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HIS book is a collection of nineteen articles originating from the Univer-

sity of Michigan Seminar on decision processes, held at Santa Monica,
California in the summer of 1952. None of the articles is meant to be a con-
tribution to statistics proper, but almost every one has some kind of relevance
to the foundations of statistical decision theory. The foundations of decision
theory seem naturally to divide into three parts: the theory of utility, the
. theory of subjective (or objective) probability, and the theory of optimal
strategy. The material in this book contributes most to the theory of utility
and least to the theory of subjective probability. A good portion of the ex-
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perimental results are concerned with the study of actual behavier which
deviates from statistical or game-theoretic notions of optimality.

The nineteen articles are of rather uneven merit. Some such as those of
Milnor and Hausner, present definitive results, while certain ones are ex-
tremely tentative, even sketchy in character and content. My general im-
pression of this book reinforces my general impression of the theory of
decision-making: the easy plums have all been plucked and a hard climb
lies ahead for those in search of new fruit. Solid progress on the climb is re-
ported in the volume under review, but there are no leaps and bounds ahead.

A good general introduction to the variety of topics treated is provided
by Davis, one of the editors. The second article is an expository discussion
of mathematical models and measurement theory by C. H. Coombs, Howard
Raiffa, and R. M, Thrall. Although the viewpoint represented by these
authors is very clearly and ably stated here, I find it hard to agree with them
that any arbitrary binary relation defines a scale of measurement. My basic
objection is that the classical ordinal, interval and ratio scales are defined
by the group of numerical transformations under which the measurement
results are invariant, and this group-theoretic definition does not generalize
in a natural way to an arbitrary relation or even to a partial ordering.

The remaining seventeen articles are grouped in four parts. Part I is
concerned with problems of individual and social choice. Article 3, by Leo
A. Goodman, on methods of amalgamation, is concerned with the common
elements in the theory of social choice given individual values and the theory
of optimal individual behavior in situations involving uncertainty. Article
4, by John Milnor, on games against nature is the most substantial contri-
bution in this part. Milnor shows in an elegant manner that neither the prin-
ciple of LaPlace, the minimax principle, Hurwicz’s generalization of minimax
nor Savage’s principle of minimax regret satisfies a list of intuitively desir-
able properties. He then characterizes each of these four principles of de-
cision-making in terms of an appropriate subset of his list of desirable prop-
erties.. The article concludes with some suggestions concerning criteria
which satisfy the most important of the properties. In Article 5 Roy Radner
and Jacob Marschak consider a simple game of betting on the outcome of a
toss of a coin with unknown bias after an odd number of tosses, in order to
show that both Hurwicz’s generalization of the minimax principle and Sav-
age's principle of minimax regret can lead to counterintuitive solutions. In
Article 6 Coombs discusses the problem of social choice from a psychologist’s
standpoint and presents some tentative experimental results on the applica-
tion of his scaling methods to the problem. In Article 7 Stefan Vail presents
some tentative ideas on alternative calculi of subjective probabilities.

Part II is concerned with learning theory. In Article 8, R. R. Bush, Fred-
erick Mosteller, and G. L. Thompson present a concise mathematical sum-
mary and some new results on the Bush-Mosteller stochastic models for
learning. These models are similar in formal structure to the states-of-nature
model of statistical decision theory. Some interesting trapping theorems on
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asymptotic behavior are established. It is shown in an appendix that the
authors’ restrictive but rather natural condition on the combining of classes
of responses implies that the stochastic operators representing changes in
probability of response from one learning trial to another are linear. In
Article 9, W, K. Estes discusses individual behavior in uncertain situations.
Estes emphasizes the significance of various experimental results which in-
dicate that when people are asked to choose between two possible events
(such as one of two lights flashing) their choice patterns asymptotically
approach the relative frequencies of the events. Since the optimal Strategy
is always to choose the more frequent event, Estes is concerned to offer
explanation of the actual behavior in terms of “environmental uncertainties,”
such as the fact that subjects are not told whether the events occur randomly
or systematically. In my opinion statistical decision theory naturally sug-
gests two remarks about Estes’ analysis. First, the experiments involved
no risk to the subject. If subjects won or lost money as the result of correct
or incorrect choices would the same asymptotic behavior be exhibited?
Second, there is no attempt to characterize optimal behavior with respect
to the a priori information given the subjects. An answer to this admittedly
rather complicated problem would also be of use in analyzing the first »
responses of subjects (in contrast to their asymptotic behavior). In Article
10, Merrill M. Flood presents a preliminary formulation of some ideas com-
‘bining game theory and learning theory. The general orientation is very
- similar to that of the Bush-Mosteller learning theory. '

Part III is concerned with the theory of utility and its applications. In -
Article 11, Gerard Debreu elegantly establishes sufficient topological con- .
ditions for a preference ordering to be representable by a numerical function.
(The lexicographic ordering of points of the plane provides an example of a
complete ordering which is not so representable.) In Article 12, Melvin
Hausner investigates the consequences of dropping the Archimedean post-
ulate in the von Neumann and Morgenstern theory of utility. His main re-
sult is a representation theorem in terms of vector spaces. In Article 13,
Thrall extends the results of Hausner in the previous article by a furthering
weakening of the axioms, and then discusses various possible applications of
multidimensional utility theory in game theory. These applications hinge
upon having a lexicographio ordering of the vectors representing the utili-
ties; one tries to maximize the first compenent, then the second, ete. In
Article 14, Jacob Marschak analyzes the activities of “teams” on the basis
of game theory and statistical decision theory. A team is defined to be a
group for which the group utility function is essentially the same as the in-
dividual utility funetions of the group members. Concepts of organization,
communication and action are introduced to analyze team activities. The
unwieldly apparatus needed for the study of optimal team behavior is to
be expected in view of the many known complications of coalition behavior
in n-person games. However, some simple examples are presented which
argue well for the intuitive reasonableness of the general concepts defined.
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In Article 15, Herbert G. Bohnert critically examines the logical structure

of the utility concept. Although some of his remarks are well-taken, in

choosing to analyze statements of the form “The utility of z for entities

1,2, +++,nin the amounts ¥, 93, * * *, ¥n, 18 equal to u utiles,” he has, I

think, gone amiss. Statements of this form do not represent direct observa-

tions of individual z’s behavior; rather they are complicated inferences

made by means of a necessarily elaborate theory of decision-making from

observations of 2’s actual choices. The general theory of decision-making .
rather than isolated numerical utility statements would seem to be a better

focal point of criticism. ' : ‘

Part IV explicitly deals with experimental studies of decision processes,
although some of the previous articles also reported on experimental results
(particularly Article 9). In Article 16, Paul Hoffman, Leon Festinger, and
Douglas Lawrence present the results of a carefully designed experiment on
the formation and dissolution of coalitions in differently motivated situations.

- The chief experimental variables were task importance and degree of com-
parability between players of the game (peer versus non-peer conditions).
Although their conceptual framework does not use the theory of n-person
games in any serious way, their experiment throws interesting light on some
of the problems of developing a theory adequate to deal with actual behavior
in competitive situations. In brief their findings were that a player given
an initial advantage was irrationally (from a game-theoretic standpoint)
denied opportunities to form coalitions. His opportunities were further re-
duced by an increase in the importance attached to the game. This “irration-
lity” of the other players was more manifest if the player with the advantage
_was rated as a peer rather than a non-peer. In Article 17, Coombs joins with
David Beardslee to present a general model for experiments on decision-
making under uncertainty. Since only some very tentative experimental
results are reported and most of the pages are given over to a description
of the model, this article could perhaps as well have been included in Parts
I or III, as Davis points out in his introductory article. However, their
model is experimentally oriented. It is not described in a mathematically
precise manner, and it is not clear that any new mathematical consequences
could be derived if it were formulated sharply. In Article 18, Flood makes a
second contribution dealing with a pilot experiment which was partly stimu-
lated by the results of Estes reported in Article 9. Flood’s aim was fo test
the hypothesis that people’s strategies in & “prediction” experiment are -
“mixed” or “pure” depending on whether they believe the events being
predicted are patterned or random, The experimental results obtained did not
conclusively support the hypothesis, but they were significant enough to
warrant further investigation. Flood tries to meet the kind of criticism con-
cerning the question of optimality which was raised above in discussing
Estes’ article, but he does not examine the problem of optimality for the
patterned case in any detail. In Article 19, the final article, four mathemati-
cians, G. Kalisch, J. W. Milnor, J. Nash and E. D. Nering, report on some
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interesting experiments concerning various theoretical concepts in n-person
game theory: strategic equivalence of games, von Neumann-Morgenstern
. solutions, the Shapely value, Milnor’s bounds for “reasonable” outcomes,
Nash'’s equilibrium points. Although the experimental results are somewhat
tentative and too complicated to summarize here, they represent a worthy
pioneering effort in a difficult field,



