703 3.743 6.374 A-P(R-T) 

4 3.922 2.232 - . 133 1.878 2.306 1.837 2.007 R-A(R-A) 

5 3.931 2.297 - .394 2.484 1.372 1.978 1.945 R-T(R-T) 

6 3.578 4.917 2.905 3.670 3.517 4.212 3.799 A-P(A-P) 

7 13.301 13.143 2.587 6.221 12.334 10.477 9.677 R-T(R-T) 

8 -3.286 4.587 2.373 2. 124 - .882 2.433 1.225 A-P(R-A) 

9 2.686 4.856 3.248 2.337 6.432 2.020 3.596 A-P(A-P) 

10 5. 450 12. 737 18. 573 14, 112 8. 198 14, 450 12. 253 R-A(A-P) 

11 6.742 7.763 5.478 8.548 4.143 7.292 6.661 R-A(R-A) 

12 7.276 7.309 3.106 5.815 6.147 5.728 5.897 R-T(R-A) 

13 12. 371 14, 230 4. 170 15. 257 5.616 9. 904 10. 256 A-P(A-P) 

14 4.622 3.862 3.318 4.797 4.447 2.557 3.934 A-P(A-P) 

15 2. 522 3. 486 2. 534 5. 436 2. 066 1. 041 2. 847 R-T(R-A) 
rn 0 



T able VI -3, Continued. 

Sub iect u1. 

Average Deviations 
Due to Skewness 

u2. u3. 
ul 

Average Deviation 
Due to Lottery Size 

u2 
u3 

Overall 
Average Deviation 

u 
DM 

Type 

16 13.381 18.277 9.091 11.217 16.056 13.475 13.583 A-P(A-P) 

17 2.430 1.497 4.277 1.223 5.687 1.292 2.734 A-P(A-P) 

18 . 154 .325 - .202 - .471 1.642 - .893 .093 A-P(A-P) 

19 ..922 7.951 -2.100 .875 4.187 1.712 2.258 R-T(R-A) 

20 8.462 7.234 3.088 9.258 4.313 5.213 6.261 A-P(A-P) 

21 6.690 4.986 4.065 5.613 5.216 4.912 5.247 A-P(A-P) 

22 12.947 12.920 11.119 5.676 15.476 15.833 12.328 A-P(R-A) 

23 4. 712 - . 174 -2. 092 1. 642 . 388 . 416 . 815 R-T(R-A) 

24 2.249 1.642 2.714 3.821 2.303 .481 2.201 A-P(A-P) 

25 13.487 14.700 15.089 10.154 17.891 15.230 14.425 A-P(A-P) 

26 10.546 7.505 4.565 7.387 7.015 8.215 7.539 R-A(A-P) 

27 9.571 10.492 2.627 8.650 5.767 8.273 7.563 A-P(A-P) 



Table VI -4. Summary of row and column effects. 

Column Effects Row Effects 
DM 

Subject 
a2 b2 

3 Type 

1 63. 280 - . 216 3. 496 2. 112 . 314 -2. 426 A-P(R-A) 

2 . 791 . 531 1. 324 . 247 -1. 344 1. 096 A-P(A-P) 

3 - .030 1. 326 -1.295 . 302 2. 329 -2.631 A-P(R-T) 

4 1. 915 .225 -2. 140 - . 129 .299 - . 170 R-A(R-A) 

5 1. 986 352 -2.339 .539 - 573 .033 R-T(R-T) 

6 - .221 1. 118 - .894 - . 129 - .282 .413 A-P(A-P) 

7 3. 624 3.466 -7. 090 -3. 456 2. 657 . 800 R-T(R-T) 

8 -4. 511 3. 362 1. 148 . 899 -2. 107 1. 208 A-P(R-A) 

9 - . 910 1.260 - .348 -1.259 2.836 -1.576 A-P(A-P) 

10 -6. 803 . 484 6. 320 1. 859 -4. 055 2. 197 R-A(A-P) 

11 . 081 1, 102 -1. 183 1. 887 -2. 518 . 631 R-A(R-A) 

12 i. 379 1. 412 -2, 791 - .082 , 250 - . 169 R-T(R-A) 

13 2. 115 3.974 -6.086 5.001 -4.640 - .352 A-P(A-P) 

14 . 688 - .072 - .616 .862 .513 -1.377 A-.P(A-P) 

15 - .325 639 - .313 2.589 - .781 -1.806 R-T(R-A) 

16 - .202 4.694 -4.492 -2.366 2. 473 - . 108 A-P(A-P) 

a3 b1 b3 

rn 



T able VI -4. Continued. 

Column Effects Row Effects 
DM 

Subject al 
a2 a3 

b1 
b2 b3 Type 

17 - .304 -1.237 1.543 -1.511 2.953 -1.442 A-P(A-P) 

18 .061 .232 - .295 - .564 1. 549 - .986 A-P(A-P) 

19 -1.336 5.693 -4.358 -1.383 1.929 - .546 R-T(R-A) 

20 2. 201 . 973 -3. 173 2. 997 -1. 948 -1.003 A-P(A-P) 

21 1.443 - .261 -1. 182 .366 - .031 - .335 A-P(A-P) 

22 . 619 . 592 -1. 209 -6. 652 3. 148 3. 505 A-P(R-A) 

23 3.897 - .989 -2.907 .827 - .427 - .399 R-T(R-A) 

24 .048 - .561 .513 1.620 . 102 -1.720 A-P(A-P) 

25 - . 938 .275 . 664 -4. 271 3. 466 . 805 A-P(A-P) 

26 3.007 - .034 -2.974 - . 152 - .524 .676 R-A(A-P) 

27 2, 008 2, 929 -4. 936 1. 087 -1. 796 . 710 A-P(A-P) 

rn 
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Table VI -5. Simple contrasts for skewness. 

Subject Simple Contrasts for Skewness 
Zd. No. Type L1 

= µl, 42 L2 µl, µ3. L3 µ2. 
113. 

5 R-T(R-T) 41. Y 42. µ 1. > µ 3. 42. > 43. 

7 R-T(R-T) 41. = 42. µl. > µ3. µ2. > 43. 

12 R-T(R-A) = 42, µl. > 43. 42. µ2. > µ3. 

19 R-T(R-A) µl. µ2, µl, µ3, µ2. > µ3. 

23 R-T(R-A) 
41w > N-2 41, = 43, 42, 43. 

13 A-P(A-P) µl, = 42. µl. 17 43, Z. > 43. 

20 A-P(A-P) µ 
1. 

= µ 
2. µ1. > µ3, µ2, µ3. 

27 A-P(A-P) 
41. = 42, µl. > 43, µ2. > 43. 

1 A-P(R-A) µl. = 42. µ 1, < N. 42. = 43. 

10 R-A(A-P) 
µ1. - µ2. µl, < µ3, 42. = 43. 

4 R-A(R-A) µ1. _ 
µ2. µl. > µ3. Z. ' 43. 

1 

µl. 

= 

= 

- 

- 

- 
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Table VI -6. Simple contrasts for lottery size. 
Subject Simple Contrasts for Lottery Size 

Id, No. Type L= µ -µ 
1 ,l ,2 L= µ -µ 

2 ,1 ,3 L= µ -µ 
3 .2 ,3 

13 A- P(A - P) 
N', 1 

> µ 2 P. l µ. 3 
N-. 2 P. 3 

25 A-P(A-P) µ.1 <µ.2 µ,1 
= it 3 it 2= µ 3 

22 A-P(R-A) µ < 
µ . 2 . l < 3 3 it 2 N. 3 

. 


